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BART TOMMELEIN

THE CITY OF 
TOMORROW

At the beginning of 2018, I spent a few days in Abu Dhabi for the 
World Future Energy Top. As Minister of Energy, a visit to Masdar 
City, the ‘most sustainable city in the world’, had to be part of my 
agenda. Masdar City was founded in 2009 and, to those who 
don’t know better, may seem like a fata morgana in the desert... 
Designed from scratch by a British architect, this six square 
kilometre city surrounded by walls contains a giant PV power 
plant, has zero CO2 emissions and zero waste. Thousands of 
people are currently living and working there together, which, in 
the long term, should even evolve into 40,000 people. The city 
grows and flourishes, constantly integrating new sustainable 
technologies.

However fascinating a project as Masdar City may seem, we 
live in Flanders, pursuing our own policies. A densely built region 
in Western Europe like Flanders makes it impossible to draw 
up (sustainable) cities from scratch such as done in Abu Dhabi. 
Nevertheless, Flanders is where our new energy model will be 
installed containing decentralised production units generating 
and using renewable energy locally as much as possible. To 
what extent is such a decentralised energy model desirable 
then? And how can all technologies be implemented in the 
existing infrastructure?

On a political level, it is often proclaimed the city level has become 
thé ideal level of governance. Similarly, the term ‘smart cities’ 
has gradually become an established concept. In this regard, 
Smart City not only entails digitalisation or automation of a city, 
which for example automatically directs a car to an available 
parking spot. It also entails mobility, energy efficiency, water 
management, security, waste reduction and processing… and 
yes, it definitely encloses ‘smart’ use and generation of energy. 

Chances are high the city will become ‘the measure of all things’: 
small enough to be flexible and big enough to be cost-effective.

Rome wasn’t built in one day, neither will the renewable city in 
Flanders. However, substantial evolutions have been noted: for 
example large enterprises which are entirely self-supporting 
and provide energy for their surrounding neighbourhood or 
industrial zones going for 100% renewable energy and purifying 
wastewater. New housing complexes or even entire districts 
connected to a heating network which heat their houses with 
the waste heat of a waste incinerator nearby. Or an anaerobic 
digestion plant breaking down the biodegradable waste of 
the entire Campine region, making biogas which is turned into 
biomethane gas and injected into the gas network. 

These new technologies come with new applications, new 
business models. More and more, things come full circle. Waste 
is turned into new resources, superfluous energy is stored and 
our cars more and more evolve into driving batteries. We live 
and build more compactly, we become more aware of the right 
transportation means for a specific reach, we use energy when 
energy is available instead of generating it to suit every need. 
Flanders may require some more effort than Masdar. But we’re 
getting there.

Bart Tommelein
Vice-Minister-President of the Flemish Government 
Flemish Minister of Budget, Finances and Energy
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PHILIPPE MUYTERS

LET’S CONNECT!
There is a special atmosphere that comes with a large group of 
like-minded people, a certain focus, a drive that you rarely find in 
individual human beings. Don’t we all know that coming up with new 
ideas is easier when you put bright and talented minds together? 
The outcome that can be achieved by working together, is greater 
than the sum of all parts. 

This connection is exactly what we need to find solutions for today’s 
challenges. Today, we face a growing population and a growing 
demand of energy and materials: you don’t have to be a great 
economist to see this is a recipe for disaster. It means an upward 
pressure on prices and it is bound to create geopolitical tensions and 
environmental problems. In order to break that, we have to transform 
into a more sustainable society. 

Actually, this is a huge opportunity for Flanders. We are a small region, 
but one that is filled with talented and highly educated people. We 
have excellent research centres and world class entrepreneurs only a 
few kilometres apart. What we have to do, is connect all these talents 
and use them to deal with energy in an innovative way. Innovation is 
key. 

Luckily it is easy to connect nowadays. We live in the era of ‘The 
Internet of Things’, a world in which an increasing number of physical 
objects are connected to each other, as swift evolutions in nano-elec-
tronics and sensor technology have resulted in machine to machine 
communication, creating a world of smart devices. This generates 
endless possibilities to create smart sustainable solutions that 
increase our standard of living. There’s a whole new world ahead of 
us in smart health, smart manufacturing, smart cities and of course 
smart energy. In fact, what lies ahead of us is Smart Flanders. 

But I do realise that working and innovating together might feel 
like exposing yourself. Open innovation often feels unnatural. It is 
completely understandable that if you discover something, you 
have a tendency of keeping it to yourself. That is why we encourage 
companies, sectors and research institutions to work together in 
clusters, like the energy cluster Flux50. 

Energyville also gets this to the core. Different universities and 
research centres work together for research on sustainable energy 
and intelligent energy systems. But what I find even more important, 
is the encouraging and challenging environment EnergyVille has 
become for companies to meet like-minded souls. Thanks to 
EnergyVille and projects like ‘Towards a Sustainable Energy Supply in 
Cities’, companies and research organisations are better able to grab 
the chances the switch to a sustainable energy supply has to offer. 
This way we make sure Flanders really is a frontrunner on the road to 
a sustainable energy supply, to a sustainable society and economy. 

The strongest ability of the human race is to come up with innovative 
solutions when we are confronted with challenges. I am convinced 
that this will happen with the challenges we face today. Flanders will 
make the switch to a sustainable energy supply. Thanks to people’s 
innovative brains. Thanks to our companies and research centres 
and the connection between them. Thanks to environments where 
they can prosper and grow. Environments like EnergyVille. 

Philippe Muyters
Flemish Minister for Work, the Economy, Innovation and Sports
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ERIK GERITS

ENERGY, BUSINESS OF THE FUTURE!
The development of EnergyVille is part of the strategy that was 
elaborated in the Strategic Action Plan for Limburg (SALK). This 
strategy was developed by an expert group in response to the 
announcement, in 2012, of the closure of the Ford branch in Genk. 
SALK aims to stimulate a structural and sustainable transition of 
the Limburg economy. The plan focuses heavily on strengthening 
the Limburg sectors in a sustainable way, based on a three-pronged 
strategy: strengthening mature sectors; accelerating the development 
of emerging sectors; and developing new sectors with potential for 
the region.

In order to achieve this, sectoral leverage projects are put in place that 
make an essential and sustainable contribution to the development 
of a sector. When possible, these projects are embedded in a regional 
and cross-border innovation system. In this system, research, 
education, business, government, capital providers, ... get into dialogue 
and interaction in order to achieve a strong and coherent development 
strategy. To realise projects like these, it is important that the region, 
too, develops cross-border top expertise or attracts it.

SALK took a conscious decision to develop the energy sector. 
The energy transition is one of the biggest economic and societal 
challenges we face. We have to increase our share of renewable 
energy and succeed in building green urban areas. This requires new 
insights, techniques and sustainable energy systems. Limburg’s past 
is rooted in ‘old’ energy: at the end of the seventies,  the last seven coal 
mines in Limburg closed. With the available space, the possibilities for 
deep geothermal energy, the synergy possibilities with developments 
in manufacturing, construction, IOT/ICT, ...Limburg has the ambition to 
also play a role in the energy business of the future.

EnergyVille, located at the former Waterschei-Genk mine site, Thor 
Park, is driven by renowned institutes such as KU Leuven, VITO, 
imec and UHasselt. With EnergyVille, Limburg now has the largest 
independent research center for renewable energy in Belgium. 
Therefore, Limburg has the means to take up a strong position in 
the Flemish and Euroregional energy landscape. Within the SALK 
Plan, the Provincial Government, the Provincial Development 
Agency, Flanders and Europe have decided to substantially support 
the realisation of top infrastructure and the implementation of an 
integrated EnergyVille research agenda.

The partners of EnergyVille, the developers of the Thor site and 
the Provincial Government have signed an agreement concerning 
the cooperation between EnergyVille and the region, in order to 
achieve an optimal valorisation of the knowledge, expertise and 
infrastructure of EnergyVille for developing new business in Limburg. 
As a region, we look forward to reaping the benefits of EnergyVille’s 
activities.

Erik Gerits
Council Member for Economy and European Affairs
Province of Limburg
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THE TIME IS NOW - OUR ENERGY SYSTEM IN FULL TRANSITION

Our present energy system is currently in full transition. To guarantee a more competitive, sustainable 
and carbon-free energy system in the future, new innovative technologies and applications have to be 
introduced to provide an answer to the many challenges that come with our current approach. 

THE TIME IS NOW - OUR ENERGY SYSTEM IN FULL TRANSITION

Traditionally, energy is centrally generated in nuclear and fossil power plants and 
from there on is further distributed towards the end user. Renewable energy sources 
turn the table: the end user becomes a prosumer, generating his/her own energy 
locally instead of taking it from the grid. These renewable energy sources, however, 
are of intermittent nature, causing fluctuations in the energy generation. To balance 
these fluctuations out and to guarantee sufficient supply of energy, an intelligent 
management of the energy network, incorporating a flexible way of producing, using 
and storing energy and new business models to support the integration of different 
energy vectors into a balanced system approach, are more than ever needed.

Quite a challenge? The EFRO/SALK project ‘Towards a Sustainable Energy Supply 
in Cities’ creates the foundations to tackle it all. Not only does the project investigate 
new technologies and applications, such as for example new solar systems or 
batteries; or new applications to be used in 4th generation thermal networks; it also 
looks into a multi-energy system approach, incorporating new business models, and 
a novel ICT and regulatory framework to optimally manage these different renewable 
sources, guaranteeing higher efficiency of renewable energy. This multi-energy 
system is developed for a complex urban context and ensures full sustainability, which 
encompasses security of supply, resilience, affordability, optimal use of all sources and 
environmental friendliness. It is a crucial cornerstone of our future energy system and 
therefore forms the ideal focus for the EFRO/SALK project ‘Towards a Sustainable 
Energy Supply in Cities.
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From a classic model…

…towards a sustainable energy supply in cities:

 THE TIME IS NOW - OUR ENERGY SYSTEM IN FULL TRANSITION
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A multi-energy system approach…

As previously mentioned, our energy landscape is currently facing an ambitious energy transition. Our current energy 
system has to become more sustainable and efficient, while guaranteeing a balanced energy supply, without any shortage, 
drastic excesses, or substantial losses. Renewable energy, such as solar and wind energy, plays an important part in 
the energy system of the future but isn’t always that predictable. To absorb ebbs and flows in the fluctuating energy 
supply of renewable energy and to optimally use the energy produced, an integrated and balanced system approach, 
which takes into account multiple energy vectors, both thermal and electric, is needed. This multi-energy system makes 
sure individual energy sources balance each other out, guaranteeing an energy supply which meets demand, takes full 
advantage of the energy generated and preserves as much energy as possible. And all this without affecting the comfort 
of the end user.

The EFRO/SALK project ‘Towards a sustainable energy supply in cities’ unites the researchers from KU Leuven, 
VITO, imec and UHasselt to shape this multi-energy system approach and looks into the energy issue within a unified 
expertise. More specifically, the project focuses on opportunities that arise in the urban context: it focuses on harvesting 
renewable energy close to the end user and connecting electric and thermal energy systems to come, together with 
efficient patterns of usage and local storage, to a sustainable, balanced energy system that simultaneously guarantees 
a balanced energy flow and an optimal use of energy resources.

SolSThore: investigates novel, more efficient solar 
cells, optimised power electronics and batteries 
as well as the aesthetics of photovoltaic (PV) 
systems. This includes solar cells that can be 
made transparent or highly integrated into building 
façades (BIPV), low-profile DC/DC converters that 
can be built into the frames of innovative BIPV 
products interfacing with the local DC grid, and 
more reliable battery designs and materials as well 
as battery management electronics. 

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES

1 2 3GeoWatt: GeoWatt looks into thermal networks of the 4th 
generation which are low temperature networks balancing 
heat/cold production with  local demand. These thermal 
networks will have an important impact on reducing the 
primary energy use (for heat/cold) by harvesting waste-heat  
and complementing it with renewable energy sources. Tackled 
challenges in this study are needed technological innovations on 
substations, thermal storage and proximity of deep geothermal 
heat and how to create flexibility and balance the system while 
keeping the  investment and operational costs low.

SmarThor: In Energy-as-a-Service, ICT is 
connecting user comfort and renewable generation. 
At the same time, ICT is connecting the different 
energy vectors, electricity, gas, heat and cold. This 
will enable multi-energy systems, thermal and 
electric energy sources are optimally interwoven 
with each other and their usage. EnergyVille 
develops the techno-economic framework, by 
means of an ICT-platform, integrating thermal and 
electrical energy alike.

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES

The set-up of the project is threefold…

• Developing new technologies for renewable 
energy on system level

• Linking renewable energy generation and 
storage to electric and thermal grids

• Developing a holistic energy approach by 
integrating multiple energy vectors which 
balance each other out

… and results into three innovative research 
tracks:
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… in an innovative, interconnected Living Lab in Limburg…

The Battery Testing Lab provides 
standardised and custom testing 
services on characterisation, 
performance, lifetime, accelerated aging, 
self-discharge, calendar life tests and 
many more. The test equipment allows 
to test battery cells, battery modules, 
battery systems, ultra-caps, coin-cells, 
at prototype level or mass production 
units. The Battery Testing Lab also 
offers application profile driven smart 
testing procedures to customers who 
wish to find the perfect match between 
their application and the selected battery 
technology.

The Thermo Technical Lab is a 
multifunctional laboratory infrastructure 
in which static and dynamic tests on 
thermal systems (heating and cooling) 
can be performed. With its thermal 
capacity ranging from 3 to 1000 kW 
(extendable to 2000 kW), its temperature 
range from 4 to 90°C and up to 280°C in 
the sound proof cell (thermal oil), it is the 
ideal infrastructure for thermal systems 
developers, systems manufacturers, 
systems installers, control system 
developers and consumer organisations 
to test and monitor their applications.

The Home Lab is a real life test 
infrastructure for home energy 
management systems, residential 
demand response technologies 
involving smart appliances and in-home 
communication systems. The Home Lab 
enables the testing of residential energy 
management systems, communication 
systems, novel optimisation algorithms 
etc. in real life conditions.

Battery Testing Lab Thermo Technical Lab (TTL) Home Lab 
An overview of our lab 

facilities
EnergyVille 1

The development and validation of these new technologies cannot be done without 
the right infrastructure. That’s why the project ‘Towards a sustainable energy supply 
in cities’ has invested in several state-of-the-art lab devices and demonstrators. 
Thanks to the funding of European Regional Development Fund (EFRO), the Flemish 
Government, the Province of Limburg and the research institutes KU Leuven, VITO, imec 
and UHasselt our innovative lab infrastructure with a total surface of approximately 
1400 m², spread over the EnergyVille 1 and 2 buildings, was expanded with high-end, 
innovative lab equipment . 

Our laboratories facilitate top-notch research on the energy transition in an integrated 
approach. The laboratories and energy systems of EnergyVille 1, and in the future also 
EnergyVille 2, can all be interconnected so that data can easily be exchanged and tests 
can executed on multiple levels. It turns EnergyVille into an ideal testing environment 
to experiment with real-time energy scenarios, to set up specific simulations and to 
develop new business models; this not only in the individual buildings, but for the entire 
campus. This multidisciplinary approach makes us unique, not just in Europe, but far 
beyond.

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES
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On the roof of EnergyVille 1, a metrological 
facility for accurately evaluating the 
energy yield of PV modules under 
real-life conditions can be found. This 
set-up is used for validation of detailed 
energy yield models for PV plants as 
well as for assessment of technological 
improvements of PV modules.

Outdoor PV Metrology Lab 

An indoor PV testing facility is also 
operated at EnergyVille 1 which 
employs a LED-based steady-state and 
pulsed sun simulator and a climate 
chamber, allowing to test the PV module 
performance over a range of illumination 
intensities, cell temperatures, in addition 
to Standard Testing Conditions (STC). 
The aim is to increase the performance 
and lifespan of the modules. Several 
climate chambers enable to simulate 
in accelerated condition the impact of 
humidity, UV light and high and low 
temperatures.

In the Polyline Medium-Voltage Smart 
Energy System Lab, you can test the 
safety and performance of industrial 
high-/medium-voltage components 
under ideal, realistic and adverse 
circumstances. Due to the highly-modular 
design, both standard and customer-
specific tests are possible. The lab 
specialises in sensor and instrumentation 
solutions for asset condition monitoring.

In the DC Lab infrastructure we perform 
technology validation for the new 
Low Voltage DC distribution systems: 
grid architectures, grid components, 
converters, coupling of PV or other 
renewable energy sources, storage, 
charging for electric vehicles, protection 
schemes, standards and so on. The DC 
Lab is embedded in the Home Lab and 
hosts a bipolar DC grid (up to ±500 VDC, 
100 kW).

Indoor PV Metrology Lab
Polyline Medium-Voltage 
Smart Energy System Lab DC Lab

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES
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The Power Electronics Lab provides 
testing facilities for characterising and 
developing power electronic converters 
and power semiconductor components. 
Our state-of-the-art equipment includes 
high power AC and DC supplies and 
loads, high frequency measurement 
equipment and power analysers for 
accurate efficiency measurements. 

The EnergyVille Smart Grid Infrastructure 
Lab is a platform for testing smart grid 
products and systems. It includes a 150 
kVA low voltage AC-grid and a 1000 V 
low-voltage DC-grid which simulates 
low voltage distribution grids. One of 
the applications that can be tested in 
this lab is the integration of renewable 
energy in the low voltage distribution 
grids. Furthermore, it also offers the 
opportunity to investigate algorithms 
which have to better synchronise supply 
and demand in real-life conditions.

 Power Electronics Lab Smart Grid Infrastructure Lab

The EnergyVille Smart Grid Lab is a 
multifunctional lab with grid emulator 
capabilities. The detailed real-time 
power system simulators enable 
testing grid control functionality in close 
to real-life system conditions. The lab 
offers full-detailed system tests to meet 
the needs of future power systems: 
from concept over conformity with new 
standards to full system integration.

Smart Grid Lab

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES
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This lab mainly conducts research on 
the improvement of crystalline silicon 
modules and can assemble monofacial 
and bifacial modules up to 1m x 1.6m. 
The PV module manufacturing equipment 
is specially designed for flexibility required 
for BIPV panels.

On the roof of EnergyVille 2 there is a BIPV 
demo room, where test arrangements 
of life-size demonstration modules can 
be placed on façades in real weather 
conditions, facing east, south and west. 
The interior and exterior climate of the BIPV 
panels can be monitored continuously, 
just like the performance and durability of 
the PV module components.

Photovoltaic Module Lab (PV 
Module Lab)

Building Integrated 
Photovoltaic Lab (BIPV Lab)

For thin film PV applications, two types 
of materials are investigated: perovskites 
and CIGS (Cu-In-Ga-Se). In this lab the 
material properties are improved and 
the interfaces and the different layers 
in the thin film solar cell structure are 
studied. The size of thin film PV cells can 
range from a few mm cells (for the basic 
research) up to 30 cm x 30 cm thin film 
mini-modules (to test applications).

The Thin Film Photovoltaic Lab 
(TFPV Lab)

EnergyVille 2

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES
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TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES

In the Battery Lab, there is a dry room 
so that batteries can be safely filled with 
electrolytes and improvements for a full 
battery manufacturing process can be 
tested. The dry room has an area of 90 
m² and is set to a relative humidity of 
0.6%. Like the rest of the lab, the dust 
class of the room is about 100,000 (ISO8 
standard).

The entire laboratory area in EnergyVille 2 
is 2000 m², of which 1500 m² is already 
fully equipped to connect appliances 
directly. 500 m² extra expansion can 
be prepared quickly on request of new 
users. The dust class in the entire lab is 
100,000 (ISO8 standard). In the lab there 
are connections for bulk gases (N2, O2, 
H2, Ar and forming gas), cooling water, 
compressed air, DI water and extraction 
for organic and inorganic vapours. 
Upon user request specialty gases and 
chemicals can also be provided.

Dry Room in the Battery Lab Other Lab Facilities

In the Battery Lab new battery materials 
are examined, as well as an improvement 
of the battery layer build-up. The aim 
is to further develop less expensive and 
safe battery types for home batteries. For 
this purpose, both coin cells (for the basic 
research) and pouch cells (for testing 
applications) can be made in the lab up to 
a capacity of 2 Ah.

Battery Lab



19



20

71 17

SOLSTHORE GEOWATT SMARTHOR

… and supported by an international team of experts

The EFRO/SALK project ‘Towards a sustainable energy supply in cities’ is a joint project of the four EnergyVille 
research partners: KU Leuven, VITO, imec, and UHasselt. Thanks to this collaboration EnergyVille becomes a 
top research institute which focuses on all parts of the energy system. By joining forces, it becomes possible to 
share competences within these common research areas and include all parts of this specialised knowledge into 
the approach.

88

TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES

62 25

87

22 10

32

16 Nationalities 10 Nationalities 8 Nationalities

As mentioned in the project proposal the EFRO/SALK project 
Towards a Sustainable Energy Supply led to the build-up of 
several expert teams.
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RONNIE BELMANS

IGNITING THE ENERGY TRANSITION WITH INNOVATIVE RESEARCH
Our energy system is changing rapidly and fundamentally. Over the 
last decade, the impact of renewable energy sources has grown 
exponentially: prices have dropped and the efficiency has advanced 
tremendously. Furthermore a shift has been made from centralised 
power generation, i.e. generated in large facilities, towards 
decentralised power generation mostly based on local sources and 
flows. Consumers have become prosumers harvesting the available 
energy. Similarly the interest in thermal energy increased. Not 
surprising if you know a substantial part of our energy consumption 
can be attributed to heating and cooling. 

These new trends and the accompanying technologies developed 
have paved the way for a real energy transition. Important steps 
have been taken, though innovative research is needed to unite 
these individual technologies into an all-inclusive approach. This is 
where the EFRO SALK project Towards a Sustainable Energy Supply 
in Cities steps in. The aim of the project is twofold. On the one hand 
photovoltaic systems and storage (SolSThore), 4th generation 
district heating (GeoWatt) and optimally connected energy systems 
(SmarThor) were investigated as they form the technical building 
blocks for this project. At the same time, the EFRO/SALK research 
topics go beyond these individual technologies as they interact to 
constitute a harmonised, sustainable multi-energy system. Instead 
of focusing on specific aspects, we go for a system approach. We 
deliberately choose not to pinpoint on one technical innovation. 
Instead, we give preference to the interaction of the different 
components. The gains reached by the overall system are often 
greater than the sum of those of the individual parts.

The same goes for our researchers. Uniting all research partners 
of EnergyVille, this project made optimal use of sharing the 
competences of our researchers into a unified approach. I would like 
to sincerely thank them for their tireless commitment and passion to 
collectively realise this vision. 

Special thanks should also be directed to the European Regional 
Development Fund (EFRO), the Flemish Government and the 
Province of Limburg. Thanks to their support we were able to further 
extend our lab infrastructure and push EnergyVille even more into 
a leading energy innovation hub in Europe. Unique in that regard is 
that all technologies developed in the EFRO/SALK project will also 
be (or already have been) tested on-site in Thor Park. Thor Park as a 
living lab keeps on growing and turns the site into a highly innovative 
testing environment to experiment with energy scenarios, to set up 
specific simulations and to develop new business models. 

I am very proud to present to you these results and technologies 
developed and tested within the EFRO/SALK project ‘Towards a 
Sustainable Energy Supply in Cities’. It is only the beginning of more 
state-of-the-art research, products and services that are going to 
change the energy landscape even more fundamentally.

Ronnie Belmans
CEO EnergyVille
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SOLSTHORE - INNOVATIVE PHOTOVOLTAIC SYSTEMS AND STORAGE 
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SOLSTHORE - INNOVATIVE PHOTOVOLTAIC SYSTEMS AND STORAGE 

SOLSTHORE: INNOVATIVE PHOTOVOLTAIC SYSTEMS AND STORAGE 

When it comes to the transition towards renewable energy, solar power has always been a key part of the 
equation. Solar technology has improved over the last decade, prices have dropped rapidly  and the module 
efficiency has advanced tremendously. Modern innovations are paving the way to the next generation 
of module technologies that will boost solar efficiency and aesthetics even more while introducing new 
applications.

SolSThore looks into new cell and module technologies and strives for a massive implementation of solar 
energy in a smart city context. After all, one of the critical elements to achieve energy generation is a 
large-scale integration of photovoltaic modules in building components. More than merely attaching PV 
panels to the roof (BAPV or building-applied PV), SolSThore also looks into the technology of installing 

From building-applied Photovoltaics (BAPV) to building-integrated Photovoltaics (BIPV)

PV panels in the building parts of a house, such as in the outside 
walls or in its windows, to harvest a maximum of energy. By 
simultaneously serving as building material and power generator, 
BIPV (building-integrated PV) systems can provide savings in 
materials and electricity costs, reduce our use of fossil fuels, and 
add architectural and aesthetic appeal to a building. 

Activity 1 of SolSThore focuses on innovative cells and module technology, developing two different types of BIPV panels and 
cells: opaque ones using high efficiency crystalline silicon cells and innovative interconnection technology; and semi-transparent 
thin-film modules with novel processing methods. Activity 2 looks into the possibility of storing solar energy by means of optimally 
managed, reliable, nature-friendly and cost-efficient electrochemical storage. In order to use, store and restore the generated 
energy, power conversion technologies are needed that are explored in activity 3. Activity 4 looks into better ways to model and 
forecast the PV systems’ energy yield, and finally the culminating activity 5 tests all these technological innovations in BIPV and 
large (also known as commercial-roof) PV installations with storage, both interfaced with a local, bipolar DC nanogrid.



26

SOLSTHORE: INNOVATIVE PHOTOVOLTAIC SYSTEMS AND STORAGE 

1. Innovative solar cells and module technology

1.1. Taking crystalline silicon PV modules to the next level

Enabling a massive implementation of solar cells in a city context calls for a few action points to work on: 
efficiency, aesthetics and cost. SolSThore aims to implement all three of them. For better energy harvesting, 
the focus was directed to bifacial cell technologies. Bifacial cells accept light from both sides, making them 
the ideal match to combine with a transparent or reflecting backside of the PV module. The significant rise 
in performance and reduced production costs explain their rapid industrial growth.

EnergyVille takes these highly efficient bifacial cells as a starting point and links them to optimised cell 
metallisation techniques and multi-wire interconnection technologies where multiple thin metal wires 
are incorporated on both sides of the cell and interconnected to reach a better bifacial module performance. 
Both the Performance Ratio (PR) and reliability of bifacial modules with plated cell metallisation have 
significantly increased when combined with multi-wire interconnections. 

Monofacial and bifacial crystalline silicon PV modules with multi-wire interconnection (SmartWire™)
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Next to crystalline silicon solar cells and 
modules, SolSThore also focuses on the 
development of thin film PV cells and 
modules. Thin film PV cells are made of 
inorganic-organic Perovskite materials, 
making it possible to create solar cells 
with a thickness of less than 1 micron (to 
give you an idea: the average thickness 
of a single human hair is 50 micron). 
Since the active Perovskite layer is so 
thin, it can be adjusted to several kinds of 
substrate materials such as glass, plastic, 
metal, etc. generating both flexible, 
non-flexible or rigid, (semi-)transparent 

and non-transparent modules. Efficiency 
ratings for these thin-film cells have been 
very promising, however, upscaling is key 
for the mass market implementation 
of this emerging PV technology. This is 
exactly what SolSThore and its newly 
installed lab infrastructure enables to do. 
Perovskite-based modules on 15x15cm² 
glass material have been fabricated 
and their efficiency has gradually been 
improved and approaches now 15%.

Under the motto ‘let’s get weaving’, SolSThore went even further and looked into the 
possibility of woven multi-wire interconnection technologies as a next generation 
technology. It advances the multi-wire interconnection technology even more by 
combining soldering and lamination materials in one woven layer. Initial thermal 
stressing tests have demonstrated that cells can have reduced power loss in the first 
25-50 cycles. However the reproducibility of these results remains challenging due the 
manual fabrication of the woven fabric. With industrial partners multiple alternative 
routes will be explored for the fabrication of the fabric. Research into combining plated 
cell metallisation with woven multi-wire interconnection will be the focus of future 
research projects.

Non-transparent rigid thin film on glass substrate vs. Non-transparent flexible thin film vs. 
semi-transparent rigid thin film

Interwoven multi-wire interconnection silicon cells

1.2. Thin, thinner, thinnest - Next-generation thin-film module materials with novel processing methods

SOLSTHORE: INNOVATIVE PHOTOVOLTAIC SYSTEMS AND STORAGE 

Woven fabric 90° rotated

Woven fabric going from front 
to back side of neighboring cells

Busbarless cell with 
diagonal cell 
metallization



28

Controlling the thin-film cells uniformity and crystallinity is crucial to obtain high module efficiencies, 
however, the interconnection of cells has to be realised with minimal losses too. For this purpose, new laser 
technologies are developed to reduce dead area in between cells of less than 400 micron currently and 
aiming to reduce this further to below 200 micron. Additionally, a novel interconnection process is developed 
whereby the interconnections are only created with the laser ablation after all layer depositions have been 
completed. This enables a far more advanced customisation of the cell dimensions at the final stage of the 
module processing. 

In order to test our silicon and thin film modules, several test set-ups for outdoor and indoor monitoring and energy yield 
simulations were set up. The most critical stress factors for solar modules placed outside are humidity and varying temperatures 
during the days and seasons. These environmental stresses can lead to metal corrosion, delamination, interconnection 
interruptions or adhesion problems between module materials and the cell. These reliability studies are therefore an integral part 
of the technology development of the SolSThore project.
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The transfer of this back-end interconnection process to other 
thin-film PV technologies is anticipated to be possible and 
will be developed in the future. Sizing this further up to the 
35x35cm² module platform is understood to be convincing for 
demonstration in relevant BIPV applications, whereby from both 
ends like equipment developers as well as end-users can be 
engaged to set up new initiatives for larger area production.

Frame 1: Silicon cells and modules 
are used to test the impact of backside 
materials (glass thickness, encapsulant 
colour) and the impact of ventilation in the 
façade. In total eight modules have been 
installed on the VLIET building, located 
in Leuven, and their monitoring has 
been running for over one year. Similar 
modules are also being tested on the roof 
of EnergyVille 1.

Frame 2: A second series of PV-modules 
demonstrated the bifacial cell technology 
with plated cell metallisation in combination 
with a multi-wire interconnection of activity 
1. It achieved a cell performance of 20.7% and 
92 % cell-to-module (CTM) power ratio. In 
total 12 modules (8 modules in Leuven and 4 
at EnergyVille 1 in Genk) of 58x58 cm2 have 
been installed and have been continuously 
monitored.

A third series of demonstrators aim 
at demonstrating the interconnection 
technology with industrial bifacial cells 
in similar 58x58 cm2 sized modules. 
These modules will be installed in 
the BIPV test set-up in EnergyVille 2. 
These samples were built using new 
laminator, and other module assembly 
facilities in EnergyVille 2 and serve as a 
platform to validate baseline processes. 
Further demonstrators will target the 
demonstration of a woven multi-wire cell 
interconnection in 60-cell sized modules.

OUTDOOR

1.3. Reliability is key - Testing our PV modules in real life conditions 

Frame 1Frame 2
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Characterisation of PV modules is also 
done with a large-area LED-light-based 
solar simulator, installed in EnergyVille 
1, which can provide A+A+A+ light 
quality over a test area of 1x1.6m2. The 
adjustable spectrum between 350-1100 
nm is a unique feature enabling the 
spectral response measurement of 
the modules. Electroluminescence 
measurement of full size modules is also 
foreseen in this set-up.

For material and device research in Silicon 
PV and Thin Film PV cell and modules 
a high precision spectral response and 
reflectance tool has been started up. Two 
large-area climate chambers suitable 
for 1.1x1.7 m2 module testing in damp 
heat, thermal cycling and high intensity 
UV  conditions have been installed in 
EnergyVille 1. Four fast feedback material 
and visual inspection tools complete the 
module fabrication line.

Led-light based solar simulator Other degradation tests 

Finite element modelling of the 
thermo-mechanical stresses in PV 
modules has been developed. This 
enables us to assess the impact of novel 
technologies, materials in the module 
when exposed to high temperatures, 
their oscillation and wind load which 
can even be higher in BIPV applications. 
Fundamental insights in the kinetics of 
the failure mechanisms gathered in the 
SolSthore project will enable us on the 
long-term to predict the impact of other 
stress factors such as humidity, high 
voltage.

 

INDOOR
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2. Electrochemical storage as a key feature of the energy transition

Much of the energy generated by photovoltaic systems, is produced during the day when there is little or 
no electricity used at home. In order to store the energy generated by PV cells and to balance out the peak 
moments in energy demand, part of the EFRO/SALK project was directed to investigating electrochemical 
storage. Innovations were made ranging from material to system level.

2.1. New electrochemical materials for energy storage

Electrochemical storage, in the shape of batteries, has an important role to play in the energy transition. By using 
batteries to store energy it becomes possible to buffer ebbs and flows in renewable energy generation. Energy 
that cannot be immediately used, for example from solar panels, can be stored during the day and released 
when the demand for energy rises. By means of storage, it not only becomes possible to use renewable energy 
more efficiently; it also forms an ideal tool to alleviate production peaks (also known as peak shaving).

Current technologies were used as a starting point. Supported by developments for growing markets like electric 
vehicles, lithium-ion (Li-ion) battery systems have been sky rocketing over the recent years. Today’s Li-ion 
technologies have some room to improve though to sustain the future requirements. So we need innovation. 

To have a higher buffer capacity in compacter volumes, materials with a high volumetric energy density were 
investigated. Both the battery chemistry as well as the battery architecture were reviewed and adjusted as 
demonstrated on the graphic below. Apart from a higher efficiency, these systems have a faster charging time, 
a longer lifespan, a more competitive price and are safer in use. To test these new cells over the entire value 
chain, ranging from electrode powders till pouch cells, a small-scale pilot line, a dry room and other professional 
equipment have also been installed in the Battery Lab of EnergyVille 2.

Solid nanocomposite electrolyte
Nanoparticle active materials
High voltage cathodes (e.g. LMNO)
Mixed ionic/electronic conductor coatings

Current wet battery
electrode architecture

Additionally, also electrolytes were investigated and 
optimised. An electrolyte is an essential component of a 
battery. In today’s batteries, the electrolyte is a liquid. It fills 
the open spaces inside the battery. Crucial for a battery’s 
properties is a high ion conductivity, i.e. the speed at which 
the ions can move around in the electrolyte (expressed in 
mS/cm or milli-Siemens per centimetre). The higher the ion 
conductivity, the faster a battery can charge and the more 
power it can release.

Since the use of liquid electrolytes comes with several 
disadvantages such as potential degradation, SolSThore 
looked into the development of solid electrolyte. Replacing 
the liquid electrolyte with a solid allows to place the battery’s 
electrodes, the parts which conduct energy, much closer 
together, making the battery more compact and thus 
delivering a greater energy density. An exceptionally high 
conductivity of up to 10 mS/cm was reported and paves the 
way for a whole new generation of batteries.

“ideal” particle composite
electrode architecture

Micron-sized active electrode particles
C-black conductive medium
PVDF polymer binder
Soaked in liquid carbonate-based 
electrolyte solution

solid electrolyte on copper foil (left); pouch cells (type of
battery cells) containing solid electrolytes (right)
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At EnergyVille, new materials for batteries are developed, but different batteries have different characteristics. They all 
behave differently in a given situation. For all chemistries and technologies, there are a lot of uncertainties about the actual 
performance and lifetime of a battery when it has left the production line. Within SolSThore, EnergyVille has invested in 
professional equipment to accurately assess a battery’s performance. The Battery Testing Lab in EnergyVille 1 combines 
infrastructure to test batteries at cell, module, and pack level up to 1000VDC from -20°C to 55°C. Those tests can be 
performed according to existing standards but EnergyVille also has a long-standing expertise in developing and executing 
application specific test protocols. This way, more useful information is gained. EnergyVille is also able to translate the 
evaluation into an objective advice on the best technology and battery configuration for the aimed use.

2.2. Battery Testing Lab and Battery Management Systems
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To ensure a safe, reliable and high-performance operation of a battery, it is best linked to a battery management system 
(BMS). In the scope of the SolSThore project, EnergyVille focused on the development of an advanced cost-efficient and 
modular BMS for energy storage packs. The resulting BattSense technology is a combination of hardware and software 
features that not only continuously monitor the individual battery cells but also manage the system so that its capacity 
is used to the maximum and its lifespan is increased. The permanent cell balancing and the setting of a dynamic safe 
operating area in terms of voltage (V), current (I) and temperature (T) is only one of the outstanding enabling features of the 
system. Due to the constant measurement of these three parameters, V, I and T, the battery’s exact status is known at any 
given moment, expressed in State of Charge (SoC), referring to its energy content, and the State of Health (SoH), referring 
to its condition compared to a fresh battery. Furthermore, the BMS works adaptive model-based, which makes it a very 
flexible solution, ready when new technologies are being developed and enter the market.

BattSense Battery Management System to provide maximal safety, efficiency and 
an increased lifespan for cell-based electrical energy storage solutions
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3. Power electronics and a low voltage DC-grid

In order to optimally use the energy generated by renewable energy sources, it is important 
to also focus on local electrical power networks in buildings or districts. Instead of letting 
the renewable energy generated flow back into the grid, it can be used, stored or managed 
locally by means of micro- or nanogrids. One problem though, electrical power networks 
in buildings and districts have been traditionally equipped with AC technology (50-60 Hz) 
which was decided upon when Nicola Tesla won the “War of Currents” from Thomas Alva 
Edison, 130 years ago. Nowadays, the energy transition and the accompanying technological 
developments in semiconductors and power electronics put into question whether AC 
electrical power networks are still the best option to go for:     

• More and more technologies rely on power electronics implementing a 
frequency conversion

• Buildings, warehouses and production halls are more and more equipped with 
rooftop building attached photovoltaic (BAPV) systems based on DC

• More IT and ICT systems, which are DC-oriented, are used, demanding a very 
reliable power supply

• The energy transition leads to a further electrification in transport and building 
heating and cooling, which demand more DC power

• In addition, affordable stationary storage technologies, mainly in the form of 
batteries are becoming widely available
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The question remains whether it is financially worth changing towards DC-based electricity 
systems and whether those offer (at least) the same level of dependability and safety. 
Long-distance transmission systems are nowadays already installed using High-Voltage DC 
systems (HVDC), but will Low-Voltage DC (LVDC) be a game-changer as well? It is necessary 
to prove in practice that LVDC technologies can work on a wide scale, and that safety 
concerns have been overcome. 

Therefore, EnergyVille decided to set up a representative 
building-level “DC nanogrid” (as opposed to the wide area 
microgrids) in its facilities on Thor Park in Genk (i.e. the Home 
Lab in EnergyVille 1). To realise this, a portfolio of technologies 
was developed using high-performance power electronics 
including wide-bandgap semiconductors, non-linear 
modelling and control methods, and protection philosophies. 
As a milestone, in December 2017, this system underwent 
the compulsory external “safety approval” according to the 
Belgian AREI-code (note that this code is intended originally 
for AC) making it the first building-level DC power system of 
the country.
 
The constructed DC nanogrid is situated in the laboratories 
of the EnergyVille 1 building. It has the topology of a 
reconfigurable (open) ring with cabling under a floating floor, 
and with four main “DC substations” on the lab floor next to 
the AC/DC smart grid interface to connect miscellaneous 
loads, converters, etc. There are active cable connections 
to the roof with PV module test racks and the labs on the 
ground floor equipped for battery testing and charging of 
electric vehicles. The system is also linked to the rooftop PV 
test facilities, where novel BIPV modules are being tested in 
real-life conditions, loads and battery units. Expansions to 
the electric vehicle charging points in the basement garage 
are pre-wired.
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In 2018, further expansions on campus will be activated, including a connection between separate buildings, EnergyVille 1 and 2, over public 
domain (also the first time in Belgium), and further LVDC “Living Labs” will be initiated with more partners.

A preliminary study for the Flux50 Cluster industrial partners has been concluded 
end of 2017, showing that the LVDC concept can be deployed to demonstrations 
in the public domain, as the relevant standardisation and safety codes can be met, 
opening the possibility to move on the next stage of “Living Labs” and be at the 
forefront of LVDC developments.

To link the novel BIPV modules to the DC nanogrid, module-level DC-DC converters 
were developed. These converters are subject to challenging requirements because 
of the nature of BIPV. The converters will be installed inside the frame on which the 
BIPV modules are mounted which restricts the size and demands a high lifetime. The 
size of the BIPV modules and operating conditions can vary greatly, requiring a wide 
range of input conditions for the converter. To meet these conditions, wide-bandgap 
semiconductor devices were used in a 300W DC-DC converter. The test equipment at 

EnergyVille allows for assessing both electrical and thermal 
performance of the converter in static and dynamic tests. 
The end result forms the connection between the DC 
nanogrid and the BIPV modules, allowing for monitoring the 
performance in realistic operating conditions.

Photo of the first prototype of part of the module-level converter (left); thermal imaging photo of the prototype under load (right)

EnergyVille DC nanogrid with 4 substations and central AC/DC converter + 
connections to PV test roof and vehicle/battery charging



34

4. Modelling and forecasting PV energy yield

When it comes to solar energy, an optimal energy yield is key. Nowadays, the performance rating of PV modules 
is measured indoors under standard testing conditions (STC). However, in reality, outdoor conditions differ 
significantly from these STC. To bridge the gap between indoor and outdoor performance, both indoor and 
outdoor testing set-ups, providing different operating conditions, and an advanced energy yield prediction 
model have been developed. 

4.1. Indoor characterisation tool

This indoor set-up to test the energy yield of solar 
modules creates dynamic irradiance conditions 
and is therefore able to create different light and 
shading patterns. The main goal of this dynamic 
illumination set-up (DIS) is to controllably and 
reproducibly evaluate standard and advanced PV 
module performance under non-ideal conditions. 
To simulate different illumination conditions, the 
DIS uses white LED lamps, which are electronically 
controlled in pairs. By using a combination of these 
lamps and mirrors, it is possible to achieve an 
irradiance that can vary from 0-300 W/m2.

4.2. Outdoor PV set-up and weather station

To validate the energy yield of new PV module 
technologies, a state-of-the-art outdoor test 
set-up and a weather station were also developed. 
They were designed to be able to measure the 
weather conditions, PV module power and PV 
module temperature with a relative accuracy of 
0,5%. By having this accuracy, small but maybe 
more cost-effective performance variations can 
be monitored, hereby providing feedback to both 
technology and modelling development.
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4.4. Validation of the energy yield prediction model

To validate the calculations of the  energy yield prediction model, a real-time test set-up was built for 4 
different Silicon PV module types of different glass thickness and with either a black or white backside. 
Energy yield simulations indicated that the white module with thin glass plates would produce 5.1 % more 
energy compared to the PV module with a black backside and thick glass. The difference is caused by the 
additional light absorption by the solar cells due to reflections from the white backside and due to a lower 
operating temperature.  

The 4 different PV module types were tested on the PV module test set-up on the rooftop of the EnergyVille 
1 building. The measured energy production was analysed to verify the predicted estimations. The results 
show that the thick black module was indeed the worst performing module. The thin, white module produced 
5.3 % more energy compared to the worst performing thick black module as predicted by the energy yield 
modelling tool. The thick white and the thin black module performed respectively 1.1 % and 2.3 % better than 
the thick, black PV module. These measurements were also in line with the predicted differences of 1.3 % and 
2.6 % demonstrated by the developed energy yield prediction model, showing the value of the prediction tool. 

4.3. Physics based energy-yield prediction model

The energy yield prediction model is a physics-based simulation 
framework which accurately predicts the daily energy yield of solar 
cells and solar modules under varying meteorological conditions. 
The model combines optical, thermal and electrical parameters 
to provide detailed insight on thermal variations in the solar 
module. The model integrates the effect of these variations, 
resulting in a significantly better accuracy than commercially 
available software packages for energy yield estimation. In 
contrast to most existing models for calculating the energy yield, 
this prediction model starts from the physical parameters of the 
solar cells and the used materials, and includes on top of that the 
variations due to changing external conditions. This way, a ‘closer 
to reality’ model is obtained, enabling a more precise analysis of 
the effects of solar cell and module technology changes on the 
energy yield of these photovoltaic cells and modules.
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5. Building Integrated PV (BIPV)

A crucial part of SolSThore is to implement all technological 
innovations developed above into an all-inclusive, 
full-scale application. Activity 1-4 focused on the 
processing and validation of new solar cells and modules, 
storage, power electronics and a local DC-nanogrid. To 
test the performance of these technologies in larger 
set-ups (activity 5), two applications were selected: 
a façade integration (BIPV) set-up and a large (also 
known as commercial-roof) PV installation.

5.1. Building integrated PV test set-up

As mentioned before, BIPV seamlessly integrates solar 
modules in the building envelope of a building. Since they 
are meant to become a prominent part of the architecture 
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Frame 1: eight mini-modules with mainstream silicon cell technology. Four 
modules are ventilated and four modules are not ventilated, white and black 
backsides have been used and behind each module, sensors (thermocouples, 
relative humidity…) have been placed.

Schematic representation of frame 1 (front view, side view and thermocouple 
position behind each mini-module)

Frame 2: eight mini-modules with bifacial cell technology, plated cell 
metallisation and a multi-wire interconnection (developed in activity 1) with a 
white or transparent backside. This set-up is an advanced replica of Frame 1, with 
improved module technology and additional thermocouples sensors for a better 
characterisation of thermal behaviour.
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Schematic representation of frame 2 (front view, side view and thermocouple 
position behind each mini-module)

of a house, they have to be aesthetically pleasing, should 
maintain a good performance under non-ideal conditions (e.g. 
when there is more shading, reflections, etc.), they need a high 
lifetime and smart ventilation schemes which can also be 
integrated in façades. In order to test these features in real-life, 
different test set-ups were installed, both in Leuven and in 
Genk.

Different measurement set-up frames were designed and 
built in our VLIET test building located in Leuven. The BIPV 
measurements were associated to state-of-the-art weather 
measurements in order to obtain a precise and reliable 
characterisation of BIPV performance. The design of the 
set-ups in Leuven has been used as a basis for the BIPV Lab 
being developed at EnergyVille 2.
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As mentioned in activity 1, an important aspect of frame 1 and 2 is to evaluate the reliability of our technology in a BIPV 
set-up. The particularity of a BIPV set-up compared to usual outdoor free standing PV systems is that high temperatures 
can be obtained behind the modules due to the lack of air circulation. Those high temperatures can degrade the PV module’s 
efficiency as well as cause stresses that can lead to aesthetical and performance degradation such as metal corrosion, 
delamination, etc. 

Another aspect of the BIPV test set up is the validation of energy yield prediction model as stated in activity 4. The 
measurement extracted from the BIPV set-ups have confirmed similar accuracy of our model than with free standing PV 
modules, with ventilated modules producing more power than non-ventilated ones, white modules performing better due 
to additional light absorption, thick glass modules having worst performances etc. Finally, BIPV test set-ups have also been 
used to provide results on innovative bifacial modules developed in activity 1.

Frame 3: contains a full sized floor-to-floor BIPV façade element: in collaboration with a façade construction industrial 
and a PV module manufacturer, an innovative BIPV curtain wall was developed. Our goal with this set-up was to build a 
real size BIPV façade prototype. As for a traditional curtain wall, our BIPV element was divided into an opaque part, where 
60 PV cells were integrated, and a transparant window part. The electricity produced by the BIPV element is fed to the grid 
through a commercial DC/DC converter (power optimiser) to a DC bus at voltage of 380 Volts. In activity 3, a module-level 
DC/DC converter was developed that can be placed in the frame of the curtain wall BIPV element. Key innovations include 
low-profile electronic components, wide-bandgap semiconductor switches, and cascading topology (double DC/DC 
conversion). Finite-element modelling activities investigated the temperature distributions inside the frame of the BIPV 
curtain wall element in order to choose the optimal location for the module-level converter for achieving lifetimes in the 
order of 30-40 years..

IDEAS

In order to evaluate the year-round performance 
of BIPV systems, the implementation of BIPV 
models in building energy simulations (BES) 
tools is essential. Within the SolSThore project, 
a tool for the simulation of BIPV systems 
has been developed within the open-source 
environment OpenIDEAS/Modelica. Thermal-
electrical couplings and active and passive effects 
between the building and the BIPV element 
are taken into account. The modelling approach 
also allows for simulation of shading effects 
on the BIPV performance. Furthermore, the 
object-oriented nature of this package provides a 
flexible tool for fast prototyping and assessment 
of different BIPV systems and energy scenarios.

Based on the experiences with these first 
set-ups, a fully-fledged BIPV installation is 
designed for and installed in the EnergyVille 2 
building, which allows to do similar measurement 
campaigns in the location in Genk for up to 20 
m2 of BIPV modules. The set-up allows to build 
façade frames of up to 1.50 m in width and 
allows to test elements on west, south and east 
orientations.
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5.2. Large commercial roof PV systems

To support the owners and developers of buildings with detailed input about the 
performance and efficiency of larger PV systems, coupled to DC nanogrids with 
battery storage, EnergyVille 1 has equipped part of its roof area with 368 kWp of 
grid-connected PV. The test set-up enables PV modules to be tested on a large 
scale and in different framework conditions – for example in different tilt angles, 
east-west and south-north configuration – and enables to find the most suitable 
energy consumption profile for a commercial building. Parts of this PV system are 
linked to the DC nanogrid and Battery Lab in order to evaluate the design options 
of such systems. Additionally it is coupled to the SmarThor ICT-platform, and looks 
into how a building can become entirely self-supporting. The system uses crystalline 
silicon (c-Si) modules with all-back-contact cells with bypass diode integrated in each 
cell for better mitigation of partial shading. The overall shading loss is about 7%. A 
second, 65-KWp grid-connected PV system with mainstream c-Si PV modules was 
installed on the roof of the EnergyVille 2 building, with south orientation only.

Commercial roof PV systems on the roofs of EnergyVille 1 
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Commercial roof PV systems on the roofs of EnergyVille 2



40

IMEC PIONEERING 
ENERGY RESEARCH

Imec has been a pioneer on photovoltaic cell technology development since its 
foundation more than 30 years ago and is today one of the global R&D leaders 
contributing significantly to the innovation in this domain.  Additionally, over the 
last decade it broadened its energy portfolio with its activities in the field of 
advanced power devices based on its innovative GaNon-Si technology and more 
recently also started activities on advanced solid-state battery architectures.

To further increase the value of the energy research at imec towards a broader 
network of companies and towards the society in general, we felt the need to 
build up and deploy activities further down the value chain and to move beyond 
innovation on component level. In practice, this oriented us towards the use of 
photovoltaic devices for seamless integration of PV systems in buildings, the 
use of GaN-on-Si devices in more efficient and miniaturised convertors and the 
development and upscaling of storage systems based on innovative solid-state 
batteries. The EFRO/SALK project has enabled both significant investments in 
the equipment needed to perform industry-relevant development along these 
tracks, as well as investments in human capital, The results that imec and its 
research partners in EnergyVille have achieved within the EFRO/SALK project 
significantly accelerate the transformation of Europe towards sustainable 
energy generation. 

Luc Van den hove
CEO imec

LUC VAN DEN HOVE
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LUC DE SCHEPPER

FUTURE PROOF RESEARCH ON SOLAR GENERATION AND 
ELECTROCHEMICAL STORAGE OF ENERGY
The EFRO project, particularly the SolSThore part, has created the opportunity for UHasselt to expand its research 
activities in solar generation and electrochemical storage of energy.  On the one hand, the infrastructure built in Thor 
Park in Genk provides the right accommodation, a full-fledged dry room, for the acquired state-of-the-art battery 
pilot line.  This line is recently installed and made operational by UHasselt, in collaboration with imec - imomec.  The 
processing infrastructure is complemented by top notch characterisation equipment, attracting collaborations in the 
region and far beyond.  This way, the university can continue to contribute to the research of materials, processing and 
device architecture at a significantly large scale, which is specifically aimed at building bridges towards current industrial 
interests.

The technologies for energy storage that are investigated aim at the creation of safer, less expensive, higher energy, 
faster charging batteries for the storage of renewable energy, such as electricity from photovoltaics.  Adapted batteries, 
built from the knowledge developed in this framework, may also find their way to emission-free electric vehicles, 
thereby contributing to improved air quality and public health.  To reach these ambitions, the research focuses on solid 
state lithium ion batteries as most important contender in the battery race on the short term.  The innovation radar of 
the partners has also detected longer term high-potential technologies, in which it has started up research lines e.g. 
Li-S and sodium ion batteries.

This way both the research topics and the research infrastructure are future proof.

Luc De Schepper
Rector Universiteit Hasselt
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1. Innovation for 4th generation thermal networks - From component to system level

A thermal network is an energy concept capable of transporting thermal energy from a producer to a consumer. That energy 
can be delivered as heat (district heating) or as cold (district cooling). Thermal networks as such are far from new, and are readily 
deployed in many European countries. 

Where traditional heating networks operate at typical temperatures of 90/70°C, the 4th generation thermal network can 
operate on supply temperature of 50°C and lower from single or multiple sources. This makes it feasible to limit the primary 
energy consumption for heating and cooling due to reduced thermal energy losses throughout the grid, maximised use of residual 
heat and the integration of renewable energy sources (e.g. solar or geothermal). The main remaining problem is the intermittent 
and unpredictable nature of some renewable sources and their potential mismatch with actual demand. These mismatches in 
location and time can be tackled by intelligent network control and the integration of thermal energy storage, unlocking the full 
flexibility of the system.

Compared to the current generation of thermal grid technology, several components in the network become more crucial, while 
it is also obvious that new components need to be developed. Both make up the core of activity I of the GeoWatt project.

GeoWatt combines  research on technological innovations for 4th generation thermal 
networks (activity 1) and the extended use of deep geothermal energy for district 
heating and electricity production (activity 2), projecting this to the situation in 
Flanders as well as demonstrating the potential for the Genk region (activity 3). 

The technological innovations for 4th generation thermal networks have the basic 
requirement that the comfort needs and energy demand of the consumer is guaranteed 
at any time, even when the network temperature is low (50°C or below). In order to 
do so, flexibility needs to be created in the system and local temperature boosting 
may be necessary. On the other hand, the energy and/or cost efficiency of the system 
needs enhancing, making it necessary to focus on optimal design and active control 
for thermal networks, early detection of faulty/suboptimal situations, sustainable 
conversion and thermal storage technologies. 

To extend the use of deep geothermal energy focus is needed on low cost methods 
and high accurate prediction models to estimate the status of the deep subsurface 
and lower the risks of drilling. Geothermal heat has the potential to co-generate heat 
and electricity as two full-fledged renewable energy sources. To unlock this potential, 
deep geothermal power plants will have to be developed as well as flexible (driven 
by demand, energy prices and others) and cost-effective Combined Heat and Power 
(CHP) power plants. To conclude the study, examples of how these technologies could 
materialise in a region as Genk are elaborated.
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From 1st to 4th Generation Thermal Networks
Source: Lund H. Werner S. et al. 4th Generation District Heating (4GDH) Integrating smart thermal grids into future sustainable energy systems. Energy 68 (2014) 1-11
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1.1. Intelligent substations

Substations in thermal grids make the connection between the grid and the buildings 
or installations connected to it. Traditionally, they are built with one or more heat 
exchangers, some piping and valves to regulate the flow and pressures, and a control 
framework combined with (limited) sensor equipment. Any flaw or fault in these 
substations results in an increased return temperature of the grid, which is extremely 
detrimental for low temperature operation and energy efficiency. These flaws and faults 
occur more than often in practice; studies have shown that up to 75% of all installed 
substations exhibit some kind of faulty behaviour.

To rapidly identify these faults or flaws, automated methods are developed; the 
temperature signature difference methods, overflow method; and  an n-dimensional 
parallel coordinates method capable of more precisely pinpointing errors within the 
installation.

Adding this intelligence to substation and/or network controllers allows easy and 
remote detection of inefficiencies in the system, which on their turn reduces the costs 
for maintenance (more focused and preventive) and operation costs (fast reaction) for 
both service companies ad network operators.

GEOWATT: 4TH GENERATION THERMAL NETWORKS

Micro heat
 pump

Electric heating
with storage

Electric heating Airheat pump UV disinfection
system

Maintenance €/yearE €/yearQ DHN €/yearInvestment €/year

900

800

700

600

500

400

300

200

100

0
Heat pump Electric heating

with storage
Electric
heating

Airheat pump UV disinfection
system with

electric heating

UV disinfection
system with
heat pump

Maintenance €/yearE €/yearQ DHN €/yearInvestment €/year

6000

5000

4000

3000

2000

1000

0

1.2. Domestic hot water

When the supply temperature in a thermal grid drops below 50°C, domestic hot water 
production to comfort and health standard (e.g. Legionella) can become an issue. 
Several technical solutions can overcome this, and often it is not well known which of 
the alternatives leads to a techno-economic optimum. Readily available on the market 
are (booster) heat pumps, electric heaters, ultraviolet filters, chemical treatment, … 
All of these could potentially be combined with a water tank to provide flexibility in 
charging. 

Within GeoWatt, the best alternative was determined for different scenario’s; individual 
households, small and large apartment buildings.

For individual households, electric boosting or using a small air-water heat pump 
turned out to be the best techno-economic options, and adding a thermal storage 
buffer is in none of these cases a good option when connected to a low temperature 
thermal grid, generally because the thermal losses outweigh the potential savings. 
For small apartment buildings, limited to a maximum of eight apartments, a shift can 
be observed towards central heat pump systems. Alternatively, small booster heat 
pumps per apartment equipped with UV-filters to limit the required temperature lift 
would also provide an economically good result, however these UV-systems are not 
readily available yet. For larger apartment buildings, the economic optimum is clearly 
represented by central heat pumps.
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1.3. Intelligent buildings

Ideally, buildings connected to a low temperature thermal grid have low temperature emission systems. 
Preferably, buildings are equipped with thermally activated building structures, e.g. concrete core activation, 
floor or wall heating, or low temperature radiators to allow for large heat emission surfaces.

A building is typically a heavy structure which enables significant opportunities to store thermal energy in 
its building mass. By varying the indoor temperature (well within any comfort requirements) the building 
mass can be activated: by elevating the indoor temperatures slightly during off-peak moments,  heat can be 
stored in the building mass and released again by lowering the heat demand during peak moments. When 
integrated in an intelligent framework, the thermal mass can provide significant opportunities for flexibility 
in the network. 

In this context a measurement kit and protocol was developed to characterise the available thermal capacity 
of a building. 

In order to determine the energy demand of building stocks on a larger scale, a GIS-based methodology is 
developed. This method clusters a building stock towards representative buildings allowing the estimation/
characterisation of demand flexibility on district level. Since this methodology deploys data sources that are 
available for the entire Flemish territory, this methodology could be applied to every district in Flanders.
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The spatial distribution of the peak power for the Boxbergheide district
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The GIS-based methodology can be used to 
visualise the spatial distribution of the heat 
demand of an entire district. As an example 
this figure shows the heat demand of the 
Boxbergheide district in Genk.
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1.4. Intelligent control

Active use of flexibility on demand and/or production side requires advanced 
control strategies that guarantee comfort at all times, while energy efficiency 
(or cost) is further optimised.

Two types of control strategies, both patent pending, for the network were 
developed, with the specific aim of lowering the network return temperatures 
as much as possible. The first strategy focuses on setting optimal network 
supply temperatures; e.g. in case of a Combined Heat and Power (CHP) or 
Organic Rankine Cycle (ORC) power plant, the lower the temperatures the 
network requires, the more electricity can be produced. As a side effect, 
it was observed that in many cases, this also had a positive effect on the 
return temperature. A second strategy focuses on the relationship between 
the primary and secondary network temperatures. It was shown that an 
optimal set point exists for the flow rate and temperature inside buildings 
that guarantees the lowest possible return temperature in the primary 
network. This strategy can also be seen as part of an intelligent substation.

However, not all houses are equipped with thermally activated building 
structures and still use radiators to provide space heating. For these cases 
the added value of incorporating intelligence in thermostatic valves is 
studied (patent pending). Similar to the substation strategy, the focus is on 
guaranteeing the lowest return temperature but this time also taking into 
account the dynamics of specific rooms.

1.5. Thermal energy storage 

Besides the activation of building mass, additional thermal energy storage 
concepts can be used to create even more flexibility. 

Key to access this flexibility is the accurate energy content estimation 
or State of Charge (SOC) of the storage device at any moment in time. In 

GeoWatt these SOC methods are developed and/or improved for a series of thermal storage 
technologies like phase change materials, thermochemical materials, water buffers, concrete 
core and (shallow) geothermal applications.

Take phase change materials as an example. They are capable of storing high amounts of energy 
in latent form when they undergo a phase change. Since energy is stored in a non-sensible way, 
this results in lower energy losses and much more compact volumes required. The downside 
is that traditional methods to determine the SOC of a phase change material buffer no longer 
suffice. Within the GeoWatt project, a novel method using optical techniques was developed 
(patent pending). Changes in the optical properties between phases were correlated to the 
energy content of the buffer.

Another challenge is the incorporation and integration of thermal energy storage into a thermal 
grid. Depending on the scale and heat demand density, large and centralised buffers versus 
decentralised smaller buffers could be considered. The time shift (short term/long term) needed 
will create options to select different technologies, like: thermal mass, water, phase change or 
even thermochemical materials. Within GeoWatt, this problem is addressed by using the SOC 
methods and linking these in an optimisation framework that indicates: the optimal technology, 
its dimensions and the optimal geographic location for any given thermal network. Resulting in 
an energy efficient and cost effective design for maximum use of renewables. 

Climate Chamber in the Thermo Technical Lab
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1.6. Optimal routing

 In order to obtain thermal network designs 
with reduced financial costs or increased 
energy efficiency, optimisation strategies 
for the routing and network connections are 
indispensable. Such optimisation strategies 
have been investigated as a potential tool for 
4th generation networks with heat sources 
at different temperatures. In single source 
cases, these optimisation routine showed a 
potential of 20-30% decrease in investment 
cost. 

For multiple sources, however, the 
optimisation has to be combined with an 
accurate (and therefore nonlinear) energy 
modelling. Since typical mixed-integer 
programming (MIP) techniques lead to 
excessive computational costs already for 
small thermal networks, network topology 
optimisation based on mathematical “adjoint” 
strategies have been investigated, reducing 
the required computational time significantly. 1.7. Advanced energy conversion

Waste incinerators anchor themselves more and more to thermal networks. Within the GeoWatt 
project the more advanced concept of plasma gasification for the conversion of waste to 
tar-free syngas (mainly CO and H2) was investigated for coupling to thermal networks. The 
syngas can be either chemically valorised by conversion to fuels (such as H2, CH4, methanol) or 
chemicals (such as H2, NH3, ethanol, aldehydes), or energetically valorised in a combined heat 
and power (CHP) plant. The results show that the supply of energy and material resources from 
biomass/waste through bio-based syngas promises to play an important role in the sustainable 
carbon-neutral future.

A second type of advanced energy conversion, appropriate to be linked to thermal networks is 
cogeneration (both thermal and electric energy) based on an Organic Rankine Cycle (ORC) 
fed by geothermal heat or low temperature waste heat. More information about this is 
explained in activity 2.

1.8. Boundary conditions

The boundary conditions and context for the successful deployment of thermal 
networks are determined by its performance compared to alternative competing 
technologies under the same circumstances. The discussion on deep energetic 
renovation on individual building/consumer level against implementing thermal 
networks on a large scale is therefore often put on the table. Pending on the 
local situation, the choice will be for one or the other, or a combination of both. 
The justification is measured by ‘performance indicators’. The indicators are 
related to economics (e.g. total investment cost), society and environment (e.g. 
speed of implementation), whereby the relative importance of each indicator 
depends on the actor. 

In order to get a grasp on what the better choice is and to derive what the 
potential of thermal networks is for Flemish cities, a methodology was 
developed taking into account the building stock with its physical characteristics 
and the thermal demand density.  Nine existing urban districts in Flanders were 
selected in order to analyse the effects of retrofitting the buildings, installing 
renewable energy production and/or rolling out district heating networks. These 
were 3 central urban, 3 peri-urban and 3 suburban areas in order to be able to 
assess the influence of urban morphology.  In particular the effect and the cost 
of a given degree of retrofitting (deep versus light) was weighted against the 
feasibility of installing a district heating network. 

A second boundary condition or limiting condition at this point, is the accessibility 
of waste-heat from industry. While waste incinerators are actively integrated 
in thermal nets, the same increase in use of industrial waste heat is not 
happening. As waste heat from industry is of variable temperature and often 
discontinuously available, a 4th generation thermal net is capable of handling 
these sources and turning this ‘waste’ into usable energy. By benchmarking an 
overview is created how waste heat for industry can be made available and 
suggestions for further steps are formulated.

A third boundary condition is the business model behind the thermal net. 
Unlike the electricity markets, the heat/cold market is still small, localised 
and not regulated, giving the opportunity for innovative business models to 
be developed. An overview of potential business models is assembled in this 
project.

GEOWATT: 4TH GENERATION THERMAL NETWORKS
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2. Deep Geothermal energy to produce electricity and heat 

The deployment of geothermal energy contributes to the local, regional and global energy transition towards reliable, clean and affordable energy 
sources. The accessibility of geothermal energy starts from a thorough knowledge of the impact of heat production on the local subsurface. The 
main objective is to reduce the risks and costs for the development of geothermal installations and to improve the utilisation of the geothermal 
energy produced. To achieve this objective a number of technical-scientific aspects were investigated within this GeoWatt activity, like:

• A 3D geological model
• Testing electromagnetic exploration techniques
• Improved models to predict subsurface behaviour during geothermal energy production
• Efficient utilisation of low-temperature geothermal heat 
• The development of the GeoWatt Toolbox to find an optimal combination of energy-generating technologies

2.1. Static geological models of the deep subsurface

The starting point for every application in the deep subsurface is to build a 3D geological model.  The study area in this project is the Province 
of Limburg, which consists geologically of two areas: the Campine Basin in the west and the Roer Valley Graben in the east. Since we are 
dealing with deep geothermal energy, the interest lies in the interval of the subsurface between 1500 and 4000 m depth, which is actually the 
technical/economical boundary for geothermal doublets.

A 3D geological surface: from the Roer Valley Graben to  the Campine Basin. A 3D fault 
plane is visualised in purple colour. The used boreholes are indicated by means of the red 
lines.

A first and very important step in building a 3D geological model is to collect and evaluate 
all relevant and publicly available data of the subsurface in the studied area. The large 
data set consists of 2D seismic data, deep boreholes (with geophysical well logs), detailed 
subsurface data from the former coal mines and existing geological and geophysical maps 
(a.o. gravimetric and magnetic maps).  In this step, the most complete digital data set 
of the subsurface of the Province of Limburg was compiled. For the first time ever, all 
available 2D seismic lines were combined in a geological modelling software (SKUA GOCAD), 
reinterpreted and modelled into 3D layers and fault planes . This modelling step was also 
guided by the use of deep borehole data and existing geological and geophysical maps.  

Finally, the geological models are transferred from time into depth. For this step, there is 
need for velocity models. Via which the time surfaces of the 3D geological depth models, 
are expressed in meters below surface. The result is a visualisation of the subsurface with 
its stacked layers, faults, presence of potential reservoirs etc. which can be used for defining 
deep geothermal drilling targets.
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2.2. Development and testing of innovative geophysical techniques - electromagnetic field 
survey to detect geothermal reservoirs in the deep subsurface of Limburg

Geothermal resources are generally assessed using standard seismic exploration techniques to 
resolve geological structures, which imply high investment cost in exploration. In high temperature and/
or volcanic context, electromagnetic (EM) techniques that are cheaper than 3D seismic, are used to 
estimate the electrical resistivity parameter. This parameter is particularly sensitive to the presence, 
nature and temperature of geothermal fluids. In low temperature sedimentary context, such as in 
Limburg, EM methods are however rarely used. Therefore, in such context the development of EM 
techniques as an alternative or as a complement to seismic exploration may play an important role in 
reducing the cost and uncertainty associated with geothermal resource assessment for so called ‘cold 
regions’ like Limburg. More specifically the EM techniques tested here are magnetotelluric (MT) and 
Controlled Source Electromagnetic (CSEM) measurements. With the so-called passive MT technique 
variations of the natural magnetic field are recorded. With CSEM, electricity is fed into the subsurface by 
means of long electrodes or via the steel casing of existing boreholes. 

After testing the feasibility of applying EM method to sedimentary 
context on a short 2D profile, a 3D field campaign was done to study 
the potential of passive and active EM methods to map in 3D the 
deep boundary faults (up to 4 km in depth), and to get insight into 
the hydrological behaviour. The geophysical survey was performed 
in the area between the cities of Bree and Maaseik where a seismic 
campaign had been conducted in 2007. In an area of 5.5 by 7.5 km, 
60 CSEM stations and 20 collocated MT stations have been recorded.

The EM field campaign confirmed that anthropogenic noise makes it a 
real challenge to use MT in densely populated and industrialised areas 
like Flanders. A valuable alternative is to use CSEM measurements. This 
technique resulted in high quality data for Limburg and was sensitive 
up to 3 km in the Campine basin.

Electromagnetic 3D field campaign performed between the cities of Bree and Maaseik
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2.3. Development of improved models to predict the dynamic behaviour of subsurface during extraction of 
geothermal energy

In order to start geothermal drillings it’s not only necessary to have a thorough knowledge of the subsurface, a 
prediction of the flow of fluid through the pores and fractures at high temperature is equally important. For this 
purpose, a prediction model of the reaction and transport phenomena that take place in the reservoir and near the 
well has been developed. In a first step an analytical model for the characterisation of the matrix and fractured 
rocks was set up.The model can both be applied to evaluate the quantitative relationship between porosity and 
permeability of sedimentary rocks and reservoirs particularly for reactive transport modelling. Secondly,  laboratory 
experiments were performed to evaluate the impact of changes in pressure, temperature, and fluid chemistry 
on reservoir rocks. These measurements reveal the changes in porosity, permeability and chemical compositions. 
A subsequent step was to extend the models to timescales not feasible for laboratory experimentation, to 
understand the influence on long-term reservoir performance of permeability evolution over time. The numerical 
model of the reservoir with implementation of the fracture data is able to evaluate dual-porosity and dual-perme-
ability models which reflect the geometry of fluid flow pathways and allows for detailed examination of coupled 
transport and reactions between the fluid and rock.
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Laboratory testing on reservoir rocks: the flow-through set-up
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2.4. Efficient utilisation of low-temperature geothermal heat

Heat of deep geothermal sources in Flanders is quite low (about 130°C). 
Efficient utilisation of  a low-temperature heat source, especially 
deep-geothermal energy is essential. Feeding it to an Organic Rankine 
Cycle (ORC), linked to a thermal network, creates the opportunity to 
generate two valuable energy sources (heat and electricity). When this 
CHP (Combined Heat and Power) can be operated in a flexible way, 

switching between heat and electricity or delivering both in parallel, depending on the current energy demand and 
prices, the overall plant efficiency as well as the plant economics will be largely improved.

Four different set-ups of a combined heat-and-power plant (CHP) for providing both heat and power are investigated. 
A thermodynamic optimisation code has been developed which allows optimising the operating conditions of the 
four CHP plant configurations. Based on these results, the optimal CHP configuration can be indicated for a given 
application.

Next to that a thermo-economic optimisation code is developed which calculates the optimal design and operating 
conditions of a pure geothermally-fuelled electrical power plant (no heat production).
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2.5. Toolbox for energetic optimisation of geothermal plant

The GeoWatt Toolbox allows to find an optimal combination of 
energy generating technologies to meet a certain demand for 
electricity and/or heat. The user gives the energy demand(s) 
and the GeoWatt Toolbox calculates for each combination of 
technologies the configuration with the best Net Present Value 
(NPV), a conversion of current and future costs and income to one 
number so that the different solutions can easily be compared. Next 
to the energy demand, model parameters are set by an ‘optimiser’, 
which searches for the optimal NPV of the whole system. The 
GeoWatt Toolbox is constructed in such a way that it can easily be 
extended with models of new technologies, such a Photovoltaics 
(PV), windmills and solar boilers.

3. In practice – Towards a 4th generation 
thermal network in Genk

Activity 3 of GeoWatt focuses on the possibility of 4th generation 
district heating systems in the Genk area. First an extensive 

Coupling/link of Geothermal Power (GTP), Organic Rankine Cycle (ORC), Combined Heat and Power (CHP), gas 
boiler and ‘buy electricity’ model.

inventory of heat demand and waste heat was made. Next, more innovative low temperature heat sources such as mine water in combination with solar thermal are 
investigated. Finally, the possibilities for 4th generation thermal grid in the area are assessed and a preliminary design will be made. 

3.1.  Inventarisation of heat demand and potential heat sources

One of the first steps in making a preliminary design of a district heating system is to make an inventory of the existing and future heat demand and the possible heat sources 
in the area. Therefore an area around Genk was defined and all possible data regarding energy consumption for heating was collected. 

Typically, low temperature district heating can be applied in areas with relatively new buildings that use low temperature heating systems (e.g. floor heating) and with high heat 
demand (e.g. dense areas or industrial process heat). Therefore the following types of heat consumers have a higher priority:

• Collective housing with high heat density (adjacent apartment building blocks, social housing areas)
• New-built areas, non-residential (e.g. Thor park)
• Industrial areas with process industry (both heat demand and waste heat potential)
• Large infrastructure with relatively high heat demands (hospitals, swimming pools)
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3.2. Former coal mines as heat source and –storage 

Genk is known for its former coal industry and has three different mine 
sites; Zwartberg, Winterslag and Waterschei. The last mine was closed 
in 1988 and by then a total of 175 million tons of coal was excavated. 
This results in an extensive network of abandoned mine corridors, 
flooded with water, which represents an artificial underground water 
reservoir with a total volume of 16,7 million m3. In addition, the lower 
mine corridors have a volume between 100 to 500 thousand m³, 
surrounded by rock at a temperature of about 40 to 45°C. This means 
that the water from the mines can be used as a heat source directly. 

Since there is only very little information available on the characteristics 
of these mines further research was performed. A detailed mine model 
was made in order to assess the potential of the mine corridors as heat 
source and heat storage for other renewable heat sources (e.g. solar 
thermal).

Central mineshaft

12° C

35 - 45° C

Multiple system configurations for exploiting the mines 
as heat storage or heat source for low temperature 
district heating are compared. On the one hand, 
older buildings could be retrofitted to replace high 
temperature radiators by floor heating, in which case 
they could be heated directly by water that is pumped 
from the mine. On the other hand, this water could also 
be used as a heat source for a heat pump, which makes 
it possible to supply upgraded heat to existing radiators 
in the buildings and to provide domestic hot water.

During the first couple of years, the coal mine could 
be regarded as a heat source, supplying heat while 
gradually dropping in temperature. The first simulations 

show that the regeneration of heat from the surrounding 
rock is too slow to use the coal mines as a long term heat 
source. To ensure sufficient regeneration, heat should be 
injected, for which different technologies that can be used 
separately or complementary are considered. Initially, the 
use of solar thermal collectors, which can supply the heat 
load in summer and some of the heat load in midseason. 
However, the main part of the solar based production will 
be used to thermally regenerate the mines in summer. 

The first economic calculations show that the cost for 
heat storage in the mines is substantially lower than the 
associated costs for pit storage. However, since the mines 
are not insulated and are not as compact as pit storages, 
the mines can only be used to store heat at a temperature 
close to that of the surrounding rock.

3.3. Potential project areas and preliminary 
design of the district heating system

Finally, based on the information and knowledge 
gathered in the previous GeoWatt activities, several 
interesting project sites will be identified. Preliminary 
designs of 4th generation thermal grid systems will 
be made. Next, the technical, economic and ecological 
feasibility of these systems will be assessed. These 
results can help local authorities, project developers and 
DSO’s to make substantiated choices towards more 
sustainable heating systems

GEOWATT: 4TH GENERATION THERMAL NETWORKS
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KOENRAAD DEBACKERE

PIONEERING 
INNOVATION 
PLATFORMS

KU Leuven R&D is a pioneer in the development of advanced 
innovation platforms that aim at closing the gap between 
fundamental research and its successful exploitation. 
In doing so, KU Leuven R&D significantly contributes to 
de-risking innovation journeys in the design, development and 
implementation of go-to-market strategies. In this context, the 
design of sustainable energy solutions presents a huge societal 
and economic challenge and opportunity at the same time. Such 
solutions require the presence of a portfolio of research and 
innovation activities across the full range of the TRL-spectrum. 
Such portfolio necessitates the involvement of a broad and 
relevant variety of actors and stakeholders. That is precisely why 
KU Leuven R&D is fully engaged in EnergyVille and Thor Park. 

EnergyVille’s focus on renewable energy technology, on grid 
optimisation and innovation, on infrastructure and system 
integration, allows it to deploy unique approaches and outcomes 
that will be able to revolutionise today’s energy policies, markets 
and services. The partnership between imec, KU Leuven, 
UHasselt and VITO enables the participating research teams 
to build and gain momentum, to foster interdisciplinarity and 
to transcend sector boundaries.  The partnership confronts 
students with a rich innovation agenda in energy research. As a 
core partner of the EIT InnoEnergy, EnergyVille is at the forefront 

of a vibrant international research and innovation network, 
building international visibility and recognition for the activities 
deployed in Waterschei. Thor Park thereby offers an ideal 
setting where the Triple Helix of academic institutions, research 
organisations, companies and government actors complement 
and reinforce one another. 

KU Leuven R&D has always been at the forefront of such Triple 
Helix developments and configurations and is therefore proud to 
contribute to the development and growth of the energy-related 
activities on Thor.  The combination of talent, inventiveness, 
infrastructure and space for growth offers a unique opportunity 
to become a leading energy innovation hub in Europe, resonating 
throughout industry and society across Europe. KU Leuven R&D 
is an enthusiastic and energetic partner in this journey.        

Koenraad Debackere
Executive Director of KU Leuven Research & Development
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TOWARDS A SUSTAINABLE ENERGY SUPPLY IN CITIES
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DIRK FRANSAER

INNOVATIVE RESEARCH ON 4TH GENERATION THERMAL NETWORKS,  STORAGE AND 
ENERGY-AS-A-SERVICE TO ACCELERATE THE ENERGY TRANSITION
Thermal energy plays an important part in our energy landscape. 
Thermal networks have a major potential to increase energy efficiency 
and the share of renewable energy in the urban environment. VITO’s 
long lasting expertise in thermal networks was demonstrated in 
GeoWatt, combining both research on technological innovations 
for 4th generation thermal networks and the extended use of deep 
geothermal energy for district heating and electricity production. 
Additionally, GeoWatt also projected this to the situation in Flanders 
and demonstrated the potential of 4th generation thermal networks 
for the Genk region.

But the energy transition does not only entail thermal energy. The 
integration of different energy vectors: gas, heat, cold and electricity 
and the integration of products of different companies and integration 
in energy markets is an equally important aspect explored in the 
EFRO/SALK project. ICT has a pivotal position in this integration 
and offers the possibility to develop concepts such as Energy-as-
a-Service. Within SmarThor, VITO took the lead in the development 
of an IoT platform for energy services. This platform allows to couple 
the EnergyVille algorithms to demonstration projects and living labs 
and forms the basis for further deployment of the Thor Park as a low 
regulation area.

Equally, in SolSThore, VITO had the chance to demonstrate 
its longstanding expertise in battery research. VITO has been 
focusing on the efficient integration of battery energy storage 
system in tomorrow’s electricity grids. Thanks to significant 
progress on the modelling of battery technologies, the BattSense 
battery management system was developed, offering a flexible, 
cost-effective set of hardware and software features that provide 

maximal safety, efficiency and an increased lifespan for cell-based 
electrical energy storage solutions. The knowledge and expertise 
gained during the project gives VITO the potential to better assess 
the total cost of ownership of battery systems and to accurately 
evaluate possible business models for battery storage in current and 
future energy markets. 

We aspire to hold this growing course of innovative research and 
wish to further entrench EnergyVille as a top research centre, being 
a driving force for innovation and energy technology, both locally, 
regionally and internationally. The EFRO/SALK project enabled to 
further enrich and strengthen both the work and the human capital 
of all EnergyVille research partners. With these partners, and making 
use of our top-notch infrastructure, we will continue and reinforce 
our efforts in the coming years, increasing technological development 
and valorisation; and accelerating the energy transition even further.

Dirk Fransaer
Managing Director VITO
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The importance of new technological developments such as innovative photovoltaic (PV) cells and modules, storage and 4th generation 
thermal networks have been demonstrated in the chapters above. It has to be noted though that to absorb ebbs and flows in the 
intermittent supply and demand of renewable energy and to optimally use the energy produced, an integrated and balanced system 
approach is needed which takes into account the different energy vectors, electricity, gas, heat and cold and interconnects them via 
different conversion technologies, operated by different actors.

From a classic utility business model ...

1. Envisioning the future

The evolutions in ICT, like Internet of Things, Cloud, Artificial Intelligence Machine Learning, but also the connected citizen being in control 
via apps, create new opportunities, but at the same time also undermine old business models. Look at how online shopping affects retail, 
Uber affects taxi’s, Booking.com affects hotels and Facebook affects the (fake) news you are exposed to.

In general, an average consumer just wants to have the comfort of, for example, a warm bathroom and hot water for taking a shower and 
is not interested whether the required heating at that moment could be best provided via a solar collector, heat pump, CHP (Combined 
Heat and Power unit) or gas boiler. Thanks to ICT, it becomes possible to allow Energy-as-a-Service solutions and sub-categories like 
Heating-as-a-Service, Hot-Water-as-a-Service, Light-as-a-Service, Charging-Electric-Vehicles-as-a-Service, where the services, costs 
and flexibility are defined in a Service Level Agreement (SLA) operated by Multi-Energy Service Providers. These Energy Service Providers 
take care of the complexity, energy markets and the related investments based on a total cost of service that could also be sensitive for 
increasing taxes on greenhouse gas emissions and new generations of products. 

Energy-as-a-Service redefines the current energy commodity model: today consumers choose for an oil boiler, gas boiler or heat pump 
and as a consequence they buy oil, gas or electricity for next decades. Energy is usually controlled centrally, in a one-way approach, 
allowing little or no flexibility nor incentives to adapt consumption.



Electricity
Growing Stakeholder 
Concerns

New regulatory
framework

New market
models

Energy Management
Technologies

Heat

Microgrids, Storage and 
Smart Technologies

Solar

Wind

... to the Energy-as-a-Service business model
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By linking to ICT, Energy-as-a-Service enables to 
automatically find the most sustainable energy source 
according to availability, demand and costs. Additionally, 
this service model also allows to connect systems and 
users in communities that operate as Local Energy 
Community (LEC) and organise themselves with 
the help of service providers. In this way districts or 
neighbourhoods can be designed to optimise local 
renewable generation, storage and demand response 
in order to improve social welfare, user involvement and 
user experience.

This approach also offers new opportunities for heating 
and cooling. The development of low temperature district 
heating and cooling networks that connect prosumers, 
is one of the aspects stimulated by a multi-energy 
approach. Waste heat from a cooling process can be sold 
as heating for another building or waste cold from a heat 
pump can be sold as cooling for a datacentre or grocery.

SmarThor investigates what this multi-energy 
system should look like. Both the physical layer as the 
opportunity for new service and market models are 

investigated. Additionally, at Thor Park, EnergyVille also 
found the perfect testing ground to test these new 
market and service models. Thanks to the support of 
local stakeholders detailed energy data of the individual 
buildings is collected in the SmarThor data-platform.  In 
parallel the regulatory preparation is ongoing to make 
the Thor park a low regulated district. This will facilitate 
real life experiments with experiment legislation for 
evaluating new market roles and tariff structures and 
also with experimental technology which is not yet 
described in norms or technical regulations.  

SMARTHOR - RESEARCH PLATFORM FOR MULTI-ENERGY SYSTEMS AND MARKETS

Renewable energy systems like wind turbines and PV panels generate DC 
electricity and batteries store DC electricity. Nowadays we can easily convert 
electricity from DC to AC and vice versa.

Heat Pumps (HP) use electricity to power a compressor in order to extract 
heat from a heat source like the ground or outside air and to supply it on a 
higher temperature level to a underfloor heating system. When a heat pump 
is connected to a Heating and Cooling Grid (HCG) it can convert electricity in 
the same time to heat and cold. 

The AC grid can also be powered with Combined Heat and Power units (CHP) 
running on gas or Organic Rankine Cycle units that provide at the same 
time heat that can be supplied to a heat network. In case there is no heat 
demand, storage in buffers or Phase Change Materials (PCM) can be used.
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2. Towards an Energy-as-a-Service model 

Within SmarThor, EnergyVille explores the different forms of an EaaS (Energy-as-a-Service model): 
Which market models work best in which situation? How can all energy vectors be interlinked? How much 
autonomy should be given to individual prosumers (e.g. those having installed solar panels on their roof)? 
Several options have been explored and various visions have been determined. To structure the various 
visions about the role of multi-energy innovations in the future energy system a scenario-axis technique 
was applied clustering the major uncertainties in the energy system along two main dimensions:

• Centralised versus decentralised energy sources and services: this entails decentralised 
versus centralised electricity generation (for example wind farms versus rooftop solar PV), 
but also the use of energy storage (for example grid connected batteries versus home 
batteries) or system integration (for example flexibility services provided by peak power 
stations versus flexibility services based on demand response). 

• Individual versus collective values: This axis describes the dominant value orientation 
among societal actors (energy users, suppliers, retailers, system operators, governments, etc.). 
Individual values implies, for example, a strong focus on individual consumer empowerment, 
individual control, autonomy and successful lifestyles. Collective values, on the contrary, 
implies a focus on common ownership, cooperatives, energy equality, sustainable lifestyles 
and minimising the societal cost of the energy transition.

Four visions on the future energy system in Flanders

decentral

central

commonindividual

smart districtsprosumers

regional 
solidarityconsumers

Combining the two axes, four ideal-typical future visions were identified: 

The consumer scenario (combining a focus on centralised solutions with individual values): 
Compared to today, no significant shifts occur in the motivations of energy users. Some are 
environmentally conscious and want to invest in decentralised production (e.g. PV panels), 
but most of the consumers are mainly motivated to keep the energy bill as low as possible. 
Climate and energy policy is mainly seen as a matter of the (Flemish, federal, European) 
governments. The engagement among citizens in this scenario is low, one is simply a 
customer at an energy company.

The prosumer scenario (combining a focus on decentralised solutions with individual values): 
End users make full use of the EU policy framework (the ‘Clean Energy for all Europeans’ 
package) that puts ‘consumer empowerment’ at the forefront. There is a strong preference 
for autonomy through investments by households or businesses that increase independence 
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from traditional market players - a preference that 
is further stimulated by appropriate government 
measures. Whilst not mainly driven by environmental 
values and motivations, the engagement among citizens 
in this scenario is still high. It manifests itself in the form 
of strong interaction with energy companies (dynamic 
rates, flexible energy use, possibly via aggregator), 
investments in sustainable energy technology and direct 
market participation via market platforms.

The smart districts scenario (combining a focus on 
decentralised solutions with collective values): The 
behaviour of end-users evolves towards ‘smart citizens’ 
who want to contribute to collective solutions for 
energy generation and storage. In doing so, the focus is 
on small-scale energy sources and services, although 
there is a willingness (also supported by appropriate 
government initiatives) to entrust the management of 
these energy sources and services to local ‘communities 
of place’. The engagement of citizens is therefore high 
and manifests itself mainly through participation in local 
cooperatives, community of owners and other forms of 
local self-organisation.

The solidarity on a regional scale scenario (combining a 
focus on centralised solutions with collective values): End 
users are prepared to help shape the energy transition 
through collective solutions. However, this solidarity is 
not filled in locally as a priority. Examples of such form 
of engagement could be  ‘peer-to-peer’ networks of 
prosumers (for the trading of locally produced energy 
in a network of regionally grouped energy users), the 
purchase of green electricity via energy suppliers 
(not necessarily produced locally), and participation in 
cooperatives. (not necessarily local). Engagement is 

therefore high and manifests itself in participation in regional cooperatives, control of ‘green’ energy companies, and 
acceptance of relatively large-scale local renewable energy production (e.g. onshore wind, sustainable heat).

Through interviews with key players in the Flemish innovation landscape, the main drivers and barriers for each of the 
future scenarios were identified and documented. We have explored what could be the role of multi-energy services 
in each scenario.

The four future visions were subsequently used to identify promising projects and living lab experiments that could 
be carried out on the Thor site.

EnergyVille 1
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On market level, energy in a multi-energy system is traded in different forms or carriers. Economic, technical and 
operational constraints interact on this level. Currently, the different infrastructures of energy vectors are considered 
and operated in a decoupled way. In addition, although physically coupled, different energy carrier systems are 
economically decoupled in time by different time frames of the markets.  Multi-carrier energy systems can however 
not be fully integrated into the current energy system economics without proper multi-carrier energy market design. 
To evaluate the differences in social welfare and complexity of a multi-carrier energy market design (Fig b: Coupled 
approach: a combined electricity-gas-heat market), a comparison was made to a situation with separate markets for 
the different carriers (see Fig a: Decoupled approach: separate electricity, gas and heat markets).

Input carrier Output carrier
Gas Electricity Cold Heat Gas Electricity Heat Cold

Gas Boiler
Heat pump
CHP (Combined Heat and Power)
Power-to-Gas
Thermal storage
Electrical energy storage (Battery)
Gas storage
ORC (Organic Rankine Cycle)

Overview of different conversion technologies that enable interaction between different energy forms

3. A multi-energy system calls for multi-energy market models 

In a multi-energy system, different energy vectors (such as electricity, gas, heat, cold,…) interact with each other. 
The interaction takes place on several levels: physical, economic, and regulatory. In the physical layer, energy can be 
converted from one form to another, either to be immediately used or to be stored for later use.
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Fig a) Decoupled approach: separate electricity, gas and heat markets (left);
Fig b) Coupled approach: a combined electricity-gas-heat market (right)

On regulatory level, it is defined how the energy from different carriers can 
be produced, converted, distributed, traded, and priced. Legislation/regulation 
is important in the further development of local multi-energy initiatives and/or 
their business models. Especially since the current regulation is not yet ready for 
the concept of multi-energy systems. Some examples of where improvements 
are needed: in the current models, small consumers and small producers, do 
not have the same chances to enter the market and sell and buy energy from 
and to each other as large parties have. Flexible energy tariffs, the possibility to 
trade freely within the multi-energy system and with other parties outside the 
system and the abolishment of net-metering are necessary to create a level 
playing field. However, abolishing net-metering without offering consumers 
alternatives to receive a proper compensation for flexibility would deteriorate 
the position of multi-energy systems. Additionally, a new balance between 
consumer participation and consumer protection will have to be found.

A case study simulated Belgian national gas and electricity markets, and a single heat market 
of the size of Thor Park. The case study proved that a simultaneous multi-carrier market is 
able to increase the social welfare compared to a sequential market, i.e. a two-step approach 
with a local electricity-gas-heat market before a national electricity and gas market where no 
interaction is taken into account. 

It has also shown that this increase is due to three mechanisms: 

• A multi-carrier market design eliminates the need for price forecasting, and 
therefore also the associated errors that occur in sequential markets

• It is able to use the flexibility in one energy carrier to clear another one
• It allows for a type of order acceptance configurations that cannot be realised in 

a sequential market set-up.
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4. SmarThor data platform

ICT plays an important role in multi-energy systems. To establish an 
optimal synergy between the different energy vectors and guarantee 
efficiency and flexibility, EnergyVille developed the SmarThor data 
platform, which collects all data that pertains to the multi-energy 
system that spans the entire Thor Park.

The SmarThor data platform makes use of the latest developments 
in cloud technology and IoT (Internet of Things). It measures the 
energy production of solar panels but also the energy use of heat 
pumps, gas boilers, charging stations for electric vehicles, offices and 
lighting. Next to energy data also weather forecasts and observation 
data are integrated, because weather affects renewable energy 
production as well as energy demand from buildings. 

The initial set of data sources implemented in the SmarThor data 
platform monitors:

• Building management system of various buildings at 
the Thor Park: EnergyVille 1 and IncubaThor.

• Submetering of energy use at EnergyVille 1 and 
IncubaThor. The new buildings at Thor Park are being 
prepared.

• Photovoltaic rooftop installation at EnergyVille 1
• Electric vehicle charging stations at EnergyVille 1
• Energy market prices: day-ahead and imbalance 

markets
• Reusable power generation forecasts

It is expected that Thor Central, EnergyVille 2 and T2-Campus, which 
will open in September 2018, will join the network soon, generating a 
virtual electricity-, heat and cold market at Thor Park. 

All collected data is made available via a central data interface, which 
serves EnergyVille researchers and is prepared for interfacing with 
future projects on other locations. Typical cases that are envisaged to 
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make use of this interface are for instance initial data analysis scripts to distill scientific proof, small-scale 
test set-ups to evaluate new optimisation algorithms within the EnergyVille labs, and production-grade 
machine learning solutions for optimisation and control of multi-energy systems.

The SmarThor data platform is a valuable tool upon which much of the research activities at EnergyVille will 
depend. Foremost, the central availability of data via a uniform interface drastically reduces the repetitive 
overhead for individual researchers to collect and prepare the much-needed data for their research. This 
contributes to an increase in technology readiness levels (TRL) of the research output at EnergyVille. 

The aim for the SmarThor data platform is to support future research at EnergyVille. As over time the 
amount of data sources and users will steadily increase, a scalable solution is required that facilitates 
the addition of extra computation and storage infrastructure in support of such growth. To realise this 
in a cost-effective manner, while at the same time keeping maintenance effort low, the SmarThor data 
Platform is built on top of a Platform-as-a-Service cloud environment. By leveraging the scalability 
offered by a cloud environment, the SmarThor data platform supports the diversity in data requirements 
throughout the various phases of research projects. As a project evolves from a proof-of-concept demo, 
over initial test set-ups, to a production phase, only limited, if not none, adaptations to the end-to-end 
data collecting infrastructure are required.
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Visualising data enables verification of 
completeness and correctness of data

The SmarThor Data Platform provides fully monitored and reusable building 
blocks for connectivity, data collection, storage and provisioning

A monitoring framework continuously checks the correct operation of 
the platform. This includes whether data is collected at the expected rate, 
whether and which errors do occur within the collection process and if 
performance of the data collection and provisioning is within specified 
boundaries of acceptance. In addition, also platform management aspects 
are monitored, such as the daily cost of operation of the platform, access 
requests to the data interface, authorisation issues, etc.

Data collection entails connectivity to data sources, data retrieval, processing and 
storage. The SmarThor data platform implements these features in generic building 
blocks that are reused and tailored to realise the collection of data from various 
sources. This reuse, as well as an underpinning monitoring framework, results in 
stable end-to-end data collection. 

In terms of connectivity, the platform supports a range of protocols and mechanisms 
via which data can be exchanged; e.g. web services, ftp, BACnet, etc. Most data enters 
the platform as a continuous stream (e.g. building system data) or via time triggered 
collection (e.g. weather forecast). All data is encapsulated into a uniform format, which 
for instance includes conversion of timestamps to Coordinated Universal Time (UTC). 

Access to the collected data is provided via a secured web service, which provides 
a central and uniform data interface for internal use by EnergyVille researchers and 
external use by project partners. A visual representation of the available data is 
provided by the data viewer tool. This enables high-level visual verification of, amongst 
others, the completeness of the data, frequency of collection, and correctness of data.
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This graph shows the PV generation at EnergyVille 1: 
• On the vertical axis, the 96 quarters of a day are indicated: 

morning on top and evening at the bottom; the vertical 
scale shows the hours of a day 

• On the horizontal scale the days of a year are indicated; 
the horizontal scale shows the months 

• The color scale at the right shows average amount of 
energy consumed during the related quarter as kWh per 
hour or as average power during this quarter

The following information can be deducted from the graph:
• During the winter, the generation period is limited from 

11h till 16h and in summer this expands to 6h till 21h.
• Maximum power in winter is limited to 100kW while in 

summer peak production can be 270kW.
• Also in summer there are days with almost no PV 

generation.
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5. SmarThor PV forecasting 

Making use of the ICT-platform, EnergyVille also incorporated a PV forecaster to precisely predict 
the expected energy production. Since PV production is strongly dependent on the weather, it is very 
unpredictable in nature. It is necessary to have an accurate forecast of the energy production in order to 
plan the operation of for example the charging of electrical vehicles (EVs) and the operation of the heating 
system at EnergyVille. 

In the case of PV forecasting at EnergyVille, our goal is to predict the PV power of the next day, with a 
resolution of an hour. We have chosen a data-driven approach, making use of artificial intelligence to 
combine data available from numerical weather predictions, irradiance predictions from nearby sites, and 
historical PV data to directly produce these PV forecasts.

From the EnergyVille perspective, the availability of an accurate PV forecaster provides several benefits: 

• Knowing the PV energy production beforehand will allow planning the charging of electric vehicles. 
This is of utmost importance considering that EnergyVille and some of its employees as well as 
visitors own electric vehicles. 

• Considering that EnergyVille has a dual heating system: heat pumps and gas boilers, a forecast of 
the PV production helps scheduling the operation of the heating system. This for example could 
lead to less use of the heat pumps when PV production is low and a relatively large number of 
electric vehicles are requesting to be charged. The planning ensures the gas boilers, which are less 
sustainable, are only used during extreme cases like on winter days.

• The PV forecast allows for appropriate load management in order to avoid higher power injections 
into the grid which could lead to overloading of the transformer/grid.  Also, providing information on 
the foreseen amount of energy exchange with the grid allows the DSO to better plan for maintenance 
stops. 

In general, the PV forecaster provides a base for the planning of the building energy consumption in order to 
minimise grid injection, avoid overloading the transformers. The presence of a PV forecaster in the SmarThor 
platform is very interesting for EnergyVille, and possibly other buildings located in Thor Park. 
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How can Artificial Intelligence improve Forecasting? 

In the most general of terms, forecasting consists of the ability to determine the 
direction of future trends, based on a series of historical data. Depending on the 
application, there are several factors that have to be determined first. 

Time Specifications 

Regarding the temporal aspect of forecasts, two aspects are mainly considered: 
(1) the forecast horizon, which is the time between the present and the effective time of the 
predictions, and (2) the forecast resolution, describing the frequency at which the forecasts 
are issued. For example, predicting trends in the next five minutes at a speed of 1 prediction 
per second will require a different approach from trying to predict a trend in the next 24 
hours, with a prediction for each hour. 

Origin of Inputs 

Forecasting methods can also be classified according to the origin of the inputs. To this extent, 
the approaches are divided into two categories: (1) models that only use endogenous data, 
formed by current and/or lagged time series of records of the production of a PV installation, 
and (2) models that use external sources (exogenous data), which may come from local 
measurements (temperature, relative humidity, wind speed and direction, . . .), information 
from total sky imagers, satellite images, numerical weather predictions (temperature, 
relative humidity, irradiance, cloud cover, wind speed and direction, pressure, etc.), values 
from other meteorological databases and values from neighbouring production plants. 

Point or Interval? (Deterministic vs. Probabilistic) 

Another important question is whether or not a single predicted value (deterministic/point 
forecasts) is wanted, or a wider range of values (interval/probabilistic forecasts). For some 
applications, having a single value for each prediction is enough. However, in other cases it 
might also be interesting to know if the maximal deviation from this prediction is expected 
to be small or large, and with what confidence this prediction can be made. If there is a large 
amount of uncertainty, techniques that produce an interval instead of a point prediction will 
produce additional useful information. 

Methods: Artificial Intelligence versus statistical regression 

There are mainly two approaches to forecasting. The first one is classical statistical 
regression methods, which have been widely used for many decades and are well 
understood. The second, more recent one is the introduction of artificial intelligence 
to the problem, more specifically machine learning techniques. Many techniques 
have been applied to PV forecasting, from simple methods such as k-nearest 
neighbours, in which we simply look at k of the closest previously seen examples, 
and make a weighted average to make our prediction, to the more advanced 
artificial neural networks, which have been receiving a lot of attention lately with 
the successes of deep learning. The neural nets are inspired by the inner workings 
of the brain, where groups of neurons are connected to form a neural network. 
These are trained by feeding it examples, where the strength of the connections is 
adjusted along the way. Depending on the application, different architectures have 
been explored, each with their own strengths and weaknesses. 

PV forecasting specifically has an additional subdivision: there are the so called 
white-box models that use analytical equations to model the PV system, and rely 
on inputs from external numerical weather predictions to compute the power 
production. The second option is the black-box models, which are the data-driven 
approaches described above, which take historical data as input and directly 
produce the power production. Finally, we have grey-box models, that combine 
the two: use the data-driven approach to produce irradiance estimates, that are 
passed on to analytical equations to produce the power production. 

SMARTHOR - RESEARCH PLATFORM FOR MULTI-ENERGY SYSTEMS AND MARKETS
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6. SmarThor smart electric vehicle (EV) Charging 

Similar to the PV forecasting model EnergyVille also implements smart charging of electric vehicles at EnergyVille 1. 
When opened in September 2016, EnergyVille 1 was equipped with 7 charging points for electric vehicles. Today this 
number does no longer meet the needs of the people coming with an electric vehicle to EnergyVille. The SmarThor 
project added 18 extra charging points that are connected to the SmarThor ICT system. Our total EV charging capacity 
is more than 500kW, what is more than the electrical panel of the parking can supply and more than half of the grid 
connection capacity of the entire EnergyVille building that is equipped with a 368 kWp PV installation.

In order to reduce the peak grid consumption of the entire building, smart charging of electric vehicles is needed. 
Smart charging strategies strongly depend on the maximum power of the charger integrated in the car and the 
battery size. A car with a battery of 20kWh and a charger of 3,3kW will need at least 6 hours (in practice even 8 hours 
because the last part of the charging cycle is done at reduced power to extend the battery life). In this case there is 
almost no optimisation potential. So for smart charging it’s important to collect information on the battery size, which 
is done via the user’s badge, and the maximum charging power, tested during initiating the connection and adapted 
via Pulse Width Modulation (PWM).

The new charging points provide a type 2 socket and support mode 3 PWM communication and can charge up to 
22kW AC. Via a separate LAN-network and the OCPP1.6 J-SON protocol these charging points from 3 different 
manufacturers are integrated in the SmarThor data platform. Users can identify themselves via their badge in order 
to retrieve historical charging data and car information, in order to activate the EnergyVille smart charging algorithm.
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Our main target for the smart charging strategy is to increase the self-consumption of the EnergyVille PV-generation. As 
shown in the grid injection figure below this could be achieved by delaying the start of charging till noon. But this increases the 
risk on increased peak take off from the grid in case of cloudy weather and possibly exceed the maximum power available on 
the electrical panel of the parking in case all charging stations are occupied.

Our SmarThor charging strategy is based upon the PV forecaster and a building 
consumption forecast and controls the charging stations taking the following 
priorities into account: 

• Avoid electric panel overload 
• Supply the requested energy in time
• Minimise grid injection
• Minimise overall building peak load

By taking into account these parameters, charging electric vehicles generates 
substantial opportunities to optimally use all energy generated.  It functions as an 
ideal buffer to absorb ebbs and flows. The SmarThor approach allows opportunities 
for new optimisation strategies and use cases based on existing technologies.

This graph shows the grid injection of EnergyVille 1:
• On the vertical axis, the 96 quarters of a day are indicated: morning on top and evening at the bottom; the 

vertical scale shows the hours of a day 
• On the horizontal scale the days of a year are indicated; the horizontal scale shows the months 
• The colour scale at the right shows average amount of energy consumed during the related quarter as kWh per 

hour or as average power during this quarter

The following information can be deducted from the graph:
• From March till October there are days that electricity is injected in the grid
• Injection starts most days after 10 am and becomes significant from 12 am onwards and continues till the 

evening
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FROM THEORY TO PRACTICE – FURTHER FUELLING A MULTI-ENERGY TRANSITION
During the project Towards a Sustainable Energy Supply in Cities several new technologies, concept studies and ideas were explored. New insights have been gathered, lessons 
have been learned and important steps have been taken towards a sustainable energy transition. But what’s next? How to see these multi-energy building blocks evolving? 
What’s in store both in the short and the long run? 

Collaboration is key, on each level of the value-chain

A multi-energy approach requires multiple energy vectors to be seamlessly integrated into a 
system. The EFRO/SALK project Towards a Sustainable Energy Supply in Cities developed the 
first foundations of such a smart integrated energy system of decentral renewable energy 
generation, storage and demand response, which combines both commercially employable 
products and high-tech technology developed at Thor Park. Having excellent research as its basis, 
the EFRO/SALK project now provides a stepping-stone to further explore high-tech solutions for 
a renewable energy future, and this on multiple levels of the value chain. Essential in the roll-out 
of a multi-energy system is collaboration. To fine-tune all elements of a multi-energy system, 
ranging from materials and smaller components such as the solar cell technologies developed in 
SolSThore or the thermal elements of a 4th generation thermal network developed in GeoWatt 
to new market models or strategies developed in SmarThor, EnergyVille is more than eager to 
include the industry into its projects. Either to collectively explore new technologies, to bring new 
technologies to the market, to use high-tech research facilities to verify new applications, or to 
function as a case study or a specific living lab, every interesting partner is welcome to speed up 
the energy transition together with EnergyVille.

In that regard, additional technologies going beyond the current scope, can be implemented and 
tested, either on a micro-level, using specific test infrastructures for specific elements of the 
energy system, or on a macro-level covering the entire energy supply and demand of Thor Park. 
Thanks to a link with the EnergyVille labs, the system can always be adjusted whenever new 
insights become available.

Thor Park living lab

Unique in that regard is that EnergyVille 1, EnergyVille 2 and by extension the 
entire Thor Park also have the ambition to keep on growing as a living lab. 
The EFRO/SALK project Towards a Sustainable Energy Supply in Cities already 
enabled some considerable steps in the development of Thor Park as a living 
lab. A concept study to develop the first 4th generation district heating and 
cooling network at Thor Park, incorporating both cooling, low-temperature 
heat sources, latent heat and prosumers; a very own ICT-platform; a local 
DC-net to manage all energy generated locally; and a first draft for a regulatory 
framework for a multi-energy system have been developed. To come to 
a 100% sustainable energy system, the aim is to keep on bringing all these 
components further into practice and fine-tune the multi-energy approach, 
both on a micro and a macro level. 

The living lab at Thor Park is therefore not the end point. The objective 
is to continuously inject new technologies and IP into Thor Park, making 
EnergyVille a focal point of the energy transition and enabling Thor Park, just 
like the heydays of the mining industry, to further grow as a beacon of energy 
production. Not with coal as before, but with a smart integrated system of 
renewable energy, storage and demand response. 
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For this research programme EnergyVille received support from:

European Regional Development Fund (EFRO)
For the expansion of their research, EnergyVille received 
10,000,000 euro support from the EFRO Flanders programme 
2014-2020. This fund is one of the European structural funds 
which reinforces the economic, social and territorial cohesion 
between the European Union and limits inequalities between 
regions. The fund supports actions that contribute to sustainable 
economic development and employment creation, and the 
realisation of the Europe 2020 objectives.

Flemish Government - Flemish Ministry of Economy and 
Flemish Ministry of Energy:
The Flemish Government provided 7,500,000 euro by means 
of the Hermes Fund and the Ministry of Energy. The funds wish 
to contribute to a sustainable economic growth in Flanders by 
making innovation and entrepreneurship more accessible. It 
helps enterprises to change and grow by informing, inspiring and 
support them in every life cycle.

The Province of Limburg - ‘The place to be’ for innovative, 
creative entrepreneurs and ‘young high potentials’
When it comes to tourism, Limburg has successfully put itself on 
the map. We now also want to show our assets as an economic 
region from which you can conquer the world as an entrepreneur  
and invest in the welfare of the region tomorrow. How? By 
attracting new talent and new entrepreneur. By providing 
3,433,212 euro the Province of Limburg would like to make 
EnergyVille an attraction pole for energy enterprises at Thor Park 
in Waterschei, Genk.
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Do you want to know more about our research?
All scientific publications developed during the EFRO/SALK project 

‘Towards a Sustainable Energy Supply in Cities’ can be found on our website 

www.energyville.be




