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1

Introduction

The SmILES project aims at improving the knowledge on the integration of electrical and thermal storages
in local multi-energy systems. Transfers between energy carriers are expected to lead to a higher flexibility
and a better management of the energy infrastructures as a whole. To verify this, suitable study cases will
be analyzed (WP5) based on cross-simulations using different methodologies available at the partner
institutes. The overall procedure applied (described in D.3.1) is based on a consistent set of definitions and
a logical distinction between System Configurations (SC), Use Cases (UC), Societal contexts and Test
objectives, which all together, fuel the test cases and studies.
Information exchange between partners is facilitated by the development of templates which lay out a
common structure for formatted information and data. WP2 focuses on the development of a reference
description template describing the static components of the study cases on local hybrid energy systems
(aka. the System Configurations). WP3 tackles the gathering of the dynamic elements. The objective for
WP2 is twofold:
 to assure an adequate and detailed description of local multi-energy system configurations
 to list the necessary data to be collected for their simulation
The reference description form will be made public to support end-use dissemination, increased
collaboration and further cross-simulations between stakeholders involved in the field.
This document (Deliverable 2.2) describes the procedure for the selection of the System Configurations
from the candidate SCs provided by the partners to the final group of SCs which will be evaluated in the
SmILES project. The procedure involves the use of a list of qualitative evaluation criteria, detailed
discussions and analysis, which led to the selection, discard or modification of the proposed SCs.
The final set of SCs is described in this document, using a simplified version of the reference description
form.
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2

Approach

System configurations to be evaluated in WP5 are selected based on their potential to provide a good
environment for the representation of best practices for storage integration, and on the possibility of
replication and implementation in a European context for areas of interest (urban quarters, industrial
environment, research labs, office buildings and rural areas).

2.1 Terminology
The testing procedure for cross-simulations of the SmILES cases is described in D.3.1. It involves the
characterization of:
- the System Configuration (static components)
- the Use Case (dynamic behaviour of the components)
- the Societal Context, reflecting on the Social, Technological, Environmental, Economic and Political
contexts (STEEP)
Figure 1 and Figure 2 depict the positioning of the three elements in relation to each other in a study and
the flow chart for the testing procedure, respectively.

Figure 1 : Basic terminology exemplified by the example of a room as system configuration

Figure 2: Flow chart of the testing procedure

2.2 Selection procedure
Candidate System Configurations were collected from the partners and briefly described using the
templates shown in Appendix A and B. During the first year of the SmILES project, multiple discussions
took place between partners in the light of a literature review process on current Research and Innovation
challenges in the field (D.2.1), preliminary information gathered on the methodologies (WP4) and use cases
of interest (WP3) of each partner. To some extend, the latter were clustered into five joint use cases,
identified in D.3.1:
Long-term thermal storage: Integration of sensible heat storage on long-term time scales (week,
month, seasonal) in local multi-energy systems.
The coupling of long-term thermal storage in multi-energy infrastructures is envisioned to enlarge
the scope for flexible energy management, by enriching the temporal dimension for the transfers
4
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between energy carriers. The objective is to maximize the harvesting and use of local renewable
and waste resources.
Electrical Vehicles: Analysing electrical grid services from mobile and non‐dedicated
electrochemical storage units and their potential role in multi-energy networks.
This use case concerns the coordination of operations between portfolios of electrical vehicles
connected to vehicle-to-grid (V2G) capable charging equipment and an electrical power distribution
system with regards to the provision of a voltage regulation service to the electrical network. The
objective is to minimize the difference between the committed service profile and the delivered
service.
Heat for Electricity: Electrical grid services provided by using flexibility in heat demand.
The utilization of power-to-heat (P2H) and combined heat and power (CHP) appliances in
combination with thermal storages has a high potential in transferring flexibility from the thermal
domain to electrical networks where it is highly needed. Grid-friendly control of these units on an
operational level is of main interest for this joint use case.
Electricity Peak Shaving with Stationary Storage: Demand peak shaving using stationary
electrochemical storage units integrated in multi‐energy networks.
Electrical load profiles are usually divided in base load and peak load demand. Peak power
consumption contributes significantly to higher capacity installed on the infratructures and higher
costs paid by the end-users. The integration of highly volatile energy productions such as solar and
wind increases this phenomenon. The installation of electrochemical storage units can be used to
flatten the peaks and store the excess of available energy.
Consumer Interaction: Integrating user input into the control/operation process
This involves a better classification of the nature of consumer interaction in the variety of possible
multi-energy and storage applications (incl. automated, semi-automated, non-automated
behaviours). Once it becomes clearer how the user behaves ‘in the loop’ it could be possible to
design alternative simulation experiments (‘test cases’) in which users act differently to the
reference behaviour implicitly assumed in the base case. This may lead to better insights in the
implications of alternative user behaviours, thus testing the robustness of storage and multi-energy
applications to unexpected and ‘non-optimal’ user behaviours.
In order to have a critical reflection on each system configuration, assessments were based on a set of
qualitative selection criteria:


Coverage of the SmILES core topics: multi-energy and storage



Practical issues such as data availability and Intellectual Property (IP) concerns



Potential for hosting alternative use cases.
Each system configuration is implicitely linked to the use case of primary interest from the
corresponding partner. For the purpose of further dissemination to external stakeholders, the
potential to overcome the original SC-UC bond was of major importance. For the selection process,
the potential was discussed based on the five joint use cases.



Innovative character of SC-UC combinations, discussed in the light of the main Research and
Innovation challenges described in the literature review of D.2.1.



Replication potential over other STEEP contexts
For further dissemination over other STEEP contexts, the potential replication barrier from the SC’s
specificities was assessed. The discussion focuses on clear physical limitations, which restricts the
the use of a SC to certain environments.

Based on the five qualitative selection criteria described above, the original group of System Configurations
was modified. With either a direct selection, modification or discard for each SC, a final set of six SCs was
defined.
This report describes the final six SCs with their corresponding STEEP context. Five of them describe local
configurations and one refers to a national scale. The latter reflects on the upscaling activity of WP5, which
5
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aims at determining and enhancing the scalability and replicability of smart storage solutions identified with
the cross-simulations on local configurations.
A summary of the discussions based on the five qualitative selection criteria is detailed for each SC. A brief
discussion concludes with the potential of good representation for the final set of SCs for the SmILES
project.
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3

Set of Selected System Configurations

This section gives a summary of the context and static components that compose the selected system
configurations for the SmILES project.

3.1 Collectopia (EDF)
By Thuy-An Nguyen
The system configuration “Collectopia“ is based on a real study conducted by EDF’s partner AEE (Atelier
d’Etudes Environnementales). For its use in the SmILES project, the location and numerical figures will be
modified in the simulations (see Section 4.1.2). The concept described in the following paragraphs
describes the implementation in a city in the North of France. All numerical data are given with a range.

3.1.1 Context description
A. General description
The Northern department of France (Figure 3) hosts multiple
rural municipalities with 5 000 to 15 000 inhabitants over
5700 km². The topographic structure of the area presents
broad plateaux, fitted to support the local agricultural
economy. 79.7 % of the employment belongs to the tertiary
sector (INSEE 2013).
The district under study covers 5-15 hectares, to be
refurbished (former use for orchards, industrial areas etc.).

Figure 3 : Northern department (France)

B. Social aspects
B.1. Users
About 400-2000 households (single to multi-family houses).
Small businesses and tertiary buildings are also considered for the urban mix of the district (municipal
pool, schools, working spaces, central kitchen etc.).

B.2. Socio-demographics1
The project for the redevelopment of the district aims at supporting a higher social and intergenerational
mix. The Northern department is the most populated in France (2.6 millions of inhabitants) with an
average annual evolution rate of 0.2 % (between 2008 and 2013). The fluctuation is due to the natural
balance (0.6 %) rather than the migratory balance (-0.4 %). The social situation is difficult due to a high
rate of unemployment (12.9 % in 2015) and a standard of living lower than the French average.
The department is attractive to the youth (15-24 year old), persons who leave the region rather belong
to the 25-39 year-old category. The demographic pyramid is depicted in Figure 4.

1

Source : INSEE statistics 22/12/2016, www.insee.fr/fr/statistiques/2538231
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Figure 4 : Demographic pyramid of the Northern department of France compared to the Northern region (INSEE 2013)

B.3. Dominant views and attitudes towards smart energy technology
Not monitored.
B.4. Other
There is a will to create a “cooperative society for collective interests” to involve the inhabitants of the
district in energy management.

C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
• The electricity mix of France if quite unusual in Europe with about 78% of nuclear energy (Figure 5).

Figure 5: Electricity mix of European countries (ENTSO-E 2014)

• Renewable electricity is generated mainly from hydro and wind, with smaller contributions from PV
and waste.
• The share of renewable energy covers 14.3% of final energy use (EUROSTAT 2014).
• A nuclear phase out is currently politically debated.
• Heating networks are not predominant but their development is encouraged (Figure 6).
8

SmILES – 730936
D2.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

Figure 6 : District heating systems in Europe in 2011. Systems have been identified in 2779 cities and towns having more than
5000 inhabitants. Further 1395 district heating systems have been found in smaller towns and villages mostly in Denmark,
Sweden, Switzerland, Austria, the Czech Republic and the Slovak Republic. According to national statistics, further about 1500
systems are in operation. Source : The European DHC database at Halmstad University (Urban Persson)

C.2. Other

D. Environmental aspects
D.1. Local availability of energy sources
The geothermal potential has been validated for the thermal storage in the aquifer.
D.2. Climate conditions
Climate conditions are according to the temperate western European climate.
D.3. Other

E. Economic aspects
E.1. Market players
There are several players active on the “unbundled” and liberalised energy market in France:
• Various electricity producers and energy retailers. EDF occupies a dominant position (historical national
electricity provider, market opening since the 2000s).
• The transmission grid operators RTE (for electricity) and GRTgaz / TIGF (for gas).
• The distribution grid operators Enedis (for electricity).
• The regulator (CRE) that monitors and regulates the energy market.
• EPEX SPOT market.
• The Access (or ‘Balance’) Responsible Parties allocated to each grid access point.
Also new players are entering the market - aggregators, energy consulting companies, central
purchasing bodies - responding to the opportunities of the opened market.

9
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E.2. Energy tariffs (electricity, gas, heat)
There is still a regulated electricity price for residential households (average at 15 c€/kWh with the
possibility to have a day/night tariff) only proposed by EDF. The price is quite uniformly distributed: 1/3
for the energy cost, 1/3 for the transmission and distribution costs, 1/3 for taxes (in particular, the CSPE
tax to support the development of renewable energy and the equal access to electricity).
Other players offer different contracts at other prices (from the market or for bilateral contracts).
The electricity prices for industrial customers are not regulated.
Same situation for gas (with ENGIE being the historical national gas provider): costs range between 5
and 9 c€/kWh.
E.3. Market regulation and metering
• The smart meter roll-out has been recently set in motion by the distribution operator ENEDIS.
• The injection of PV electricity is remunerated with a feed-in tariff. An alternative remuneration is possible
with a “complementary remuneration” after selling the electricity on the market.
• Same remuneration structure applies for wind and cogeneration: usually “feed-in tariff” for small-scale
infrastructure and “complementary remuneration” for larger scale.
• Multiplication of tender processes to support self-consumption initiatives.

E.4. Other

F. Political aspects
F.1. Main policy vision
France, like most EU countries, is committed to achieving the 2020 and 2030 EU energy targets. The
“LTECV” (energy transition law for green growth) of August 2015 set targets:
• 75% reduction of greenhouse gases by 2050 (ref 1990)
• 50% reduction in final energy use by 2050 (ref 2012)
• 32% share of renewable in final energy use by 2030
• Reduction of nuclear energy in the electricity mix to 50% by 2025
• Aid schemes against energy precariousness
The French 2012 Thermal Regulation sets the limit for primary energy consumption of new buildings to
50 kWh/m²a. The “Collectopia” concept aims for a 20% reduction of the energy consumption compared
to that threshold.

F.2. Incentives for renewable energy and storage
See market regulation category
F.3. Regulation free zones

F.4. Other

10
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3.1.2 Static components
A. General description
In a city of the North of France, the construction of an eco-district aims at promoting the solutions for
sustainable and environmental-friendly cities. The system configuration described here is derived from a
project proposed for the eco-district (Figure 7). The aim is to implement an autonomous heating system,
relying on the diversity of the local heating consumption and production units.

Figure 7: schematic of the concept of the „Collectopia“ system configuration

B. General characteristics
(Eg. District surface, specific localization etc.)
District surface: 5-15 ha

C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)
The district is in refurbishment, thus including a mix of new buildings, and buildings to be retrofitted.
• The district will be composed of residential buildings for single and multi-family households. A major
investment is foreseen for the building envelopes (continuous external insulation). The threshold for air
tightness is 0.6 vol/h (for 50 Pa). The thermal transmission values for windows should be below
0.8W/m²K for the Northern façade and 1.1 W/m²K for the others.
• Buildings for a tertiary usage are foreseen, including: municipal pool, co-working spaces, schools,
central kitchen
• A local greenhouse enables the growth for urban market gardening.

D. Electrical layout
D.1.1. Production
N/A (though see « Thermal layout » category for a CHP plant)
D.1. Centralized

D.2.
Network

D.1.2. Storage
N/A
Low-voltage grid
D.3.1. Production
10-80 % coverage of the roof surfaces of buildings with PV panels or PV/T panels

D.3.
Decentralized

D.3.2. Storage
N/A
D.3.3. Consumption
TBD
11
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E. Thermal layout
E.1.1. Production
• Methanization plant, fuelled with local waste (from the greenhouse, the central
kitchen, the urban waste products etc.)
• Combined heat and power (CHP) plant fueled with biogas from the methanization
E.1. Centralized plant
E.1.2. Storage
Underground aquifer
Low-temperature district heating network
E.2.
Network
E.3.1. Production
• Electrical heat pumps enable the transfer of thermal energy between the lowtemperature district heating network and the heating systems in all buildings (for
space heating and domestic hot water). Coefficient of Performance (COP) > 4
• Local waste heat recovery from air handling units (air/water heat exchangers)
• Local waste heat recovery from grey water (water/water heat exchangers)
• 10-80 % coverage of the roof surfaces of buildings with PV/T panels or solar
collectors
E.3.
Decentralized

E.3.2. Storage
• DHW buffers
• Thermo-active foundations

E.3.3. Consumption
• Low-temperature for radiant space heating
• Domestic hot water

12

SmILES – 730936
D2.2
Smart Integration of Energy Storages in Local Multi Energy Systems for Maximising the Share of Renewables in Europe’s Energy Mix

3.2 Smartdorf (AIT)
By Benedikt Pesendorfer

3.2.1 Context description
A. General description
Smartdorf is a fictional village or part of a small town with a structure typical for the rural area of Austria.
B. Social aspects
B.1. Users
A small number (<100) of households (single to multi-family houses), businesses and workshops are
considered.
B.2. Socio-demographics
The socio-economic profile of the village “Smartdorf” is typical for rural areas of Austria. Is is quite
homogeneous regarding culture and has a traditionally low unemployment rate. Many inhabitants of
Smartdorf are commuting to their place of employment.
B.3. Dominant views and attitudes towards smart energy technology
People are considered to have a positive attitude towards intelligent energy technologies.
B.4. Other
N/A
C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
 The energy mix in Austria is currently characterized by high shares of petroleum products, biomass,
hydro-electric power and gas.


The share of renewable energy is around 42% of the final energy use.



The share of renewable electricity in final electrical energy consumption is over 90% mainly due to
the usage of hydro-electric power and biomass with minor contributions from wind and photovoltaic.



The share of renewable energy in district heating networks is around 50%.

C.2. Other
N/A
D. Environmental aspects
D.1. Local availability of energy sources
 High availability of biomass


High (and already significantly exploited) potential of hydropower



High wind power potential



High solar power potential



Regionally dependent potential for geothermal energy

D.2. Climate conditions
Climate is typical for Central Europe with its moderately warm summers and cold winters.
D.3. Other
N/A
13
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E. Economic aspects
E.1. Market players
There are several active players on the liberalised electricity market in Salzburg and Austria, each with
different roles and responsibilities. The main ones are:
 The transmission grid operators APG (for electricity) and Gas Connect (for gas)
 Multiple different distribution grid operators
 The Austrian regulator E-Control who monitors and regulates the energy market
 Various electricity producers and energy retailers
E.2. Energy tariffs (electricity, gas, heat)
Austria has static electricity rates where real energy costs, distribution costs and taxes have a nearly
equal share. Average rates are around 0.22 €/kWh for electricity and 0.07 €/kWh for gas.
E.3. Market regulation and metering
 The injection of electricity from wind or PV is remunerated with a feed-in tariff.



Current market regulations do not allow the remuneration of flexible energy use (e.g. via dynamic
pricing).

E.4. Other
N/A

F. Political aspects
F.1. Main policy vision
Austria is committed to achieving the climate and Energy Policy 20/20/20 targets. The strategy2 to reach
these targets is based on improving energy efficiency, renewable energy generation (focusing on hydro
power, wind power, biomass and photovoltaic) and security of supply (e.g., through district heating and
cooling, smart grids, diversification of supply etc.).
F.2. Incentives for renewable energy and storage
Numerous incentives for the promotion of renewable energy and energy efficiency for private households
exist. The most relevant for this project are incentive schemes for battery storages for photovoltaic, for
photovoltaic systems3, for heat pumps and also for electric vehicles4.
F.3. Regulation free zones
N/A
F.4. Other
Regulations do not allow for services provided to the DSO (distribution system operator) by third parties,
such as storage-based voltage regulation. However, this might change in the future.

2

https://www.bmwfw.gv.at/EnergieUndBergbau/EnergiestrategieUndEnergiepolitik/Seiten/Energiestrategie.aspx
https://www.umweltfoerderung.at/privatpersonen/photovoltaik-2017/navigator/strom-2/photovoltaik-2017.html
4 https://www.umweltfoerderung.at/privatpersonen/foerderungsaktion-e-mobilitaet-fuer-private/navigator/fahrzeuge1/foerderungsaktion-e-mobilitaet-fuer-private.html
3
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3.2.3 Static components
A. General description
Smartdorf is a fictional village or part of a small town
with a structure typical for the rural area of Austria. It
hosts a small number of residential homes, offices and
workshops. A schematic of the system configuration is
presented in Figure 8.

Figure 8: schematic of the concept of the „Smartdorf“ system
configuration

B. General characteristics
(Eg. District surface, specific localization etc.)
District surface: ~5-10 ha
C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)
Smartdorf is composed of
 A small number of single- and multi-family houses with construction years ranging from 19702010
 Few commercial buildings and workshops (e.g., schools, shops, post office etc.) with
construction years ranging from 1980-2000
D. Electrical layout
D.1.1. Production
CHP plant
D.1. Centralized

D.2.
Network

D.1.2. Storage
N/A
Low-voltage grid
D.3.1. Production
High share of rooftop PV panels

D.3.
Decentralized

D.3.2. Storage
N/A
D.3.3. Consumption
Realistic load profiles are used.

15
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E. Thermal layout
E.1.1. Production
CHP plant

E.1. Centralized

E.1.2. Storage
Medium sized thermal storages

District heating network (supply temperature depending on outside temperature)
E.2.
Network
E.3.1. Production
Heat pumps

E.3.
Decentralized

E.3.2. Storage
Medium sized thermal storages

E.3.3. Consumption
Synthetic load profiles for domestic hot water and space heating demand
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3.3 FlexOffice (KIT‐IAI)
By Alexander Engelmann, Dominique Sauer

3.3.1 Context description
A. General description
Campus North (KIT-CN) of Karlsruhe Institute of Technology (KIT) is an industrial-like area consisting of
office buildings, semi-industrial facilities and research laboratories. Specifically, the campus consists of
175 office buildings, covers an area of 2 km² and hosts around 3700 employees (Figure 9).
The campus is equipped with its own electrical distribution grid, a district heating system and more
specialized infrastructure like district cooling. In context of lowering the campus CO2 emissions, a solar
power plant and combined heat and power plants are installed. As the heating system of the buildings
take a major share in the campus’ primary energy consumption, it is important to operate these buildings
energy-optimally. A related challenge arising with increasing volatile renewable feed-in concerns grid
operation of the electricity and district heating systems. Here, large fluctuations can be an issue in daily
operation. Hence, operating buildings in a low-emission way and at the same time ensuring a behavior
which is advantageaous for the grid is a major challenge for the operation of the campus infrastructure.

Figure 9: KIT Campus North (right); relative positions of Campus North and Karlsruhe (Campus South) (left).

B. Social aspects
B.1. Users
During daytime, employees and students work in the university facilities. Optimal operation of the
buildings could result in operating the buildings at very low or high temperatures depending on the current
renewables’ feed-in. In this context, the aim to be energy optimal can conflict with the employees’ wishes
to work in temperature ranges where they feel comfortable.
B.2. Socio-demographics
N/A
B.3. Dominant views and attitudes towards smart energy technology
As employees and students in the buildings 445 and 449 mostly work in energy-related topics, they are
usually aware of the importance of new technologies to help reducing CO2 emissions. However, the
degree of willingness to accept comfort losses for environmental important goals varies.
B.4. Other
N/A
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C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
 High shares of fossil energy sources, namely coal, gas and oil, and a small but growing share
of renewables currently characterize the German energy mix.
 The share of renewable energy is about 6% of the final energy use, or 13% of electricity use,
5% of heating and cooling usage, and 4% of transport usage.
 Renewable electricity is generated mainly from biomass, solar panels, and wind with minor
contributions from biogas and waste.
 A nuclear phase out is planned by 2025.
 Heating networks only exist at small scales.
C.2. Other
N/A

D. Environmental aspects
D.1. Local availability of energy sources
 The potential of geothermal plants in the area of Karlsruhe (especially Landau) is currently
being assessed. There is indication of high potential for such plants.
 Local wind production (on site) does not seem to be economically feasible. Various wind
turbines are located in the region (close to the Rhine and the surrounding highlands)
 Local solar production (1 MW peak power) is installed on campus.
D.2. Climate conditions
Climate conditions correspond to the temperate western European climate.
Building 445 is equipped with a weather station gathering the following data:
 Temperature
 Wind speed and direction
 Rain intensity
D.3. Other
N/A

E. Economic aspects
E.1. Market players
N/A
E.2. Energy tariffs (electricity, gas, heat)
Average rates are around 0.18 EUR/kWh for electricity.
E.3. Market regulation and metering
The operation of the electricity grid has to comply with the grid code of the local distribution system
operator. Aggregated thermal and electrical energy consumption of buildings are metered and
collected in a centralized database called ENerGO+ (Figure 10).
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Figure 10 : KIT ENerGO+ portal for metering.

E.4. Other
N/A

F. Political aspects
F.1. Main policy vision
German policy aims for a larger share of renewable energies. Shutting down large centralized plants
(nuclear power until 2022) will lead to challenges in operation of the electrical grid due to higher
fluctuations. Therefore, highly flexible prosumers/consumers are needed to foster grid stability. The
German government currently increases its efforts in research and development to encourage
technology-driven solutions in the field of flexible pro-/consumers.
F.2. Incentives for renewable energy and storage
Decarbonisation of energy supply, investigation whether building control can support grid stability and
provide ancillary services.
F.3. Regulation free zones
N/A
F.4. Other
N/A
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3.3.2 Static components
A. General description
Building 449 (left) and 445 (right) are office buildings located at KIT-CN. Building 449 is a new building
(2011) whereas building 445 is comparatively old (1973).

Figure 11: Office buildings 449 (left) and 445 (right) at campus North.

B. General characteristics
(E.g. District surface, specific localization etc.)
The two buildings are located in the south-eastern part of the Campus North. The geographical
coordinates are : (N 49°5’43.9872’’, E 8°26’1.2451’’)
Currently, approx. 150 people are working in both buildings.
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C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)

Figure 12: Location of 445 and 449 on Campus
North

445

449

Construction year

1973

2011

Footprint

800 m²

1200 m²

Floors

4

3

Orientation

Cuboid, longitudinal axis 13°
(from north)

L-shaped, parallel to 445,
main axis -77° (from north)

Roof inclination

0° (flat roof)

0° (flat roof)
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D. Electrical layout
D.1.1. Production
N/A

D.1. Centralized

D.1.2. Storage
N/A yet, to be installed in the near future.

Low-voltage grid
D.2.
Network
D.3.1. Production
N/A

D.3.2. Storage
N/A

D.3.
Decentralized

D.3.3. Consumption
Standard office load profiles. Main Consumers are
 Personal Computers, IT Infrastructure
 Lighting
 Heat Pump
 Water pumps
Aggregated load profiles for electricity for building 449 and 445 are logged. A logging
of the electrical sub-distribution is in planning. Individual consumption of devices is
not covered.

E. Thermal layout
E.1.1. Production
The thermal energy consumption of the following devices related to the
heating/cooling system is measured:

E.1. Centralized






Heat pump
District heating feed-in
Concrete core activation system
Active cooling system

The building is equipped with a combination of a heat pump and district heating
system. Some of the rooms have an active air conditioning. The active cooling system
of 449 is supported by a concrete core activation system. This system is able to cool
down the building in summer and heat the building in winter.
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Figure 13: Overview of heat production and consumption

E.1.2. Storage
The heating system is equipped with a 1000l water buffer. Furthermore, the heat
storage capabilities of the buildings are considered in the system configuration.

E.2.
Network

The local district heating grid is currently modernized from a 2nd generation grid to a
low temperature district heating grid. 445 and 449 are already equipped with new heat
exchangers.
E.3.1. Production
N/A

E.3.2. Storage
N/A
E.3.
Decentralized
E.3.3. Consumption
Main thermal consumers in the office buildings are
 Concrete core activation for space heating and cooling
 Radiators for space heating
 Ventilation unit for seminar rooms (space heating and cooling)
 Ventilation unit for studio (space heating)
 Air conditioning for servers
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3.4 Smart Electronic Production Plant (KIT IPE)
By Thomas Blank, Zhichao Wu

3.4.1 Context description
A. General description
See section 3.3.1.A - Campus North (KIT-CN) of Karlsruhe Institute of Technology (KIT)

B. Social aspects
B.1. Users
The requirements of the electronic production determine the environmental conditions inside the
production site. Clean room and grey room atmosphere with a relative humidity (RH) between 35-65%
as well as a stable temperature of 23 °C (+/- 1 °C) are required, respectively. The employees and
students work during daytimes and feel comfortable in the production rooms.
B.2. Socio-demographics
N/A
B.3. Dominant views and attitudes towards smart energy technology
The employees and students have a very positive attitude towards renewable energy. However, energyrelated costs or green production processes are not taken into consideration in their primary
perspectives.
B.4. Other
N/A

C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
See section 3.3.1.C.1
C.2. Other
N/A

D. Environmental aspects
D.1. Local availability of energy sources
 The feasibility of geothermal plants in the area of Karlsruhe (especially Landau) is currently being
assessed, with an indication for a high potential for such plants. Local wind production (on site)
does not seem to be feasible from an economic point of view. Several wind turbines are located
in the region (close to the Rhine and the surrounding highlands)
 Local solar production (1 MW peak power) is installed on campus.
D.2. Climate conditions
Climate conditions correspond to the temperate western European climate.
The production site B230 has access to the local weather-station, operated by KIT’s meteorologists. The
mast is equipped with sensors for radiation, temperature and wind at different heights.
D.3. Other
N/A
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E. Economic aspects
E.1. Market players
N/A
E.2. Energy tariffs (electricity, gas, heat)
Average rate is around 0.18 EUR/kWh for electricity.
E.3. Market regulation and metering
The operation of the electricity grid has to comply with the grid code of the local distribution system
operator. Aggregated data of thermal and electrical energy consumption of the buildings are metered
and collected in a centralized database called ENerGO+.
Additionally, all production machines and the batteries are equipped with smart meters. The data is
logged into an institute internal database system, from which the data is accessible by a web-agent called
ADEI.
E.4. Other
N/A

F. Political aspects
F.1. Main policy vision
German policy aims for a larger share of renewable energy. Shutting down large centralized plants
(nuclear power until 2022) will lead to challenges in operation of the electrical grid due to the higher
fluctuations. Therefore, flexible prosumers/consumers are highly recommended for enhancing grid
stability. The German government currently increases its efforts in research and development to
encourage technology-driven solutions in the field of flexible pro-/consumers.
F.2. Incentives for renewable energy and storage
Decarbonisation of energy supply. Investigations, whether energy oriented production control including
lithium-ion storage can support grid stability and provide ancillary services or not.
F.3. Regulation free zones
N/A
F.4. Other
N/A
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3.4.2 Static components
A. General description
The Smart Electronic Production Plant for electronic systems (building B230) is located at the Campus
North of the Karlsruhe Institute of Technology (KIT). It comprises machinery to assemble printed
electronic boards, to manufacture ceramic substrates for power electronic systems and to build up
electronic systems.

Figure 14: Overview of the packaging lab for electronic systems at KIT-CN

IPE‐AVT
Smart Factory

Climatization

IPE Battery Lab

Clean Room

SMD
Production

RCT
Inverter

CN solar field

CN MWh Battery

IPE Battery
DC Power
Supply

400V

Data Collection
IPE Database

Data Collection
IPE Database

Data Collection
IPE Database

Data Collection
IPE Database

Database CS

Figure 15: Schematic illustration of the Smart Electronic Factory, showing the packaging lab for electronic systems at KITCN

B. General characteristics
(Eg. District surface, specific localization etc.)
Size: 482 m2, 202 m2 Grey room, 150 m2 clean room with ISO class 8, 20 m2 clean room with ISO class
6, 30 m2 chemical lab, 80 m2 service rooms and office area.
In building B230, four people are working permanently. In addition, up to 10 students may be present.

C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)





Construction year: 2002/2003
Construction method: light-construction made of insulated sandwich panels with good
thermal insulation.
Roof inclination: ~ 5°
Orientation: North-South
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D. Electrical layout
D.1.1. Production
Currently not available at B230
D.1. Centralized

D.1.2. Storage
N/A
Low-voltage grid at B230, 3x400V, 400 A

D.2.
Network

Figure 16: Electrical network layout for building B230

D.3.1. Production



Currently no energy production
PV foreseen during the project

Feasibility of µ-CHP needs to be checked and depends on the gas network access,
foreseen during the project

D.3.
Decentralized

Figure 17: Overview of potential for the electricity generation from PV panels on the roof of B230 and
B242

D.3.2. Storage




Lithium-ion storage system BESS1 under construction, storage capacity 15 kWh
Lithium-ion storage system BESS2 under construction, storage capacity 19 kW
Lithium-ion storage system BESS3 under construction, storage capacity 19 kW
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D.3.3. Consumption

Figure 18: Bar chart for monthly electricity consumptiuon of building B230 from 2013-2016

Year
2016
2015
2014
2013

Sum in MWh/a
138
128
122
129

Average electrical energy in kWh/m2/a
286
266
252
266

Figure 19: Table summarizing the annual power consumption of building B230 from the year 2013 on.

Figure 20: Hourly electrical power consumption of building B230

E. Thermal layout
E.1.1. Production

E.1. Centralized

Connection to district heating grid (17 km pipes), including 4 CHPs (not under full
operation)
E.1.2. Storage
N/A
Low-temperature district heating network

E.2.
Network
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Figure 21: The neighboring Building B242 provides heat for B230 via a low temperature district
heating network.

E.3.1. Production
 No heat generation



Decentralized Air Conditioning system, Lennox KNA 17DK
Cooling power 44 kW, electrical power 18.6 kW

Figure 22: 44 kW cooling power,
18kW electrical power

E.3.
Decentralized

Figure 23: Air conditioning system.

E.3.2. Storage
N/A
E.3.3. Consumption

Figure 24: Monthly heat consumption of B230 in the years from 2013-2016.

Year
2016
2015
2014
2013

Sum in MWh
91
83
52
52

Average Heat in kWh/m2/a
189
173
109
109

Figure 25: Table of the annual heat consumption of B230 in the years from 2013-2016
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Figure 26: Heat consumption of B230 on an hourly basis
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3.5 Nordhavn (DTU)
By Oliver Gehrke, Tue Vissing Jensen
Nordhavn is a former industrial harbour area in Copenhagen which is in the process of being transformed
into a new district. Until the year 2050, Nordhavn is planned to have 40.000 residents and 40.000 work
places. The ambition is to use it as a testbed for energy technologies, supporting Copenhagen's goal to
become carbon neutral in 2025.
The entire Nordhavn area consists of Iand reclaimed from the sea in several stages over the last 100 years
as the growing sea trade could not be accommodated in the city center anymore. Following the
deindustrialization of Copenhagen in the late 20th century, a new role for the area had to be found. In 2008,
an international masterplan competition was held with 180 entries submitted. The final winning entry in the
competition was "Nordholmene - Urban delta" by COBE, SLETH and Rambøll. The overall concept is a
division of the area into a number of islets separated by canals and basins. Each of these islets is developed
as an independent local district, supporting long-term development in stages.

Figure 27: Location of the Nordhavn district in Copenhagen
(openstreetmap.org)
Figure 28: "Nordholmene" masterplan (COBE, SLETH,
Rambøll)

As of 2017, construction has progressed far in the first neighborhood of the new district - the Århusgade
quarter.
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Figure 29: Sandkaj waterfront, Århusgade neighborhood (2016)

3.5.1 Context description
A. General description
The entire Nordhavn area covers about 4 km² (400 ha), of which approx. 3.2 km² (320 ha) is land area
(the remaining area is water surface in harbor basins and canals). Århusgadekvarteret, the first
neighborhood with significant and dense development, covers about 0.2 km² (20 ha). It is located centrally
in the urban area of Copenhagen which has about 1.3 million inhabitants (2.0 million in the metropolitan
area).

Figure 30: Århusgadekvarteret (current development) and
entire Nordhavn area (openstreetmap.org)

The economy of Copenhagen is based largely on services and commerce. In 2010, 74% of workers in
Copenhagen were employed in the service sector, especially transport and communications, trade, and
finance, while less than 2% worked in manufacturing. The public sector workforce was about 23%,
including education and healthcare.
The entire Nordhavn area is flat at a height of 2-3 meters above sea level, consistent with its former use
as a commercial port. Nordhavn is a peninsula which has been gradually built into the Øresund strait
over the past 100 years. The peninsula is narrow at its connection to the mainland; all present transport
and energy infrastructure is constrained by this bottleneck.
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B. Social aspects
B.1. Users
The Århusgade quarter is a mixed urban environment, containing large apartment blocks with courtyards,
a number of single-family houses, a large student dormitory, hotels and office buildings as well as retail
shops and gastronomy. The first residents moved into the neighborhood in 2015; as of the time of writing,
the district has an estimated 3,000 residents and several hundred workplaces.
B.2. Socio-demographics5
Copenhagen municipality (610,000 inhabitants) has experienced a population growth of approximately
1.6% (10.000 inhabitants) per year throughout the last decade. This trend is expected to continue for
some years to come due to low unemployment in the capital region (4.3% in June 2017) and other
advantageous trends. While migration from and to other parts of Denmark is close to net zero,
immigration from abroad has been repsonsible for the majority of this growth, in particular from countries
in the EU-28 and Asia.
The figure below shows the significant differences in age structure between Copenhagen and the rest of
the country.

Figure 31 : Demographic pyramids of Copenhagen (left) and Denmark (right). Source: Copenhagen municipality

No separate demographic data could be found for Nordhavn - the entire population of the Århusgade
district has moved there within the last 2 years.
Copenhagen mandates 25% low-income housing in all new developments including Nordhavn; however,
the legal background for this mandate was only created a few years ago and after the zoning plans for
the Århusgade neighborhood were made. As a result, only 7% apartments in Århusgade will be lowincome housing. With real estate prices in the first buildings being among the highest in the city, a
demographic skew towards higher wealth, higher education level and higher average age can be
expected.
B.3. Dominant views and attitudes towards smart energy technology
Copenhagen has succeeded in branding itself as a lead city in green technology and urbanism. The
value of this brand is becoming increasingly visible to the city's inhabitants in terms of e.g. tourism and
jobs. This has a measurable impact on the attitude of the population: In polls ahead of the latest
municipal elections (November 2017), voters named environmental issues as the most important factor
for their decision. The election resulted in a further shift of political power towards the left, with political
parties left of the center now holding 76% of seats in the city assembly and 6 of the 7 mayor posts.
Parties campaigning on a dedicated green profile (Radikale Venstre, Alternativet, Socialistisk
Folkeparti, Enhedslisten) now hold 49% of seats in the city assembly and 4 of the 7 mayor posts.
B.4. Other

5

Source : INSEE statistics 22/12/2016,
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C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
Denmark is the European country with the highest wind energy penetration. Approximately 40% of the
electricity consumption is covered by wind energy. Solar PV contributes about 3% to the electricity mix.
In the thermal power plants, biomass is rapidly replacing coal as the main fuel. Ørsted (formerly Dong
Energy), the largest operator of thermal power stations in Denmark, has announced the decision to phase
out coal entirely by 2023.
Due to the widespread use of district heating, garbage incinerators have long been used for both
electricity and heat generation.
Denmark never developed nuclear power, and hydropower is not feasible on a significant scale due to
the flat topography. Scandinavia is an area of low geological activity; as a result, geothermal resources
are difficult to exploit economically.

Figure 32: Electricity mix of European countries (ENTSO-E 2014)

C.2. Other
District heating is the dominant energy carrier for space heating in Denmark; approximately two thirds
of all buildings are served by district heating. In Copenhagen, 98% of all buildings are connected to one
of several interconnected district heating networks.
The oldest parts of the city's district heating network were built in 1925. Some of these supply areas are
still based on steam. A large effort is currently underway to upgrade these networks to modern lowtemperature district heating like in the rest of the city.

Figure 33 : District heating transmission system in Copenhagen, with main production units (grey) and distribution
substations (yellow). The red areas show the oldest parts of the network which are still steam based. (Source:
HOFOR)
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D. Environmental aspects
D.1. Local availability of energy sources
A 30MW offshore wind farm (Middelgrunden) is located within 3km of the Nordhavn district. However,
the land connection is not within the Nordhavn grid.
Seawater is increasingly used as a resource for cooling, including as a source of district cooling.
Building-integrated photovoltaics and/or solar heating are increasingly used as a means of fulfilling the
BR2020 building code (see section F2).
D.2. Climate conditions
Copenhagen is in the oceanic climate zone (Köppen classification: Cfb). Temperatures are moderated
by the ocean, with average winter temperatures around 0°C and average summer temperatures around
20°C. Precipitation is moderate and corresponds to continental Europe. Due to the high latitude of
55°N, solar irradiation is strongly seasonal, with day lengths varying between 7h in December and 17h
in June. Due to the low elevation and proximity to the ocean, Denmark has good wind resources.

Figure 34: Climate diagram of Copenhagen (source: ClimaTemps)

D.3. Other
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E. Economic aspects
E.1. Market players
Electricity is traded on the Nordpool market. Copenhagen is part of the Eastern Danish grid which is
synchronous with the Nordic grid (ENTSO-E nordic area). The TSO is energinet.dk. The DSO for the
Copenhagen area is Radius (formerly Dong Energy Distribution).
Coordination of heat production between the different production operators is performed by varmelast.dk
across Copenhagen and 16 surrounding municipalities. The district heating network in Copenhagen is
operated by HOFOR (Hovedstadens Forsyning).

Figure 35: Daily heat planning process (Source: varmelast.dk)

E.2. Energy tariffs (electricity, gas, heat)
Danish electricity customers are able to select their energy supplier independently of the DSO whose
network they are connected to. The most common tariffs are either fixed price or follow the spot market
price. Depending on the choice of supplier, average end consumer prices for electricity range from 0.27
€/kWh to 0.40 €/kWh. Approximately two thirds of this cost are contributed by taxes and fees.
The price for district heating in the Copenhagen area is 0.089 €/kWh (2017). With few exceptions,
buildings in the Copenhagen area (and many other parts of Denmark) must be connected to district
heating systems where such systems exist ("tilslutningspligt"). This regulation exists to optimize the
economy of district heating networks by maximizing consumer density, as well as ensuring that as much
as possible of the available waste heat from electricity production and waste treatment can be consumed.
Once the capital investment of connecting a building to the network has been made, alternative heating
sources such as oil or gas are not able to compete with the low operating cost of district heating.
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E.3. Market regulation and metering
A national database ("Data hub") has been developed to process metering data for all electricity
consumers across all utilities. The main objective has been to support competition among energy
suppliers, regardless of which DSO the consumers are physically connected to. The data hub registers
metering data and metadata for billing, balancing and coordination between market actors. It is operated
by the TSO as an impartial entity.
All metering providers are required to report hourly measurements into the data hub starting from 2020.
To fulfill this requirement, all DSOs are currently in the process of rolling out smart meters. For some
DSOs, this process has already been completed some years ago. Radius expects to finish the rollout in
the Copenhagen area by the end of 2018.

Figure 36: Data flow between DSO, TSO, Datahub, retailer
and customer

There is no general feed-in tariff for photovoltaics. Smaller auctions for a defined amount of capacity are
held infrequently.
E.4. Other
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F. Political aspects
F.1. Main policy vision
Under the 2009 EU Climate and Energy Package, Denmark is committed to achieving at least a 30%
share of renewables in gross final energy consumption by 2020. With a projected renewable share of
40% in 2020, this target will have been exceeded by a large margin. The current Danish government
platform includes a target of at least 50% renewables by 2030 and a complete phaseout of fossil fuels
by 2050.
The CPH 2025 Climate Plan was adopted by Copenhagen city council in 2012. It reflects the decision to
make the city carbon neutral by 2025. It is based on the four pillars of energy consumption, energy
production, mobility and city administration initiatives. The targets set for all four pillars are critical to the
overall objective of carbon neutrality.
The CPH 2025 Climate Plan is being implemented in three phases, the first of which ended in 2016. After
each phase, an evaluation will be conducted, the results of which will determine a roadmap for the next
phase.

Figure 37: CO2 emissions in Copenhagen (source: Copenhagen municipality)

The zoning regulation for new construction in Nordhavn defines the district as a low energy district. This
mandates the use of BR2015 (Danish low energy building code) for buildings constructed or renovated
until 2015. BR2015 limits the primary energy consumption to (30 + 1000/A) kWh/m²a for residential units
and (41 + 1000/A) kWh/m²a for offices and institutions, with A being the heated area. For example, a
100m² residential unit would be limited to 40 kWh/m²a, including heating, cooling, ventilation and hot
water.
From 2016 on, the stricter BR2020 code applies which defines a 20 kWh/m²a limit for residential units
and 25 kWh/m²a for office space and public institutions.
F.2. Incentives for renewable energy and storage
In many cases, the most cost efficient way to fulfill the strict energy limits in the BR2020 building code
is the integration of renewable energy generation (typically solar thermal or photovoltaic) into the
building.
F.3. Regulation free zones
n/a
F.4. Other
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3.5.2 Static components
A. General description
The system configuration consists primarily of the two networks (electricity and heat), electricity and heat
consumers and a number of power-to-heat units integrated into the district heating system. At the time
of writing this deliverable, the availability of raw system configuration data for public dissemination is still
under discussion with the electrical and heating utilities serving the Nordhavn district. Some vital parts of
the network configuration data are only available to DTU under a non-disclosure agreement. For the
purpose of use in the project and until a more flexible agreement is found, a derived data set is being
produced which has similar properties to the real-world Nordhavn data but is not identical to the original
data set.

Figure 38: Electrical (red) and district heating network (blue). The lower of the two peninsulas is the Århusgade district.

B. General characteristics
(Eg. District surface, specific localization etc.)
Århusgadekvarteret, the first neighborhood with significant development, covers about 0.2 sq.km (20ha).
The areas marked as (3) (Redmolen) and (4) (Kronløbsøen) are still under construction. At the end of
the development period, Århusgadekvarteret is expected to house 3.000 residents and 7.000 work
spaces.
Approx. 200m north of Århusgadekvarteret, the construction of CIS (Copenhagen international school)
for 1.200 students has been completed in the "Levantkaj vest" area which will be further developed after
2020.

Figure 39: Map of Århusgadekvarteret (source: By&Havn)
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C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)
The district is a dense urban neighborhood with a mix of new and refurbished buildings. Among the
refurbished buildings are several former industrial silos which have been converted into apartment
blocks. Most buildings have flat roofs. Green roofs (grass, moss) have been integrated in many of the
buildings.
All buildings follow the BR2015 or BR2020 building codes. The insulation requirements for both codes
are shown below.6

Figure 40: Insulation and ventilation requirements for
BR2015 and BR2020 building codes (source: greenmatch.dk)

6

https://www.greenmatch.dk/blog/2014/04/her-er-de-vigtigste-krav-til-isolering-br10-2015-2020-og-passivhuse
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D. Electrical layout
D.1.1. Production
A large PV system is integrated into the facade of Copenhagen International School
(approx. 300 kWp). The school is located in Nordhavn but outside of
Århusgadekvarteret. It is currently the only building in the "Levantkaj Vest"
neighborhood which is a neighboring area of Århusgadekvarteret and is scheduled for
further development after 2020 after the container terminal has moved away.

D.1. Centralized

Figure 41: PV facade on Copenhagen International School

D.1.2. Storage
A 600 kW, 460 kWh Li-Ion battery is located in the basement of the public parking
garage "P-huset Lüders". It is currently operated by the DSO as part of a
demonstration project for mitigating the effects of a concentrated cluster of electrical
vehicle chargers.

D.2.
Network

Medium-voltage (10kV) and low-voltage (400V) distribution grids. See section F for
the overall layout of the network.
D.3.1. Production
Many of the larger apartment blocks have rooftop PV installed, but no comprehensive
list of individual PV capacities has been compiled.
D.3.2. Storage
N/A

D.3.
Decentralized

D.3.3. Consumption
Most of the consumption is regular household and office consumption. The public
parking garage "P-huset Lüders" has a cluster of electrical vehicle charging stations.
A number of decentralized electrical booster heaters is installed in the district heating
system, to supplement heat energy at times of peak demand.
30 single family row houses have a "fuel shift unit" installed, which combines a district
heating supply with a storage tank and an electrical booster heater.
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E. Thermal layout
E.1.1. Production
All centralized production is located outside of the Nordhavn district. The heat reaches
Nordhavn through the city's heat transmission network (see section C2).
E.1. Centralized

E.2.
Network

E.1.2. Storage
Two of the large heat producing plants in Copenhagen have large accumulation
tanks which can supply the entire city for a number of hours. However, all of these
are outside of the Nordhavn district.
A new 4th generation low-temperature network is deployed in all areas of Nordhavn,
which are currently under devleopment. Existing networks which supplied the
container port and some industries are being upgraded to the same standard. In the
winter, the system is operated with a forward temperature of 65-70°C and a return
temperature of <=40°C. During summer, the forward temperature is 65°C with a return
temperature of 30°C. See section F for the overall layout of the network. The
dimensioning range for differential pressure is between 0.5 and 5.3 bar.
E.3.1. Production
Some of the apartment blocks have solar thermal systems installed on the rooftop.
A number of decentralized electrical booster heaters are installed in the district heating
system, to supplement heat energy at times of peak demand.
30 single family row houses have a "fuel shift unit" installed which combines a district
heating supply with a storage tank and an electrical booster heater.

E.3.
Decentralized

E.3.2. Storage
Hot water accumulation tanks with an integrated heat exchanger for connecting to
district heating are installed in all buildings.
E.3.3. Consumption
Most of the consumption is regular household and office consumption, including
space heating and domestic hot water.
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3.6 Belgium national scale system configuration (VITO)
By Pieter Valkering, Larissa P. N. de Oliveira, Frank Meinke-Hubeny

3.6.1 Context description
A. General description
Belgium is a small, densely populated country which covers an area
of some 31.000 square kilometres and has a population of about 11
million people. It includes three main regions: the Flemish Region (6.5
million people), the Walloon Region (3.6 million people), and the
Brussels-Capital Region (1.2 million people).

Figure 42 : Regions of Belgium (source : Wikipedia)

B. Social aspects
B.1. Users
On the national scale it is less applicable to list specific energy users. Rather we list main energy demands
in Belgium, indicating main shares of industry, buildings (residential + tertiary), and transport.

Figure 43 : Energy in Belgium - consumption per energy use (left) and energy carrier (right)
(Source : VITO 11/2017)
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Part of this energy use is electricity use, which is distributed over the different sectors as follows:

Figure 44: Electricity consumption in Belgium by sectors (Source : Eurostat)

B.2. Socio-demographics
The population density is with some 363 people per km2 (2015) among the highest in Europe, although
the north of the country is much more densely populated than the south7.
The age pyramid indicates an ageing population conform to other EU countries, with the following age
profile:
• < 18 (20%)
• 18-64 age group (61%)
• > 64 (~18%)
Over the coming decades, the Belgium population and number of households are expected to grow:
Expected demographic developments. Source: (FPB, 2014)
Population in 2014

11,204,000

Population in 2030

12,240,000

Households Annual Growth Rate

0.7%

B.3. Dominant views and attitudes towards smart energy technology
The Linear project8 has shown that the basic attitude of people in Flanders towards smart energy
technologies is rather positive with 36% of the population being labelled ‘advocates’ (source: Linear
WP1). IPSOS (2012) shows that some 30% of the population have a high engagement with
environmental issues in general, i.e. in relation to waste, food, water, energy etc., as reflected by a high
environmental awareness and relatively environmentally friendly behaviour.
B.4. Other

7
8

https://www.belgium.be/en/about_belgium/country/Population
From VITO / EnergyVille
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C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
• The electricity mix of Belgium is characterized by significant shares of nuclear energy (approximately
55 % of total electricity in 2016 was nuclear based) and gas power, with renewable energy technologies
emerging (see Figure 45).
• Renewable electricity is generated mainly from biomass, PV and wind, with a minor share of
hydroelectricity.
• A nuclear phase out is planned by 2025, although still politically debated.
• Heating networks only exist at a small scale, but are in development.

Figure 45 : Electricity mix of European countries (ENTSO-E 2014)

C.2. Other

D. Environmental aspects
D.1. Local availability of energy sources
The following ‘technical potentials’ of renewable energy are considered:




Onshore wind is limited by the surface available for the installation of new units and some
relaxation of the existing legislation. This limit is estimated to have a total capacity (current plus
new) of up to 8.6 GW (Esch et al., 2016) (Infrax et al., 2012).
Offshore wind is limited to the currently planned 2.2 GW capacity without additional grid
infrastructure, but additional offshore wind capacity above the planned 2.2 GW is feasible taking
into account additional grid improvement investments.
Potential of solar (PV and heat) is limited by residential and non-residential rooftop area, as well
as land availability for solar farms. This yields a limit of some 5.7 GW average in Flanders (Esch
et al., 2016), which in practice does not pose a restriction to the uptake of solar energy and
projections in studies have shown solar PV capacity projections above 9 GW in capacity by 2030
(Meinke-Hubeny et al. 2017).

D.2. Climate conditions
Climate conditions are according to the temperate western European climate.
D.3. Other
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E. Economic aspects
E.1. Market players
There are several players active on the “unbundled” and liberalised energy market in Belgium, each with
different roles and responsibilities. The main ones are:
 Various electricity producers and energy retailers
 The Belgian transmission grid operators Elia (for electricity) and Fluxis (for gas)
 The distribution grid operators Eandis, Infrax, ORES, and Sibelga
 The regulators CREG (Belgium), VREG (Flanders), CWaPE (Walonia), and BRUGEL (Brussels)
that monitor and regulate the energy market.
 The Access (or “Balance”) Responsible Parties allocated to each grid access point
Also new players are entering the market - aggregators, ESCOs, and ICT companies - responding to the
opportunities of renewable energy integration, flexible energy use and smart grid.
E.2. Energy tariffs (electricity, gas, heat)
Current electricity rates are a static (single or day-night) rate. Real energy cost is one share of the total
rate (20-50% depending on region and energy supplier), with other shares covering distribution costs,
energy policy costs (e.g. green electricity certificates), and taxes (CREG, 2016).
Average rates are around 0.20 – 0.25 EU/kWh for electricity and 0.05 – 0.06 EU/kWh for gas (December
2015).

E.3. Market regulation and metering
• The smart meter roll-out has only very recently been set in motion in Flanders, and also in the Brussels
and Walloon regions, the implementation of smart metering is considered. With mostly conventional
electricity metering in place, injecting PV power back into the grid is effectively done at the same price
as taking electricity from the grid (‘net metering’). Under current regulation, energy storage is thus not an
attractive business case for residential users (CREG, 2016).
• Current market regulations don’t allow the remuneration of flexible energy use (e.g. via dynamic pricing)
for residential users. The recent EU proposal ‘Clean Energy for All Europeans’ (the ‘winter package’)
does provides guidelines in that direction, and it can be expected that regulation will be modified over
the course of the coming years.
E.4. Other
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F. Political aspects
F.1. Main policy vision
Belgium is a federal state consisting of a Federal Government and three regional governments (Flanders,
Wallonia and Brussels-Capital Region). Concerning energy policy, the federal government has the
responsibility for cross-regional issues, for instance international collaboration, security of supply and
issues related to nuclear energy. Many other responsibilities are distributed to the regional levels, such
as energy efficiency and the development of renewable energy sources (other than off-shore wind).

Figure 46 : Energy in Belgium – explaining Belgium (source : VITO 11/2017)

The distribution of energy policy over multiple levels is one of the well-known challenges in Belgian
energy policy. One example is the distribution of the EU 2020 emission targets for Belgium over the
regional authorities which was agreed upon only in December 20159.
Nonetheless, there is a clear policy commitment for further energy and climate policy in line with EU
policy goals, as expressed for example in the recent Flemish Energy Vision 2030-305010. To accelerate
the development of renewables, recently an ‘energy pact’11 was launched covering topics of energy
efficiency, renewable energy (in particular solar, wind, and renewable heat), flexibility, finance and
governance. Amongst others, the intention is to develop a policy framework for storage and to improve
regulation to optimize the usage of the distribution grid.
F.2. Incentives for renewable energy and storage
The main financial incentive for renewable energy and CHP has been implemented through green
certificate schemes (CREG, 2010).
Partly due to rising costs and the level of maturity of renewable energy technologies, it seems likely that
this scheme will be phased out. Also, subsidies for energy storage to enhance self-consumption may be
considered in Flanders for providing an alternative for net metering as a safeguard for the profitability of
PV production.
F.3. Regulation free zones
As specified in the Flemish Energy Vision, the intention is to allow zones with adapted regulation where
needed, in order to support innovative pilot and demonstration projects. This can be applicable in clear
focus areas where Flemish knowledge institutions, industry and government cooperate “under the
supervision of the regulator, provide a level playing field for innovation by all parties”.
F.4. Other

9

See http://www.vlaamseklimaattop.be/hoe-worden-de-2020-doelstellingen-verdeeld-binnenbelgi%C3%AB
10
http://www.tommelein.com/wp-content/uploads/bsk-pdf-manager/CN_Energievisie_205.pdf
11
See http://www.vlaamseklimaattop.be/sites/default/files/atoms/files/2016-1201%20Presentatie%20Vlaams%20minister%20Bart%20Tommelein.pdf
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3.6.2 Static components
This section describes the system configuration of the Belgium energy system as it is represented in the
Belgian TIMES model (EnergyVille, 2017).
A. General description
The EnergyVille TIMES Belgium model represents the Belgium energy system as a single geographic
region interconnected to neighbouring countries. The model includes a large variety of energy
technologies, but without modelling each e.g. power plant individually. In the same way, a large variety
of energy demands (grouped under different demand sectors) are specified, but each demand is
modelled as an aggregated entity. Energy networks are not explicitly modelled, although different types
of energy flows from resource level to end-use demand are considered to account for example for
distribution losses. The model optimizes the choice of energy supply technologies for matching energy
demand, with the development of energy demand being exogenously specified.

B. General characteristics
(Eg. District surface, specific localization etc.)
Belgium is defined as an energy system with a set of supply and demand conversion technologies that
go well beyond the scope of electricity and heat systems considered in SmILES. The following sectors
are characterized:









Resources: It characterizes the ‘mining’ of domestically available resources, such as biomass
and the imports of other sources, such as crude oil and natural gas. It also includes the
conversion of primary sources to its products in a flexible refinery scheme.
Power Generation: The power mix is characterized based on the energy source (natural gas,
wind, solar, etc.) and technology type.
Industry: The industry sector is divided in ‘iron and steel’, ammonia, chlorine, other chemicals,
pulp and paper (high and low quality), aluminium, copper, other non-ferrous metals, cement,
quick lime, glass (flat and hollow), other non-metallic minerals, other industries.
Residential: Residential energy demand is divided between urban and rural areas, houses and
multi-apartment buildings. Different demands are defined, including space heating, water
heating, cooling, lighting, refrigeration, cloth washing, cloth drying, dish washing and others.
Services: Services demand is divided between small and large buildings with space and water
heating, space cooling, lighting, cooking, refrigeration, public lighting and other demands.
Transport: The transport sector is divided into road, rail, aviation and navigation transport. Road
passenger transport demand is split between long and short distance cars, urban and intercity
buses and motorcycles. Trucks are considered as freight transport mode. Rail transportation is
also split into heavy and light trains for passenger and freight trains. Aviation includes domestic
and international transport, while navigation includes international ships and bunkers.
Agriculture: The agriculture sector is defined to have four types of demands: electric appliance,
off-road transport, house heating and greenhouse heating.
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C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)
The building stock in Belgium scores relatively low on the ‘smart-readiness’ of the built environment,
amongst others due the relatively poor building performance (BPIE, 2017).
Table 1: overview of building performance of EU countries (extract, for the full table see BPIE 2017)

In the Belgian TIMES model, the building stock is divided into residential and services sectors. For the
residential sector, single houses are set for both urban and rural areas while apartment types are set
only for urban regions. As available in Statistics Belgium (2016), the building stock for the residential
sector is approximately 5 million split between rural houses (1.4 million), urban houses (2.3 million) and
multi-apartment buildings (1.3 million). Current space heating demand in the residential sector averages
to 12 MWh/Household (adjusted by heating degree days), while total energy consumption per household
averages to 21 MWh/Household.
For the services sector, the roughly 1 million buildings are divided into small (30%) and large (70%)
buildings.
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D. Electrical layout
D.1. Power Generation
The existing stock of power generation is based on energy source and technology. This results in the
following types of power generation: combined cycle and open cycle natural gas turbines, nuclear
reactors, blast furnace gas, biomass and coal-based steam boilers, onshore and offshore wind and
decentralized solar PV (see Table 2 below). Combined heat and power options are also available to
provide electricity and heat for industry, agriculture and services sectors.
Moreover, the currently planned inter-country transmission capacity expansion from 3.5 GW to 6.5 GW
in 2020 is considered in the model. This accounts for the new connections planned with Germany
(ALEGrO), and the United Kingdom (NEMO) besides the upgrade of the Brabo interconnection with the
Netherlands, as stated in ELIA’s annual report (ELIA, 2015).
Table 2: Base Assumptions for the power Sector – Base Year.

Technology Name

Existing
Capacity (GW 2014)

Gas Power Plants

4.54

Coal Power Plants

0.56

Combined Heat & Power
(CHPs)

2.37

Biomass Plants

0.39

Solar PV

2.93

Wind Onshore

1.51

Wind Offshore

0.712

Nuclear

5.93

1. Complete nuclear phase-out according
to Belgian policy from 2022 to 2025

3.5

1. Investments under execution:
increase to 6.5 GW total capacity
by 2020 (ALEGrO, NEMO, Brabo II
and III)
2. Additional investment possible

Interconnections to
neighbouring countries

Model Assumptions Central Scenario


no restrictions


no new investments


no restrictions


no restrictions


no restrictions

1. up to 8.6 GW total capacity possible
1. < 2.2 GW: existing grid infrastructure
sufficient
2. >2.2 GW: additional grid investments
required

D.2. Network
The Belgian Transmission and Distribution network are not explicitly represented in SmILES. Different
types of energy flows from resource level to end-use demand are considered to account for example for
distribution losses.
D.3. Storage
Centralized and decentralized storage options are represented in TIMES Belgium since they constitute
a strategic opportunity to add flexibility to the energy system. Existing hydroelectric pump storage
capacity is included, as well as the possible expansion of the Coo-Trois-Ponts pumped storage by 600
MW (Table 3).
Table 3: Cost and technical assumptions for hydroelectric pumped hydro storage. Source: (ELIA, 2017b; Engie-Electrabel,
2017; ESTMAP, 2017) and Belgium Times Model
Technology
existing:
Coo-Trois-Ponts, I & II
Platte-Taille
future:
Coo III (expansion)

Investment cost

Capacity

Fixed O&M
costs
(€2010/kW/year)

Efficiency

2016

2020

2030

N/A
N/A

N/A
N/A

N/A
N/A

1,164 MW
144 MW

30
30

0.73
0.73

600 M€/
600 MW

600 M€/
600 MW

600 M€/
600 MW

600 MW

30

0.73
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The uptake of small scale storage options (e.g. household batteries) is represented in the model.
Although currently not cost-effective, simulations show these options may become cost-effective from
2030 onwards (source: ESTMAP project).
Investments in large scale electrical storage technologies other than batteries and pumped hydro, such
as compressed air energy storages (CAES) have no or limited potential in Belgium because of a lack of
physical and geographical conditions, such as salt caverns or empty gas fields.

E. Thermal layout
E.1.1. Production
Heat is mainly generated through CHP units (overall – heat and electricity capacity –
of 7.7 GW) in the different sectors of industry, in the services and in the agriculture
sectors.
E.1. Centralized

E.2.
Network

E.1.2. Storage
n.a.

At decentralized level, the configuration of district heating options is not well
represented in the TIMES model as it currently constitutes a minor part of the Belgium
energy system.
E.3.1. Production
At end-use level, different technologies currently exist to supply space and water
heating, such as boilers, heat pumps, and electric radiators.

E.3.
Decentralized

E.3.2. Storage
n.a.

E.3.3. Consumption
See ‘Production’
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4

Potential and limits

The system configurations were selected to offer a wide range of possibilities for cross-simulations (during
the SmILES project and for further dissemination), based on the five qualitative criteria described in the
approach (see Section 2). The potentials and limits of the candidate SCs are discussed in this section. The
discussion led to a selection, modification or discard of the SC.

4.1 Collectopia (EDF)
By Thuy-An Nguyen
Final decision: Selection with modification

4.1.1 Coverage of multi‐energy and storage
The Collectopia system configuration stands out with the long-term heat storage element. Transfers
between electricity and heat are made possible with the integration of electrical heat pumps. The latter can
be driven by excess of solar energy (from PV or PV/T panels). Thermal energy can be stored in domestic
hot water tanks or thermo-active foundations. The original SC considered gas-driven heat pumps and no
PV panels. The changes of the SC were made for the SmILES project to integrate a higher potential for
multi-energy analysis.

4.1.2 Data availability and IP concerns
The Collectopia SC is inspired from the concept of an eco district developed by the urban planning company
AEE (partner of EDF). Because of IP concerns and not to depend on public tenders between the urbanists
and the municipalities, the original SC has been modified for its use in the SmILES project. In particular, all
numerical figures will be modified (number of buildings, power capacity installed etc.) but the concept
remains the same.

4.1.3 Potential for hosting multiple innovative use cases
Reference use case for Collectopia:
Timescale of optimum collective self-supply in sustainable long term urban energy system planning
Urban transformations set the opportunity for developments of energy infrastructures more respectful of
the environment, within socially- and economically- accepted boundaries. In this context, the development
of district multi-energy systems offers a wide range of benefits. The connection of locally dispersed sources
and sinks of energy and the consequent balancing of demand and generation can lead to a better
management of the energy flows: lower installed capacities, higher energy efficiencies, more flexibility etc.
At local scale, pooling the use of distributed energy resources (in particular renewable and waste) and
scattered energy infrastructures (power-to-heat, storage) allows to increase the share of the energy supply
produced locally. By delegating the control to a unique operator, synergies and conversion between energy
carriers (electricity and thermal) can be optimized. The objective is to lean towards a local energy network
more sustainable and more self-sufficient.
The design of the local multi-energy infrastructures (selection of the energy carriers, sizing of the production
and storage capacities etc.) and their operation (arbitrage of imports, local generation, exports and storage
etc.) has a crucial impact on the final economical, environmental and social performances. In particular,
different timescales are intermingled: end-user consumption can change by the minute with the weather,
while storage equipments can spread the production between periods of high and low demand up to
seasonal time spans.
This use case studies the timescales of the collective articulation of the energy system, in particular with
the use of the long-term thermal storage. It aims to optimize the design and operation of local energy
systems for a higher use of local resources. It does not address the ICT domain (centralized device for
energy management, control panel and user interface to operators, control signals etc.).
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Potential to host joint use cases


Long-term thermal storage
The reference use case clearly reflects on this joint use case



Electric vehicles
No cross studies are possible.



Heat for Electricity
The control and energy management of the electrical heat pumps in the Collectopia SC enables the
study and analysis of services to the electrical network. The heat demand considered in the SC is
sufficiently diverse to constitute a flexibility source (space heating and domestic hot water of single to
multi-family households and tertiary buildings).



Electricity peak shaving with stationary storage
No cross-simulation potential identified.



Consumer interaction
All inhabitants of the district area are to be informed by the “cooperative society for collective interests”
about the behavioural possiblities to achieve a better use of the energy. The main equipment foreseen
to support this consumer interaction is a central thermostat with embedded regulation for each room.

4.1.4 Innovative character of SC‐UC combination(s)
The main innovative12 studies that can be supported by the Collectopia SC concern the analysis and
demonstration of the potential of long-term and large-scale energy storages at system level. The centralized
operation of the underground aquifer covers a long time horizon and wide spatial coverage.
In a complementary manner, the short-term operation of the decentralized thermoactive foundations can
provide insights for increased energy efficiency in buildings via the balancing of daily demand. Supported
by innovative control strategies, the integration of both storage elements will need to be optimally designed
(sizing, location, storage time scale).
The utilisation of power-to-heat concepts can foster a better understanding at two levels: integration of
decentralized electrical heat pumps in buildings (local scale) and the integration of the distribution grid with
the heat network, potentially to support flexibility services and optimization solutions for the electricity grid
(district scale).
The harmonized articulation of all elements in the Collectopia SC aims at achieving a higher use of local
low carbon energies and a high rate of self-consumption, by integrating renewable energy sources and
waste heat in smart thermal grids (excess of solar, waste heat recovery from grey water or air handling
units, methanization from local waste).
The reference use case in particular tackles the optimisation of the centralized energy management at
system level, via the development of modelling approaches and planning concepts.

4.1.5 Replication potential
Noticable elements of the Collectopia SC can prevent the implementation or decrease the interest of such
an energy infrastructure within other STEEP contexts.
Solar radiation
The solar radiation in the North of France ranges between 900 and 1100 kWh/m² (Figure 47). The use case
on optimal collective self-supply studied during the SmILES project will be done based on this range. Other
ranges of solar irradiation will lead to different results for the optimal infrastructure design and operation.

12

Refering to the Research and Innovation Challenges of Table 5.
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Figure 47 : Direct normal irradiation in Europe (Source: Global Solar Atlas by the World Bank Group)

Underground geological structure
The structure of the ground is a key component for the replication potential of the “Collectopia” concept.
The characterization of the aquifer covers the drilling depth, average temperature at equilibrium, hydraulic
conductivity and flow, spatial structure, geological and chemical composition, ground permeability and
conductivity, thermal properties and heat transport. Aquifer thermal energy storages are beneficial
technologies for seasonal heat management but they require a careful study before implementation,
including: hydrogeological structure, careful operation not to disturb the long-term natural thermal
equilibrium nor to degrade the surrounding environment, and regulatory issues.
Such a component of the SC can be however replaced by other types of long-term sensible heat storage
technologies, namely tank thermal, pit thermal or borehole thermal storages (see SmILES D.2.1), which
might be more suited to other contexts.
Specific urban mix
The concept developed in Collectopia requires a diversity in the urban mix and a balance between the heat
consumers and producers. The greenhouse is for example the core unit for a centralized seasonal waste
heat recovery while daily heat recovery can be performed locally in every building. This element of the
urban landscape has thus a major impact in the overall energy performance and management. For the
replication of the concept in other environments, other local waste heat providers could be considered in
replacement of the greenhouse (e.g. a data center or an industrial factory) but the seasonal fluctuation of
the heat profile would be difficult to duplicate.

4.2 Brest district heating network (EDF)
By Thuy-An Nguyen
Final decision: Discard

4.2.1 Coverage of multi‐energy and storage
The multi-energy criterion was not fulfilled by the Brest SC. The SC is composed mainly of a district heating
network fuelled by a CHP plant, a biomass plant and a gas plant. Thermal flexibility management is provided
by a decentralized thermal storage tank. The CHP plant could have brought potentials of energy transfers.
However, due to contractual contraints with the nearby incineration plant (the CHP is fuelled by a waste
incineration), the CHP needs to operate at full load during the entire year (no room for maneuver).

4.2.2 Data availability and IP concerns
In addition, data unavailability from the local district heating operator was a barrier to potential studies. The
SC was discarded for the SmILES project.
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4.3 Smartdorf (AIT)
By Benedikt Pesendorfer
Final decision: Selection with modification

4.3.1 Coverage of multi‐energy and storage
The system configuration of Smartdorf comprises a hybrid thermal-electrical distribution network. The
electrical low voltage network and the district heating network are interconnected at various points. A CHP
plant is used for primary heat supply to the district heating network and feeds in electricity. As secondary
supply to the DH network, multiple distributed heat pumps use electricity (e.g., from rooftop PV) to generate
heat. Thermal storages are utilized to increase the operational flexibility of the production units.
The original SC considered a thermal boiler as primary heat supply. The changes of the SC were made for
the SmILES project to integrate a higher potential for multi-energy analysis.

4.3.2 Data availability and IP concerns
Due to IP concerns, the original SC has been changed. This mainly concerns the network topologies and
consumer loads which are replaced with openly available or artificial topologies and
aggregated/anonymized load profiles. However, the main idea and concept remain the same.

4.3.3 Potential for hosting multiple innovative use cases
Reference use case for Smartdorf
Self-supply oriented and grid-friendly operation of conversion and storage appliances
There is significant interest in taking advantage of the hitherto unused synergies by coupling different
energy-carrier networks, here district heating and electrical distribution networks. This could increase the
hosting capability of electrical distribution networks for distributed energy resources (DERs), while
simultaneously reducing CO2 emissions and primary energy use of district heating systems. Network
hybridization is considered as an important step towards both sustainable and self-sufficient energy supply.
The operation of conversion (here: CHP and heat pumps) and thermal storage appliances to mitigate
problems in the electrical (e.g., overvoltages) as well as thermal distribution networks (e.g., decreasing
supply line temperature) while simultaneously increasing self-supply is a complex task. Short term
variations of generation and load as well as capacity constraints of various network components (e.g.,
pipes, transformers, cables) need to be considered. The highly different timescales of the two networks
combined with storages therefore requires smart operational strategies.
The use case studies the interaction of the different energy-carrier networks including thermal storages. It
aims at optimizing the sizing and operation of conversion and storage appliances (CHP, heat pumps, and
storages). The overall goal is to increase the utilization of local resources and to operate the generation
units considering network constraints.
Potential to host joint use cases






Long-term thermal storage
No cross studies are possible.
Electric vehicles
Consideration of electrical vehicles would be possible for Smartdorf.
Heat for Electricity
The system configuration of Smartdorf clearly aims at this joint use case
Electricity peak shaving with stationary storage
No cross-simulation potential identified.
Consumer interaction
No cross-simulation potential identified.
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4.3.4 Innovative character of SC‐UC combination(s)
The SC of Smartdorf aims at studying the network interactions in a hybrid electrical and thermal distribution
network. Therefore, the main innovative features of this SC-UC combination concern the technoeconomical potential of coupling these networks with CHPs and heat pumps together with thermal storages.
A series of other innovative features can be identified for this combination of SC-UC and are mapped to
the research and innovation challenges given in Table 5:










The ability to optimise the electricity grid through linking with the heat sector using heat pumps and
CHPs in the district heating network can be studied. More specifically, the interaction of low voltage
distribution networks with district heating networks can be examined in high detail.
The role of thermal storages in a hybrid thermal-electrical grid and its utilization as flexibility option for
the electrical grid can be assessed. This demonstrates the integration of relatively mature energy
storage technologies in the energy network and illustrates innovative business cases for thermal
storages.
Studying the impacts of heat pumps and CHPs with respect to the different time-scales of electrical
distribution networks, district heating networks and storages can foster a better understanding of a
variety of system services that storage integration and multi‐energy coupling can provide.
The high-detail description of network topology and availability of realistic load profiles for the SC
Smartdorf enables the development of simulations of multi‐energy systems with storage with a focus
on active control.
The ability to increase the utilization of wind and local PV power through heat pumps in district heating
networks can be examined. This can provide insight in the potentials and limitations of electrical and
thermal self-consumption of neighborhoods/villages.
The impact of multiple distributed heat pumps and thermal storages on the electrical and thermal
distribution network performance can be studied. This is especially interesting in the context of high
penetration of wind and rooftop photovoltaic power plants to analyse how storage and multi‐energy
systems can support the integration of high levels of renewables.
Optimizing the sizing and operation of production and storage units to increase the stability and
reliability of multi‐energy systems with respect to the seasonal and daily load variations can provide
valuable insights.

4.3.5 Replication potential
Smartdorf aims at representing a typical Austrian village. This involves having a high replication potential
within, but possibly not limited to, Austria. However, some elements of Smartdorf are an obstacle to the
potential replication within other STEEP contexts.
Electrical load
Smartdorf hosts mainly residential consumers, small office buildings and workshops. The load
characteristics will therefore strongly deviate for areas with different consumer configurations, concerning
both daily (e.g., urban vs. rural) and seasonal (e.g., due to cooling) variations.
Climate conditions
With its cold winters and warm summers, the climate is typical for Central Europe. Space heating demand
therefore exhibits a strong seasonal trend which might limit or increase the potential for, e.g., distributed
heat pumps, thermal storages, utilization of electricity from PV for power-to-heat appliances, in other climate
conditions.

4.4 FlexOffice (KIT‐IAI)
By Alexander Engelmann, Dominique Sauer
Final decision: Direct selection

4.4.1 Coverage of multi‐energy and storage
The KIT-IAI system configuration consists of two typical office buildings from different time periods and with
different types of equipments. The 1000l hot water buffer tank and the building mass itself are used for heat
storage. The sector coupling between the heat load and the electrical load consists of several controllable
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and non-controllable loads. The two main controllable loads are the heat pump and the air conditioning in
Building 449.

4.4.2 Data availability and IP concerns
Measurement data of the electrical and thermal loads are historically available in 15 minutes resolution.
Several regional observation stations provide historical weather data. Further sensor equipment (indoor
temperature) is currently installed. Due to data privacy issues, the usability of the gathered personal data
is still subject to debate. Presumably, the data will be post-processed for publication and data exchange.

4.4.3 Potential for hosting multiple innovative use cases
Reference use case for FlexOffice
Electrical grid services provided by using flexibility in heat demand
Focusing on control and energy management on an operational time scale, the reference use case
addresses grid services provided by individual buildings. The optimization problem includes:
 Minimizing heating, cooling and electric energy consumption,
 Reducing fluctuation in energy supply from the district heating and the electrical grid.
To meet the goal of reducing energy consumption of buildings (and thereby CO2 emissions), advanced
control schemes can be used. Thereby the incorporation of weather forecasts, advanced building models,
and the active use of heat/cold storages should lower the consumption of limited resources. Another aim is
to reduce the needed amount of grid expansion at campus and the volatility in the grid. The aim is to achieve
this by load shifting thermal storage usage.
Control variables could be the temperature of the heat storage, temperatures of the concrete core activation
system, and the room temperature itself within certain bounds.
Potential to host joint use cases






Long-term thermal storage
No cross-simulation potential identified.
Electric vehicles
No cross-simulation potential identified.
Heat for Electricity
The reference use case of FlexOffice clearly reflects on this joint use case
Electricity peak shaving with stationary storage
In this system configuration, the potential of electrical peak shaving by thermal storages (heat pump
in combination with heat storages, like building mass or water tank) can be evaluated.
Consumer interaction
No cross-simulation potential identified.

4.4.4 Innovative character of SC‐UC combination(s)
Analysis of control schemes for classical and more recently build office facilities to reduce energy
consumption and simultaneously provide services to grids is a research challenge. To the best of our
knowledge, this challenge is just partially solved in the existing scientific literature.
A major challenge in this context is to avoid installation of new technical devices by using the potential of
existing infrastructure. This directly relates to the system configuration, where the performance comparison
of the old and new building can give insights on the impact of recent technologies on the energy saving
potential and grid supporting ability. Thereby, the challenge of stability and reliability of multi-energy
systems with storage is adressed. Another challenge is to provide a comfortable climate for the employees
which is important in the context of social acceptance of heat storage technology. Combining these partially
conflicting goals in a control scheme is challenging and should be investigated. By using optimal control,
active control algorithms in the context of hybrid heating and cooling applications for domestic hot water
production are provided. Furthermore, the electricity grids are optimized through linking the heat & cooling
sector via an actively controlled heat pump. Additionally, the R&I challenge of integration of mature energy
storage technologies (in this case a thermal storage) is adressed, and simultaneously modelling
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approaches for building infrastructure are developed. The investigation of recent technologies that have
the ability to make building operation more flexible compared to classical technologies also addresses the
challenge of identifying the role of energy storage in a multi-energy system.

4.4.5 Replication potential
Office buildings
The system configuration “FlexOffice” has a good replication potential. The two considered buildings
represent two different types of office buildings. One, built in the 70’s, has insufficient isolation, simple
heating techniques and building technologies, and nearly no controllable equipment. The other, built in
2011, has a good isolation, a concrete core activation used for heating and cooling, automated blinds, air
conditioning, and an additional heat pump. Both are coupled to the same district heating grid and electrical
grid. Hence, the operation conditions are comparable.
Thus, the two buildings represent most of the buildings of KIT’s Campus North and other office buildings
with a primarily usage of computers. Furthermore, a large replication potential for many office buildings built
in the same decade are expected, since the used materials, civil engineering design and used technologies
are usually similar.
Usage in grid simulation studies
On top of the field of control on an individual building level, the developed models can be used in terms of
grid simulation studies, either of district heating or of electricity grids. Thereby, the models form components
in the overall system model.

4.5 Smart Electronic Production Plant (KIT IPE)
By Thomas Blank, Zhichao Wu
Final decision: Direct selection

4.5.1 Coverage of multi‐energy and storage
The Smart Electronic Factory system configuration at KIT-IPE consists of a typical SME production site to
manufacture electronic systems like printed circuit boards or hybrid electronic detectors and power
electronic systems. It covers multiple energy carriers such as thermal and electrical energy, and Li-Ion
battery energy storage systems.
The production of electronic system has to run under specific environmental conditions, requiring a constant
temperature and hence requires cooling during summer and heating in winter time. Electrical energy is
used to cool down the production site during summer (air-conditioning) and to generate cold for the humidity
control. Additionally, electrical energy is the primary power source for the production processes. The
electricity from the PV power plants can be used directly in the production processes or the maintenance
of the environmental conditions for production. It can also be stored in the batteries with a total storage
capacity of 53 kWh. All production processes and the storage system can be independently controlled.

4.5.2 Data availability and IP concerns
The standard instrumentation of KIT offers for all buildings measurement data of heat and electrical power
with a time resolution of 15 minutes. However, smart meters are installed on each load (production
machine) sampling electrical data each second. Data of the battery storage systems is available every
250 ms. Due to data privacy issues, the usability of the gathered personal data is still subject to debate.
Presumably, the data for publication and data exchange will be post-processed.

4.5.3 Potential for hosting multiple innovative use cases
This system configuration was originally linked to the joint use case “Electricity peak shaving”.
Electrical load profiles are usually divided in base load and peak load demand. Base load describes the
minimum amount of energy consumed continuously. Peak load is the electrical power requested only for a
short period. In particular, industrial consumers with a very high energy consumption often have special
rates, considering base, active, reactive and peak-power consumption separately.
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Peak power consumption contributes significantly to the whole costs the industrial consumers have to pay
for the electric energy. Typically, rates are derived from the average power consumption over 15 minutes.
The peak-power costs can be decreased by flattening out the load profiles. Classical approaches consider
the:
 Increase of local energy production by means of CHPs
 Shifting of production schedules
Adding a battery to such system configurations enables to flatten out the load profiles by supplying energy
for the production processes when the demand is high. The battery is recharged when the demand is below
the base load or below the limit of the peak rates.
If the plant is locally supplied by PV or wind energy, the highly volatile energy production increases the
complexity of the system control for both load- and generation-control. In this scenario, the battery can also
be used to store excessive energy from the regenerative plants, in case the renewable generation limit is
reached. Additionally, the battery can enable the plant to be operated disconnected from the grid, if the
generation is too low or the grid prices for the electricity are too high.
Specific conditions or rates are also valid during high-load periods, which are valid during specific periods
of the day. Examples for these high-load periods might be the evening hours in the future, if people come
back from work, charge their electric vehicles and cook their dinner. Hence, the Joint Use Case 4 can also
consider the interaction of the batteries of electric vehicles with the grid and human interaction, in both
residential and industrial applications.
Reference use case for SC Smart Electronic Production Plant:
Peak shaving for Electricity with Battery Electric Storage Systems (BESS)
Production processes for electronic systems are mainly powered by electric energy. The production
processes have to be performed in climatic controlled areas, requiring heat, cold and a constant humidity.
Hence, there is a big potential in hosting multiple innovative use cases to investigate and optimize the
transition to power electronic production processes utilizing a large share of renewable energy (e.g. PV,
and wind) and BESS. The BESS acts twofold: a) It supports to run the production reliably, even if the
renewable sources fluctuate and b) It improves the power quality of the grid by peak shaving. Additionally,
by utilizing CHPs powered by CO2-neutral fuel and coupling thermal and electrical power sources,
production processes currently driven by electricity might be transformed to 100 % green energy. However,
the utilization of CHPs, electric production machines, PV and BESS and the intensive human interaction
requires advanced control strategies.
The utilization of lithium-ion batteries as electrical storage yields highly versatile and efficient ways to
optimize the energy utilization for production processes. Generation as well as demand peaks can be easily
shaved, improving grid power quality while reliably running the processes. However, the coinstraints of the
battery and the needs of the production processes need to be considered and adoped to and optimized for
the available infrastructure. The required modelling technologies cover different timescales as well as the
consideration of human interaction. The use case studies the effects on the battery, the production and the
electric grid while adopting peak shaving control technologies. The main goal of the use case is to optimize:




The size of the battery used for production with repect to the ability of peak shaving of the electricity
generated by PV.
The coupling and dimensioning of a local CHP as a backup source for heat and power and the
effects on the heat consumption,
The scheduling of production processes depending on the amount of renewable power available,

considering weather forecasts and human interaction.
Potential to host joint use cases


Long Term Thermal Storage
Much of the electricity for operation the Smart Electronic Production Plant is consumed by climatization.
Hence, investigation and exchange with this joint use are planned, exchanging and contemplating the
effects of utilizing long term cold storages, like earth caverns or buried pipe systems to store and
retrieve cold.
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Electric vehicles
The vehicles’ batteries of the employees can be partly used to perform and support peak shaving,
depending on weather forecasts and the production schedule. The cross-simulation activities will be
investigated.



Heat for Electricity
No direct cross-simulation activities are planned, however, an information exchange considering CHP
systems is planned.



Electricity peak shaving with stationary storage
In this system configuration, the potential of electrical peak shaving by electrical storages (lithium-ion
batteries) is evaluated.



Consumer interaction
The human interaction needs can be considered. Hence, the potential to set up a reasonable crosssimulation will be explored.

4.5.4 Innovative character of SC‐UC combination(s)
Adopting and optimizing industrial production processes with respect to multiple energy sources is a
complex task, offering a lot of opportunities and chances. Especially, the system configuration “Industrial
production site” contemplating the energy carriers heat and electricity in combination with use case
“Electrical Peak Shaving” is clearly innovative. Although of high public interest (at least from the perspective
of the author) scientific publication discussing comparable system configurations and use cases are rarely
available, as usually these production data are confidential. In this context, the major challenges are the
assessment of the financial expenses as well as the identification of optimal solutions requiring a minimum
of new device installations. However, if new technical installation offers significant advantages, the financial
effects have to be analysed and clearly stated. Additionally, the control algorithms will be complex and
partially conflicting, resulting in challenging research.
Furthermore, the assessment of the effects on the electric grid might be difficult. Hence, power HIL
simulations performed at KIT Energy lab 2.0 are planned to get a better understanding on the potential and
effects of electrical peak shaving utilizing BESS.

4.5.5 Replication potential
Production sites
The system configuration “Smart Electronic Production Plant” has an outstanding replication potential.
Many existing electronic production sites use comparable system configurations both in size and
equipment. Larger electronic production sites do not differ much from the basic machinerery installed in the
site but by the sheer number of installed machines. Thus, the replication becomes straight forward. Even
the installation of individual meters is not required, once the knowledge about the plant operation based on
multiple renewable energy carriers is available. Additionally, other industrial branches operating mechanical
milling and drilling shops can be covered by the use case. In principal, all industrial production sites relying
to a great deal on electrical energy for the production processes can finally be covered by this system/use
case configuration.

4.6 Nordhavn (DTU)
By Oliver Gehrke, Tue Vissing Jensen
Final decision: Selection with modification

4.5.1 Coverage of multi‐energy and storage
Nordhavn uses a 4th generation low-temperature district heating system for supplying residential and
commercial heat demand. The low temperatures employed increase the mass flow requirement and
consequently the required network capacity for a given heat demand. This improves the business case for
achieving heat peak shaving by using electrical fuel-shift units at building level, or by using electrical booster
units embedded into the heat network. Electrical heating units (simple resistive heaters or heatpumps)
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connected to the district heating network are potentially able to provide services to the electrical grid by
using the heat capacity and operational flexibility of the district heating network as storage. Each of these
use cases requires close operational coordination between the electrical and thermal systems.
The Nordhavn site includes a centralized electricity storage unit in the form of a Li-Ion battery. Additionally,
a cluster of electrical vehicle charging stations is present at the "P-hus Lüders" public parking garage.
These could be used to study the impact of vehicle-to-grid (V2G) technology as electrical storage.

4.5.2 Data availability and IP concerns
The Nordhavn district is under development into a technology demonstration site by a Danish-funded
consortium under the name of "EnergyLab Nordhavn" in which DTU is a partner, together with the district
heating operator HOFOR and the electrical utility Radius. The vision of EnergyLab Nordhavn is to make
the Nordhavn district available to other national as well as international research and demonstration
projects.
At the time of writing this deliverable, the availability of raw system configuration data for public
dissemination is still under discussion with the network operators serving the Nordhavn district. Parts of the
network configuration data are currently only available to DTU under a non-disclosure agreement. For the
purpose of use in the project and until a more flexible agreement is found, a derived data set is being
produced in agreement with the EnergyLab Nordhavn partners. This derived set will have similar properties
to the real-world Nordhavn data but is not identical to the original data set. While network topologies will
largely remain the same, some system data will be altered, reworked or aggregated. These may include
pipe diameters, demand signals, individual household consumption data etc.

4.5.3 Potential for hosting (multiple) innovative use cases
Reference use case for Nordhavn:
Provide regulating power to the electrical transmission network by controlling power-to-heat units
Electrical systems with a large amount of renewable energy are subject to fluctuations in energy generation
on multiple time scales. For systems with a high penetration of wind power, the ability of the power system
to counteract these fluctuations is particularly important on the time scale of few minutes to few hours.
Above a few hours from the operating hour, forecasts allow the energy supply to be shifted to other sources
through the existing market mechanisms. Fast fluctuations on timescales of seconds to a few minutes are
dampened by geographical spreading. Similar to electrical networks, district heating networks need to be
dimensioned for the highest expected simultaneous heat demand, plus margins for expected demand
increase due to population growth/urban development. In countries with pronounced seasonal climates,
this results in poor capacity utilization for most of the year, including additional losses due to an oversized
network.
It can be shown that the system's demand for available up- and downregulating flexibility grows with
increasing wind penetration. These services have been traditionally provided by thermal power plants;
however, as these are being replaced by renewable generators, alternative sources need to be found. A
significant amount of flexibility would be available from demand-side resources if their operation could be
coordinated with the needs of the electrical grid.
District heating networks have a great potential to act as an energy sink for downregulation services (i.e.
load increase) due to their slow time constants and built-in energy buffering capacity. If a number of powerto-heat units are deployed in the district heating network, either as large units at central heating plants or
as small decentralized units embedded into the heat distribution network, their coordinated operation could
be used to provide operational flexibility to the electrical power grid. The same goal could be achieved
where buildings have multiple heating options, e.g. a district heating connection and an additional
supplementary electrical heater. If a downregulation signal is received, the electrical heater could take over
the heat supply of the building from the district heating supply.
Upregulation can be provided in a similar fashion.
Potential to host joint use cases
 Long-term thermal storage
No long-term thermal storage units are present which renders Nordhavn unsuitable for this use case.
 Electric vehicles
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The system configuration contains a cluster of electric vehicle charging spots in combination with a
parking garage and a large Li-Ion battery which could be used for peak mitigation. This makes
Nordhavn well-suited for applying an electric vehicle-focused use case.
 Heat for Electricity
The reference use case for Nordhavn is a heat-for-electricity case. The presence of electrical heating
units connecting the electrical and heat networks makes Nordhavn well suited for this case.
 Electricity peak shaving with stationary storage
The lithium-ion battery allows shaving demand peaks by partially shifting these forward in time.
Combined with the nearby wind and local photovoltaic infeed and the presence of electrical vehicles
and electrical heating units, this SC is suitable for peak shaving studies.
 Consumer interaction
Consumer interaction studies are possible; however, unaggregated profiles of individual consumers
will not be available to the project due to privacy laws.

4.5.4 Innovative character of SC‐UC combination(s)
Due to the high amount of wind power and the extensive district heating penetration in Denmark, the
development of methods for the cooperative control across energy networks is a topic of particular interest.
The main innovations expected from the Nordhavn SC+UCs are technical concepts for the provision of grid
supporting services from one network to another in order to support the integration of high levels of
renewables. An important aspect of this is the analysis of the stability and reliability of multi-energy systems
with storage. In order to achieve this goal, new simulation tools must be developed which can replicate the
behaviour of multi-energy systems with storage with active control algorithms.
Furthermore, the optimisation of electricity grids through linking with the heat sector can be analysed by
using the Nordhavn SC. In this context, the analysis of tradeoffs with other flexibility options like demand
response and flexible generation is relevant and can be performed on the Nordhavn system.
Finally, the presence of an EV charging cluster in the Nordhavn SC, together with the EV use case, enables
the study of the implications and opportunities of the expansion of EVs in combination with grid-integrated
storage.

4.5.5 Replication potential
The general characteristics of the Nordhavn site are suited for replication to other environments in Northern
Europe, where a cold enough climate exists for district heating to be viable. While district heating is not
very widespread in Western Europe at the moment, this is expected to change due to the focus at the EU
level on district heating as an efficiency driver and a potential contributor to greenhouse gas reduction. In
other STEEP contexts, the following peculiarities may be obstacles to succesful replication.
Green-field development
The new developments at Nordhavn are green field projects. As Nordhavn is being overhauled from
industrial to residential use, the project has little need to adapt to existing infrastructure. Thus, the project
has been less constrained in the design decisions made in its construction. This could present a challenge
when trying to adapt the system configuration to other urban areas which have had a longer development
period.
Local wind potential
The high level of wind penetration in Denmark creates a strong economic and environmental driver for the
selected use case, i.e. enabling power-to-heat units to respond to the need for stability. For areas where
wind energy has a lower impact on electrical grid operation, this may be less relevant.
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4.7 Belgium national scale System Configuration (VITO)
By Pieter Valkering, Larissa P. N. de Oliveira, Frank Meinke-Hubeny
Final decision: Direct selection

4.7.1 Coverage of multi‐energy and storage
As described in Section 3.6.2, there are a number of local multi-energy and storage applications in place
(e.g. heat pumps, electric boilers, battery storage, district heating), but from the systems perspective
penetration levels remain small. However, there is significant local potential for upscaling multi-energy and
local storage in Belgium (see Section 4.7.3 for first reflections). Characterizing such options in TIMES
Belgium will be part of the research carried out under SmILES, after which an analysis of the upscaling
potentials of different local multi-energy and storage solution will be carried out under WP5.

4.7.2 Data availability and IP concerns
The Belgium energy system model is configured based on publicly available data as much as possible.
Base-year information is based on Belgium statistics made available by Eurostat. 2016 data is also used
when available. Technical-economic parameters for the different sectors are based on the JRC-EU-Times
model (EC 2013, 2014, 2016) and its reference scenario and fuel prices are based on the IEA’s International
Energy Outlook (IEA, 2015).
Some of the assumptions regarding technologies, however, were based on communication with experts,
reflecting on Belgium’s configuration specifications. This was the case for solar PV efficiency and costs,
which are based on EnergyVille/IMEC’s estimates. Moreover, natural gas power plants are also detailed
based on personal communication with EDF Luminus, allowing further detailing of power plants
specifications such as capacities, efficiencies and lifetime.

4.7.3 Potential for hosting multiple innovative use cases
The basic use case addressed is hosting a large share of renewables – i.e. reaching low carbon objectives
- at lowest cost. The upscaling of local multi-energy infrastructures with storage described by other partners
will play an important role in this base use case. As distinct test-cases, the impacts of different penetration
levels of renewables may be analysed.
A main criterion for the upscaling potential of the use cases and associated system configurations is costeffectiveness. Assuming the technology options of the use cases can be implemented in TIMES as an
available technology in the Belgium energy system, the results provided by TIMES will indicate whether a
use case is cost-optimal or not. A first reflection on the upscaling potential for the joint use cases currently
considered in SmILES is as follows:


Long term thermal storage: currently not implemented in the model as Belgium has limited technical
potential for long-term storage. Although there is currently no representation of local heat storage
in TIMES, developing such a representation as a generic technology to enhance the local use of
energy resources could be feasible. Possibly this requires a better geographical representation of
heat sources and demands.



Electric vehicles: plug-in and pure electric vehicles are cost-competitive within the current system
configuration from 2025 onwards. However, the current approach is limited in terms of charging
and discharging patterns at relatively short time scales.
Heat for Electricity: implemented in industry as an option, but not cost competitive within the current
system configuration. However, previous project results (ESTMAP) where heat storage was an
option showed that power-to-heat might be competitive in the long-term (2030). Also, TIMES
Belgium has a time resolution of 2 hour time slices, which makes it potentially suitable to implement
power-to-heat technology as a way to manage periods of excess power generation and to avoid
curtailment.





Electricity peak-shaving: battery energy storage is currently represented in TIMES Belgium. This
representation can possibly be elaborated upon to add the particular features of the use case
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addressed, however, bearing in mind the limitations set by the 2-hourly resolution adopted in
TIMES Belgium.


Consumer interaction: Consumer interaction at the national scale level is relevant, for example to
capture possible improvements in energy efficiency (e.g. due to energy consumption feedback)
and the development of flexible loads (e.g. via demand response and local storage). However,
such interactions are currently not implemented in the model. Demand profiles are implemented
exogenously in the model, and demand response is not included as an energy technology.

4.7.4 Upscaling approach
The VITO approach to modelling upscaling builds upon the modelling and imulation work on local multienergy networks with storage developed by the other partners. The local multi-energy infrastructures being
addressed in SmILES need to be implemented in the TIMES Belgium model as specific energy
technologies. The energy technologies may be an abstraction of the concrete local configurations, but
should be sufficiently representative. Then, structural model adaptations (e.g. in terms of spatial
aggregation or in the specification detail of the building stock) may be needed to simulate the uptake of
such technologies in a realistic way.
Concretely this process entails the following steps:
1. Analysing the different local multi-energy / storage configurations proposed by partners regarding
their potential for application in TIMES
2. First assessment of the way these may be implemented as energy technologies (or 'clusters of
energy technologies'), and think through the model adaptations needed to simulate the uptake of
such technologies.
3. Selection of local multi-energy / storage configurations that are both feasible and particularly
relevant for the SmILES project
4. Performing the model developments needed
5. Implementing of technical and economic parameters for the revised energy technologies (or
technology clusters) based on inputs from SmILES partners obtained from local simulation results
(‘test cases’)
6. Specifying the test cases for the national scale SC and running the simulations (under WP5)
This procedure will be tested under Task 4.4 ‘Generation and test of a system configuration’.
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5

Discussion and outlook

System configurations to be evaluated in WP5 will host the studies on multi-energy and storage. They were
selected based on their representation of best practice from the national projects of the partners, and on
the possibility of replication and implementation in a European context for representative areas. Practical
issues (data availability and IP concerns) were verified for all of them.
Coverage of representative areas and replication potential
The final group of System Configurations covers urban quarters (Collectopia, Nordhavn), industrial
environment (Smart Electronic factory), office buildings (FlexOffice) and rural areas (Smartdorf). The
(Belgium) system configuration will be used as the first step towards the upscaling and replicability study
of the local solutions to a national scale. First replication barriers to other contexts were assessed for all
local SCs. They cover obstacles due to the Environmental context (specific climate, local availability of solar
and wind, specific underground structure) and the Social context (new urban or rural mix). They will steer
the interest of the use cases to be applied on the SCs but were not considered prohibitive.
Potential for hosting multiple use cases
Each System Configuration provided by the partners is implicitely linked to a specific Use Case, derived
from the corresponding national project. For the sake of further dissemination of the cross-simulation results
to stakeholders in the multi-energy field, the potential to host other Use Cases was assessed for each SC.
The discussion was limited to the five Joint Use Cases previously clustered in D.3.1. As a group, the six
SCs offer a full coverage of the topics (see Table 4), while each keeping their specific features.
Table 4: Summary of the potential studies on the joint use cases

Collectopia

Smartdorf

FlexOffice

Smart
Electronic
Production
Plant

Long-term thermal storage













Electrical vehicles













Heat for Electricity













Electricity peak shaving with
Stationary storage













Consumer interaction













Nordhavn

Belgium

From joint use cases to cross-simulations
The joint use cases of D3.1 present a range of highly relevant topics regarding multi-energy networks with
storage, and provide the basis for the definition of cross-simulations. In the process towards simulations in
WP5, the specification of the particular SCs and corresponding UCs adressed will become more specific.
Modifications on two accounts are envisioned and concern joint UC 2 (Electric vehicles) and 5 (Consumer
interaction). Both topics are relevant aspects of possibly multiple SC/UC combinations, but rather than
being analysed autonomously, they will be integrated where appropriate in the SC/UC combinations
adressed in the cross-simulations. Moreover, the VITO use case of upscaling different SC/UC combinations
in a national scale energy system in order to host a large share of renewables is considered as a special
case. The process for choosing the final SC/UC combinations tackled in the SmILES project - and the
methodological tools to address those - will be documented under WP4.
Positionning regarding the main Research and Innovation Challenges
All local SCs were mapped onto the R&I table developed in the literature review (D2.1). The table reflects
on the variety of topics which can be tackled based on this group of SCs. The specific studies and analyses
to be done in the SmILES project to gather the core lessons learned on storage integration in multi-energy
systems will be identified in the process to come (WP4 and WP5).
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Table 5: Mapping of the main Research and Innovation challenges which can be studied with the local scale SCs

Societal aspects

Services and
business models

Modelling,
simulation and
control

Multi-energy optimisation

Energy storage
integration

Smart Electronic
Production Plant
Nordhavn

FlexOffice

Smartdorf

Collectopia

R&I challenge

Demonstrate integration of relatively mature energy storage
technologies in the energy network
Assess optimal storage integration design: sizing, location, scale- and
voltage-level, and storage time scale
Analyse and demonstrate the potential of long-term and large scale
energy storage at system level
Address the aggregation of different storage applications, for example
as Virtual Storage Power plants (VSPP)
Optimising electricity grids through linking with the heating & cooling
sector, e.g. via DHC networks and power-to-heat applications
Further integration of (multiple) renewable energy sources and waste
heat in smart thermal grids (4th generation)
Innovation in heating & cooling applications: integrating heat pumps in
buildings and industries, low temperature solutions for white goods
and domestic hot water in households
Address the implications and opportunities of the expansion of EVs
Address the stability and reliability of multi-energy systems with
storage
Develop modelling systems and planning concepts where the role of
storage and multi-energy can be assessed and optimised at energy
system level
Develop simulations of multi-energy systems with storage with active
control algorithms, including automation and control of hybrid heating
& cooling solutions for households, DHC and industry
Assess the costs of the ICT infrastructure for connecting, monitoring
and controlling storage devices and multi-energy carriers
Assess the variety of system services storage integration and multienergy coupling can provide, including novel energy storage business
cases, like energy arbitrage, investment deferral and self-consumption
Monetising added value of energy storage and multi-energy services
in the grid and evaluate the viability of business cases
Address multi-service business models for energy storage, like a
combination of end-user and distribution grid services
Analyse trade-offs with other flexibility options like demand response
and flexible generation
Analyse how storage and multi-energy systems can support the
integration of high levels of renewables
Address social acceptance of energy storage, renewable heating and
cooling, and smart multi-energy services, including aspects of user
interaction
Address new market and regulatory designs for multi-energy systems
with storage
Address the contexts (Northern Europe vs. Mediterranean, megacities vs. countryside) where storage solutions are most attractive
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Interviews
In our further work, we will set up interviews with project representatives of the different national projects to
get a better understanding of social, economic and regulatory driver and barriers associated with the local
SC / UC combinations. This work will build on the approach of project evaluation from the end-user point
of view developed as part of the EU S3C project13 and previously tested in the Linear project14. This
approach will be adapted to fit the specific focus of SmILES: local multi-energy networks with energy
storage. It will provide the building blocks helping us to address the following research questions: “What
are the main drivers and barriers for a successful end user engagement? How can active (or ‘smart’)
energy-related behaviour be fostered by active end user engagement in the selected cases?”.
The further development of this approach will rely on the overview of the theoretical literature on end-user
involvement in relation to multi-energy and energy storage already partly covered in SmILES deliverable
2.1. It is used for the direct questioning of experiences with end user involvement in the ongoing SmILES
cases. Since direct participatory observation of end users engaged in the cases is beyond the scope of this
SmILES research task, it takes the form of an interview protocol to be used in conducting semi-structured
interviews with both social actors involved in setting up the cases (e.g. research institutes, DSOs, utilities,
ICT firms, etc.) and, where feasible, some of the end users (e.g. households, SMEs) taking part in these
cases. Semi-structured interviews allow people to express their experiences in certain areas without being
guided too strongly by the interview protocol (by using more or less ‘open’ questions and a certain flexibility
on the part of the interviewer to go more into details when deemed necessary and possible, based on an
assessment of the interviewee’s responses). This approach is particularly fruitful when covering a topic that
is still in an experimental phase. It is also very relevant to separately cover the experiences of those involved
in setting up the cases and the end users actually engaged in those projects. The projects are ‘designed’
based on many assumptions and suggestions on how end users might behave or might be willing to take
up new technological options. However, the actual knowledge with regard to the attitude of end users
towards ‘smart energy’ or ‘multi-energy services’ and how the end user interaction schemes that are part
of this novel infrastructure will influence daily life, is still very limited and does not necessarily correspond
to the ‘design’ of the project developers. Therefore, the interview protocol will address both perspectives
separately.
The interview protocol is derived from the ‘sensitising concepts’ stemming from the literature review. We
draw upon the literature review to develop sets of relevant research questions. The literature review covers
a conceptual understanding of smart energy cases as ‘niche experiments’, energy-related behaviour as
embedded in energy practices, the new ‘affordances’ offered by end user participation in smart energy
projects, and finally, social learning concepts. From this broad scope of behavioural issues, we will select
the aspects that are of particular relevance for SmILES.
Results of the interviews will flow into the upcoming SmILES work in two complementary ways:
 As part of the development of reference description forms (Task 2.3), we will collect relevant data
on consumer interaction, and investigate if and how this data can be made operational in the local
multi-energy and storage simulations.
 As part of the analysis of upscaling potentials (Task 5.5), the interview should deliver insights about
the upscaling potential of local multi-energy and storage solutions vis-a-vis social, economic and
regulatory drivers and barriers. These qualitative insights will be combined with the quantitative
analysis of upscaling potential carried out with the Belgium TIMES model.
Ethics
No ethics issues were identified in this deliverable.

13
14

www.smartgrid-engagement-toolkit.eu/
From VITO / EnergyVille
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Appendix A: Simple reference description form for System Configurations
A. General description

B. General characteristics
(Eg. District surface, specific localization etc.)

C. Buildings
(eg. Typologies, footprint, insulation, orientation, density, roof inclination, construction year etc.)

D. Electrical layout
D.1.1. Production
D.1. Centralized

D.1.2. Storage

D.2.
Network
D.3.1. Production

D.3.2. Storage
D.3.
Decentralized
D.3.3. Consumption
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E. Thermal layout
E.1.1. Production
E.1. Centralized

E.1.2. Storage

E.2.
Network
E.3.1. Production

E.3.
Decentralized

E.3.2. Storage

E.3.3. Consumption
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Appendix B: Simple reference description form for STEEP contexts
A. General description

B. Social aspects
B.1. Users
B.2. Socio-demographics
B.3. Dominant views and attitudes towards smart energy technology
B.4. Other

C. Technological aspects
C.1. Renewable energy mix in the context of the SC (e.g. national or regional scale)
C.2. Other

D. Environmental aspects
D.1. Local availability of energy sources

D.2. Climate conditions

D.3. Other
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E. Economic aspects
E.1. Market players

E.2. Energy tariffs (electricity, gas, heat)

E.3. Market regulation and metering

E.4. Other

F. Political aspects
F.1. Main policy vision

F.2. Incentives for renewable energy and storage

F.3. Regulation free zones

F.4. Other
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