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1l Executive Summary

This report is part of the ene.field project, i.e. European-wide field trials for residential fuel cell
micro combined heat and power (micro-CHP) , t he Europeds | argest demonst
fuel cell based micro-CHP systems. During this project, up to 1,000 residential fuel cell micro-
CHP installations will be deployed across 11 key European countries. It represents a step change
in the volume of fuel cell micro-CHP deployment in Europe and a meaningful step towards

commercialisation of the technology and rolling out the technologies.

In that context, the aim of the study is to provide a definitive result on the overall macro-economic
and macro-environmental implication of a widespread rollout of fuel cell micro-CHP technology
for Eur opeds el ec tThd esé pfymicre-CHPt sgstems is appealing due to two
fundamental reasons: (i) the efficiency of energy conversion is above 90%, much higher than the
efficiency of Combined-Cycle Gas Turbine (i.e. around 60%), (ii) the systems are installed at the
end-use premises reducing the need for energy transport infrastructure and losses. The micro-
CHP can also provide a local peaking capacity (back-up), and it can become an alternative to the
conventional boiler in a smart home environment where the electricity and heat demand can be
managed more efficiency. The study involves analyses on the impact of micro-CHP on the
capacity and operation of the electricity systems across Europe and the impact on COz, gas

consumption across different uptake scenarios and system backgrounds.

In order to evaluate the system benefits of micro-CHP, a range of simulation studies has been
carried out to examine the impact of micro-CHP on the European electricity systems (generation,
main transmission, and distribution systems) for different future scenarios. The analysis considers
todaydés grid mix and the i mpact of l' i kely changes i
and their central projections for the change in the generation mix through time. The benefits of
micro-CHP are quantified by finding the performance differences between two systems, i.e. : (i) a
system without micro-CHP, called the Reference scenario, where the electricity was supplied by
a portfolio of generation with no micro-CHP and the heat demand was met using electricity-heat
pump, (ii) a system with micro-CHP, called the micro-CHP scenario, where the electricity demand
was supplied by a portfolio of generation including micro-CHP which also supplied the heat
demand. It is important to note that the heat output of the micro-CHP only supplies part of the
domestic heat demand (space heating and hot water); and therefore, in practice, other means of

heating, e.g. gas boiler, heat pumps and resistive heating also exist.

The economic and carbon performance of these two systems were evaluated using a set of
analysis tools developed by Imperial College London, i.e. WeSIM.The key feature of the tools
(WeSIM) is in its capability to simultaneously consider system operation decisions and
infrastructure additions to the system, with the ability to quantify trade-offs of using alternative
technologies, for real-time balancing and transmission network and/or generation reinforcement

management. The model is based on the whole-system approach able to capture all the energy
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system interactions of CHP, heat, electricity capacity and network services. Thus, the model
enables a spectrum of holistic analysis at a system level to quantify the multiple system benefits
of micro-CHP. The performance differences between the two systems, i.e. with and without micro-
CHP determine the whole-system costs or benefits of micro-CHP on the system.

In order to capture the range of whole-system implication of integrating micro-CHP in Europe, two
uptake scenarios, i.e. low (minimum) and high (maximum) scenarios, developed by Element
Energy considering different support policies are used in the studies?!. The average hourly profiles
of heat generated by micro-CHP in the ene.field trial?> are applied in the study to reflect the actual
average load factor of the micro-CHP.

The values of micro-CHP in reducing the infrastructure cost (generation [G CAPEX], transmission
networks [T CAPEX], distribution networks [D CAPEX], and Heat Pumps [HP CAPEX]) and
operating cost [OPEX] are presented in Figure 1, U/ k Whiceod

CHPS3. These values reflect the cost-saving of the system with micro-CHP in comparison to the

expressed in

cost of a system without micro-CHP, i.e. heat demand is supplied by HP. It is important to note
that the CAPEX of micro-CHP is not included in the results; the OPEX of micro-CHP has been
included.
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Figure 1. Overall system benefits of micro-CHP

1 Element Energy, Cost and market projections, ene.field report for WP5.1, 2017
2 Data are provided by DBI - Gastechnologisches Institut gGmbH Freiberg and Gas- und Warme-Institut Essen e.V.
3 Unless otherwise stated, the kW rating of the micro-CHP refers to the power rating of the mCHP
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The total (gross) benef i t s ar e -@7DdDuh/dk WHE20MDi@ashs as an exception?.
While the magnitude of the benefits is relatively similar, the savings may come from different
sources. In the short and medium term, the savings are dominated by the savings in displacing
the capacity of HP, power generation, and distribution network capacity. In the long run, the OPEX
savings become higher. The OPEX savings can also become higher when the firm generating

capacity in the system is scarce, as illustrated in the cases for 2040.
The results show that micro-CHP can:

91 Displace capacity of central generators. The capacity value of micro-CHP is comparable to

traditional gas-fired plant providing it can be dispatched as back-up,
1 Displace the capacity of alternative heat sources,

1 Reduce operating costs. Net energy consumption is reduced indicating higher energy

efficiency,
1 Release network capacity / postpone reinforcement at distribution and transmission networks.

Some of the benefits can only be realised if the micro-CHP can provide grid services; this has
implications for the design and control of the micro-CHP, for example: enabling remote operation
capabilities for the system operator to access and use micro-CHP to support the grid. While the
remote control technologies exist and can be integrated into the micro-CHP easily, it also requires
stronger control coordination between transmission and distribution system operators if they are

operated by separate entities.

Figure 2 shows the average benefits of micro-CHP on the European distribution networks. The
average benefits for the low and high uptake scenarios are estimatedbe t ween -G 2860/ kW
and 0:X6Q@B600/ kW r e¥hp eesultsi shaavl that the largest benefit comes from
deferring the investment cost at LV especially investment driven by voltage issues and the
second/third largest savings come from the cost reduction at Medium Voltage feeders to the HV
feeders. It is important to note that the deployment of HP, as an alternative to micro-CHP, will
lead to higher electricity loads and may trigger some network reinforcement due to voltage drop
issues. Therefore, deployment of micro-CHP brings benefits in this context. Other benefits are

obtained from the savings in the LV feeders, distribution transformers, and primary substations.

4 The OPEX savings for the 2040 cases are much higher as the generation backgrounds used in the scenario, simulate
the transition condition where there is not enough low carbon and low marginal cost plant built to accommodate load
growth and decommissioning of fossil fuel plants. As a result, expensive peaking plants operate longer. This should
be considered as a plausible scenario in order to identify the drivers of the value of micro-CHP and should not be
treated as a forecast of the future system.
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HV: High Voltage, PS: Primary Substation, MV: Medium Voltage, DT: Distribution Transformer,

LV-V: Voltage driven LV network reinforcement, LV-1: Thermal driven LV network reinforcement

Figure 2. Estimated average value of micro-CHP in reducing distribution network cost in Europe in
different scenarios

As anticipated, the benefits are system specific and driven by the opportunity of the micro-CHP
to reduce the overall costs; thus, the ratio of the saving components varies across different
scenarios. However, it is observed that the benefits (per kW) are not too sensitive to the
penetration levels of micro-CHP projected which indicate that there is no significant barrier for the

micro-CHP at the levels being studied.

In the short term, based on the to-date level of renewables and efficiency of the micro-CHP, it is
sufficient if micro-CHP operates in heat-led mode. Combined electrical and heat-led is required
when micro-CHP can be a least-cost alternative source to displace high marginal cost generators
such as peaking plant (e.g. when the efficiency of micro-CHP is high, or when the generation
mixes are not optimal). The studies also find that micro-CHP is competitive against HP in the
short and medium term; however, when the renewable penetration in the system is sufficiently

high (>70%), a combination of micro-CHP and HP may form an optimal portfolio.

Wide deployment of micro-CHP is not only improving the efficiency of the overall system
but also reducing carbon emissions. The magnitude of the carbon saving per kW installed
micro-CHP in Europe is estimated between 3701 1100 kg CO: per year®. In the short and medium
term, at least when the use of conventional coal/gas/oil-fired plant is still dominant, the impact of
micro-CHP in reducing carbon emissions is expected to be relatively significant. The results are

shown in Figure 3.

5 The carbon reduction refers to the saving in carbon emissions due to electricity production. This analysis does not
cover the full Life Cycle Analysis whichisrepor t e d i Envir@h@entdl life dycle assessmentso .
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Figure 3. Contribution of micro-CHP in reducing carbon emissions

In the long term, when the supply of electricity is mainly from low-carbon generation sources, the
use of natural-gas fuel cell micro-CHP becomes less attractive, in the context of carbon reduction.
Alternative fuel for micro-CHP, especially from sustainable and low-carbon sources will be
needed.

Based on these results and the analysis, it can be concluded that micro-CHP technologies are
important for the future European energy system development in both short and long run. The

micro-CHP can also complement the operation of other low-carbon technologies such as HP.

As the system benefits of micro-CHP are now clear, it is important that appropriate mechanisms
are put in place to encourage wide deployment of this technology in the European system. Without
acknowledgement of its system benefits, the micro-CHP may not be able to compete with other

low-carbon technologies, and this may lead to a sub-optimal development of this technology.
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Acronyms
AT Austria
BE Belgium
CAPEX Capital expenditure
CCGT Combined Cycle Gas Turbine
CCs Carbon Capture and Storage
CHP Combined Heat and Power
Ccz Czech Republic
D CAPEX Distribution network capital expenditure (reinforcement cost)
DK Denmark
DT Distribution transformer
ENTSO-E European Network of Transmission system Operators for Electricity
ES Spain
FC Fuel Cell
FC CHP Fuel cell CHP
FiT Feed-in tariff
FR France
G CAPEX Power generation capital expenditure
GB Great Britain
HP Heat pump
HU Hungary
HV High voltage
IE Ireland
IT Italy
LCC Life Cycle Cost
LV Low voltage
LV-I Thermal driven LV network reinforcement
LV-V Voltage driven LV network reinforcement
micro-CHP Micro Combined Heat and Power
MS Member state
MV Medium voltage
NL Netherlands
OCGT Open Cycle Gas Turbine
PL Poland
PS Primary substation
PT Portugal
PV Photovoltaic
RHI Renewable Heat Incentive
RO Romania
SK Slovakia
T CAPEX Transmission network capital expenditure (reinforcement cost)

WeSIM Whole electricity System Investment Model
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2 Il ntroducti on

2.1 Context

A fuel cell micro-CHP system consists of a small fuel cell or a heat engine driving a generator
which produces electric power and heat for an individual building's heating, ventilation, and air
conditioning. A micro-CHP may primarily follow heat demand, delivering electricity as the
byproduct. Alternatively, its operation could also be driven by electrical demand especially as a
mid-merit/peaking plant when a high marginal cost of generators needs to operate, or the capacity
of electrical generation is scarce. The micro-CHP system may also include a thermal energy
storage system enabling a smoother micro-CHP operation as the heat can be stored or released

according to the temporal system requirement.

The use of micro-CHP systems is appealing due to two fundamental reasons: (i) the overall
efficiency of energy conversion is above 90%, much higher than the efficiency of combined-cycle
gas turbine (CCGT) around 60%, (ii) the systems are installed at the end-use premises reducing
the need for energy transport infrastructure and losses. The system can also provide a local
backup capacity, improving the energy security at the local level. The micro-CHP system can
become an alternative or supplement to the conventional gas boiler in a smart home environment

where the electricity and heat demand can be managed more efficiently.

However, the issue of the environmental and economic value of micro-CHP, particularly when
fuelled by natural gas, is the subject of much debate. It is unclear whether the use of natural gas
fuel cell micro-CHP is of limited value, as the grid is likely to decarbonise so fast that CHP-
generated electricity based on natural gas will become part of a problem rather than a solution
before the technology has matured. Others argue that the nature of the generation from CHP is
such that it will displace high polluting central power generation plant for many decades to come
and hence has huge environmental benefits in the long term. Moreover, in the long term, biogas
or hydrogen at volume could provide an alternative renewable gas to natural gas; which makes a

case for the fuel cell micro-CHP more appealing.

In addition, it is also unclear how the roll out of fuel cell micro-CHP will benefit the power system
in Europe. There is a view that micro-CHP may reduce the peak demand for electricity hence it
reduces the system capacity (generation, transmission, and distribution) requirement while at the
same time, it improves the efficiency and reduces the operating cost. On the other hand, high
penetration of distributed generation may trigger voltage rises or reverse power flow problems in
distribution networks, especially during off-peak demand. Therefore, it is important to understand

the net benefit of the micro-CHP in this context.

Another important issue that needs to be understood is the interactions between the micro-CHP
and other heat decarbonisation technologies such as heat pumps (HP). An Electric HP produces

heat with a neffisiencyd mofe than 200%, and it is expected to be the technology that can most
11
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significantly decarbonise the heating sector. However, high penetration of HPs will increase the
electricity peak demand, and therefore, the system integration cost of this technology should be
considered when optimising the design of the future system. It is important to understand whether

micro-CHP competes with HPs, or both technologies can work supplementing each other?

In this context, the work presented in this report is an attempt to gain a better understanding of
the aforementioned issues. In order to do so, European electricity system models have been
developed, and a range of simulation studies have been carried out to examine the impact of
micro-CHP on the electricity system for different future scenarios. The analysis considerst oday 0 s
grid mix and the impact of likely changes in the future, based on national energy plans and their
central projections for the change in the generation mix through time. The studies also explore
the impact of micro-CHP on future investment requirements (positive and negative) for electricity

distribution.

2.2 Objectives

The aim of the analysis is to provide definitive results and a set of analyses on the overall
macroeconomics, in the power system context, and the macro environmental implications of a
widespread rollout of fuel cell micro-CHP t ec hnol ogy feledtricityE systemp. erbis
involves analyses on the impact of micro-CHP on the capacity (power generation, main
interconnection, distribution) and the operation of the electricity systems across Europe and the
impact on CO: across different uptake scenarios and system backgrounds taking into account
how the generation mixes in Europe will evolve to a low-carbon and sustainable energy system.
The insight obtained from these studies can facilitate informed discussions on how micro-CHP

will play its roles in the future European energy systems.

2.3 Structure of the report

Chapter 3 describes the approach used to derive and analyse the system benefits of the micro-
CHP. Chapter 4 and 5 present system benefits of fuel cell micro-CHP in a generation,
transmission, and distribution respectively. In chapter 5, the results discussed in chapter 3 and 4
will be combined to provide a full overview of the benefits of micro-CHP. Finally, the last chapter
consists of the key conclusions obtained from the analyses discussed in the previous chapters.
Overview of the numerical approaches and the distribution network models used in these studies

can be found in the Appendix.

12
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3 Met hodol ogy

3.1 Overall approaches

In order to evaluate the system benefits of micro-CHP, two systems were developed: (i) a system
without micro-CHP, called the Reference scenario, where the electricity was supplied by a
portfolio of generation with no micro-CHP and the heat demand was met using electricity-heat
pump, (ii) a system with micro-CHP, called the micro-CHP scenario, where the electricity demand
was supplied by a portfolio of generation with micro-CHP which also supplied the heat demand.
The economic and carbon performance of these two systems were evaluated usingl mper i al 6s
analysis tools, i.e. WeSIM® (Section 3.5) and European distribution network analysis tool (Chapter
5). The performance differences between these two systems determine the costs or benefits of

micro-CHP on the system. This approach is illustrated in Figure 4 below.

Reference scenario mCHP scenario

S
2
o
=
o)
3]
e
w

Electricity

\@
( .c: )
!\‘

System benefits of mMCHP

Figure 4. Quantifying the benefits of micro-CHP by comparing the performance of the system with
and without micro-CHP

3.2 Test systems

Simulations were carried out on the European electricity system model illustrated in Figure 5.
Each Member State (MS) is represented as a node. The connections between each MS are

presented as lines with finite capacity. The capacity of all interconnectors is optimised in all cases

5D. Pudjiant o, M. Castro, G. Strbac, and E. Gaxi ol a, ATransmissi
Future European Low-Car bon El ectricity Systemo, PrBumpeanEferghMarkett er nati onal
Conference, Stockholm, 27-31 May 2013.

13
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8 s P

to ensure that sufficient capacity is provided to ensure both operational and investment efficiency

of the system.

Demand and generation backgrounds for each MS were based on various resources. Data for
2020 are based on the ENTSO-E Ten Years Network Development Plan 2016, market modelling
data for 2020. Data for 2030 are based on the same source, Vision 3 2030 scenario. Data for
2040, and 2050 are obtained by extrapolating the data for 2030 to 2050 data based on the e-

Storage project’.

Code Country
AL Albania
AT Austria

Bosnia and
BA Herzegovina
BE Belgium
BG Bulgaria
CH Switzerland
cY Cyprus
cz Czech Republic
DE Germany
DK Denmark
EE Estonia
ES Spain
Fl Finland
FR France
UK UK
GR Greece
HR Croatia
HU Hungary
IE Ireland
T Italy
LT Lithuania
LU Luxembourg
Lv Latvia
ME Montenegro
MK Macedonia
NI Northern Ireland
NL Netherlands
| NO Norway
PL Poland
PT Portugal
RO Romania
RS Serbia
SE Sweden
Sl Slovenia
5K Slovakia

Figure 5. European grid model

Figure 6 shows the total Europe portfolio of generation systems used in the study for different
year snapshots from 2020 to 2050. The use of different generation backgrounds, and also
demand, broadens the spectrum of the analysis as the impact of micro-CHP on different

generation system characteristics can be investigated and studied.

For the 2020 and 2030 scenario, the share of conventional thermal generators such as gas and
the coal-fired plant is still relatively large although the installed capacity of wind farms and solar
PV continues to increase. By 2040, the share of coal and conventional gas-fired power plants
decreases significantly; at a certain extent, those capacities are substituted by gas CCS and the
peaking plant OCGT. The capacity of renewables continues to increase till 2050 as the

renewables are expected to supply 75% of electricity demand by 2050.

7 http://www.estorage-project.eu/
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Figure 6. Generation background

3.3 Market projections

H OCGT
Storage
W Hydro reservoir
= Hydro ROR
1 Geothermal
B Biomass
PV
B Wind
B Nuclear
Gas CCS
B Coal CCS
W Gas Conventional

| Coal conventional

Market projections of the micro-CHP uptake in Europe for different policy scenarios are obtained

from the task enefield project task 5.1 carried out by Element Energy. Data include the market

projection for single and multi-family homes with the generic micro-CHP capacity of 0.7 kW and

5 kW per building respectively. Based on that study, the total installed power capacity of micro-

CHP in Europe between 2015 and 2050 for different policy scenarios can be derived, as shown

in Figure 7.

Installed power capacity (GW)

60

2015
2016

2017

2018
2019
2020
2021

2022
2023
2024

2025
2026

2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050

—o—No incentives
——FC CHP cap
——FiT Low
—==FiT High
——RHI Low
=&—-RHI High
———FiT & RH

(ASHP)

——FIT, RHI(ASHP)
& FC cap

Figure 7. Market projection of micro-CHP for various incentive schemes
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Description of the policy scenarios can be found in the enefieldr epor t D5. 1 amdnt i tl e
Mar ket Projectiono, p r o 8asedeod thid markd Iprejecton,tt h En dirN@y .
incentivedbnscembhihati on with tyklds the lowestauptpke df pot ent i
mMCHP; nevertheless, the capacity of micro-CHP still increases and reaches around 9 GW by

2050. The uptake of micro-CHP based on the fANo incentived scenar.

minimum micro-CHP uptake trajectory between 2015 and 2050.

On the other hand, the maximum uptake trajectory is determined by the combination of the i R H |

Hi gho apnodl ificdyi stri buted systemsodo scenario. This scena
the installed capacity of micro-CHP which will reach around 10 GW in 2020 and 31 GW in 20308.

Beyond 2030, the projection also shows a continuous promising uptake of micro-CHP and the

capacity is projected to reach around 52 GW by 2050.

The approach and analysis on how different incentive policies have been modelled and affect the

uptake of micro-CHP in Europe can be found in the report made by Element Energy?®.

Using both the low (minimum) and high (maximum) uptake scenarios of micro-CHP across
Europe, the study aims to capture the range of implication for integrating micro-CHP in the
European system. Based on the selected two uptake scenarios, i.e. the low and high scenarios,
the installed capacities of micro-CHP for each MS in the year 2020, 2030, 2040, and 2050 are
determined. The projected installed capacities of micro-CHP across Europe used in the studies

are shown in Figure 8.

7

o

w

= 2020
= 2030
2040

2050
. _IJ il . | _ o dl - .

AL AT BA BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE T LT LU LV ME MK NI NL NO PL PT RO RS SE Sl SK

w

Installed Power Capacity (GW)
~ IS

-

o

14
12

10

8 w2020
= 2030

2040
W 2050

Installed Power Capacity (GW)

m_ il Al JI ‘IJ JI,.]I_. o ]l I B

AL AT BA BE BG CH CY CZ DE DK EE ES F FR GB GR HR HU E IT LT W LV ME MK NI NL NO PL PT RO RS SE SI 5K

Figure 8. Low and high uptake scenario of micro CHP installed capacity across Europe

8 By 2020, it is projected that there will be around 10 million units (both large and small) and by 2030, 30 million units

installed.
°|L.Walker and S.vanLimpt , 6 Cost and mar ket projectiondo, a report by EIl ement
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It is observed that in the low uptake scenario, the majority of the micro-CHP capacity is installed
in Germany while some visible capacities can be found in Spain (ES), Great Britain (GB) and Italy
(IT). In the high uptake scenario, the installed capacity of micro-CHP in Germany is still the highest
in Europe, but more visible capacities of micro-CHP can be observed in Austria (AT), Belgium
(BE), Czech (CZ), Spain (ES), France (FR), Great Britain (GB), Hungary (HU), Ireland (IE), Italy
(IT), Netherlands (NL), Poland (PL), Portugal (PT), Romania (RO), and Slovakia (SK).

3.4 Heat production profile of mCHP

Data obtained from the field trials are used to determine the average hourly profile of the heat
production output of the micro-CHP for one year. The data we obtained from ene.field WP 2 were
from the 1st October 2014 until the end of March 2016; the data are shown in Figure 9. It is
observed that the data obtained during the period between Oct 2014 and April 2015 were
relatively unstable due to the low number of samples and monitoring issues. Smoother and more
stable data were obtained after 15t April 2015 as the number of samples increased, and the data
acquisition and monitoring processes had been improved. Thus, only data after the 15t April 2015
are used in this study.

6

5

Heat output (kWh)

Data were obtained from a larger number of
appliances and therefore the profile is smoother.

Figure 9. Heat output produced by micro-CHP in the trial
The profile shows a strong seasonal pattern of the micro-CHP where the utilisation during summer

period is significantly lower than the utilisation during other seasons. There are also volatilities in

daily and hourly profiles, which are reduced where thermal storage is used.

It is important to note that the studies in this report only consider the heat demand which is
supplied by the micro-CHP in the micro-CHP scenario. There are other heat demands which are

supplied by other means of heating (gas boiler, heat pumps, resistive heating, etc.) but as they

17
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will be the same in the two systems (i.e. with and without micro-CHP) and therefore, they have

no impact, they are excluded from the studies.

3.5 Overview of the Whole-electricity System Investment Model

WeSIM is a comprehensive electricity system analysis model that simultaneously balances long-
term investment decisions against short-term operation decisions, across generation, and
transmission systems, in an integrated fashion. When considering the development of future low-
carbon electricity systems, including the application of micro-CHP, it is important to consider two

key aspects electricity system operation as illustrated in Figure 10 below.

91 Different time horizons of investment when considering infrastructure behaviour
and operational behaviour : there is a long-term investment-related time horizon for
optimising capacity margins to meet security of supply requirements, and a real-time
demand-supply balancing on a second-by-second scale (Figure 10); Meeting the
requirements for both time horizons is important as, for example, micro-CHP can impact

both system investment and operation cost (and carbon) performance simultaneously.

1 The interaction of different assets and their location in the electricity system:
generation assets (from large-scale to distributed small-scale), and transmission network
(national and interconnections have an impact on system operation. This is important as
alternative technologies may be located at different locations in the system and in

different capacities.

Generation, Longterm Day-ahead
Transmission & Generation Generation, System
Distribution and Storage Storage & DSR Balancing
Planning Scheduling Scheduling

Years before Months to days Onedaytoone  actual delivery: physical
delivery before delivery hour before generation &
delivery consumption
N J \
Y Y
Adequacy Arbitrage Reserve & Response

Figure 10. Balancing electricity supply and demand across different time horizons

In this context, WeSIM is a holistic model that enables optimal decisions for investing into
generation, network and/or storage capacity (both in terms of volume and location), in order to
satisfy the real-time supply-demand balance (including the impact of inertia effects) in an
economically optimal way, while at the same time ensuring efficient levels of security of supply.
A key feature of WeSIM is in its capability to simultaneously consider system operation decisions
and infrastructure additions to the system, with the ability to quantify trade-offs of using alternative
technologies, for real-time balancing and transmission network and/or generation reinforcement

management.
18
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The key input data for WeSIM are:

- Generation data which include the capacity, operational cost, production profile and
technical characteristics of different generation technologies such as conventional coal
and gas-fired power generation, coal/gas CCS, nuclear, wind, solar PV, Concentrated
Solar Power, various hydro technologies, geothermal, biomass, micro-CHP (based on
the high and low scenarios), and peaking plant such as oil or gas-fired Open Cycle Gas
Turbine (OCGT). In this study, the capacity of each generation technology including
micro-CHP is given except the capacity of OCGT which is optimised by the model to

ensure the supply reliability.

- Electricity demand and heat demand data. The latter only comprises the heat demand
which is supplied by the micro-CHP in the micro-CHP scenario. The heat demand is
obtained from the derived data submitted by WP2. Demand flexibilities can also be
modelled in this tool allowing flexible demand to be time-shifted for peak-load reduction
or energy arbitrage and to provide balancing services such as frequency regulation and

reserve services.

- Network data that include the topology and capacity of interconnectors and the cost of
reinforcing the capacity. The capacity is optimised to ensure that merit generators are not
constrained sub-optimally.

Based on those data, WeSIM determines the optimal investment in generation peaking, heat
pump, and network capacity and the optimal allocation of resources across the system in order
to minimise the overall investment and operational costs. Figure 11 illustrates the input and output
data flows from WeSIM.
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nvestment decisions:
- Generation, and network capacities;

Operating decisions (further assessed in system balancing

model):
- Overall system operation cost;
- Generation dispatch including RES and storage
- Demand response
- Power flows.

Figure 11. Overview of the WeSIM tool

The key output data of WeSIM that are used in the study are the following:

Generation capacity and the associated capital costs;

Capacity of heat pump and the associated capital costs;

Network capacity and the associated capital costs;

Electricity production from different technologies and the operation costs;

Carbon emissions.

3.6 Assumptions

There are a number of assumptions used in the study as listed below.

micro-CHP can be dispatched when its capacity is needed by the system for example as

a peaking/backup capacity when there is shortage in the system capacity;

The cost of natural gas used by micro-CHP is the same as the cost of gas used in the
CCGT;

micro-CHPi s al so exposed to the same car bscak

generators; the impact of the carbon prices is also a function of the level of emissions.
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