Project No: IEE/13/650

o0 ¢
o >tratego

& COOLING PLANS

Creating National Energy Models

for 2010 and 2050

Work Package 2

Background Report 1

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Authors: David Connolly, Work Package 2 Coordinator

Kenneth Hansen -
David Drysdale (

Contact: Aalborg University, Denmark
A.C. Meyers Veenge 15
DK- 2450 Copenhagen AALBORG UNIVERSITY
T: +45 9940 2483 DENMARK

E-mail: david@plan.aau.dk
Web: www.en.aau.dk
© 2015

Deliverable No. D 2.2: Public Document. Co-funded by the Intelligent Energy Europe

Programme of the European Union

The STRATEGO project (Multi-level actions for enhanced Heating & Cooling plans) is
supported by the Intelligent Energy Europe Programme. The sole responsibility for the W
content of this document lies with the authors. It does not necessarily reflect the

opinion of the funding authorities. The funding authorities are not responsible for any <@
use that may be made of the information contained therein. 4DH

STRATEGO Website: http://strateqo-project.eu H Rozd =
Heat Roadmap Europe Website: http://www.heatroadmap.eu 22 zogl?t oadamap Europe

Online Maps: http://maps.heatroadmap.eu

Page 1


http://www.en.aau.dk/
http://stratego-project.eu/
http://www.heatroadmap.eu/
http://maps.heatroadmap.eu/

Contents

NOMENCIATUIE ...t e et e e e e e e e e e e e e e e s aannnne s 4
1 INEFOTUCTION ... 5
2 Y111 a oo (] (oo | Y20 OSSPSR 6
2.1 Key PrINCIPIES ... 6
2.2 Energy system analysis tool: ENErgyPLAN .........cooiii i, 9
2.3 Creating EnergyPLAN country MOdelS.........ccooiieeiiiiiiiiiiiii e 11
231 DAta COIECTION ...t e 11
2.3.2 Boundary CONAItIONS ........ooooiiiiiiii e e e e e 12
2.4 Specific issues for the reference MOdelS............uuuuuiiiiiiiiiiiiiiiie 14
24.1 Definition of primary energy SUPPIY ....coveviiiiiii e 14
24.2 ENErgy iNAUSTIY OWIN USE......uuuiiiiiiiiiiiiiiiiiiieiitiii e 15
2.4.3  Adjustments of CO2 EMISSIONS........uuiiiiiieiiiiiiiie e e e e e e e e ereas 16
2.4.4  Hydropower capacitieS and ProdUCLION ...........ceevvviiiiiiiiiiiiiiiiiiieieeeeeee e 17
2.4.5 Pumped hydro and hydro StOrage............uueeiiiieiiieeceee e 18
2.4.6 Electric grid capacity and COSES........cciiiiiiiiiiiii e 19
2.4.7  Electricity interconnection capacitieS and COSIS............ccuvvvviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 19
2.4.8  Individual DOIIEIS & COSES ....cooiiiiiiiiieii e 19
249 District heating defiNitioN ...............uuuuiiiiii e 20
2.4.10 Centralised and decentralized district heating plants ..............ccccoeviiiieini i, 21
2.4.11 District heating boiler CaApaCItIES. ...........cuviiiiiiiiiiiiiiiiiiiiiieeeeeeeeee e 21
2.4.12 District heating PIiPE COSIS .....cciiiiiiiiiiii e e e e e e e e e e 22
2.4.13  COOlING UNIE COSES ...eiiiiiiiiiiiiiiiiiiiiiit ittt ettt et e e et e e e e e e e e e e eeeees 22
2.4.14 RENEWADIE WASTE ......uiiiiiiiiiiiiii ettt e e e e e 23
2.4.15 Vehicle NUMDErS @nd COSES.........ouiiiiiiiiiiiiiiiiiiiiei ettt 23
2.4.16 Oil and gas StOrage CAPACITIES .........evviiiiiiiiiiiiiiiiiiiei ettt ettt 23
2.4.17 Manual adjustments during calibration..................oooi 23
2.5 Specific issues for the business-as-usual Models .............cccevvvvviiiiini e, 24
251 Energy demand ChangeS ........... oo 24
25.2 Electricity capacity ChaNQES .........uuuuiiiiiiiiiiiiiiiiiiiii e 25
253 Costchanges iNthe BAU........oooo i e 27
Page 2



3.1
3.1.1
3.1.2
3.1.3
3.14
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9

3.2
3.2.1
3.2.2
3.2.3
3.24
3.25
3.2.6
3.2.7
3.2.8
3.2.9
3.2.10

6.1
6.1.1
6.1.2

6.2

6.3

Page 3

Hourly EnergyPLAN models for each country ...........ccoceoiiiiiiiiiiii e, 28

2010 Reference MOEIS...........uuuuiiiiiiiiiiiiiiiie e 28
Primary €nergy SUPPIY ...ooo i e e e e e 28
Electricity capacities and producCtion ...........cccooeeeeiiiiiiiiiie e 30
Heating and cooliNg ProdUCTION............uuuuiiiiiiiiiiiiiii e 33
Transport €NErgy dEMANG.........couuuuiiiieeeie e e e e e e e e e e e e e e e e eaareas 37
INAUSErY €Nergy AeMAND ...........uuuiiiiiiiiiiiiii bbb ennnnnnne 39
CO2 BIMISSIONS ...ttt ettt et e e e ettt e e e e e e e e e e e e e e e bb e e e aeeas 40
SOCIO-ECONOMIC COSES ...ttt 41
Comparison between the STRATEGO models and the 2010 statistics .................... 43
Summary of the 2010 reference MOdelS ... 45

2050 Business-as-usual MOUEIS ...........cooiiiiiiiiiiiiii e 47
0] o101 =\ 1] o PSSP 47
Primary €Nergy SUPPIY ......uuuuueueeiiiiiiiiiiiiiiieiib bbb 48
Electricity capacities and producClion ...........cccoeeeeiiiiiiiiiiie e 49
Heating and coO0liNG ProdUCTION. .........uuuueiiiiiiiiiiiiiiii e 52
Transport €NErgy AEMANG..........ouuuuiiiiiieee i e e e e e e e e e e e e e e earrraas 54
INAUSErY €NErgy GEMANG ........uuiiiiiiiiiiiiiiii bbb eeeeeenne 55
CO2 EIMISSIONS ....eeeeeeee e ettt ettt e e e e e et e et e e e e e e s bbb e e e e e e e e e e neeeaeeas 56
SOCIO-ECONOMIC COST....ciiiiiiiiiiie it 57
Comparison between the STRATEGO models and the 2050 statistics .................... 58
Summary of the 2050 business-as-usual Models............cccccvieeii i, 62

CONCIUSION ... 64
RETEIBNCES ...ttt e e e 66
AADPEINTICES ...t 69

Appendix A - TechniCal Data...........ccuuuuiiiii e 69
2010 Reference ModelS...........coooiiiiiiiiii 69
2050 Business-As-Usual MOdEIS ... 77

Appendix B T EnergyPLAN Cost Database Version 3.0..........cccceeveviiiiieieeeeeeeee, 79

APPENIX C T DAt SOUICES ......coeeiiieee e 94



Nomenclature

CHP Combined heat and power
CO; Carbon dioxide
IEA International Energy Agency
JRC Joint Research Centre
o&M Operation and Maintenance
PES Primary Energy Supply
NTC Net Transfer Capacity
NHCPs National heating and cooling plans
IRES Intermittent Renewable Energy Sources
EC European Commission
BAU Business-as-usual
RES Renewable Energy Sources

Page 4




1 Introduction

The future energy system will be a lot more complex than energy systems from the past. One of the
most significant changes in the future will be the high proportion of renewable energy, which will
transform the dynamics of the energy system. Renewable resources such as wind, solar, and wave
power are intermittent so their production varies significantly over relatively short time-horizons, such
as minutes and hours. Therefore, when we design and analyse the future energy system, it is
essential to consider these short-term variations that can occur.

To do so, itis very common to apply energy system analysis computer programs. These can account
for the complex interactions that occur within the many sectors of an energy system to identify how
different technologies can work together in a sustainable way. In this report, one such computer tool
is presented and subsequently, an hourly energy model is created for five of the STRATEGO
countries: Croatia, Czech Republic, Italy, Romania, and the United Kingdom. The modelling
represents each country under three difference contexts:

- The current situation, which is represented by the year2010a n d c¢ a | rl eefde rt ehodel € 6
- Afuture situation for the year 2050, whichisbhased on the European Comr
projects for that member $usimdseas-uduald smodelr ef err
- Alternative heating and cooling scenarios based on the new knowledge created in
STRATEGO WP2 such as the potential for energy savings (see Background report 3a & 3b),
district heating and district cooling (see Background report 4, 5, 6 & 7), and renewable energy
(see Background report 8 & 9). These scenarios are based on the reference and business-
as-usual models created here, but they are presented and analysed in the Main Report titled
fEnhanced Heating and Cooling Plans to Quantify the Impact of Increased energy Efficiency
in EU Member Stateso .

The main objective here is to present the methodology and results applied to create the 2010
reference and 2050 business-as-usual scenarios. This report begins by outlining the methodology
applied (section 2): this describes the modelling tool and the key characteristics inherent within it,
followed by a description of the key assumptions applied to the data when creating a model of the
existing and future situations, which are represented by the years 2010 and 2050 respectively.
Section 3 then presents some of the key results obtained after these models were complete such as
the energy consumed, cost of energy supply, and the carbon dioxide emissions. Based on these
results, some initial reflections are reported for each country in section 3.1.9.
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2 Methodology

The methodology describes how new hourly models of electricity, heat, cooling and transport were
created in STRATEGO WP2 for different EU member states. It begins by outlining the key principals
defined to create suitable national heating and cooling strategies for the STRATEGO project (section
2.1). These key principals are essential to ensure the most sustainable and cost-effective solutions
are implemented in society. Based on these key principals a suitable energy systems analysis tool
is identified to carry out the study, which is called EnergyPLAN (section 2.2). Afterwards, the
methodology describes how a new hourly model is created in EnergyPLAN for an EU member state
(section 2.3). Finally, the methodology ends with a detailed discussion about some specific issues
that became apparent during the analysis relating to both the 2010 reference (section 2.4) and 2050
business-as-usual models (section 2.5).

2.1 Key Principles

There are a wide variety of energy tools available to analyse various technologies and their impacts
[1]. Naturally there are numerous assumptions and perspectives built in to these tools during their
development. These have a significant impact on the results a model produces and thus the
recommendations that are made based on them. In this section, some of the most significant pre-
conditions defining the model that is chosen is this study are presented, which are:

1 The analysis should consider the whole energy system.

1 The model should account for short-term variations in production, long-term transitions in
technology, and radical technological change.

9 The results should include a socio-economic perspective.

Resources Conversion Exchange Demand
and Storage
Mobility
Power
Exchange
PowerOn! 3
owerOnly v .
Fuels Plants Electricity

)

Cooling |«
-

)
HeatOnly .
~——

Figure 1: I nteraction between sectors and t.echnol ogies
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The methodology designed in this study to assess heating and cooling strategies for EU members
includes the whole energy system (not just one energy sector); the reason being that the scenarios

wi || be designed for a future energy system whi
(Figure 1) is largely a linear system with direct relationships between resources and demand,
whereas in the future the energy system will consist of more interactions between resources,
conversion technologies, and demands, in a less linear system. Therefore when making a change

to one energy sector in the scenario analysis it is critical to understand how this will influence the

other energy sectors, for example like the 100% renewable energy system structure displayed in

Figure 2.
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Figure 2: Interaction between sectors and technologies in a future smart energy system (a 100% renewable
energy concept [2].

Fluctuating

Solar etc.
Heat

Over time fluctuating renewable energy, such as wind and solar, will become more dominant in the
energy system meaning that there will be more short-term fluctuations of intermittent renewable
energy sources (IRES). Therefore in this study, the heating and cooling strategies need to be
analysed in short time periods of one hour intervals. By modelling the scenarios in one hour intervals,
it is possible to understand how the energy system will operate realistically while ensuring that the
demand for electricity, heat, cooling, and transport is always met, even when different parameters
are modified.
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In addition to these short-term time steps, the analysis must also consider long-term horizons so that
there is time for the technologies in the energy system to change. For example, many power plants
have lifetimes in excess of 25-30 years, so to allow change to occur time horizons often need to
exceed these lifetimes. In this study, the heating and cooling strategies will be analysed for a time
horizon as far as 2050, thus leaving sufficient time for these changes. Furthermore, the type of
technological change required in the future is not minor alternatives, but radical technological
change. This has already been demonstrated by the differencebetwe en t odaydés ener gy
the future energy system (Figure 1 and Figure 2 respectively). For example, building an energy
system around fossil fuels is radically different to an energy system based on intermittent renewable
energy such as wind and solar power. The model used to analysed different heating and cooling
strategies in STRATEGO must therefore be able to account for these radical changes. Otherwise it
is locked in to the existing way of doing things.

One of the most important outputs from the scenario analysis is economic costs. In this study the
socio-economic cost of the energy system as a whole is assessed. The heating and cooling sectors
are components of this total cost. The socio-economic cost is assessed because it is assumed that
the future energy markets will reflect more than today the benefits from less pollution, lower GHG
emissions, resource depletion, land-use change, waste, and security of supply, and this can be
included and reflected in socio-economic cost results.

Furthermore in todayds energy system t hetragspostt s ar
and so on. These fuels are often traded on markets with a focus on profit generation. However in the
future energy system it is expected that a renewable energy system will be based largely on
investments rather than fuels. This is expected to cause a modification of organization types involved
in the energy system; potentially opening up opportunities for different investment types for example
energy investment co-operatives. The idea of the scenario analysis is therefore to design the energy
system not for profits of one organization but for the citizens in society. The main focus for society is
on the overall cost for energy, the types of resources being used (directly related to the environmental
impact), the number of jobs created, and the balance of payment for the country (debt burden to
society), among other interests. These are some main examples of the metrics of concern to society,
and that can be used to determine a good or bad energy system.

This study will not consider the limitations associated with existing institutional arrangements. This
is a critical component in a transition to a 100% renewable energy system and will need to be
analysed further.

In order to complete the scenarios focusing on the factors mentioned above, a number of complex
technical and economic analyses need to be carried out: for example, assessing the relationships
between different energy sectors within the context of short term and long term time horizons. To do
the analysis in line with these key considerations, the EnergyPLAN tool will be utilised.
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2.2 Energy system analysis tool: EnergyPLAN

The EnergyPLAN tool is an energy system analysis tool that has been designed explicitly to assist
the design of national or regional energy systems. Different planning strategies can be modelled in
the tool, and analysed. The tool was introduced in 1999 at Aalborg University, Denmark, and has
been continually developed since this time, and has been used for numerous energy system
analyses, ranging from entire energy systems for whole countries, to specific technologies, and on
a regional basis. It is now a very complex tool that is capable of handling a wide range of
technologies, costs, and regulation strategies related to an energy system. The tool is freeware and
can be downloaded www.EnergyPLAN.eu. The algorithms used to create the tools are described in
detail in the user manual found at the same website. The algorithms are not discussed here.

EnergyPLAN was developed within the conceptual framework of a 100% renewable energy system.
In this context the tool is designed to allow all energy sectors to be modelled as 100% renewable,
and this can be achieved by any pathway envisioned by the user. For all users of the tool,
EnergyPLAN considers all sectors in the energy system being: electricity, heating, industry, cooling
and transport, as outlined in Figure 3. It is up to the user to determine how each sector is modelled
within a 100% renewable energy system, producing results for socio-economic costs, technical
feasibility, and so on.

| | Electricity o
Hydro water |——Hydro storage |«—— Y pabe EE o ‘storage l 43 MEXP.OR
i plant plant e fixed and variable

A * W
RES electricity __ ~ l 1

D —— | Electricity
S i 4+ 1 "|  demand
Fuel —_— s SR 2 ¥ i
\ ) CHP Heat Cooling Cooling
( R z4)| ) ¥ pump and device demand
Geothermal ‘ Absorption etlyzcirer:'c J —
and solar heat ] . heat pump ] )
‘ 1 Boiler ' - Heat
‘ . P ¢ < + I demand
H, 1 S
\ L « El | N— T
storage ‘E ectrol yser) B
N - e ¥ storage
Biomass | | TR
‘ o }_/\ ey conversion | »| Vehicles }—/ A
\ ) | J demand
Fuel

EleCtricity - | Process
Heat — Industry heat
Hydrogen > | demand

Steam —_— E
co, —_— Gas Import/
TranSport - s i storage Export gas

Water —-
CooliNg s

Figure 3: Flow chart of resources, conversion technologies, and demands considered in EnergyPLAN

One unique feature of the tool is that it includes all the new renewable energy technologies that are
already on the market or are currently in development, since its main purpose is for research and for
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forecasting long-term scenarios. This means it is not locked into current technology options and is
capable of assessing radical technological changes, which will likely become feasible in the future.

The core functionality of EnergyPLAN is to model energy systems as they operate in the real world,
by simulating the energy system on an hourly basis over time. This functionality is essential in order
to ensure that the intermittent nature of renewable energy is able to fit appropriately and reliably in
the modelled energy systems; ensuring that the energy system component requirements, including
electricity production and demand, heating, cooling, and transport, are satisfied.

The results generated from EnergyPLAN include among others: Primary Energy Supply (PES);
renewable energy penetrations; greenhouse gas (GHG) emissions; energy system costs.
EnergyPLAN can calculate costs from both a business-economic and socio-economic perspective,
however in this study, socio-economic costs will be assessed. These are estimated by annualising
all costs in the energy sytem using Equation 1 below.

0 06 —— (0D L)

The formula consists of total Investment costs (1), the installed capacities (C), lifetimes (n); interest
rate (i) (assumed to be 3% in this study); and the annual fixed operation and maintenance costs
(O&Mrixed) as a percentage of the total investment. Applying this formula allows for various scenario
analyses where different combinations of technologies can be modelled and the costs can be
compared with each other. The key issue here is that the socio-economic costs represent the cost
to all of society as a collective and not to a single individual or organisation within society. In this
way, EnergyPLAN identifies the costs to society so that suitable regulations and policies can be
identified to replicate this O6optimumébé situat:i

A key difference between EnergyPLAN and other energy planning tools is that EnergyPLAN can
optimise the technical operation of a modelled energy system rather than identifying the optimum
situation within regulations for an individual sector. This means that it can identify the total socio-
economic cost of the entire energy system on an optimal technical operation with all sectors
operating. The tool analyses how the overall system operates rather than focusing on maximizing
specific investments within specific market frameworks. In addition, the tool does not analyse the
system from only one technological viewpoint that operates in isolation.

The technical optimisation strategy minimizes the import and export of electricity and seeks to
identify the least fuel-consuming option, which will also reduce the overall CO, emissions. If
preferred, it is also possible to choose a dnarket-economicdsimulation strategy, which identifies the
least-cost option based on the business-economic costs for each production unit (i.e. business
economic profit) [5, pg.69].

The socio-economic costs can be calculated for the entire energy system, but with different operation
strategies. In this report the technical optimisation strategy is applied because the aim is to identify
the socio-economic consequences when creating an efficient renewable energy system of the future
instead of optimising according to business-economic profits.
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2.3 Creating EnergyPLAN country models

When developing reference energy system models for a number of countries, several phases are
included. These are shown in Figure 4.

4. Adjustment to
data & EnergyPLAN
models to match
model with real
world data

2. Reorganisation &
preparation of data 3. Entry of data into

1. Data collected
from energy

Sl for input into EnergyPLAN

EnergyPLAN

Figure 4: Steps to create a new model in EnergyPLAN

Firstly, data is collected from energy statistics in order to get a picture of how the energy system is
structured. The second phase contains a reorganization and preparation of the statistical data in
order to input it to the energy system modelling tool and after running the modelling tool output data
is created. The data is then entered into the model in EnergyPLAN in the third phase. This data is
then affected by all of the regulations and interpretations made within the model during the
simulation. Hence, a fourth and important calibration phase is required aligning the statistical and
modelled data in order to replicate the existing energy system as best as possible. A perfect
replication is never possible because the model is affected by the data collected (its availability and
accuracy) and the optimizations performed in the modelling tool. Hence, small differences between
the original statistics and modelled data are expected.

2.3.1 Data collection

In this study a model of the current situation is necessary for each member state in order to define
and understand the energy system being analysed such as the mix of power plants, types of boilers,
and the vehicles in the system. This is referred to as the deferencebsystem and it forms the basis
for future assumptions applied in the scenarios (see Main Report). In the reference system some
key components of the energy system that are defined include the electricity, heat, cooling, and
transport demands. These demands will need to be satisfied in each of the future scenarios.

To complete the reference scenarios data was collected from numerous sources across three main
groups: energy demand and supply data; hourly energy distribution data; and cost data.

The type of data collected for energy demand and supply data include e.g. electricity demand,
consumption and production by different plants. It includes energy data for transport, industry and
heating as well. The purpose is to collect sufficient data to be able to create a model of the existing
energy system for the various countries in an energy system analysis tool.

The primary source of energy demand and supply data was collected from the International Energy
Agency [4], which provide energy balance data for each of the studied countries. The resolution of
that data is sufficient to cover over 80% of the energy demand data required for the reference
models. The remaining 20% was sourced from other sources such as EUROSTAT [5], ENTSO-E
[6], Enerdata [7], Odyssee [8] and other sources (see Appendix C 7 Data ). For example power plant
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capacities were unavailable from the IEA so this was sourced from Enerdata. For a full list of the
types of data collected and the sources, including comments about some of the data see Appendix
Ci Data Sources.

To analyse an energy system on an hourly basis, hourly distributions must be obtained for demands
and productions that vary from hour to hour. For example, this includes all demands such as
electricity, heat, cooling, and transport as well as production from sources such as wind, solar, and
wave power. This is a very large task since each year includes 8760 hours (or 8784 for a leap year)
so the methodology required to build these hourly distributions are elaborated on in detail in
Background Report 2.

Cost data is sourced from a cost database that is continuously maintained at Aalborg University and
can be downloaded from www.energyplan.eu/costdatabase. This database covers costs for all the
technologies in the energy system divided into investments, operation and maintenance (O&M) and
lifetimes as well as costs for the purchase, transport, and handling of fuels. For certain technologies
or costs specific methodologies had to be developed and these are described in Section 2.4. A
summary of the fuel costs, investment costs, and operation and maintenance (O&M) costs used in
this study are presented in Appendix B i EnergyPLAN Cost Database Version 3.0.

During the project, issues were encountered for data collection since the initial primary data source
(Enerdata) was found to be inconsistent compared to other databases, such as the IEA energy
balances. The Enerdata databases supplied the information required for most sectors and energy
system phases, but after communication with the local partners and their feedback on the reference
system data, a decision was made to switch to a different primary data source (the IEA energy
balances [4]). The reason for this was that most of the local partners used the IEA data for their own
national energy statistics and that the IEA data seemed more in accordance with other databases.
This change required a significant restructuring of the reference models and prolonged the data
collection phase. Other data sources, including Enerdata, were used to complement the IEA data to
describe the complete energy system, which you can read more about in Section 2.4 - Specific
issues for the reference models.

2.3.2 Boundary conditions

The data used in the STRATEGO reference models is governed by a set of boundary conditions in
order to allocate the right amounts of energy demand and production to the right countries. These
conditions apply to e.g. technologies and fuels, but also the geographical borders and
import/export/transit of demands and fuels. These are explained in more detail below.

The technologies and fuels included in the energy system models can be illustrated by Figure 5
below.
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Figure 5: Boundary definition of the national energy system
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The system includes the different phases of resources (fuel input), conversion/transformation,
exchange and storage as well as the final demand. This means that phases taking place outside the
country such as extraction of the fuels are not included and similarly that the phases after the final
consumption in foreign countries (e.g. end-of-life treatments, etc.) are not included. This is not
included as no data exists for these phases taking place outside of the countries. Furthermore, the
energy consumed outside the country would be incl

Another issue that needs to be taken into account when using energy statistics concerns the
methodology used for assessing issues such as trade of fuels and energy between countries. In the

present study the general methodology described in [9] and used by IEA and Eurostat was applied.

The method applied is the HAphysical enerman cont
assumptions are outlined below.

The focus in the study is on physical flows of electricity while less emphasis is put on the actual
countries of origin and destination. Hence, transit electricity is included in the data inputs and the
destination countries of the trade are assumed to be the neighbouring countries. The same applies
for gas as it is difficult to keep track of origin and destinations when these energy carriers are
transmitted over large distances.

The external energy trade data should be, at least partly, for domestic use, and hence the fuel data
should exclude import and export if possible. The electricity and fuel limitations are therefore
different.

The fuels included in the energy balances do not take into consideration how much primary fuel was
consumed in country A for production of secondary fuels that are exported to country B. Examples
of this can be the amount of biomass or crude oil that was consumed in country A to produce a fuel,
such as biofuel or petrol, that is exported to country B. In this case only the import/export of the
secondary fuel is included in the energy balances. This can make the fuel consumption seem higher
in a country than it actually is due to e.g. large refinery industries that allocates the conversion losses

Page 13



from primary to secondary fuel to the country where it is located rather than where the secondary
fuel is actually consumed.

For international Mk ghipsnireespbctive &f the countirywfadgistrfatom, shduld
be included but the ships must be undertaking international voyageso[9]. In the study international
aviation and navigation (sea) is included based on the IEA definitions, see more in [9].

2.4 Specific issues for the reference models

There are some additional key issues and definitions that were encountered in the methodology
when constructing the reference models. These additional issues are described in this section along
with an explanation of the solution chosen.

2.4.1 Definition of primary energy supply

Primary Energy Supply is a key metric when assessing an energy system, since it shows the energy
consumed from primary energy sources in the country that are either renewable or non-renewable.
Non-renewable primary energy is important to measure since it is only available once. Non-
renewable primary energy is relatively simple to measure but the primary energy of renewable
energy is more difficult to measure.

Table 1: Primary energy equivalents and conversion efficiencies for electricity generation (gross production) of
renewable energy sources [10]

Energy source Zero Direct equivalent | Physical energy Substitution Technical
equivalent method (as content method method (as conversion
method applied by UN (as applied by applied by US efficiencies (as
statistics) Eurostat and EIA) applied in LCA
IEA) databases, e.g.
GaBi 2012)
Hydro n.a. 100% 100% 39.7% 85%
Wind n.a. 100% 100% 39.7% 40%
Solar n.a. 100% 100% 39.7% 13.4%
(photovoltaics)
Solar (thermal na 100% 33% 39.7% 12.4%
electric) < 0 0 70 0
Geothermal n.a. 100% 10% 39.7% 22.4%
Biomass (solid) n.a. 28.6%
Biogas &
Bioliquids n.a. 26.2%

Waste n.a. 17.7%

Nuclear n.a. 100% 33% 33% 33%
Imported o o o Source specific, i.e.
electricity n-a. 100% 100% 100% country specific
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There are a number of methods to measure renewable primary energy and these measures have
been compared with each other in a study prepared by PE International and Ecofys [10]. Table 1
taken from the report, presents the different approaches to applying primary energy for renewable
energy.

This study follows the IEA method for quantifying primary energy supply, which is the physical energy
content method. The method uses the normal physical energy value of the primary energy form for
nonr enewabl e fuel s, o0 [9] Rohnen-rénéwaldelfuels thegrumary energyssithe
total energy consumed at the secondary energy production plant; for example at a coal power plant.
For primary electricity, which is produced by hydro, wind, solar etc. the primary energy is simply the
gross electricity generation figure [9]. As shown in the Table 1 the primary energy equivalent values
for most renewable electricity is 100%. Meaning that 1 MJ primary energy produces 1 MJ of
electricity. In the case of electricity generation from primary heat (nuclear and geothermal), the heat
is the primary energy form [9]. For solar (thermal electric) and nuclear plants the primary energy is
inputted from the gross electricity generation using a thermal efficiency of 33% [9]. The thermal
efficiency for geothermal is 10%, and this figure is only an approximate value and reflects the
generally lower-quality steam available from geothermal sources [9].

In this study the total Primary Energy Supply is calculated using the following equation:

Total primary energy supply
= Primary energy production + ImportsExports + Int.marine bunker fuel
+ Int.aviation bunker fuels + stock chges + statistical difference

For electricity, the import and export is calculated based on the energy content in the electricity rather
than based on the fuel consumed to produce this electricity.

International aviation and marine bunkers are added to the total primary energy supply in this study
although in the IEA energy balance these numbers are excluded. This is to ensure that the fuel
required for international aviation and marine transport is accounted for.

Stock changes refer to the amount of fuel that is provided from the stockpile for use in the particular
year (this is a positive addition to total primary energy supply) or can be the amount that is added to
the stockpile in the year, which would make the stock change value a negative number.

In general when data is collected both for total primary energy supply and for total primary energy
consumption, these values should match. However this is often not the case, due to different parties
collecting the data, reporting errors, or other unidentified reasons. This results in a statistical
difference. In this study, any statistical difference was added to the primary energy supply in order
to avoid under accounting.

2.4.2 Energy industry own use

The energy industry often consumes the fuels which they produce or import for secondary energy
production, since they require energy and this is a quick and convenient source of energy for them.

Page 15



The energy consumed by the enterprise may be purchased directly for consumption or be taken from
the energy commodities it extracts or produces.

| EA def i ne ener gtye qiiantities af energywcememodiiss cansumed within the fuel
and energy enterprises that disappear from the account rather than appear as another energy
commod9d].t yo

The energy is used in for example fuel extraction, or in the conversion or energy production plant
and they do not enter into the transformation process of the main energy product that is sold from
the plant. Examples include the use of charcoal to heat charcoal manufacture facilities and the use
of biogases to heat sewage sludge or other biogas fermentation vessels. This energy own use can
either be considered a loss to the system or a consumption. In this study energy industry own use
of electricity, heat and fuels are included under total consumption since the energy industry is also
an end-user of energy and if it did not consume this energy then it would import other energy from
outside its operations. This is consistent with the IEA which explain that although the data is provided
separate from the energy for main product, by its nature, it is part of the final consumption of the
industry sector [9].

Pumped hydro is also included within the energy industry own use category by the IEA and in this
study the net electricity consumed by pumped hydro is also included in total consumption.

2.4.3 Adjustments of CO; emissions

In this study the energy system of each country was modelled in EnergyPLAN which then calculates
the CO2 emissions of the energy system. The CO, emissions should be very similar to the data
provided by IEA since the majority of energy data is from IEA. However in some instances the CO.
emissions were different and this is most likely because EnergyPLAN uses average emission factors.
For example, for coal there is only one emission factor in EnergyPLAN, but there can be numerous
types of coal with different emission factors. Therefore for some countries the CO; emission factors
for different fuels were modified in order to generate similar CO, emissions from EnergyPLAN
compared with the IEA statistics. It is assumed that the differences in emission factors is due to the
different fuel mixes in each category, for example, in the United Kingdom the proportion of different
types of coal may be different meaning the average emission factor is different. In Table 2 the
emission factors for the fuels for each country are presented, as well as the total CO, emissions of
the energy system of each country.

Table 2: CO2-emission factor applied in the different reference system models

Country (kg/GJ) Croatia Czech Republic Italy Romania United Kingdom
Coal 98.5 98.5 98.5 105 95

Fuel oil 72.9 72.9 72.9 72.9 70
Natural gas 56.9 56.9 56.9 56.9 53

LPG 59.64 59.64 59.64 59.64 59.64
Waste 90 90 90 90 90

The emission factors for the majority of the fuels are taken from [11]. For the changes to the emission
factors the new values are still within possible realistic values that are reported by The Climate
Registry [12]. The emission factor for waste is taken from the IPCC report on Greenhouse Gas
Inventories [13].
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2.4.4 Hydropower capacities and production

Hydropower is an important form of renewable electricity and it will become more important in the
future, due to its abilities to work within a system with increasing fluctuating production. However
collecting data for hydroelectricity is difficult, mainly because of the different definitions of
hydropower especially between @ammedbdand dun-of-riveréhydro, which can lead to inconsistent
reporting in different databases. In addition, quantifying hydro storage capacity is also difficult.

In this study, IEA provided the total hydropower production values and the pumped hydro losses,
but hydropower capacities and pumped hydro storage and production data was provided by
Enerdata, and run-of-river production data was provided by ENTSO-E. Overall, the IEA hydro
production data was used as the basis for calculating any uncertain data points, such as the run-of-
river production data when this data was unclear from ENTSO-E. Sometimes a specific piece of
hydro data was unavailable from all the data sources; therefore additional data sources were
required, for example for run-of-river hydro production for Italy.

When making adjustments to the hydro data due to inconsistencies between dammed and run-of-
river data in the databases, the aim was to make all the changes so that the production data was
within range of average hydroelectricity capacity factors. However, this often varied depending on
the specific data available within a country.

In Italy run-of-river hydro capacity value was provided by Enerdata however no data was provided
by ENTSO-E for electricity production. Therefore it was assumed that run-of-river hydro exists in
Italy but ENTSO-E defines the power production as dam hydro. Therefore a production value needed
to be quantified for run-of-river, and therefore for Italy the production value was determined by using
data from another source which explained that run-of-river accounts for approximately 40% of total
hydro production [14]. Therefore the run-of-river production data was increased and the dam hydro
production was decreased by the same amount.

In Croatia, run-of-river production data was provided by ENTSO-E, as it was for the other countries,
however a run-of-river production capacity was not provided by Enerdata. Therefore a production
capacity was estimated for run-of-river hydro in Croatia. The capacity was estimated based on an
average run-of-river capacity factor, and was assumed to be 300 MW with a capacity factor of 74%.
The dam capacity was decreased to 1542 MW with a 47% capacity factor.

Another small adjustment was made for the United Kingdom hydro data where the dam production
data was increased to 1.6 TWh in order to fit the IEA data. In Romania the run-of-river hydro capacity
was too low to fit the production data therefore the capacity was increased by 2115 MW and thus
the dam hydro was decreased by 2115 MW as well.

All the final data and assumptions are deemed to be suitable and accurate for the reference models,
and and the data assumptions are presented in Appendix A - Technical Data and Appendix C i Data
. The final capacity factors for hydro power in each country, after the adjustments is presented in
Table 3.
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Table 3: Hydro power capacity factors for the reference models

Capacity factors 2010 HR 2010 CZ 2010 IT 2010 RO 2010UK
Run-of-river 74% 67% 50% 51% 90%
Dam 47% 16% 38% 27% 14%

Another important factor for hydro electricity production is the amount of water that can be stored for
dammed hydro. This data is often difficult to find or simply not reported. Data was provided only for
Croatia but for the other countries it was estimated. The energy storage capacity of the dammed
hydro in each country was conservatively assumed to be a month of water as if operating at full
capacity (31 days). The storage capacity was calculated simply by multiplying the production
capacity of the dammed hydro by 744 hours in which it would operate at full capacity (31 days). This
is deemed a conservative estimate since in the Nordic hydro system (Norway, Sweden, Finland) the
average storage ranges from around 74 days in Finland up to around 110 days in Norway if operating
at full capacity [15].

2.4.5 Pumped hydro and hydro storage

Although pumped hydro is often reported with other hydro data, it is not an electricity generation
technology but rather an electricity storage technology. It is actually a net consumer of electricity as
opposed to a producer.

If pumped hydro was included in electricity production it would be double counting since the
electricity that pumped hydro produces when it operates was actually already produced elsewhere
in the electricity system, for example by wind power. Therefore it cannot be included as a production
source. It often runs according to economic reasons as opposed to technical reasons in which the
main electricity system operates. The technology is typically used when the cost of the marginal
thermal power station exceeds the cost of operating the pumped hydro.

When modelling the energy system in EnergyPLAN the pumped hydro production is sometimes
different to reality. When using the technical simulation in EnergyPLAN, pumped hydro is often not
even required in the models. This is because of the way pumped hydro is used in real-life versus the
way it is modelled in EnergyPLAN, which determines its own 6 o p t iechrichl dperation. The most
significant difference is most I|ikely caused
powerplant s, whi ch are often the plants replaced

In this study, the pumped hydro storage capacity was estimated since no data was available. It was
estimated that the pumped hydro storage would be able to hold enough water to produce electricity
for 10 hours at full capacity. This is a typical capacity for many pumped hydro plants today, since
they were originally designed to allow baseload plants to continue operating during the low demand
periods at night. For example, a large pumped storage plant in Germany has a 100 MW capacity
and can hold 8.5 GWh of water [16], meaning that it could theatrically run at full capacity for 8.5
hours. Therefore in this study this is rounded up to 10 hours of storage.
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2.4.6 Electric grid capacity and costs

The electric grid capacity data was collected from ENTSO-E using the national annual maximum
load in each country as a proxy for electric grid capacity. The maximum load values of each country
are specified in the System Adequacy Retrospect 2010 report [17], and represent the point of
national maximum load at a specific date and hour during the 2010 year. Identifying an electric grid
capacity and assigning a suitable cost is a very large task in itself, so this proxy is used in
STRATEGO to reflect costs increases that will be required as electricity demand increases in the
future. However, a more detailed investigation is required in the future to validate this, which is
beyond the scope of this study.

2.4.7 Electricity interconnection capacities and costs

The capacities for interconnection cables between the study countries and other countries were
collected from ENTSO-E [18]. The values are indicative values for Net Transfer Capacities (NTC).
The values are for Winter 2010/2011 on a working day peak hours. There are usually two different
values for capacities between countries due to the different load demand requirements of the
countries. In these situations the highest value is used for the interconnection capacity.

Interconnections onshore are assumed to be equal to electric grid costs since onshore grid
connections are essentially extensions of one grid to another grid. Offshore interconnection costs
are based on current installed cables between 00.4-1.2 million per MWe and hence, 1.2 MU / M\ge
applied as a conservative estimate based on real-world projects [[19], [20]]. The O&M costs were
assumed to be 1% of the investment costs.

2.4.8 Individual boilers & costs

The individual boilers are located in residential and non-residential buildings. Residential buildings
are split into single-family and multi-family buildings. In this study the number of buildings is used as
a proxy for the number of individual boilers. The boiler capacities used for the different types and
building sizes are presented in Table 4 below. The same boiler sizes were assumed for multi-family
buildings and non-residential buildings, since both are likely located in similar sized urban buildings.

Table 4: Boiler capacities for different boiler types

Oil burner Natural gas  Biomass boiler
(mineral oil fired, boiler (automatic
<10 % FAME) stoking)
Single-family 225 115 125
building
Average Heat production Multi-family 400 385 550
capacity for one unit (kW) building
Non-residential 400 385 550
buildings

The number of single-family buildings and multi-family buildings are based on data from Entranze
[21]. The different boiler types within the residential groups of individual boilers have been
proportioned according by energy used for space heating of dwelling stock from Entranze database,
for example between natural gas, coal, biomass.
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The number of non-residential buildings in each country was used as a proxy for the number of
boilers installed for the service heating. Non-residential buildings include buildings such as schools,
hospitals, offices, hotels, shops, cultural buildings and so on. Industry buildings are not included.
Data for the number of non-residential buildings was collected from numerous data sources. The
number of non-residential buildings in the Czech Republic and Italy were collected from local data
sources: the Ministry of Industry and Trade of the Czech Republic [22] and ENEA [23] respectively.
The data for the UK was estimated based on the Carbon Reduction in Buildings (CaRB) project [24],
which was carried out over four years by the Engineering and Physical Sciences Research Council
(EPSRC) and the Carbon Trust. This project determined the number of non-residential buildings in
the UK and from this an estimate of heated non-residential buildings was determined [24].

The number of non-residential buildings in Croatia were estimated based on the JRC data [25] and
Odyssee data [8]. The data was calculated by using an average boiler capacity of 100 kW based on
the JRC project. In addition the number of hours in which boilers are typically operated was taken
from the ltalian data from the JRC project, which is 1154 hours heating per year. The Odyssee
database provided the total heat consumption from boilers for Croatia. This equalled 2.5 TWh (based
on boiler efficiencies see Appendix A - Technical Data. The fuel mix for Croatia boilers was based
on Czech Republic data from the JRC so the number of different non-residential boilers could be
calculated by fuel. The resulting number of non-residential buildings in each country is presented in
Table 5.

Table 5: Number of non-residential buildings in each country
Croatia Czech Republic Italy Romania United Kingdom

21,863 97,254 144,383 73,322 1,150,000

Non-residential
buildings

2.4.9 District heating definition

The heat and district heating data, in particular the production data, may differ from one source to
the next due to how district heating is defined. In the IEA manual [9]t h &ros$ production of heat is
the amount produced and soldd The IEA data includes all the heat and district heat that is produced
at CHP plants, district heating boilers, waste incineration plants and industrial sites and is either used
on-site or sold to other consumers (for example this could be to the public district heating network or
to other industries). Heat for own use by energy industries is included in the total heat produced in a
country and this is an additional heating demand that is consumed onsite and is not converted into
another energy commodity.

An example that illustrates the importance of the heat and district heating definitions is for Italy. In
the IEA data, the total heating production in 2010 was 57 TWh. This is the gross heat production.
Around 18 TWh is consumed by the energy industry as own use. The remaining 39 TWh is produced
and circulated via industrial CHP and CHP plants and boilers. It is consumed by industry and
residential and service buildings (36 TWh and 3 TWh, respectively).

The net production of 39 TWh supplied from CHP and boilers and industry corresponds with data
from Eurostat (that collects their data in the same way as IEA) [5].
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In contrast, the total district heat production in 2011 according to EuroHeat & Power and ENEA (The
Italian Government Energy Agency) was around 7.32-7.75 TWh, of which the industrial production
is between 1.6-3.3 TWh [26]. Although IEA show that 57 TWh of heat is consumed in Italy we can
assume that the sold heat data from the other databases is what is recorded as sold, and other heat
trade has been excluded in the overall balance. In the IEA data 3 TWh of heat is sent to residential
and service buildings which corresponds with the other databases. And the remaining proportion is
assumed to be a small amount of the industrial heat which is recorded. It is assumed that the vast
majority of heat produced in Italy remains officially unrecorded since it remains within industry.

Thus, the actual reason for the differences can be related to 1) whether the heat is supplied to the

public district heating network or not and 2) where the measurements are taken in the district heating
system. This may be the case for Euroheat & Power
heat production where only the district heat supplied to the public network is accounted for, hence

leaving out the district heating that never reaches the public network as it is used onsite (own use)

or supplied to other industries via more local and smaller scale district heating networks, such as

those sometimes in an industrial area. However, it is important to notice that different data sources

provide different district heating data and this should be taken into consideration when assessing

the results of this study.

2.4.10 Centralised and decentralized district heating plants

Centralised and decentralised CHP plants have the ability to operate in different ways, which in turn

has an impact on the rest of the energy system. Centralised plants are usually large CHP units which

are located near a cooling source such as a river, the sea, or a cooling tower. Due to the presence

of a cooling source, the centralised CHP plants can operate in condensing (i.e. electricity only) mode.

I n contrast, smal |l er decentralised plants typical
produce heat when they are producing electricity.

All power plants and CHP plants were modelled as centralised plants, as opposed to decentralised
plants, in the reference scenarios. The reason for this is that in the energy statistics only one type of
plants are listed, so these were assumed to be centralised plants since the majority of electricity and
heat production usually comes from centralised plants.

2.4.11 District heating boiler capacities

The district heating capacity plants consist of boilers, waste incineration plants, industrial plants and
CHP plants. From the statistics it is generally possible to obtain data for thermal capacities for CHP
plants and industrial CHP. However, it is more difficult to collect data for thermal capacities for boilers
and waste incineration plants. The methodology for assessing district heating boiler capacities in this
report is to identify the peak boiler demand (for any hour during the year) by running the given
scenario and adding 20% capacity to this. Hence, the district heating boiler capacity is assumed to
be peak demand multiplied by 120% for each model. No thermal capacities are required for waste
incineration plants in EnergyPLAN as this is modelled by production (and waste input) rather than
available capacities. Typically waste incineration plants are operated at baseload since their primary
function is typically as a waste management service rather than energy production. Hence,
production rather than capacity is sufficient for EnergyPLAN.
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2.4.12 District heating pipe costs

District heating pipes are the pipes that distribute the hot water from heating plants throughout the
city to end-users of the heat. The costs for district heating piping were determined by using the data
from Table 6 below.

Table 6: District heating piping cost data [27]

Low-temperature district

Cost data Conventional district heating network ;
heating network
Specific Investment
costs (100 ¢ 72,000 522,000
Technical lifetime
(years) 40 40
Average Fixed O&M
(G/ TWh/ ye 900,000 3,960,000
Variable O&M 0 0
(0/ MWh)

In the reference scenarios the data for conventional district heating in existing buildings was used.
In future scenarios, investment costs will be taken from the mapping work being carried out in
STRATEGO which is in Background Report 6.

2.4.13 Cooling unit costs

There are two distinct types of cooling units: individual and network. Individual cooling systems are
installed by an inhabitant independently of the people in the neighbouring area, and can be either
small units (single-family) or large units (multi-family or non-residential). Today, individual cooling is
provided predominantly by individual heat pumps. The investment cost of a small two kW individual
heat pump for cooling in a single-family house is assumed to be (12,000 with a lifetime of 20 years
[27]. For a larger 300 kW heat pump for an entire residential multi-family building or non-residential
building the investment costs are assumed to be (195,000 and a lifetime of 15 years [28]. The
number of homes with an individual cooling unit is based on the saturation rate for the cooling
demand (see Background Report 4)

A network cooling solution is district cooling, where cold water is supplied by a central cooling system
and subsequently shared between buildings using a common pipe and a heat exchanger in each
building. There are very few large systems in operation in Europe today, with the larger systems in
the cities of Stockholm, Helsinki, and Paris [29]. The cost for central cooling supply is based on
Swedblom et al. [28], who reported an investment cost of 1195,000 for a 300 kW air-cooled chiller
plant. The number of full load hours is assumed to be 1200 hours/year, with a fixed O&M cost of 4%
of the investment and variable O&M costs of 2 0/MWh. Also, a lifetime of 15 years is assumed [28].
The cost of the district cooling network is taken from the mapping work being carried out in
STRATEGO which is in Background Report 6, while the cost of the heat exchanger for each building
isassumedtobeu 5, 500 Hmmiilryglheo me s a n dfamily2afd séndces buildingsnu | t i
both with a lifetime of 20 years based on similar costs for district heating equipment [27].

The district cooling costs therefore comprise of the three different parts, respectively the supply
technology, network costs (pipes, etc.) and the energy transfer station (the heat exchanger in each
building).
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2.4.14 Renewable waste

In this study all waste fractions are included as renewable sources, even though in reality some
waste fractions are based on oil products and therefore non-renewable. As a result, an average CO:
emission factor was applied for the consumption of waste to acknowledge this non-renewable
fraction.

This was not interrogated in detail here due to the small scale consumption of waste resources
compared to the total energy resources. In the study, waste is hence included as a renewable source,
but it still has CO2-emissions, see Section 2.4.3 - Adjustments of CO2 emissions.

2.4.15 Vehicle numbers and costs

Vehicle stocks in each country were sourced from the Odyssee database [8]. Stocks were provided
for motorcycles (petrol); cars (gasoline, diesel, LPG and electric); light vehicles 3 tonne payload
(gasoline, diesel, LPG and electric); trucks (diesel); and buses (gasoline, diesel, LPG, electric). Data
was unavailable for other vehicle types. In the United Kingdom the other vehicles account for 2%,
but the types of vehicles they are and the fuels they consume are uncertain [30].

The number of vehicles is multiplied by the investment costs for the different types of vehicles. The
investment, O&M and lifetimes are from the cost database, see Appendix B i EnergyPLAN Cost
Database Version 3.0. A weighted average total investment cost, operation and maintenance cost,
and vehicle lifetimes are quantified for all the vehicles.

2.4.16 Oil and gas storage capacities

Oil storage data for Czech Republic, Italy and United Kingdom was collected from the IEA document

entitled AEnergy Supply Security: T-Red 1BmeErd3lE n coyn OR

The oil storage for each country is presented in Appendix A - Technical Data. Oil storage sometimes
includes crude oil plus oil products. Oil storage in Croatia was provided via the JANAF website that
manages an oil pipeline in Croatia [32] and storage for Romania was estimated based on a 90 days
reserve of net imports amount from the previous year [33]. Gas storage capacities are provided by
the Enerdata database [7].

2.4.17 Manual adjustments during calibration

During the calibration of the reference system models several data issues were encountered and
needed to be changed in order to calibrate the models towards an improved replication of the current
energy systems. These are listed below along with an explanation of why they needed to be
changed.

Croatia

1 The Croatian CHP capacity was increased from 227 MW to 675 MW. This was required in order
to deliver sufficient heating from CHP plants and this alteration was discussed with and approved
by the local partner.
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Italy
1 The Italian CHP thermal capacity was increased from 4868 MW to 7000 MW in order to be able
to produce sufficient CHP district heat. The electrical capacity of CHP plants remained the same.

Romania

1 In Romania the full load hours for nuclear power were too high (above 100% capacity factor) and
therefore it was assumed that the nuclear capacity of 1300 MW provided by Enerdata was too
low. The capacity was increased to 1400 MW [34].

UK

1 The UK CHP thermal capacity was changed to industrial CHP so that all district heat was
assumed to be provided from industrial CHP (no district heat production from public CHP).

9 Stock of electric cars in UK was reduced (originally 83600 based on Enerdata) to 8360 assuming
it was a data entry error since the statistics reported almost no EV electricity consumption. This
only affected the energy system costs.

1 No data for offshore wind production was available, and since the UK has offshore wind capacity
a production was calculated based on an average capacity factor of 30% [35]. This factor is lower
than what might be expected in the future.

2.5 Specific issues for the business-as-usual models

This section contains a description of the methodology for projecting the 2010 reference models to
the year 2050, based on a business-as-usual (BAU) scenario from the current modelling carried out
by the European Commission [36].

The BAU models are used as a projection of what the future 2050 energy systems might look like if
we continue on the path that we are currently following and implement existing policies, both
nationally and internationally. It is hence used for both comparisons to the alternative 2050 energy
system scenarios and as a baseline situation for the year of 2050. The alternative energy system
models will therefore build on top of the 2050 BAU models in order to improve the energy systems,
but with the 2050 demands and capacities.

2.5.1 Energy demand changes

The BAU models were based on the 2010 reference models for each country and projected towards
2050 based on the current modelling carried out by the European Commission [36]. A number of key
changes were implemented in the 2010 models to reflect the 2050 situation, such as the demands
within a number of sectors and the electric production capacities, since the electricity sector is
undergoing the largest changes according to the projections applied. The demand changes were
assessed within the sectors of electricity, heating and cooling, transport and industry according to
the European Commission [36]. The methodology for developing the 2050 energy demands can be
found in [36], but is generally based on already adopted national and international policies and
agreements. The projections furthermore build on macroeconomic assumptions and population
projections as well as developments in fuel prices and energy technologies. The changes that are
applied to the 2010 reference models to reflect the 2050 BAU situation are listed in Table 7 below.
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Table 7: Energy demand changes within electricity, district heating, individual heating, cooling, industry and
transport between the 2010 references and the 2050 BAU systems [36]

Energy demand changes (%) Croatia Czech Republic Italy Romania United Kingdom
Electricity demand* 40% 33% 36% 62% 25%
Individual heating 12% 6% -1% 14% -6%
District heating** 16% -1% -3% 29% 39%
Cooling 6% 6% -1% 7% -6%
Industry*** 30% 31% 6% 22% -1%
Transport 7% 17% 1% 39% -5%
Oil storage -9% 3% -21% 20% -20%
Gas storage 14% 21% 1% 12% -20%

* Electricity demand includes final consumption (e.g. electric heating, individual heat pumps, Centralised heat pumps,
centralised electric boilers, PHES pumps), own use (industries) and electricity losses

** District heating demand includes own use (industries), residential and services, industry and heat losses

*** |Industrial demand includes fuel for main product, own use and non-energy use

The largest changes take place in Romania and Croatia, which experience higher demands for all
demand categories, while the United Kingdom experiences a reduction in demands for all categories
except electricity and district heating demand. The electricity demand increases for all countries,
including a 62% increase in Romania, and is the demand with the largest impact on the energy
system.

The energy demand changes present by the European Commission [36] are either based on the
sector (e.g. industry, residential) or fuel (heat, electricity, etc.). Hence, these have to be interpreted
here to convert the 2010 reference models to 2050 models. The demand changes for electricity,
district heating as well as cooling are all based on fuel changes, while the industrial energy demand
and the transport energy demand are based on the changes for the sectors. The individual heating
changes are based on the changes for both the residential and services sector and how large their
share of the heating demand is in the 2010 reference model. No data was given for cooling by the
European Commission [36] and hence best estimates based on the changes for individual heating
and electricity were applied. The cooling demand is relatively limited compared to the overall energy
system demands, so the impacts on fuel consumption and costs will not be influenced as much by
cooling compared to other demand changes. All of the actual energy demands used to both the 2010
reference models and 2050 business-as-usual models are presented in Table 8.

Table 8: Energy demands for reference and BAU models broken down by category and country

Energy demands Croatia Czech Republic Italy Romania United Kingdom
(TWh)

Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU
Electricity 18.8 26.3 70.4 94.0 343 467.4 58.1 93.8 381.3 476.6
Individual heating 15 16.7 61.4 64.8 369.2 367.1 64.6 73.8 477.1 448.7
District heating 3.5 4 35.9 35.5 57 55.3 27.5 35.6 15.8 22
Cooling 1.3 1.4 1.6 1.6 49.3 48.9 1.8 1.9 6.1 5.7
Industry 28 36 125 156 451 474 104 124 531 644
Transport 23.7 25.5 67.9 79.3 503.6 506.4 54.9 76.1 621.9 591

2.5.2 Electricity capacity changes
When changing the demands it was found that the electricity capacities installed in the 2010

reference models were insufficient to meet the future demands. Hence, the electricity producing
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technology capacities were also projected towards 2050 based on data from the European
Commission [36]. The technologies and how they might develop until 2050 is included in Table 9
below.

Table 9: The changes in electricity capacities for different technologies in the STRATEGO countries [36]

Electricity capacity changes (%) Croatia Czech Republic Italy Romania United Kingdom
Condensing power plants 86% -15% -37% -41% -23%
Centralised CHP 118% 43% 29% 42% >2000%
Nuclear power plants 0% 110% 0% 62% -8%
Geothermal power plants 0% 0% 96% 0% >2000%
Wind power plants 1112% 118% 434% 935% 1194%
Hydro (excluding pumped) 23% 24% 10% 25% 11%
Water supply 23% 24% 10% 25% 11%
Solar >2000% 11% 1298% >2000% >2000%

The actual electric capacities for the reference models and the BAU models are listed in Table 10.
The changes in Table 9 are based on the changes presented by the European Commission [36],
but the actual capacities applied in the reference models are based on Enerdata data [7]. Hence,
the changes have been applied to the original data using the changes from the European
Commission to project the BAU models.

Table 10: Electricity capacities for different technologies for the reference and BAU models

Electricity Croatia Czech Republic Italy Romania United Kingdom
capacities (MW)
Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU

Condensing 1454 2702 | 7767 6572 52806 33240 | 8138 4839 | 66560 51034
power plants
Centralised CHP 675 1471 | 2688 3846 17443 22587 | 3079 4370 0 7155
Nuclear power 0 0 3900 8177 0 0 1400 2264 | 10865 10030
plants
Geothermal power 0 0 0 0 728 1429 0 0 0 0
plants
Wind power plants 89 990 215 468 5814 31043 | 462 4783 | 5378 69586
Hydro (excluding 1842 2274 | 1056 1305 13977 15385 | 6382 7970 | 1524 1690
pumped)

Water supply 7.11 878 | 1.15 1.43 3413 3757 | 9.87 12.33 1.75 1.94

(Twh)

Solar 0 606 | 1959 2179 3484 48694 2 3132 77 9193
Wave and tidal 0 0 0 0 0 0 0 0 0 3536

All the STRATEGO countries increase their electric capacities, which is in accordance with the
increasing demands that were previously identified. The largest changes in electricity capacities take
place in Croatia where all technologies present in the 2010 reference experience growth and results
in a doubling of the 2010 capacity. The smallest increase takes place in the Czech Republic, with
the overall electric capacity increasing by 26%, while the remaining countries are somewhere in
between those two countries. For most countries the power plant capacity decreases and is replaced
by more CHP plant capacity making the overall thermal capacities more or less similar to the 2010
reference models. The large-scale boilers which are associated with the CHP plants the capacity is
changed according to peak demand during the BAU year, multiplied by 120% (see section 2.4.11).
The nuclear capacities increase for the Czech Republic and Romania while it decreases for the
United Kingdom.
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For renewable sources such as solar and wind, large increases in capacity are present in all
countries. Wind capacities in all countries increase by at least 100% compared to the 2010 capacity,
while the solar capacity increases by more than 2000% for some countries, but should also be seen
in the light of the very low capacities in the 2010 models. It is assumed that all the wind power
changes in Romania, Czech Republic and Italy are onshore wind [36] while the wind power changes
in Croatia and United Kingdom consists of both onshore and offshore capacities.

For hydro power capacities, the data applied was only for river-hydro and dammed hydro leaving
pumped hydro as constant compared to the 2010 reference. This is both due to the data availability,
but also because pumped hydro in this study is viewed upon as a storage technology rather than an
electricity production technology, and storage capacity changes were not assessed in the BAU
scenario. In order to utilize the increased dammed hydro capacity the water supply was increased
accordingly with the same change.

The industrial electricity capacity did not change compared to the 2010 reference models as this is
more related to the change in the industrial sector rather than the electricity demand as such. The
same applies for the waste incineration plants that have the same capacity as in the reference
models.

For the BAU models a few other assumptions had to be implemented regarding the minimum grid
stabilization capacity and the import/export of electricity. For the minimum grid stabilization capacity
of power plants and CHP plants, it is assumed that a similar capacity must remain online as in the
2010 reference models. This resulted in very similar capacities to the reference models. However,
due to the changing electricity demands new problems regarding the grid stabilization were
identified. The import and export in the reference models were calibrated to replicate the actual net
import/export for 2010 for the different countries, but as the BAU models are supposed to represent
an energy system in 2050, the EnergyPLAN tool was allowed to control the amount of import and
export that should take place in 2050.

In the 2050 BAU models the fuel distributions remain the same as in the 2010 reference models.
This means for example, that a country with a higher CHP production will have the same fuel ratio
between the different types of fuel, but the consumption of each fuel will increase proportionately. A
detailed breakdown of the new 2050 business-as-usual models is provided in Appendix A - Technical
Data.

2.5.3 Cost changes in the BAU

The socio-economic costs are updated automatically when EnergyPLAN is run with the new energy
demands and components. However, to reflect developments in the various technologies simulated,
new costs based on projections for the year 2050 are using in the 2050 BAU models. The new costs
for the year 2050 are presented in Appendix B i EnergyPLAN Cost Database Version 3.0.
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3 Hourly EnergyPLAN models for each country

In this section the results for each country are presented for the reference model and the business
as usual (BAU) scenario, by presenting various capacities, demands, and production results from
EnergyPLAN after the models are run.

3.1 2010 Reference models

The reference model results are presented below in order to understand how the different energy
systems are constructed and what the key characteristics and issues of the energy systems of the
countries are. The results presented include the primary energy supply, electricity demand and
production, electricity capacities, heating and cooling demand and production, transport energy
demand, industry, CO;-emissions as well as an overview of the socio-economic costs. A list of some
of the inputs and results are displayed in Table 11, while more detailed data can be found in Appendix
A - Technical Data.

Table 11: Summary table of key inputs and results from the different energy systems

Category Unit Croatia Czech Italy Romania United
Republic Kingdom
Total domestic electricity TWh 19 70 343 58 381
demand
Total heat demand TWh 22 109 498 113 569
District heat demand TWh 3 36 57 28 16
Transport demand TWh 24 73 520 56 636
Average power plant efficiency % 45 38 27 31 40
CHP electricity efficiency % 35 19 43 25 10
CHP heat efficiency % 35 40 12* 48 0**
Hydro capacity MwW 2135 2203 21,521 6474 4268
Hydro production TWh 8 3 51 20 4
Industrial electricity production TWh 0 9 25 2 39
Industrial district heating TWh 0 4 31 3 16
production
Interconnections MW 3250 7300 8105 1900 2450
Number of buildings (residential 1000s 998 1976 8989 4353 22103
and services)
Number of light vehicles 1000s 1,517 4,496 36,751 4,320 28,346
Number of busses/trucks 1000s 41 105 1,220 134 580

* The Italian CHP heat efficiency is lower than what might be expected in reality. This might be due to the way the fuels
and energy production from CHP plants are reported as the CHP plants should be reported according to operation mode.
However, in some cases the statistics might have been reported according to plants instead and this might include
condensing operation at a CHP plant which would improve the electric efficiency and reduce the heating efficiency.

** This value is 0 as there is no CHP heating production, only industrial district heating production

3.1.1 Primary energy supply

The primary energy supply (PES) is a measure of the energy consumed in a country before any
conversion or transformation processes. The total Primary Energy Supply is presented in Table 12
below, and a breakdown into primary energy supply by fuel mix, for each country can be seen below
in Figure 6.
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Figure 6: Primary energy supply shares out of the total for each country by fuel types. *A negative value for net
import/export electricity indicates export while a positive is import.
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Figure 7: Primary energy supply per capita by fuel type for the STRATEGO countries
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Table 12: Total Primary Energy Supply for each country
Category Unit Croatia Czech Republic Italy Romania United Kingdom
Primary Energy Supply TWh 98 524 2100 406 2588

The results show that the majority of energy resources are from fossil fuels (coal, oil, natural gas).
The Czech Republic has a particular large share from coal. The renewable shares (including hydro
power) for the countries are 14% for Croatia, 7% for Czech Republic, 9% for Italy, 17% for Romania
and the share for the United Kingdom is 3%. The primary energy supply per capita is shown in Figure
7 below.

The primary energy supply per capita shows that the least amount of energy per capita is consumed
in Romania and Croatia with around 20 MWh/capita/year, while the Czech Republic has the highest
consumption of around 50 MWh/capita/year of which the largest share is coal. In Italy and UK large
shares of gas and oil are consumed.

3.1.2 Electricity capacities and production

The total electricity capacities for each country are presented in Table 13 below, and the split
between the different electricity production technologies are shown for each country in Figure 8
below. The results show that the majority of the capacity is placed in condensing power plants in all
the countries. The Czech Republic and the UK have the highest share of nuclear capacity. Croatia
and Romania also have a significant share of hydro capacity while all the countries have small shares
of wind power. The renewable capacity in the UK is the lowest of all the countries.
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Figure 8: Electricity capacity shares out of the total capacity divided by technology type for the STRATEGO
countries
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Table 13: Total electricity capacity for each country

Category Unit Croatia Czech Republic Italy Romania United
Kingdom
Electricity capacities MW 4,565 20,232 107,251 19,976 93,201

The electricity capacity per capita is shown in Figure 9 below. As shown, the Czech Republic has
the highest installed electricity capacity per capita with just below 2 kW installed per person. Croatia
has the least installed electricity capacity at just around 1 kW installed per person.

The total domestic electricity production for the different countries is presented in Table 14, and the
production is split between the different production technologies for each country in Figure 10 below.
The electricity production structure is rather different between the STRATEGO countries, and there
are no general trends for the electricity production structures of the STRATEGO countries. For
example, Croatia has a large share of hydro production supplemented by import, power plants and
CHP production. In a very different system the UK is dominated by a large share of thermal power
production at condensing power plants supplemented by some industrial production and nuclear
power. The renewable electricity shares for the different countries, assuming that all the import is
non-renewable, are: Croatia 45%, Czech Republic 4%, Italy 20%, Romania 32% and UK 4%. The
high renewable electricity shares for Croatia and Czech Republic are due to hydro power. Overall,
the electricity production structure has a large influence on the overall fuel consumption and primary
energy supply for each country.

Electricity capacity per capitareference
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Figure 9: Electricity capacity per capita by technology type for the STRATEGO countries
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Table 14: Total electricity production and net import/export

Category Unit Croatia Czech Republic Italy Romania United
Kingdom

Total electricity  TWh 14 925 348 63 434

production*

Net import (import minus ~ TWh 4.8 -15 44.2 -2.3 2.7

export)

*Electricity production includes the electricity produced for export

Electricity production- reference
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Figure 10: Electricity production shares out of the total production divided by technology type for the
STRATEGO countries. *A negative value for net import/export indicates import while a positive is export. It is
hence possible to see how large a share of the total electricity demand is covered from import of electricity or

how large a share of the total production is exported to other countries.

The electricity capacity per capita is shown in Figure 11 below. As shown, the Czech Republic
consumes the most electricity per capita. Excluding net exported electricity the country consumes
around 8 MWh per person per year. Around 1.4 MWh is net exported. Romania has the lowest
electricity production per capita of around 3 MWh per person. A small amount of this is net exported
electricity. Croatia produces around 3.3 MWh and it has a net import of around 1.1 MWh.
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Figure 11: Electricity production per capita by technology type for the STRATEGO countries. *A negative value
for net import/export indicates import while a positive is export. It is hence also possible to see how large a
share of the total electricity demand is covered from import of electricity or how large a share of the total
production is exported to other countries.

3.1.3 Heating and cooling production

The total heating production is presented in Table 15, and the heating production breakdown into
different heat sources is shown for each country in Figure 12 below. In all the STRATEGO countries
the heating production is produced mainly from individual units rather than collective systems. The
largest share of district heating is in the Czech Republic where 34% of the total heat is supplied via
district heating systems. On the opposite side the UK has a district heating share of around 10% of
the total heat supply, including the industrial sector. For all the countries a large share of individual
gas boilers is present, especially in the UK where 79% (437 TWh) of the total heat is supplied in this
manner. Furthermore, only relatively small shares of electric heating are used for meeting the heat
demand. Biomass boilers also supply significant shares of the heating in some countries (38% of the
total heat supply in Romania), and it is important to note that biomass may be underrepresented in
some statistics due to its local nature. For example, wood consumed from local forests that are
owned by individual consumers can be missed in the statistics.
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Figure 12: Heating production shares out of the total production divided by technology type for the STRATEGO
countries
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Figure 13: The heating supply per capita for the STRATEGO countries
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Table 15: Total heat production for each country

. . . . United
Category Unit  Croatia Czech Republic Italy = Romania Kingdom
Total heat production TWh 22 112 498 113 574

The heating supply per capita is presented for each country in Figure 13 below. The results show
that the Czech Republic has the highest demand per capita and that he UK and Italian heating supply
per capita are similar despite the differences in climate. The lowest heating per capita is in Romania
and Croatia, which are around half the supply of the Czech Republic.

The district heating production is broken down by technologies in Table 16 and Figure 14 below to
demonstrate the large variations between the countries. In Croatia, Czech Republic and Romania
CHP plants deliver the majority of the district heating while district heating produced at industrial
sites produce more than 50% of the total production in Italy and the majority in the UK.

Table 16: Total district heat production for each country, including district heat for residential, services, and
industry

. . . . United
Category Unit  Croatia Czech Republic Italy = Romania Kingdom
Total district heat
production TWh 3.6 36.5 60 27.5 175

District heating sharesreference
Croatia Czech Italy Romania UK

m DH - CHP Plants = DH - Boilers m DH - Industrial CHP

Figure 14: District heating shares out of the total district heating supply. The numbers in the figure represents
the annual district heating production in TWh for the different technology types.

The total cooling production is presented in Table 17 below, and the breakdown into individual
cooling and district cooling is presented in Figure 15 for each country. The cooling production (only
for space cooling) is at a much lower level compared to the heating supply, varying between 1-49
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TWhlyear for the different STRATEGO countries. Italy is the country with the highest cooling demand
around 49 TWh/year and almost all of it is supplied via individual cooling.

Table 17: Total cooling production for each country

Category Unit Croatia Czech Republic Italy Romania United

Kingdom
Total cooling TWh 1 2 49 2 6
production
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Figure 15: Cooling supply for the STRATEGO countries

The cooling demand per capita is shown for each country in Figure 16 below. When comparing the
cooling supply per capita Italy also has the highest demand followed by Croatia, while the three other
countries have demands that are far lower. These differences in cooling demands could also be
expected due to different climatic conditions. Cooling is a service that can be seen more as a comfort
service compared to heating, which in many cases in European is more of a necessity.
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Figure 16: Cooling supply per capita for each of the countries

3.1.4 Transport energy demand

The total transport energy demand is presented in Table 18 below, and the breakdown of transport
energy into different fuels is shown in Figure 17 for each country below. The transport energy is
almost solely delivered from fossil fuels (between 96-99%). The most common fuel is diesel followed
by petrol and jet fuel. The jet fuel in the UK is higher than for other countries, most likely due to the
high volumes of visitors from other countries since 94% of the total jet fuel is for international aviation.
Only small shares of biofuels and electricity (for rail) are consumed in the transport sector. The
transport sector energy demands do prove certain general trends unlike other sectors, such as
heating and electricity, since the fuel shares to a large degree are similar between the countries. The
transport energy demand is strongly correlated with the population, but differences do occur when
looking at the demand per capita, see Figure 18 below. The UK and Italy have the highest demand
that is almost three times higher than the Romanian demand per capita.

Table 18: Total transport energy demand for each country

Category Unit Croatia Czech Republic Italy Romania United
Kingdom

Total transport energy TWh 24 73 531 58 640

demand
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Figure 17: Transport energy demand shares out of the total demand by fuel types for the STRATEGO countries
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Figure 18: Transport energy demand per capita for the different STRATEGO countries
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3.1.5 Industry energy demand

The total industrial energy demand is presented in Table 19 below, and the breakdown in to different
energy sources for industry is presented in Figure 19. The figure indicates that oil, gas and electricity
(produced from other energy resources) are the most common fuels. A substantial share of coal is
consumed in the industrial sector in the Czech Republic compared to the other countries, which was
also reflected by the primary energy supply. The industrial energy demand in the energy statistics is
categorized within different categories (production of their main products, own use, sold heat and
electricity and non-energy use). The main products consume between 50-65% of the total fuels for
the different countries, the own use is responsible for between 11-27% of the total fuels, the sold
heat and electricity consumes between 1-16% of the total fuels while the non-energy purposes
consume between 12-21% of the total fuels, see also Appendix A - Technical Data. It should be
noted that for industries waste consumption was classified as biomass. The industrial energy
demand per capita indicates that the largest fuel consumption is in the Czech Republic while the
other countries have a demand in the same range.

Table 19: Total industrial energy demand for each country

. . . . United
Category Unit  Croatia Czech Republic Italy = Romania Kingdom
Total industrial energy TWh 33 152 657 135 673

demand
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Figure 19: Industrial energy demand out of the total industrial energy demand by fuel types for the STRATEGO
countries
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Figure 20: The industrial energy demand per capita in the reference models
3.1.6 CO:emissions

The total CO, emissions from the energy system and per capita are shown in Table 20 and Figure
21 below, respectively. The CO.-emissions in the STRATEGO countries vary according to the fossil
fuel consumption in the country. The lowest amount of CO. per capita is emitted in Romania emitting
around 4 t/capita/year followed by Croatia while the Czech Republic by far has the largest emission
per capita around 12 t/capita. Compared to the average EU28 emissions of 8.2 t/capita, only Czech
Republic have higher emissions. T h e UK a n dion$ darecatoynd the senma iegel per capita
and the other countries have lower emissions [37]. The high Czech Republic emissions are due to
the large amounts of coal consumed in the country.

Table 20: Total COz-emissions for each country

Emissions (Mt) Croatia Czech Republic Italy Romania United Kingdom
Total CO2 20 126 461 82 552
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Figure 21: Average CO2-emissions per capita for the STRATEGO countries

3.1.7 Socio-economic costs

The total socio-economic costs of the energy system in each country are presented in Table 21
below, and the breakdown into different cost components is presented in Figure 22 below. The socio-
economic costs are noticeably different between the STRATEGO countries in terms of absolute total
costs (Table 21). However, the socio-economic costs composition is rather similar between the
countries as around 40-50% is from investments, around 20% from operation and maintenance, 20-
30% is from fuel costs while the remainder (less than 5%) is from CO- costs (Figure 22).

Table 21: Total socio-economic costs

. . Czech . United
Category Unit Croatia Republic Italy Romania Kingdom
Total socio-economic Billion
costs Euro/year 1 39 264 41 250
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Figure 22: Annual socio-economic cost shares out of the total costs by cost type

When only investigating the investments and O&M costs for the various countries it is clear that the
vehicle costs associated with all the transport vehicles make up a large share of the total costs
(between 20-40%). Costs for individual heating solutions (e.g. boilers, HP, solar thermal) are
responsible for 5-30% of the total costs and the collective electricity and heating production
technologies are between 10-60% of the total costs (collective here refers to centralised plants,
distinguishing them from individual plants in the building, such as a boiler for example). The district
heating pipes are for all countries less than 1% of the total costs despite having a district heating
share of up to 34% in the Czech Republic. The socio-economic costs per capita for each country are
presented in Figure 23 below. Although the composition of the socio-economic costs is rather similar,
the overall costs per capita are significantly higher in Italy, Czech Republic and UK than in Romania
and Croatia.

When comparing the socio-economic costs per capita, Romania comes out as the country with the
lowest costs around 2000 EUR/capita/year while Italy, UK and Czech Republic all have annual costs
of 3500-4500 EUR/capita/year. The explanation for this difference is twofold; the first reason is that
Romania consumes less energy per capita (see the description of the primary energy supply)
compared to most of the other countries and the other reason is that inhabitants in Romania own
fewer transport vehicles in average than inhabitants in the other STRATEGO countries. The number
of average vehicles (including motor cycles, cars, light vehicles, trucks and busses) in Romania is
0.29 per capita while it is 0.47 in Croatia, 0.59 in UK, 0.63 in Czech Republic and it is as high as
0.94 vehicles/capita in Italy. This has a significant impact on the overall costs, since vehicle
investments compose a large share of the total costs in an energy system.
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Figure 23: Socio-economic costs per capita by cost type for the STRATEGO countries

3.1.8 Comparison between the STRATEGO models and the 2010 statistics
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3000
Electricity Import(+)/Export(-
2500 y Import(+)/Export(-)
Wave and tidal
2000 _— ~ mGeothermal heat
< 1500 — _ - - mSolar heat
=
Geothermal elec.
~ 1000
Solar elec.
500 A Wind
0 - i Hydro
500 .0 A A A A m Waste
D) [} D) 7)) D) (7)) D) [} D) 7)) .
P S = A = = S v O = B Y1 S m Biomass (excl. waste)
T T < © < m Nuclear
Els Ela | Els|Ela| BB
2 2 n 2 n Natural Gas
Croatia Czech Italy Romania UK

Figure 24: Primary energy supply for all STRATEGO countries based on statistical data and STRATEGO
scenarios
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Electricity production STRATEGO & statistics
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Figure 25: Electricity production for all STRATEGO countries based on statistical data and STRATEGO
scenarios
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Figure 26: CO2 emissions for STRATEGO models and statistical data for the reference models for the five
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When modelling the data for generating the results a calibration phase is required to align the
statistics and modelled data in order to replicate the existing energy system as best as possible, but
a perfect replication is rarely possible since the model is affected by the data collected (its availability
and accuracy) and the simulations performed in the modelling tool. An example of the differences
between the statistics and modelled data can be seen below in Figure 24 and Figure 25 for all the
STRATEGO countries: illustrating the differences between statistical data and modelled data within
the areas of primary energy supply and electricity production.

The percentage differences for the reference models between statistical data and STRATEGO
models can be seen for primary energy supply in the Table 22 below.

Table 22: The difference in percentage between the primary energy supply based on the statistical data and the
STRATEGO models (a negative number indicates that the STRATEGO data is lower than the statistical data)

Primary Croatia Czech Italy Romania United
energy supply Republic Kingdom
differences

(%)

Coal -3% 1% 4% 1% 4%
Qil 11% 4% 18% 2% 9%
Natural Gas -7% -4% -1% 2% -1%
Nuclear -1% 1% 5% -1% 6%
Biomass (excl.

waste) -2% 2% 14% 1% 8%
Waste 0% 0% 0% 0% 0%
Hydro power 0% 0% 6% 2% -1%
Wind 1% 4% 1% 1% -2%
Solar elec. 0% 5% 5% 0% 69%*
Geothermal

elec. 0% 0% 0% 0% 0%
Solar heat -1% 0% -11% 0% 0%
Geothermal

heat 0% 0% 0% 0% 0%
Total -3% -3% -1% -1% -1%

* The solar electricity production in UK is almost negligible (0.05 TWh/year) and hence the large differences

In the same manner are calibrations carried out for electric capacities, electricity production, heating
and cooling supply and transport energy demand for all the five STRATEGO countries. The data
used in the models is presented in Appendix A - Technical Data. These aspects all influence the
overall primary energy supply as illustrated above. For the remainder of the report the EnergyPLAN
model results will be presented unless otherwise stated.

3.1.9 Summary of the 2010 reference models

The reference energy systems for each country inform the research about the specific
characteristics. Important characteristics from the reference scenario for each country are presented
below.
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All countries

i
i

Fossil fuels are more than 80% of the total primary energy supply for all the countries

Oil derived fuels dominate the transport energy demand, with very small contributions from
biofuels and electric vehicles

The largest renewable source in the five countries is hydro power, which is especially present
in Croatia and Romania

Industrial primary energy supply is sourced mostly from fossil fuels, and around 20% from
electricity

CO;-emissions are between 4-12 t/capita/year, while the EU28-average is around
8t/capita/year

Electricity production is dominated by thermal production in most of the countries, except for
in Croatia that has a large share of hydropower

All countries have more individual heating than district heating with the highest district heating
share in buildings being 33% in Czech Republic and the lowest is 3% in UK

Investment costs account for between 40 - 50% of socio-economic costs. Fuel costs account
for 20 7 30% of the total socio-economic costs.

Vehicle costs account for between 30-40% of the total investment and operation &
maintenance costs.

The electricity and collective district heat production technologies and grids account for
between 40-60 % of the total investment and operation & maintenance costs.

U District heating pipes account for less than 1% of the total socio-economic costs
Croatia
U The renewable share of the PES in Croatia is 14%

i

[T e el e i

i

Croatia has the lowest total primary energy supply of all the countries. However it only has
the second lowest primary energy supply per capita after Romania

The majority of PES is sourced from oil and natural gas

Croatia has a net import of electricity of 25% of its total consumption

Croatia has large condensing power plant and dammed hydroelectric power capacities
Croatia has 61% domestic renewable electricity production, excluding import

Croatia sources heat mostly from individual gas boilers followed by oil and biomass boilers,
and district heat

Croatia has the second lowest CO, emissions per capita

Czech Republic

u
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The renewable share of PES in Czech republic is 7%

The Czech Republic has the highest PES per capita of all the countries.

The majority of PES is sourced from coal followed by oil, natural gas, and nuclear

The Czech Republic has a net export of 15% of its produced electricity

The Czech Republic has a high condensing power plant and nuclear capacity

The Czech Republic has 4% domestic renewable electricity production

The Czech Republic source heat mostly from individual gas boilers followed by district
heating

The Czech Republic has the highest CO, emissions per capita
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Italy

U The renewable share of PES in Italy is 11%

U Italy has the second highest PES of all the countries, and third highest PES per capita

U The majority of PES is sourced from oil and natural gas

U Iltaly has a net import of 13% of its electricity consumption

U Italy has a high condensing power plant capacity,

U Iltaly has 23% domestic renewable electricity production

U Italy sources heat mostly from individual gas boilers with smaller shares from oil and biomass
boilers and district heating

U Italy has a comparatively large cooling demand than the other countries

Romania

U The renewable share of PES in Romania is 17%

U Romania has the lowest PES per capita of all the countries

U Romania has a net export of 4% of its electricity production

U Romania has the highest amount of biomass PES of all the countries but the majority of PES
is from coal, oil, and natural gas,

U Romania has 34% domestic renewable electricity production

U Romania sources heat mostly from biomass boilers, followed by gas boilers and district
heating

U Romania has the lowest CO, emissions per capita

United Kingdom

u
i

il i el e i

The renewable share of PES in the United Kingdom is 4%

The United Kingdom has the highest PES of all the countries and the second highest PES
per capita

The United Kingdom has a net import of 1% of its electricity consumption

The majority of PES is sourced from oil and natural gas,

The United Kingdom has 4% domestic renewable electricity production

The United Kingdom source heat mostly from natural gas boilers with minimal district heating
The United Kingdom has the largest aviation fuel consumption, mostly from international
aviation

The United Kingdom has the second highest CO, emissions per capita

3.2 2050 Business-as-usual models

The results from the BAU models are described below in the same structure as for the reference
models.

3.21

Population

Population forecasts according to [38]were applied to calculate the energy productions or demands
per capita in 2050 in the BAU systems. The forecasts and differences compared to the reference
data are shown in Table 23.
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Table 23: Population for each country in 2010 (ref) and 2050 (BAU)

Population Croatia Czech Italy Romania UK
(million) Republic

Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU
Total 4.30 3.83 | 1046 11.07 | 59.19 67.06 | 20.30 17.97 | 6251 77.18
% change -11% 6% 13% -11% 23%

The population in Croatia and Romania decreases by around 11%, while the other countries
experience increases, especially in the UK where the population growth between 2010 and 2050 is
expected to be 23%.

3.2.2 Primary energy supply

The primary energy supply for the BAU 2050 energy system scenario was calculated and the results
are presented here. The non-renewable and renewable primary energy supply for each country is
presented in Table 24.

Table 24: Primary energy demand of the energy system of each country in reference and BAU scenarios

Primary Czech
energy Croatia . Italy Romania UK
Republic
demand
TWh Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU
Non-
renewable 80 107 504 563 1867 1864 339 429 2497 2128
Renewable 13 20 35 38 189 265 69 93 89 216
Electricity
import/export 5 0 -15 9 44 10 -2 1 3 58
Total 98 127 503 610 2100 2140 406 523 2588 2518

The results show an increase of primary energy supply for each country. Although the primary energy
supply from renewable energy sources increases for all countries, the non-renewable energy also
increases. Overall the energy system of each country depends heavily on non-renewable energy in
the BAU scenario. This is largely for transport, individual heating for residents and services, and
industry. The breakdown of primary energy supply into the different energy carriers in the BAU 2050
scenario is shown in Figure 27 below.
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Figure 27: Mix of fuels in the primary energy supply for the 2010 reference and 2050 BAU models for each country

The results show that the majority of primary energy is from coal, oil and natural gas. Renewable
energy has not penetrated the systems much in the BAU 2050 scenario. In the United Kingdom,
electricity is exported since there is a lot of wind power and the system has not been altered to
accommodate it. This electricity is exported as primary energy and since it leaves the system it is a
negative value.

3.2.3 Electricity capacities and production

The changes in the BAU 2050 scenario are related to the electricity supply and capacities and the
results are presented here. The electricity capacities are projected according to the changes in the
European Commi ssi onos [36& dmerlectrigtycapaatyfor eathdSTRATEGOt S
country is illustrated in Table 25 and Figure 28.

Table 25: Electricity capacity of each country in reference and BAU scenarios

Electricity capacity Croatia Czech Republic Italy Romania UK

GW Ref BAU Ref BAU Ref BAU | Ref BAU| Ref BAU
Total 46 86 20.2 25.2 107.2 1654 | 20.0 279 | 932 1607
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Electricity capacities BAU
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Figure 28: Electricity capacity for the 2050 Business-as-usual models

The figure shows that more renewables have been installed in all of the countries compared to the
2010 systems replacing thermal electricity power plants, except for in Croatia where both the
renewable sources and the power plant capacities increase. Especially for wind and solar power
large increases occur where wind capacities grow by a factor 10 in some of the countries while solar
power increases even more, but from an almost non-existing capacity in 2010. In the UK the total
wind capacity increases from around 5,000 MW in 2010 to almost 70,000 MW in 2050. In Italy the
wind capacity is also larger in 2050 while the solar power capacity experiences the largest growth
from around 6,000 MW in 2010 to around 30,000 MW in 2050. In Czech Republic the Nuclear
capacity is assumed to double from 4,000 MW to around 8,000 MW with smaller increases in wind
and solar capacity. Hydro power capacities increases in all countries between 10-25% compared to
the 2010 capacities.

In Table 26 the results for each country for electricity production from non-renewable and renewable
electricity technologies are presented for the reference and BAU models. The electricity production
from different sources for each STRATEGO country is illustrated in Figure 29. The electricity
production in 2050 is affected by the capacity changes, but is optimised in EnergyPLAN hour-by-
hour for the full year.

Table 26: Electricity production from different technologies for each country in reference and BAU scenarios
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Electricity production Croatia Czech Italy Romania UK

TWh Ref BAU | Ref BAU | Ref BAU | Ref BAU | Ref BAU
Total thermal 5.7 119 | 606 328 | 277 264.7|30.6 352 |358.6 236.8
Nuclear Power Plants 00 0.0 | 281 589 | 0.0 00 |123 199 | 620 57.3
Renewable sources 85 148 | 3.8 52 | 711 1512|205 364 | 136 161.2
Net import/export 48 00 |-149 -89 | 442 102 | -23 -1.1 27 -575
Total electricity production | 14.1 26.7 | 924 97 | 348.1 4159 | 63.4 91.4 | 434.3 455.3

Electricity production- BAU

100%
90% Net Import(-)/Export(+)*
7 = Run of the River Hydro
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50% = Offshore Wind
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230% m Geothermal Power Plants

® Nuclear Power Plants

20% m Industrial CHP

10% m CHP Plants (incl. Waste)
0% . . . , . mCondensing Power Plants

Croatia Czech Italy Romania UK

Figure 29: Electricity production in 2050 business-as-usual for the STRATEGO countries

The results show an increase in domestic electricity production for all countries. The largest changes
occur in Croatia where the total electricity production is increased from 14 TWh to 27 TWh due to a
reduced import of electricity and a growing electricity demand. In Czech Republic the nuclear
production is increased significantly while the export of electricity is lower than in 2010. Smaller
changes also occur in Italy and Romania while the largest change in the UK is related to the wind
power production that increases from around 10 TWh in 2010 to almost 130 TWh in 2050 with 75
TWh of this being onshore wind power.

In the UK there is an increase in surplus electricity that would need to be exported or would be
curtailed through wind for example. It is due to a large increase in wind capacity without adjusting
the rest of the energy system to accommodate it, for example by implementing a Smart Energy
System approach [39]. During the year the wind production exceeds the electricity demand on
numerous occasions. An example of this is shown in Figure 30 for the first 400 hours of 2050 for the
UK. This emphasises the importance of long-term strategic energy planning in the future, so that the
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entire energy

system can work together to ensure that changes are made to account for variations

in renewable energy output.
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Figure 30: Hourly electricity production by plant type and the total electricity demand for the first 400 hours of

the 2050 BAU model of the UK

3.2.4 Heating and cooling production

The heating and cooling sectors also changes compared to the 2010 reference models based on

the changing
seen in Table

demands. The total heating production in the reference and BAU scenarios can be
27 and the technology shares in Figure 31. The changes are however smaller than in

the electricity sector, but in general the heating production increases due to more district heating and
rather constant production in individual production technologies. The total heat production actually

decreases in
countries und

the UK, but only by a small margin. The cooling production for the STRATEGO
ertake smaller changes, but are almost similar to the production in the 2010 models,

see Figure 32.

Table 27: Total heat production for the reference and BAU scenarios for each country

Heat production Croatia Czech Italy Romania United
(TWh) Republic Kingdom

Ref BAU | Ref BAU | Ref BAU| Ref BAU | Ref BAU
Total 22 25 112 117 | 498 493 113 133 574 551
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Figure 31: The heating production in the 2050 business-as-usual scenarios
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Figure 32: Cooling production in the STRATEGO countries in the business-as-usual models




3.2.5 Transport energy demand

When calculating the BAU transport changes, only the absolute transport energy demand is changed
and the change is equally the same for each transport energy source. Therefore the proportion of
energy sources for transport is the same as for the reference and therefore this is snot shown here.
The change in total transport energy demand is shown in Table 28.

Table 28: Total transport energy demand for the reference and BAU scenarios for each country

Transport energy . Czech . United
demand Croatia Republic Italy Romania Kingdom
TWh Ref BAU | Ref BAU | Ref BAU | Ref BAU | Ref BAU
Total 24 26 73 85 531 534 | 58 80 640 608

Only the United Kingdom decreases in transport energy demand in the BAU scenario, and all the
other countries increase in energy demand, with Romania increasing the most by 39%.

Since the population of each country changes in the BAU scenario the energy consumption per
capita changes. And this is shown in Figure 33.

Transport energy demand per capitdBAU

12
10 "
Electricity
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8 Biodiesel
mLPG

® Natural gas

m Heavy fueloil

MWh/capita/year
»

m Petrol
m Diesel
2
. m Jet fuel
_ || . . -_,_— : .
Croatia Czech Italy Romania UK

Figure 33: Transport energy demand per capita in the business-as-usual scenarios

The transport energy demand increases for most of the countries, except for the UK where the
energy demand for transport decreases by 5%. At the same time the demand increases by up to
39% in Romania which makes the transport energy demand per capita more evened out in the 2050
BAU compared to the 2010 references. The energy demand per capita is between 6-8
MWh/ capital/lyear for mo s t ergyudenbandi perscapita hisi justeaboRodma n i a

TWh/capita/year.
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3.2.6 Industry energy demand

When calculating the BAU industry changes, only the absolute industry energy demand is changed
and the change is equally the same for each industry energy source. Therefore the proportion of
energy sources for transport is the same as for the reference and therefore this is snot shown here.
The change in total transport energy demand is shown in Table 29. The United Kingdom decreases
industrial energy consumption by around 7%, whereas all the other countries increase their
production by between 6% (Italy) and 31% (Czech Republic). Since the population of each country
changes in the BAU scenario along with the changing demands the energy consumption per capita
changes, which is shown in Figure 34.

The industrial energy demand increases slightly in Italy and by more than 30% in Croatia, Czech
Republic and Romania. In the UK however the industrial energy demand decreases by 7% making
it the country with the lowest energy demand in the industrial sector. The fuel shares of the total
demand are unchanged compared to the 2010 fuel demands.

Table 29: Total industry energy demand for the reference and BAU scenarios for each country

Industry energy demand Croatia | Czech Republic Italy Romania | United Kingdom
TWh Ref BAU | Ref BAU Ref BAU | Ref BAU | Ref BAU
Total 33 41 156 187 675 696 | 138 160 673 648

Industry energy demand per capitaBAU
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Figure 34: Industry energy demand per capita in the 2050 business-as-usual scenarios
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3.2.7 CO; emissions

CO2 emissions from the BAU 2050 scenario are presented in Table 30 below for each country. The
results show that for Croatia, Italy, and Romania, the CO» emissions increase in the BAU scenario.
The emission reduction from increasing the renewable electricity in these countries is not enough to
counter the increase in emissions from the fossil dependent power plants, and from increased
emissions in transport, industry and heating. In the Czech Republic, the United Kingdom and Italy
the emissions decrease; the Czech Republic decreases CO, emissions due to an increase of nuclear
power and decrease of fossil power plants. The UK decreases emissions due to a significant
increase in renewable electricity, particularly wind, and reductions in overall transport energy
demand. For all countries there are still a high proportion of emissions coming from transport,

individual heating from residents, and industry.

Table 30: Total CO2 emissions from the energy system of each country

CO; emissions Croatia | Czech Republic Italy Romania | United Kingdom
Mt Ref BAU | Ref BAU | Ref BAU | Ref BAU | Ref BAU
Total 20 28 126 110 461 459 | 82 99 522 462

The CO; emissions per capita are depicted in Figure 35 below.

12

10

tonnelyear
(o))

It shows that the CO; emissions per capita increases for Croatia and Romania while it decreases in
the remaining three countries. The explanation is a combination of the fuel consumption in the 2050
BAUs (see 3.2.2) and the population forecasts. For both Croatia and Romania the population
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forecasts assume that the population will decline by 11% in 2050 compared to 2010 while the other
countries will experience an increase between 6-23% [38]. This affects the CO, emitted per capita
while also the increasing amount of renewables and the nuclear production in Czech contributes to
the CO; reductions per capita.

3.2.8 Socio-economic cost

The socio-economic costs were quantified for the BAU 2050 system using updated 2050 prices to
reflect developments in the different technologies and infrastructures (see Appendix B i
EnergyPLAN Cost Database Version 3.0). The annual socio-economic cost for the reference and
BAU scenarios are presented in Table 31 below. The annual cost for all countries increases. The
cost is distributed between investments, fuels and O&M etc. in the same way as for the reference
system. Fuels account for between 35% - 40% of the total cost, and investments account for between
30% - 40% of the cost.

Table 31: Total annual socio-economic cost of the energy system of each country

Annual cost Czech United
based on 2011 Croatia . Italy Romania )

prices Republic Kingdom
Billion G| Ref BAU | Ref BAU Ref BAU Ref BAU Ref BAU
Total 114 16.6 | 39.0 54.3 | 264.5 331 41.1 62.1 | 250.3 281.1

The breakdown of socio-economic costs in the BAU scenario for each country is shown in Figure
36. As shown, the socio-economic cost shift from investment costs to higher fuel and CO- costs for

most countries.
UK

® Annual investments = Operation & Maintenance mFuel mCO2
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Figure 36: Breakdown of socio-economic cost for each country in the BAU scenario
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The socio-economic cost per capita in the BAU scenario for each country is shown in Figure 37. As
shown, the socio-economic cost per capita for each country change where the Romanian cost
increases per person since the population decreases by around 11% by 2050. Whereas the socio-
economic cost per person in Italy and the United Kingdom decrease and this is due to higher
populations of 13% and 23%, respectively.

Socieeconomic costs per capitaBAU
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Figure 37: Socio-economic cost per capita for each country in the BAU scenario

3.2.9 Comparison between the STRATEGO models and the 2050 statistics

This section includes a comparison for the years 2010 and 2050 between the STRATEGO models

in this study and the European [B6.Mmmeseeseigpforécastsr e c e n

were used as the source for projecting the 2010 data in this study to 2050 for both energy demands
and electricity production capacities, so a comparison is therefore relevant between the resulting
2050 energy systems.

The comparison of the total primary energy supply shows that the 2010 models are very similar, with
the average difference in the region of 2%. For the 2050 models the differences are larger, especially
for the UK where the EC model projects a large decrease in coal consumption. Generally, the primary
energy supply is somewhat smaller in the 2050 EC models than in the 2050 STRATEGO BAU
scenarios modelled here with an average difference in the region of 13%. Possible reasons for the
differences can be different fuel distributions (e.g. the amount of coal consumed in thermal power
plants), energy technology efficiencies and differences due to the time-steps considered:
EnergyPLAN is an hour-by-hour model whereas PRIMES looks at the annual energy balance.
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Figure 38: Primary energy for STRATEGO and EC scenarios for 2010 and 2050
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The differences in primary energy supply also affect the CO» emissions for 2050. For the scenarios
in this study, the 2010 and 2050 emissions are rather similar, but there are significant reductions for
EC projections, in particular for Italy and the UK. This is most likely due to the same reasons that the
primary energy supply varies in both studies.

When comparing the demand side between the two types of models, STRATEGO and EC, they align
to a large degree. Below in Figure 40 is the final electricity demand for each country in 2010 and
2050 illustrated showing that the STRATEGO and EC models are almost identical with the average
difference being less than 0.1%.

In relation to transport (Figure 41), the differences are somewhat larger than for electricity and district
heating where the overall average difference is 0.5%. The extreme high is in ltaly, where fuel
consumption for transport is 6% higher in the STRATEGO models than in the EC model.

The objective when forecasting energy demand and supply as far away as 2050 is not to identify
exact quantities for demand and supply, but instead the main purpose is to create a context by
answering questions such as:

1 Isthe energy demand increasing or decreasing?

1 What is causing the energy demand to change? For example, this typically includes a
breakdown of how the electricity, heating, cooling, industry, and transport sectors are
changing.

9 Is there more or less renewable energy?

1 What type of power plants exist in 2050?

Based on the comparison between the STRATEGO and EC results, the key conclusions are that:

1 The energy demands in STRATEGO and EC scenarios are rather similar for both 2010 and
2050

1 The supply side (primary energy) is rather similar for 2010, but more than 10% different in
2050

9 Differences in the supply side are most likely caused by factors such as differences in fuel
distributions and technology efficiencies, which are not available in the report from the
European Commission so they cannot be replicated, along with a different approach towards
modelling the energy system (i.e. hour-by-hour vs. annual)

1 Overall, the models produced in STRATEGO provide a sufficiently accurate context for the
European energy system in 2050, based on the recent projections of the European
Commission
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Page 61



3.2.10 Summary of the 2050 business-as-usual models

A business-as-usual (BAU) scenario is re-created here based on the current modelling carried out
by the European Commission [36]. Energy demands have been updated to reflect this future
scenario along with electricity production capacities. Only the electricity supply is updated since the
electricity system undergoes radical change between now and 2050, primarily due to the introduction
of wind and solar power. Other energy supply mixes have been kept very similar to the original
design in the 2010 reference models, as the data required for 2050 was not available. New supply
units are only added when it is necessary for the secure operation of the new energy system. For
example, additional boiler capacity is added to the district heating system if the heat demand
increases, to ensure that there is not a shortfall in heat supply.

This means that in terms of demand, the 2050 models developed here change by the same
proportion as those proposed by the European Commission, but on the supply side there are minor
differences since it is only the electricity system that is updated. These new 2050 BAU models will
act as a starting point when analysing the new heating and cooling strategies in STRATEGO.

Also, there are some key differences between the 2010 and 2050 models developed in this study
which is outlined below for all countries.

All countries
U Electricity demand increases between 25-62%

U There are less power plants in all countries except Croatia

U CHP capacities increase in all countries

U There is a large increase in fluctuating renewables such as wind and solar power

U For all countries there are still a high proportion of emissions coming from transport, individual

heating for buildings, and industry
Croatia

U Demand for all fuel types increase due to increasing demands for electricity, heating, cooling
and transport and industry

U The thermal power capacity almost doubles between 2010 and 2050 with large increases for
both condensing power plants and CHP plants

U Carbon dioxide emissions increase in Croatia in 2050 due to the additional fossil fuel
consumption

U Fluctuating renewable capacity in wind and solar power increases to a combined share of
20% of the total electricity capacity

Czech Republic
U There is less coal in the Czech Republic's electricity supply in 2050, primarily due to a growth
in nuclear power which replaces some thermal plant production.
i Carbon dioxide emissions decrease in 2050, most likely due to the conversion from coal to
nuclear power in the electricity sector
U Transport energy demand increases leading to a higher overall demand for oil products
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Italy

U The renewable electricity production increases in the form of wind, solar and geothermal
power

U Carbon dioxide stays almost constant due to the higher share of renewable sources despite
the overall growing fuel demand

U Renewable electricity capacities increase to 63% of the total capacity while the overall share
of renewable fuels of the total fuel consumption is only 15%

Romania

U The overall fuel demand increases primarily based on fossil fuel consumption for
transportation

U More renewable sources are installed for electricity production in the form of wind and solar
power

U Transport demand grows by around 40% between 2010 and 2050

United Kingdom

U There is a very large growth in wind power in the UK in 2050. The rest of the system is not
altered sufficiently to support it, so there is some surplus electricity production which must be
exported or curtailed.

U Carbon dioxide emissions decrease in 2050 as wind power is installed in the electricity sector
replacing fossil fuel consumption at thermal plants.

0 UK is the only country experiencing a decreasing transport demand while also the heating
demand is reduced slightly compared to 2010
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4 Conclusion

The EnergyPLAN model was able to accurately model the current 2010 and future 2050 energy
systems in each of the STRATEGO countries based on statistical inputs and projections. Small
deviations did appear in some of the sectors for the reference models, but these are deemed
negligible in comparison to the overall energy system. For the 2050 BAU models larger differences
occurred for some countries due to the methodology applied to develop these, i.e. the final demands
and electricity capacities were projected while other factors such as fuel distributions at thermal
plants and CO,-emissions per energy unit remained similar to the 2010 inputs.

The 2010 and 2050 STRATEGO models provided a detailed overview of the heating and cooling
sectors in each of the countries that enable further analysis and scenarios. It became clear that the
heating sectors are significantly larger than the cooling sectors in terms of energy demand in all the
countries.

The models demonstrate that each of the countries rely on different production technologies to meet
their heating and electricity demands: for example, the UK almost solely relies on individual natural
gas boilers to provide heating while a larger share of district heating is installed in the Czech
Republic. It is therefore important to focus the analysis and create scenarios based on the specific
country context rather than implementing common solutions across countries.

Some of the main results from the 2010 reference models are that:

9 Fossil fuels represent the majority of the energy demand with a share above 80% of the
primary energy supply in all of the STRATEGO countries;

1 The largest renewable source is hydro power that produces a large share of the electricity
demand in some of the countries;

1 All the STRATEGO countries have more individual heating than district heating with the
highest district heating share being 33% in Czech Republic and the lowest representing 10%
in the UK

1 The fuels for transportation and industry sectors are dominated by fossil fuels where oll
delivers the majority of the energy demand in the transport sector and oil, gas and electricity
are important in the industrial sector.

1 The renewable share of electricity can be rather high for some countries, but as a share of
the total primary energy renewables are still limited

For the 2050 BAU models some of the main results are that:

9 Electricity demand is projected to increase significantly by between 25-62% in the
STRATEGO countries

1 In 2050 the fluctuating renewable sources such as wind and solar power increases and
replaces condensing power plants in most of the countries while the CHP plant capacities
also increase in all countries

1 The EnergyPLAN model can accurately model the future 2050 situation in each of the
STRATEGO countries. There are small differences on the supply side in 2050, which are
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most likely caused by factors such as differences in fuel distributions and technology
efficiencies, which are not available in the report from the European Commission so they
cannot be replicated, along with a different approach towards modelling the energy system
(i.e. hour-by-hour vs. annual). However, changes in the overall context of the energy system
are captured by the model, so these smaller changes on the supply side are unlikely to have
a significant impact during the next part of the analysis.

The hourly energy models from the year 2010 and 2050 will form the basis for the remaining analysis
in the STRATEGO project. These will act as a starting point, so that the energy system can be
combined with inputs from the other work streams in STRATEGO to create long-term heat strategies
for each of Croatia, Czech Republic, Italy, Romania, and the United Kingdom (See Background
Report 2).
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6 Appendices

6.1 Appendix A - Technical Data

This appendix presents a compilation of the data that was produced from the reference system
models.

6.1.1 2010 Reference Models

Primary energy supply
Table 1: The primary energy supply for the STRATEGO countries divided by fuel types
Primary energy supply (TWh) Croatia Czech Republic Italy Romania United Kingdom

Fossil fuels 79.9 4195 1867.3 3025 23102
Coal 8.9 225.9 194.1 83.3 379.4
Qil 40.1 103.3 822.8 94.6 883.3
Natural Gas 30.9 90.3 850.4 124.6 1047.5
Nuclear 0.0 84.4 0.0 36.9 186.3
Renewable sources 13.1 35.1 188.9 69.1 88.7
Biomass (excl. waste) 4.4 28.2 95.2 48.2 63.1
Waste 0.1 3.08 21.17 0.36 10.90
Hydro 8.3 2.8 54.4 20.2 35
Wind 0.1 0.35 9.23 0.31 9.96
Solar elec. 0.0 0.65 2.00 0.00 0.13
Geothermal elec. 0.0 0.0 54 0.0 0.0
Solar heat 0.1 0.05 1.40 0.00 1.13
Geothermal heat 0.0 0.0 0.0 0.0 0.0
Wave and tidal 0.0 0.0 0.0 0.0 0.0
Import/export electricity 4.8 -15.17 44.17 -2.15 2.66
Total 97.8 5238 21004 406.3 25879

Electricity and heating demands

Table 2: Annual electricity and heating demands and district heating losses

. Czech . United
Demands (TWh) Croatia Republic Italy Romania Kingdom
Electricity 18.83 77.72 392.24 61.04 436.93
Including electric heating 1.9 5.8 32.59 2.29 53.45
Including electric cooling 0.42 0.52 16.42 0.6 2.02
Dlstr_lct heating for residential. 2133 19.16 236 15.89 517
services & other
District heating for industry 0.72 11.62 54.67 6.12 10.66
District heating transmission and
distribution losses 0.45 5.97 0.85 5.75 0.16
Total district heating 3.05 30.77 57.03 2201 15.82
consumption
Total district heating 3.50 36.74 57.88  27.76 15.98
production
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Electricity capacities and production
Table 3: Electricity capacities by technologies for the STRATEGO countries

Electric capacities (MW) Croatia RSSEE“C Italy Romania United Kingdom
Thermal plants 2341 11955 75704 11638 71113
Condensing power plants 1454 7767 52806 8138 66560
CHP plants 675 2688 17443 3079 0
Industrial CHP 212 1500 5455 421 4553
Nuclear Power Plants 0 3900 0 1400 10865
Renewable sources 2224 4377 31547 6938 9723
Geothermal I;;:Jav;/]fsr 0 0 798 0 0
Wind Power 89 215 5814 462 5378
Solar 0 1959 3484 2 77
Wave and Tidal 0 0 0 0 0
Run of the River Hydro 300 297 4633 2500 255
Hydro with a Dam 1542 759 9344 3882 1269
PHES Pump 293 1147 7544 92 2744
Total 4565 20232 107251 19976 91701
Table 4: Electricity production divided by technologies
Electricity production (TWh) Croatia RESEETic Italy Romania United Kingdom
Total thermal 5.68 60.57 276.97 30.60 35861
Condensing power plants 2.85 40.59 17484 17.58 319.88
CHP plants (incl. Waste) 2.38 1155 76.96 10.64 0.00
Industrial 0.45 8.43 25.17 2.38 38.73
Nuclear Power Plants 0.00 28.09 0.00 12.30 62.03
Renewable sources 8.46 3.79 7110 20.53 13.63
Geothermal Power Plants 0.00 0.00 5.44 0.00 0.00
Wind Power 0.14 0.35 9.23 0.31 9.96
Onshore 0.14 0.35 9.23 0.31 574
Offshore 0 0 0 0 422
Solar 0.00 0.65 2.00 0.00 0.13
Wave and Tidal 0.00 0.00 0.00 0.00 0.00
Total hydro 8.32 2.79 54.43 20.22 3.54
Hydro with a Dam 6.40 1.04 30.72 8.88 1.58
Run of the River Hydro 1.92 1.75 2371 11.34 1.96
PHES Pump 0.00 0.00 0.00 0.00 0.00
Net import* 4.70 -14.73 4417 -2.39 2.66
Total. excl import/export 14.14 92.45 348.07 63.43 434.27

* A negative number indicates export while a positive is import
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Heating and cooling supply
Table 5: Heating and cooling supply by technologies

Heating supply (TWh) Croatia Czech Italy Romania United Kingdom
Republic

District Heating Supply 3.63 36.52 56.95 27.53 17.45

DH- CHP Plant: 2.38 2385 2112 2042 0.00

DH- Geothermal 0.00 0.00 0.00 0.00 0.00

DH- Boilers 125 8.78 4.02 4.39 163

DH- Solar Thermal 0.00 0.00 0.00 0.00 0.00

DH- Industrial CHF 0.00 3.67 3053 2.72 15.82

DH- Waste 0.00 0.22 1.28 0.00 0.00

DH- Industrial Exces: 0.00 0.00 0.00 0.00 0.00

DH- Heat Pumps 0.00 0.00 0.00 0.00 0.00

Individual Heating 18.39 7535 44112 85.88 556.50

Coal Boilers 0.13 6.92 0.04 0.12 7.91

Oil Boilers 3.84 0.45 4992 451 4741

Gas Boilers 8.74 4443 31754 36.52 43745

Biomass Boiler: 3.72 1379 39.63 42.44 431

Heat Pumps 0.00 391 0.00 0.00 4.84

Electric Heating 19 5.8 32.59 2.29 5345

Solar Therma 0.06 0.05 1.40 0.00 113

Total Heat Production 22.02 11187 49807 11341 57395
Cooling supply (TWh)

Individual cooling 1.26 1.56 49.26 1.8 6.06

District cooling 0.00 0.00 0.04 0.0 0.00

Total cooling 1.26 1.56 49.30 1.8 6.06

Transport energy demand
Table 6: Transport energy demand divided by fossil fuels, biofuels and electricity

Transport (TWh) Croatia Czech Republic Italy Romania United Kingdom
Fossil fuels 23.75 67.89 503.57 54.93 621.88
Jet fuel 1.29 4.25 48.07 2.95 142.90
Diesel 13.80 40.20 272.88 35.87 276.14
Petrol 7.79 21.61 119.51 15.72 178.42
Heavy fueloll 0.09 0.00 39.51 0.05 23.06
Natural gas 0.02 0.86 8.08 0.12 0.00
LPG 0.75 0.97 15.51 0.22 1.35
Biofuels 0.03 2.69 16.51 1.34 13.65
Biodiesel 0.03 2.01 15.09 0.80 9.54
Bioethanol 0.00 0.68 1.42 0.54 4.11
Electricity 0.27 2.20 10.67 1.36 4.08
Total 24.04 72.78 530.74 57.63 639.60
Vehicle stocks and types
Table 7: Stock of vehicles by motorcycles, light vehicles, trucks and busses
Vehicle type Fuel type Croatia Czech Republic Italy Romania United Kingdom
Motorcycles Petrol 160,000 920,000 9,570,000 90,000 1,230,000
Light vehicles Petrol 945,400 3,386,100 20,716,600 2,609,800 20,253,100
(cars, 3t Diesel 649,400 1,618,000 17,234,600 2,261,500 11,225,300
LPG 47,100 4,600 2,412,800 25,900 51,400
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payload Electric 200 0 8,800 0 12,260

vehicle)

Trucks Diesel 36,400 85,700 1,124,900 93,400 470,100

Busses Petrol 0 2,000 600 0 600
Diesel 4,800 17,300 94,800 40,900 109,700

TOTAL 1,843,300 6,033,700 51,163,100 5,121,500 33,352,460

Industrial energy demand

Table 8: Industrial energy demand broken down by fuels for industrial products, own use, sold heat and electricity,

and non-energy use

Industry (TWh) Croatia Czech Republic Italy Romania United Kingdom
Industrial products 16 95 369 78 300
Coal 2 23 21 8 23
Qil 4 5 40 8 55
Gas 6 27 120 32 103
Biomass/waste 1 6 5 3 4
District heat 1 11 55 6 11
Electricity 4 23 128 20 105
Industrial own use 9 21 111 37 155
Coal 0 4 0 1 8
Qil 5 3 62 14 58
Gas 2 1 8 10 62
Biomass/waste 0 0 0 0 0
District heat 0 5 18 3 1
Electricity 1 9 23 10 26
Industrial sold heat & electricity 1 8 84 5 124
Coal 0 2 0 1 20
Qil 0 0 33 1 7
Gas 1 2 48 3 64
Biomass/waste 0 3 3 0 33
Non-energy use 7 32 111 18 95
Coal 0 3 2 0 0
Qil 2 28 103 9 88
Gas 5 1 7 9 7
Biomass/waste 0 0 0 0 0
Total 33 156 675 138 673
Coal 2 33 23 10 50
Qil 12 36 238 31 207
Gas 14 31 182 54 236
Biomass/waste 1 10 8 4 37
District heat 16 73 9 12
Electricity 31 151 30 130
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Socio-economic costs
Table 9: Annual socio-economic costs by cost type

Socio-economic costs (Billion | Croatia Czech Republic Italy Romania United Kingdom
EUR/year)
Annual investments 5.56 16.30 11923 19.10 109.19
Operation & Maintenance 3.12 10.21 82.3 11.08 61.87
Fuel 2.53 9.99 58.77 9.58 70.98
Cco2 0.30 191 7.00 1.24 8.39
Electricity Trading -0.18 0.60 -2.80 0.08 -0.11
Total 11.35 39.03 26451 41.10 2503
Electricity and heating efficiencies
Table 11. Efficiencies for heating and electricity units
Efficiencies (%) Croatia | Czech Republic | Italy | Romania | United Kingdom
Collective units
Condensing power plants 38 35 44 33 46
CHP i electricity 35 19 43 25 10
CHP - thermal 35 40 12 48 0
Waste incineration - electricity 0 8 23 0 0
Waste incineration - thermal 0 85 7 0 0
District heating boilers 76 86 66 64 0
Heat pumps 300
Nuclear power plants 33
Geothermal power plants 10
Other Renewable sources 100
Individual units
Coal boiler 65
Qil boiler 80
Gas boiler 85
Biomass boiler 65
Heat Pump Electricity 300
Direct Electricity 100
Solar 100

Electricity, heat and fuel losses

Table 12: Electricity, heating and fuel losses for the different STRATEGO countries

Losses (%) Croatia Czech Republic Italy Romania United Kingdom
Coal 0.01 0.28 0 0.33 0.55

oil 0 0 0 0.14 0

Gas 1.8 1.7 0.7 3.1 1.7
Waste 0 0 0 0 0
Biomass 0 0 0 0 0
Electricity 11 6 6 12 7
District heating 12 15 0 19 0
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Hydropower capacities and production
Table 13: The hydropower capacities and capacity factors for the different STRATEGO countries

Run-of-river Dam (excl. pumped hydro) Pumped hydro

Country Capacity Capacity Capacity Capacity Capacity Capacity

(MW) factor (MW) factor (MW) factor
Croatia 300 74% 1542 47% 293 5%
Czech Republic 297 67% 759 16% 1147 8%
Italy 4633 50% 9344 38% 7544 7%
Romania 2500 51% 3882 27% 92 33%
United Kingdom 255 90% 1269 14% 2744 13%

Table 14: Hydropower production by type and sources for data
Hydropower type & Pumped hydro storage
production (TWh)
Run- Productio Electricity .
Country | TOTAL | Dam of-river n (TWh) loss (TWh) Efficiency Source & notes
Total is from IEA and dam & run-
- 0,
Czech 2.8 1.0 1.8 0.8 0.2 80% of-river is from ENTSO-E
Total is from IEA and dam and
~Of-ri 0, i
Italy 511 | 307 | 204 45 12 79% run-of-river (40%) is from Tera
(Italian electricity transmission
grid operator)
United Total hydro is from IEA and dam
Kinadom 3.6 1.6 2 3 -1.1 73% is calculated from run-of-river
9 (ENTSO-E) and IEA total
. Total is from IEA and dam & run-
Croatia 8.3 6.4 1.9 0.14 -0.05 75% of-river is from ENTSO-E
. Total is from IEA and dam & run-
Romania 20 9 11 0.3 0 unknown of-river is from ENTSO-E
Thermal storage

Thermal storage for district heating is based on an assumption of four hours of average district heat

demand.

Table 15: Thermal storage and average district heating demand for the STRATEGO countries

Thermal storage Croatia Czech Republic Italy Romania United Kingdom
Thermal storage(GWh) 4.4 44.5 71.4 34.6 19.9
Average district heating demand 395 3621 3007 2823 589
(MWh)

Hydro storage

Table 16: Dammed and pumped storage capacities in GWh
Hydro storage (GWh) Croatia Czech Republic Italy Romania United Kingdom
Dammed storage 4100 1425 12667 4575 3000
Pumped storage 2.9 115 75.4 0.9 274
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Oil storage
Table 17: Qil storage for the STRATEGO countries

Country Unit Amount Notes

Czech Million barrel 26.3 Split between crude oil and refined products

Italy Million barrel 163.5 Converted from 26 mcm using US barrels. Split into
one-third crude and two-thirds finished products

United Kingdom Million barrel 83 Includes Oil and product stocks. Main storage

facilities for crude and oil products in the United
Kingdom are located at refineries.

Croatia Million barrel 11 Strategic oil storage capacity of 1,540,000 m3 and
202,000 m3 of petroleum derivatives
(http://www.janaf.hr/sustav-janafa/sustav-
jadranskog-naftovoda/).

Romania Million barrel 11 Based on 90 days reserve of net imports amount
from the previous year

Gas storage

Gas storage data was collected from the Enerdata database. Data was collected for the underground
natural gas storage capacity.

Table 18: Gas storage capacities for the STRATEGO countries

Country Unit Amount
Czech Billion cubic metre 3.1

Italy Billion cubic metre 14.3
United Kingdom Billion cubic metre 3.9
Croatia Billion cubic metre 0.6
Romania Billion cubic metre 2.7

Grid capacities

Table 19: Electric grid capacities based on the national annual maximum load for 2010

Country Unit Electric grid capacity I(national annual maximum
oad)

Czech MW 10,384

Italy MW 56,425

United Kingdom MW 60,100

Croatia MW 3,121

Romania MW 8,464

Interconnections
Table 20: Onshore and offshore electricity transmission interconnections

Country Onshore cable (MW) Offshore cable (MW)
Czech 7300 N/A

Italy 7605 500

United Kingdom N/A 2450

Croatia 3250 N/A
Romania 1900 N/A
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Heating units in buildings

The number of individual boilers (excluding boilers for district heating production), district heating

substations and electric heating units.

Table 21: Number of heating units divided by the building types (single-family residential, multi-family residential,

non-residential)

Units (1,000) Croatia Czech Republic Italy Romania United Kingdom
Residential i single-family 936 1699 6899 4189 20737
Coal 5 95 1 4 221
Oil 166 7 739 188 1631
Gas 403 797 5006 1615 15988
Biomass 131 189 478 1436 121
District heating substations 126 404 44 827 222
Electric heating 103 122 604 119 2298
Residential i multi-family 43 193 2045 91 239
Coal 0 11 0 0 3
oil 8 1 219 4 19
Gas 18 90 1484 35 184
Biomass 6 21 142 31 1
District heating substations 6 46 13 18 3
Electric heating | Unavailable Unavailable Unavailable | Unavailable Unavailable
Non-residential 22 97 144 73 1150
Coal 0 5 0 0 12
Oil 4 0 15 3 90
Gas 9 46 105 28 887
Biomass 3 11 10 25 7
District heating substations 3 23 1 14 12
Electric heating 2 8 13 2 12

Minimum power plant and CHP operation
Table 22: Minimum power plant and CHP operation in the reference models in order to ensure a stable electricity

supply
Minimum operation Croatia Czech Republic Italy Romania United Kingdom
Minimum grid stabilisation production 50 50 50 50 50
share (%)
Minimum power plant operation (MW) 291 1553 10561 1628 13612
Minimum power plant operation (% of 20 20 20 20 20
total)
Minimum CHP operation (MW) 68 269 1744 308 0
Minimum CHP operation (% of total) 10 10 10 10 0
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6.1.2 2050 Business-As-Usual Models

Primary energy supply BAU

Table 25: The primary energy supply for the STRATEGO countries in the BAU scenario divided by fuel types

Primary energy Croatia Czech Republic Italy Romania United Kingdom
supply (TWh)
Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU
Fossil fuels 799 | 1069 | 4195 | 3859 | 18673 | 18639 | 3025 | 3692 | 23102 | 19557
Coal 8.9 22.5 2259 |158.2 | 194.1 181.4 | 83.3 92.5 3794 247.5
Qil | 40.1 46.3 103.3 | 125.3 | 822.8 837.4 | 94.6 124.2 883.3 831.8
Natural Gas | 30.9 38.1 90.3 102.5 | 850.4 845.1 | 124.6 | 152.6 | 1047.5 876.5
Nuclear 0.0 0.0 84.4 176.9 0.0 0.0 36.9 59.7 186.3 172.0
Renewable
sources 13.1 20.1 35.1 38.3 188.9 265.4 | 69.1 92.5 88.7 216.4
Biomass (excl.
waste) 4.4 51 28.2 29.9 95.2 91.6 48.2 55.7 63.1 56.3
Waste 0.1 0.09 3.08 3.08 21.17 21.17 0.36 0.36 10.90 10.90
Hydro 8.3 12.1 2.8 3.7 54.4 63.3 20.2 28.0 3.5 4.1
Wind 0.1 1.69 0.35 0.75 9.23 49.29 0.31 3.19 9.96 128.93
Solar elec. 0.0 0.97 0.65 0.73 2.00 27.94 | 0.00 5.17 0.13 15.14
Geothermal
elec. 0.0 0.0 0.0 0.0 54 10.7 0.0 0.0 0.0 0.0
Solar heat 0.1 0.07 0.05 0.06 1.40 1.39 0.00 0.00 1.13 1.07
Geothermal
heat 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wave and tidal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.0
Import/export
electricity 4.8 0.12 -15.17 8.95 44.17 10.19 | -2.15 1.14 2.66 57.52
Total 97.8 127.0 5238 6100 | 21004 | 21395 | 4063 | 5225 25879 24017
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Electricity production BAU

Table 4: Electricity production divided by technologies

Electricity Croatia Czech Republic Italy Romania United Kingdom
production
(Twh)
Ref BAU Ref BAU Ref BAU Ref BAU Ref BAU
Total thermal 5.68 | 11.86| 60.57 | 3283 | 276.97 | 264.71 | 30.60| 35.18 | 35861 | 236.76
p%SVZ?EpTZﬁg 285 | 816 | 4059 | 1275 | 17484 | 15919 | 1758 | 16.03 | 31988 | 19116
(igg.PV\?g:ctes) 238 | 325 | 1155 | 1165 | 7696 | 80.31 | 1064 | 16.77 | 0.00 6.87
Industrial | 045 | 045 | 8.43 843 | 2517 | 2521 | 238 | 238 | 3873 38.73
Nuclear Power
Plants 0.00 | 0.00 | 28.09 | 5890 | 0.00 0.00 |1230| 1989 | 6203 | 57.27
Eoeun;ecv(\;zble 846 | 1479 | 3.79 522 | 7110 | 15121 | 2053 | 36.37 | 1363 | 16122
PSV?/g:hFi;TI?sl 0.00 | 0.00 | 0.00 0.00 544 | 10.67 | 0.00 | 0.00 0.00 0.00
wind Power | 0.14 | 1.69 | 0.35 0.75 9.23 | 4929 | 0.31 | 3.19 9.96 12893
Onshore | 0.14 | 0.96 | 0.35 0.75 9.23 | 4929 | 0.31 | 319 574 74.32
Offshore 0 0.73 0 0 0 0 0 0 422 54.61
Solar | 0.00 | 0.97 | 0.65 0.73 200 | 2794 | 0.00 | 517 0.13 1514
Wave and Tidal | 0.00 | 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 0.00 13.04
Total hydro | 8.32 | 1213 | 2.79 374 | 5443 | 6331 | 2022 | 2801 | 354 411
Hydro with a
pam | 640 | 976 | 1.04 158 | 3072 | 3721 | 888 | 1385 | 1.58 1.94
Run of the River
Hydro | 1.92 | 2.37 1.75 2.16 2371 | 2610 | 11.34 | 14.16 1.96 2.17
PHES Pump 0.00 | 0.00 | 0.00 0.00 0.00 0.00 | 0.00 | 0.00 0.00 0.00
Net import* 470 | -0.12 | -1473 | -895 | 4417 | -1019 | -2.39 | -1.14 2.66 -57.52
iTrr?:)%’rt/expg)r(tCL 1414 | 26.65| 9245 | 96.95 | 34807 | 41592 | 6343 | 91.44 | 43427 | 45525

* A negative number indicates export while a positive is import
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6.2 Appendix B i EnergyPLAN Cost Database Version 3.0

Energy cost database as of 30th January 2015 freely downloadable from
www.EnergyPLAN.eu/costdatabase/
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http://www.energyplan.eu/costdatabase/

Preface

The EnergyPLAN cost database is created and maintained by the Sustainable Energy Planning
Research Group at Aalborg University, Denmark. It is constructed based on data from a wide variety
of sources, with many of the inputs adjusted to fit with the required fields in the EnergyPLAN model.
Below is a list of all the different sources currently used to construct the cost database. The result is
a collection of investment, operation & maintenance, and lifetimes for all technologies for the years
2020, 2030, and 2050. Where data could not be obtained for 2030 or 2050, a 2020 cost is often
assumed.

1

Danish Energy Agency. Energistyrelsen. Available from: http://www.ens.dk/ [accessed 25
June 2012].

International Energy Agency. World Energy Outlook 2010. International Energy Agency,
2010. Available from: http://www.iea.org/weo/2010.asp.

Danish Energy Agency. Forudsaetninger for samfundsgkonomiske analyser pa
energiomradet (Assumptions for socio-economic analysis on energy). Danish Energy
Agency, 2011. Available from: http://www.ens.dk.

Howley M, Dennehy E, O'Gallachéir B. Energy in Ireland 1990 - 2009. Energy Policy
Statistical Unit, Sustainable Energy Authority of Ireland, 2010. Available from:
http://www.seai.ie/Publications/Statistics_Publications/Energy_in_lreland/.

Lund H, Mdller B, Mathiesen BV, Dyrelund A. The role of district heating in future
renewable energy systems. Energy 2010;35(3):1381-1390.

Backman T, Fleten S-E, Juliussen E, Langhammer HJ, Revdal I. Investment timing and
optimal capacity choice for small hydropower projects. European Journal of Operational
Research 2008;190(1):255-267.

Danish Energy Agency, Energinet.dk. Technology Data for Energy Plants. Danish Energy
Agency, Energinet.dk, 2010. Available from: http://ens.dk/da-
DK/Info/TalOgKort/Fremskrivninger/Fremskrivninger/Documents/Teknologikatalog%20Juni
%202010.pdf.

Motherway B, Walker N. Ireland's Low-Carbon Opportunity: An analysis of the costs and
benefits of reducing greenhouse gas emissions. Sustainable Energy Authority of Ireland,
2009. Available from: http://www.seai.ie/Publications/Low_Carbon_Opportunity _Studyy/.
International Energy Agency. Energy Technology Data Source. Available from:
http:/www.iea-etsap.org/web/E-TechDS.asp [accessed 15 March 2012].

Narional Renewable Energy Laboratory. Technology Brief: Analysis of Current-Day
Commercial Electrolyzers. Narional Renewable Energy Laboratory, 2004. Available from:
http://www.nrel.gov/docs/fy040sti/36705.pdf.

Mathiesen BV, Blarke MB, Hansen K, Connolly D. The role of large-scale heat pumps for
short term integration of renewable energy. Department of Development and Planning,
Aalborg University, 2011. Available from: http://vbn.aau.dk.

Danish Energy Agency and Energinet.dk. Technology Data for Energy Plants: Generation
of Electricity and District Heating, Energy Storage and Energy Carrier Generation and
Conversion. Danish Energy Agency and Energinet.dk, 2012. Available from:
http:/imwww.ens.dk/.
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9 Joint Research Centre. Technology Map of the European Strategic Energy Technology
Plan (SET-Plan): Technology Descriptions. European Union, 2011. Available from:
http://setis.ec.europa.eu/.

f Gonzalez A, O'Gallachoir B, McKeogh E, Lynch K. Study of Electricity Storage
Technologies and Their Potential to Address Wind Energy Intermittency in Ireland.
Sustainable Energy Authority of Ireland, 2004. Available from:
http://lwww.seai.ie/Grants/Renewable_Energy RD_D/Projects_funded_to_date/Wind/Study
_of Elec_Storage_Technologies_their_Potential _to_Address Wind_Energy_Intermittency
in_lrl.

1 Mathiesen BV, Ridjan I, Connolly D, Nielsen MP, Hendriksen PV, Mogensen MB, Jensen
SH, Ebbesen SD. Technology data for high temperature solid oxide electrolyser cells, alkali
and PEM electrolysers. Aalborg University, 2013. Available from: http://vbn.aau.dk/.

1 Washglade Ltd. Heat Merchants. Available from: http://heatmerchants.ie/ [accessed 12
September 2012].

1 Danish Energy Agency and Energinet.dk. Technology Data for Energy Plants: Individual
Heating Plants and Technology Transport. Danish Energy Agency and Energinet.dk, 2012.
Available from: http://www.ens.dk/.

1 COWI. Technology Data for Energy Plants: Individual Heating Plants and Energy
Transport. Danish Energy Agency, 2013. Available from: http://www.ens.dk/.

1 Department for Biomass & Waste, FORCE Technology. Technology Data for Advanced
Bioenergy Fuels. Danish Energy Agency, 2013. Available from: http://www.ens.dk/.

1 COWI. Alternative drivmidler i transportsektoren (Alternative Fuels for Transport). Danish
Energy Agency, 2012. Available from: http://www.ens.dk/.

1 IRENA. Renewable Energy Technologies: Cost Analysis Series - Concentrating Solar
Power. IRENA, 2012. Available from: http://www.irena.org/.

1 COWI. Alternative drivmidler i transportsektoren (Alternative Fuels for Transport). Danish
Energy Agency, 2013. Available from: http://www.ens.dk/.

1 Mathiesen BV, Connolly D, Lund H, Nielsen MP, Schaltz E, Wenzel H, Bentsen NS, Felby
C, Kaspersen P, Hansen K. CEESA 100% Renewable Energy Transport Scenarios towards
2050. Aalborg University, 2014. Available from: http://www.ceesa.plan.aau.dk/.

1 COWI. Alternative drivmidler i transportsektoren (Alternative Fuels for Transport). Danish
Energy Agency, 2008. Available from: http://www.ens.dk/.
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1 Introduction

The EnergyPLAN tool contains five tabsheets under
General

Investment and Fixed OM

Fuel

Variable OM

External electricity market

= =4 =4 4 =4

The Investment and Fixed OM tabsheet further contains ten sub-tabsheets that relates to different
technology groups such as Heat and Electricity, Renewable Energy, Heat infrastructure, Road
vehicles, Additional, etc.

Within each of these, the user can enter over 200 inputs depending on the range of technologies
being considered in an analysis. When completing an energy systems analysis, it is often necessary
to change the cost data in EnergyPLAN for a variety of reasons: for example, to analyse the same
system for a different year or to analyse the sensitivity of the system to different costs. To
accommodate this, EnergyPLAN enables the user to change the cost data within a model, without
changing any of the data under the other tabsheets. To do so, one has to go to the Cost-> General
tabsheet and activate one of the two buttons fASav

(i EnergyPLAN 12.0: Startdata _ &) x

EnergyPLAN 12.0: Startdata

Home | AddOnTook  Help (7]
il Open a = g — i [k show Hints®
(4 B 5 4 &6
Home  New Import Settings Notes  Web Run Run Run Run Treeview | Tabs
fromexcel B Save As (Clipboard) (Screen) (Print) (Serial)
| General I|! Run I View J

Wamings &ppear Here:
= = Qverview

- Dremand Save Cost Data Load Mew Cost Data
- Supply
- Balancing and Storage
Fised operation and manianance Coss ale required even if the plant is not operated

o Cost
Eeeer] Variable operation and maintenance costs ate only necessay if the plant operates and are diectly proportional to the number of hours that the plant operates.

= Investment and Fised OM

-~ Heat and Electicity Business economic operation: Socio economic consequenses:

- Renewable Eneray 4 et e, s 3 (e el = Taes are nol included when the sacio economic
- Linuid and Gas Fusls ) st i e ke consequenses e calculated

- Heat Infrastiucture strategies for the individual plants are decided.

- Fload Vehicles

i Other Yehicles

£ Transport Infrastructure:
- Dther Infrastiucture
e Water

C02 Price (included in marginal production prices] |0 [DRKACO2)

© - Additional
Fuel Interest [z} |0
- Wariable OM
- Extemal Electricity M arket
Simulation
Output
Investment Fixed Oper. and M. r
Sum Annual Costs Sum Annual Costs
0 (MDKK¢year) 0 (MDKK{year)

(=]

When activating one of t hese buttons, the wuser Wi
either save a new cost data file or load an existing one. It is important to note that when you are

saving a file, you should always specify a filename with .txt at the end of the name, as otherwise it

may not save correctly.
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Even with this function, collecting cost data is still a very time-consuming task and hence, the
EnergyPLAN Cost Database has been developed. This database includes cost data for almost all of
the technologies included in EnergyPLAN based primarily on publications released by the Danish
Energy Agency. This document gives a brief overview of this data.
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2 EnergyPLAN Cost Database

To date, the EnergyPLAN Cost Database consists of the following files:

1 2020EnergyPLANCosts.txt
1 2030EnergyPLANCOsts.txt
1 2050EnergyPLANCoOsts.txt

The file name represents the year which the costs are for. These are recommended based on the literature reviewed by the EnergyPLAN
team and it is the users responsibility to verify or adjust them accordingly. To date, the principal source for the cost data has been the Danish
Energy Agency (DEA) [1], although a variety of other sources have been used where the data necessary is not available. Below is an
overview of the data used to create the EnergyPLAN Cost Database, although it should be noted that this data is updated regularly, so there
may be slight differences in the files provided.

2.1 Fuel Costs

The fuel prices assumed in the EnergyPLAN Cost Database are outlined in Table 32. Since the DEA only project fuel prices to 2030, the
fuel prices in 2040 and 2050 were forecasted by assuming the same trends as experiences in the period between 2020 and 2030. These
forecasts can change dramatically from one year to the next. For example, between January and August of 2012, the average oil price was

$106/bbl, which is much closer to the oil price forecasted for 2020 than for the 2011 oil price.

Table 32: Fuel prices for 2011, 2020, 2030, 2040, and 2050 in the EnergyPLAN Cost Database [2, 3].

(2009 oll Natural Gasg Coal| Fuel Oil| Diesel| Petrol | Jet Fuel Straw| Wood Chip§ Wood | Energy Cropy Nuclear

€ K DV (US$/bbl) Pellets

Year

2011 82.0 5.9 2.7 8.8 11.7 | 119 | 12.7 3.5 4.5 9.6 4.7 15

2020 107.4 9.1 31| 119 | 150 | 152 | 16.1 3.9 5.1 10.2 4.7 15

2030 118.9 10.2 32| 133 | 16.6 | 16.7 | 17.6 4.3 6.0 10.9 5.2 15

Projected assuming the same trends as in 22@80

2040 130.5 11.2 33| 147 | 181 | 182 | 19.1 4.7 6.8 11.5 5.7 15

2050 142.0 12.2 34| 16.1 | 196 | 19.7 | 20.6 51 7.6 12.2 6.3 15
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Fuel handling costs were obtained from the Danish Energy Agency [3]. They represent the additional
costs of handling and storing fuels for different types of consumers as well as expected profit
margins.

Table 33: Fuel handling costs for 2020 in the EnergyPLAN Cost Database [3].

2009-0/ GJ Centralised Power | Decentralised Power Plants Consumer
Fuel Plants & Industry
Natural Gas 0.412 2.050 3.146
Coal - - -
Fuel Oil 0.262 - -
Diesel/Petrol 0.262 1.905 2.084
Jet Fuel - - 0.482
Straw 1.754 1.216 2.713
Wood Chips 1.493 1.493
Wood Pellets - 0.543 3.256
Energy Crops 1.493 1.493

The cost of emitting carbon dioxide is displayed in Table 34 and the CO; emission factors used for
each fuel are outlined in Table 35.

2.2 Carbon Dioxide Costs and Emissions

Table 34: Carbon dioxide prices for 2011, 2020, 2030, 2040, and 2050 in the EnergyPLAN Cost Database
[3].

2009€ k ¢ 2y | CO2 Price
2011 15.2
2020 28.6
2030 34.6

Projected assuming the same trenc
as in 2022030
2040 40.6

2050 46.6

Table 35: Carbon dioxide emission factors for different fuels in the EnergyPLAN Cost Database [4].

Fuel Coal/Peat Qil Natural Waste LPG
Gas
Emission Factor (kg/GJ  98.5 72.9 56.9 325 59.64
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2.3 Variable Operation and Maintenance Costs

In the Operation tabsheet, the user inputs the variable operation and maintenance costs for a range
of technologies. Variable O&M costs account for the additional costs incurred at a plant when the
plant has to run such as more replacement parts and more labour. Those available in the
EnergyPLAN Cost Database are outlined in Table 36.

Table 36: Variable operation and maintenance costs assumed for 2020 in the EnergyPLAN Cost

Database.

Sector Unit Vari able O&M Cost (0
District Boiler* 0.15
Heating CHP* 2.7
and Heat Pump 0.27
Sy?t_'eljns Electric Heating 0.5
Hydro Power 1.19
Power Condensing* 2.654
Plants Geothermal 15
GTL M1 1.8
GTL M2 1.008
Electrolyser 0
Pump 1.19
Storage Tur_bine 1.19
V2G Discharge
Hydro Power 1.19
Pump
Boiler
Individu CHP Accounted for under individual heating costs in the Additional
al Heat Pump tabsheet
Electric Heating

*These costs need to be calculated based on the mix of technologies in the energy system, which can
vary substantially from one system to the next.

2.4 Investment Costs

Table 37 outlines the investment costs in the EnergyPLAN Cost Database for the different
technologies considered in EnergyPLAN. Note that different technology costs are expressed in
different units, so when defining the capacity of a technology, it is important to use the same unit in
for the technical input as in the cost input.

Table 37: Investment costs for 2020, 2030, and 2050 in the EnergyPLAN Cost Database.

LYAGY aek! y Unit 2020 | 2030 | 2050
5 Small CHP MWe 1.2 1.2 1.2
B Large CHP MWe 0.8 0.8 0.8
Q
g Heat Storage CHP GWh 3.0 3.0 3.0
§ Waste CHP TWhlyear 215.6 2156 | 215.6
T Absorption Heat Pump MWth 0.4 0.4 0.4

Page 86




Heat Pump Group 2 MWe 3.4 3.4 2.9
Heat Pump Group 3 MWe 3.4 3.3 2.9

DHP Boiler Group 1 MWth 0.100 | 0.100 | 0.100

Boilers Group 2 & 3 MWth 0.075 | 0.100 | 0.100

Electric Boiler MWth 0.100 | 0.075 | 0.075
Large Power Plants MWe 0.99 0.98 0.9
Nuclear MWe 3.6 3.6 3.0
Interconnection MWe 1.2 1.2 1.2
Pump MWe 0.6 0.6 0.6
Turbine MWe 0.6 0.6 0.6
Pump Storage GWh 7.5 7.5 7.5

Industrial CHP Electricity TWhlyear 68.3 68.3 68.3

Industrial CHP Heat TWhlyear 68.3 68.3 68.3
Wind Onshore MWe 1.3 1.3 1.2
Wind Offshore MWe 24 2.3 2.1
Photovoltaic MWe 1.3 1.1 0.9
Wave Power MWe 6.4 3.4 1.6
3 Tidal MWe 6.5 5.3 5.3
§ CSP Solar Power MWe 6.0 6.0 6.0
p River Hydro MWe 33 33 | 33
g Hydro Power MWe 3.3 3.3 3.3
3 Hydro Storage GWh 75 75 75
SC:’ Hydro Pump MWe 0.6 0.6 0.6
Geothermal Electricity MWe 4.6 4.0 4.0
Geothermal Heat TWhlyear 0.0 0.0 0.0

Solar Thermal TWhlyear 386.0 | 307.0 | 307.0
Heat Storage Solar GWh 3.0 3.0 3.0

Industrial Excess Heat TWhlyear 40.0 40.0 40.0

Biogas Plant TWhlyear 240 240 240
Gasification Plant MW Syngas 0.4 0.3 0.3
" Biogas Upgrade MW Gas Out 0.3 0.3 0.3
g Gasification Gas Upgrade MW Gas Out 0.3 0.3 0.3
"5, 2nd Generation Biodiesel Plant MW-Bio 3.4 2.5 1.9
3 Biopetrol Plant MW-Bio 0.8 0.6 0.4
2 Biojetpetrol Plant MW-Bio 0.8 0.6 0.4
;E CO2 Hydrogenation Electrolyse MW-Fuel 0.9 0.6 0.4
Ey Synthetic Methane Electrolyser MW-Fuel 0.0 0.0 0.0
-~ Chemical Synthesis MeOH MW-Fuel 0.6 0.6 0.6
Alkaline Electrolyser MWe 2.5 0.9 0.9

SOEC Electrolyser MWe 0.6 0.4 0.3

Hydrogen Storage GWh 20.0 20.0 20.0
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Gas Storage GWh 0.1 0.1 0.1
Oil Storage GWh 0.0 0.0 0.0
Methanol Storage GWh 0.1 0.1 0.1
d Individual Boilers 1000 Units 6.1 0.0 0.0
- B Individual CHP 1000 Units 12.0 0.0 0.0
§ = Individual Heat Pump 1000 Units 14.0 0.0 14.0
g Individual Electric Heat 1000Units 8.0 0.0 0.0
. Individual Solar Thermal TWhlyear 1700.0 | 1533.3| 1233.3
Bicycles 1000 Vehicles 0.0 0.0 0.0
% Motorbikes 1000 Vehicles 6.0 6.0 6.0
o Electric Cars 1000 Vehicles 18.1 18.1 18.1
EJ Conventional Cars 1000 Vehicles 20.6 20.6 20.6
° Methanol/DME Busses 1000 Vehicles 177.2 | 177.2 | 177.2
g Diesel Busses 1000 Vehicles 1772 | 177.2 | 177.2
Methanol/DME Trucks 1000 Vehicles 99.2 99.2 99.2
Diesel Trucks 1000 Vehicles 99.2 99.2 99.2
% Desalination 1000 m3 Fresh Water/hour| 0.1 0.1 0.1
= Water Storage Mm3 0.0 0.0 0.0

*Power plant costs need to be calculated based on the mix of technologies in the energy system, which
can vary substantially from one system to the next.

2.5 Fixed Operation and Maintenance Costs

Unit: % of Investment Unit 2020 | 2030 | 2050
Small CHP MWe 3.75 | 3.75 | 3.75
Large CHP MWe 3.66 | 3.66 | 3.80
Heat Storage CHP GWh 0.70 0.70 0.70
Waste CHP TWhlyear 737 | 737 | 7.37
Absorption Heat Pump MWth 468 | 468 | 4.68
- Heat Pump Group 2 MWe 2.00 2.00 2.00
S Heat Pump Group 3 MWe 2.00 | 2.00 | 2.00
g DHP Boiler Group 1 MWth 3.70 | 3.70 | 3.70
w Boilers Group 2 & 3 MWth 1.47 | 3.70 | 3.70
2 Electric Boiler MWth 3.70 147 | 1.47
2 Large Power Plants MWe 3.12 | 3.16 | 3.26
Nuclear MWe 253 | 249 | 1.96
Interconnection MWe 1.00 1.00 | 1.00
Pump MWe 150 | 150 | 1.50
Turbine MWe 150 | 150 | 1.50
Pump Storage GWh 1.50 150 | 1.50
Industrial CHP Electricity TWhlyear 732 | 7.32 | 7.32
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Industrial CHP Heat TWhlyear 732 | 732 | 7.32
Wind Onshore MWe 3.05 | 297 | 3.20
Wind Offshore MWe 297 | 3.06 | 3.21
Photovoltaic MWe 209 | 1.38 | 1.15
Wave Power MWe 0.59 1.04 1.97
3 Tidal MWe 3.00 | 3.66 | 3.66
3 CSP Solar Power MWe 821 | 821 | 821
p River Hydro MWe 2.00 | 2.00 [ 2.00
s Hydro Power MWe 2.00 | 2.00 | 2.00
3 Hydro Storage GWh 1.50 | 1.50 | 1.50
SC:, Hydro Pump MWe 1.50 1.50 1.50
Geothermal Electricity MWe 3.50 | 3.50 | 3.50
Geothermal Heat TWhlyear 0.00 | 0.00 | 0.00
Solar Thermal TWhlyear 0.13 | 0.15 | 0.15
Heat Storage Solar GWh 0.70 | 0.70 | 0.70
Industrial Excess Heat TWhlyear 1.00 | 1.00 | 1.00
Biogas Plant TWhlyear 6.96 | 6.96 | 6.96
Gasification Plant MW Syngas 530 | 7.00 | 7.00
Biogas Upgrade MW Gas Out 15.79 | 17.65 | 18.75
Gasification Gas Upgrade MW Gas Out 15.79 | 17.65 | 18.75
% 2nd Generation Biodiesel Plant MW-Bio 3.01 | 3.01 | 3.01
I Biopetrol Plant MW-Bio 7.68 | 7.68 | 7.68
@ Biojetpetrol Plant MW-Bio 768 | 768 | 7.68
g CO2 Hydrogenation Electrolyser MW-Fuel 2.46 | 3.00 | 3.00
= Synthetic Methane Electrolyser MW-Fuel 0.00 | 0.00 | 0.00
2 Chemical Synthesis MeOH MW-Fuel 3.48 | 3.48 | 3.48
g Alkaline Electrolyser MWe 4,00 | 4.00 | 4.00
SOEC Electrolyser MWe 2.46 | 3.00 | 3.00
Hydrogen Storage GWh 0.50 | 0.50 | 0.50
Gas Storage GWh 1.00 | 1.00 | 1.00
Oil Storage GWh 0.63 | 0.63 | 0.63
Methanol Storage GWh 0.63 | 0.63 | 0.63
g IndividualBoilers 1000 Units 1.79 | 0.00 | 0.00
o 5 Individual CHP 1000 Units 0.00 | 0.00 | 0.00
§ g Individual Heat Pump 1000 Units 0.98 | 0.00 | 0.98
8 Individual Electric Heat 1000 Units 1.00 | 0.00 | 0.00
7 Individual Solar Thermal TWhlyear 1.22 1.35 | 1.68
o Bicycles 1000 Vehicles 0.00 0.00 0.00
}3 —2 Motorbikes 1000 Vehicles 5.00 | 5.00 | 5.00
X g Electric Cars 1000 Vehicles 6.99 | 434 | 434
Conventional Cars 1000 Vehicles 409 | 409 | 4.09
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Methanol/DME Busses 1000 Vehicles 9.14 | 9.14 | 9.14

Diesel Busses 1000 Vehicles 9.14 | 9.14 | 9.14
Methanol/DME Trucks 1000 Vehicles 21.10 | 21.10| 21.10
Diesel Trucks 1000 Vehicles 21.10| 21.10| 21.10

2.6 Lifetimes

Unit: Years Unit 2020 | 2030 | 2050

Small CHP MWe 25 25 25

Large CHP MWe 25 25 25

Heat Storage CHP GWh 20 20 20

Waste CHP TWhlyear 20 20 20

Absorption Heat Pump MWth 20 20 20

Heat Pump Group 2 MWe 25 25 25

g Heat Pump Group 3 MWe 25 | 25 | 25

% DHP Boiler Group 1 MWth 35 35 35

U;'j Boilers Group 2 & 3 MWth 20 35 35

3 Electric Boiler MWth 35 20 20

k5 Large Power Plants Mwe 27 | 27 | 217

T Nuclear MWe 30 | 30 | 30

Interconnection MWe 40 40 40

Pump MWe 50 50 50

Turbine MWe 50 50 50

Pump Storage GWh 50 50 50

Industrial CHP Electricity TWhlyear 25 25 25

Industrial CHP Heat TWhlyear 25 25 25

Wind Onshore MWe 20 25 30

Wind Offshore MWe 20 25 30

Photovoltaic MWe 30 30 40

3 Wave Power MWe 20 25 30

3 Tidal MWe 20 | 20 | 20

ﬂ CSP Solar Power MWe 25 25 25

s River Hydro MWe 50 | 50 | 50

§ Hydro Power MWe 50 50 50

2 Hydro Storage GWh 50 50 50

Hydro Pump MWe 50 50 50

Geothermal Electricity MWe 20 20 20

Geothermal Heat TWhlyear 0 0 0
Solar Thermal TWhlyear 30 30 30
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Heat Storage Solar GWh 20 20 20

Industrial Excess Heat TWhlyear 30 30 30

Biogas Plant TWhlyear 20 20 20

Gasification Plant MW Syngas 25 25 25

Biogas Upgrade MW Gas Out 15 15 15

Gasification Gas Upgrade MW Gas Out 15 15 15

% 2nd Generation Biodiesel Plant MW-Bio 20 20 20
I Biopetrol Plant MW-Bio 20 20 20
2 Biojetpetrol Plant MW-Bio 20 20 20
g CO2 Hydrogenation Electrolyser MW-Fuel 20 15 15
= Synthetic Methane Electrolyser MW-Fuel 0 0 0
2 Chemical Synthesis MeOH MW-Fuel 20 | 20 | 20
g Alkaline Electrolyser MWe 28 | 28 | 28
SOEC Electrolyser MWe 20 15 15

Hydrogen Storage GWh 30 30 30

Gas Storage GWh 50 50 50

Oil Storage GWh 50 50 50

Methanol Storage GWh 50 50 50

) Individual Boilers 1000 Units 21 0 0
- g Individual CHP 1000 Units 10 0 0
§ % Individual Heat Pump 1000 Units 20 0 20
g Individual Electric Heat 1000 Units 30 0 0
= Individual Solar Thermal TWhlyear 25 30 30
Bicycles 1000 Vehicles 0 0 0

0 Motorbikes 1000 Vehicles 15 0 15
% Electric Cars 1000 Vehicles 16 16 16
é Conventional Cars 1000 Vehicles 16 16 16
= Methanol/DME Busses 1000 Vehicles 6 6 6
£ Diesel Busses 1000 Vehicles 6 6 6
Methanol/DME Trucks 1000 Vehicles 6 6 6

Diesel Trucks 1000 Vehicles 6 6 6

2.7 Additional Tabsheet

The additional tabsheet under the Investment and Fixed OM tabsheet can be used to account for
costs which are not included in the list of technologies provided in the other tabsheets. Typically
these costs are calculated outside of the EnergyPLAN tool and subsequently inputted as a total. In
the past, this section has been used to include the costs of the following technologies:

1 Energy efficiency measures

9 Electric grid costs

9 Individual heating costs
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9 Interconnection costs
9 Costs for expansion of district heating and cooling

Some of these costs vary dramatically from one energy system to the next and hence they are not
included in the cost files which can be loaded into EnergyPLAN. However, below are some costs
which may provide a useful starting point if additional costs need to be estimated.

2.7.1 Heating

Individual heating can be considered automatically by EnergyPLAN or added as an additional cost.
To use the automatic function, you must specify an average heat demand per building in the
Individual heating tabsheet. Using this, in combination with the total heat demand, EnergyPLAN
estimates the total number of buildings in the energy system. This is illustrated in the Cost-
>Investment and Fixed OM ->Heat infrastructures window. The price presented in Table 37 above
represents the average cost of a boiler in a single house, which is used to automatically estimate the
cost of the heating infrastructure. This is a fast method, but it can overlook variations in the type of
boilers in the system. For example, some boilers will be large common boilers in the basement of a
building rather than an individual boiler in each house.

To capture these details, we recommend that you build a profile of the heating infrastructure outside
of the EnergyPLAN tool and insert the costs as an additional cost. Below in Table 38 are a list of
cost assumptions you can use if you do this.
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