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Introduction

Goal

Ambitions of Eindhoven

Eindhoven has set itself the goal of being ‘energy-neutral’ by 2045. To achieve this a number of main themes are described in a document, which has been 
compiled on the occasion of the conference in February 2013 [Eindhoven, 2013].

Ensuring that this goal is actually achieved in practice will require cooperation between government, business and industry, research institutes and the citizens of 
Eindhoven. A series of short-term activities with a long-term focus will have to be defined. To make the goal achievable, Eindhoven will need a shared vision and 
roadmap.

LightHouse has experience in developing similar roadmaps for urban lighting and the future of education. Because of the interrelationships between these road-
maps, LightHouse has been asked to make a proposal for an approach to realise the vision and roadmap for Eindhoven energy-neutral in 2045. 

Phase 1

Ambition

Phase 2

Vision

Phase 3

Roadmap

Phase 4

Programme

Analysis of the current situation, the 
points of departure and the ambition 
level in both the short and longer term 
in relation to Eindhoven energy-neu-
tral 2045. Defining the scope in terms 
of both the content and the involved 
parties.

Identifying the most important value 
drivers for the future developments 
in relation to energy, and translating 
these into a future scenario for the 
City of Eindhoven. The vision focuses 
strongly on the societal aspects of 
innovation to enable effective and 
efficient implementation.

A roadmap study then considers which 
developments are possible and neces-
sary, and also takes into account the 
social and societal implementation. 
This phase includes identifying the 
initiatives that are already in progress. 

A roadmap forms the basis for a 
programme of projects and activities. 
In this phase there is a strong need 
to translate the already available 
technologies into a soundly based 
implementation with maximum effect 
on energy-neutrality, and to relate this 
to the necessary studies in terms of 
cost, time, creativity and management 
attention.

Approach
To formulate the vision and roadmap, the project has been divided into a number of phases:
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Ambition

Point of departure
The City of Eindhoven has carried out a detailed 
study of its ambition to be energy neutral in 2045, 
and has described the findings in the publication 
‘Eindhoven energy-neutral’ [Eindhoven, 2013].  

“The municipality has set itself the goal of achie-
ving energy-neutrality between 2035 and 2045. 
By energy-neutrality, the municipality means that 
energy demand must be limited as far as possible, 
and the energy needs within the city’s boundaries 
must be met sustainably. The municipality has set 
itself the goal of achieving this ambition excluding 
mobility before 2035, and to achieve the ambition 
including mobility before 2045.”  

Challenges
Achieving the ambition of energy-neutrality will only 
be possible with the contributions of all the involved 
parties. The energy used in Eindhoven serves a 
range of purposes, for example: comfortable living 
and working, industrial activity and mobility. 

The challenges for achieving full energy-neutrality lie 
in a range of areas (see the figure on page 6):

• Energy-saving 
Sustainable energy is scarce, and is expected to 
remain so for the foreseeable future. This makes 
energy-saving an important factor. To achieve it, 
the first thing that will be required is awareness 
among users (citizens, business and industry, 
and organisations), followed by real behavioural 
change. At present, not all those involved are 
convinced that the required awareness among citi-
zens can be achieved effectively and efficiently.

• Embodied energy 
A significant part of the energy used in Eind-
hoven is needed by manufacturing industry. The 
products, which have a high embodied energy 
content, are sold and used not only in Eindhoven, 

but are also ‘exported’ outside the city and the 
region. In addition, goods produced elsewhere are 
‘imported’. Ultimately, all these goods will need 
to be produced sustainably to allow the goal of 
energy-neutrality to be achieved in full. However 
this will require regulation (for example at Euro-
pean level), which falls outside the scope of this 
assignment. In addition, the decision of whether 
to operate sustainably is up to industry in Eind-
hoven and the surrounding region. Of course the 
municipality can play a facilitating role in achie-
ving this. New technologies (sustainable mate-
rials) and new business models (e.g. based on the 
‘circular economy’) can contribute to the develop-
ment of sustainable production methods.

• Direct sustainability 
The use of energy gained directly from sustainable 
sources is the third important factor. To make 
this possible, it is important that ample supplies 
of sustainable energy are available. This is most 
of all an organisational challenge, to ensure that 
sustainable energy is generated and if necessary 
stored wherever it is technically and economically 
possible to do so. In many cases this will exceed 
the ability of a single organisation, making colla-
boration necessary – for example to use the batte-
ries of electric vehicles for (temporary) storage of 
excess sustainable energy from solar and/or wind 
sources.

The transition from ‘grey’ to ‘green’ energy requires 
a carefully controlled process. Grey energy will still 
be needed for some time as a back-up for scarcity 
and fluctuations in the availability of sustainable 
energy. In the meantime, the challenge is to set up 
the business models in a way that makes the tran-
sition to sustainable energy attractive to the most 
important stakeholders.

As well as the above challenges, which can be 
addressed at either a more generic or a more specific 
level, the question is what the scope of the vision 

and roadmap should be. Should the drive to become 
energy-neutral be limited to the city boundaries, or 
does it extend beyond them: for example the Brain-
port region? The challenge lies in finding the right 
balance between independence and self-sufficiency 
on the one hand, and the opportunities that lie in 
collaboration with outside regions on the other 
hand. 

Scope of the vision and roadmap
The scope of the vision and roadmap has been 
discussed and agreed in a workshop with the 
responsible executive councillors of the City of 
Eindhoven and management of ‘Woonbedrijf’, as the 
largest housing cooperative in Eindhoven. The follo-
wing elements were also defined at this time:

• The absolute amount of energy used is in itself not 
so relevant, as long as it is generated sustainably.

• The vision that is developed must be broad 
enough to support collaboration with other parties 
in the metropolitan area and to link them in their 
focus on sustainability. In this respect the city 
boundaries are not intended to serve as clearly 
defined limits.

• The focus in this assignment is on energy-neu-
trality in the built environment. At a later stage 
roadmaps can also be developed for mobility 
and industry, but these are not at present within 
the defined scope. However it is important where 
necessary to consider relevant interfaces with 
mobility and industry (for example for the storage 
of energy in electric vehicles).

• The goal of this roadmap is not to serve as a 
blueprint for the choices to be made in the coming 
years, but to create a framework which with incre-
asing knowledge can be used to take decisions in 
line with ‘The Natural Step’.

• The aim is to define an exportable concept for 
Eindhoven. The infrastructure must be local and 
matched to the needs of the region, making use of 
flexible networks and circular models. 
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Energy density of demand versus population per km2

Eindhoven

Energy density = 6.5 W/m2

Population per km2 = 2500 persons / km2

The present energy situation in Eindhoven

In 2011 the Municipality of Eindhoven gave the 
assignment to KenW2iB to map the energy situation 
in Eindhoven and to take the first exploratory steps 
towards Eindhoven in 2045 [Eindhoven energy-neu-
tral, 2011]. The report presents a conservative esti-
mate in relation to energy-neutrality.

The energy supplied directly to Eindhoven in the 
form of gas, electricity, fuel, coal and oil was esti-
mated at more than 18 PJ. One joule (J) is the amount 
of energy released if an apple falls to the ground 

Eindhoven has relatively little energy-intensive 
industry, only DAF and VDL which together account 
for around 3% of the total energy demand.

Also in terms of energy density of demand, Eind-
hoven rates average at approximately 6.5 W/m2, as 
shown on the page at the left. This influences the 
ability to export solutions, which can be developed 
in Eindhoven with the city itself as testbed.

In the ‘Eindhoven energy-neutral’ report, the 
average annual gas consumption per household is 
approximately 1577 m3, and the average electricity 
consumption is approximately 3460 kWh. About 
75% of the energy consumed is gas, of which 75% 
is used for heating and 25% for hot-water supply. 
Gas consumption for cooking purposes is very low. 
Electricity accounts for the remaining 25% of the 
total energy consumption. Broadly speaking, the 
electrical energy used can be divided into 6 roughly 
equal categories (washing & drying, cooling & free-
zing, TV/audio/video/PC, lighting, and ventilation/
cooking/other kitchen appliances).

An overview of local possibilities for sustainable 
energy technologies, especially in direct energy 
consumption, is given below.

Wind energy

The potential for the use of wind energy is limited by 
the location of Eindhoven Airport at the north-west 
of the city. However there is still some innovation 
potential in the form of smaller, building-related 
wind turbines.

Solar energy

The potential for the generation of solar energy (PV 
systems and solar collectors) could over time cover 
around 10% of the energy needs. This is based on 

from a height of one metre. 18 PJ = 18 quadrillion (18 
x 1015) joules, or about 5 times the amount of energy 
released if the annual apple harvest of the Nether-
lands (around 260 tons of apples per harvest) falls 
through a distance of 1 metre.

About 25% of this total energy consumption is used 
by households, around 42% is used by industry 
(excluding DAF and VDL), organisations and insti-
tutes, and around 20% is used in the form of fuels.

Source: International Institute for Applied Systems Analysis, Global Energy Assessment



  Intelligent Lighting 
Institute

9
Research report - June 2014

the assumption that 20% of roofs are suitable for, 
and are actually used for, this purpose.

Biomass energy

A number of biomass energy-generating facilities are 
currently installed in Eindhoven. The fuel is wood 
prunings and bio-oil. The present capacity covers 
about 1% of the city’s energy needs. The possible 
use of fermentation had not yet been studied in 
2011.

Geothermal energy

Eindhoven has a somewhat unfavourable location for 
large-scale use of geothermal energy. Current expec-
tations are that around 5% of the energy needs can 
be met from this source. However the possibility that 
this figure could become higher in the future should 
not be ruled out.

Thermal Energy Storage

Eindhoven currently has 30 TES (Thermal Energy 
Storage) sites. If TES only proves to be viable in new 
building and major renovation projects, its poten-
tial will be limited (2-3%). It is not only a technical 
challenge but above all a social challenge to create 
enough local support to make the building of a 
TES a practical proposition. In addition, building a 
‘classical’ TES site is not entirely without concerns. 
However, current developments may allow these 
problems to be circumvented.

Waste heat

Eindhoven has little energy-intensive industry, so 
here too the potential for the use of waste heat for 
home heating purposes is limited. This is estimated 
at 6% of the present energy consumption.

The total generation potential is estimated at 21% 
of the present energy consumption. This is based on 
the following assumptions:

• Today’s technology is used (not future technology)
• Wind energy cannot be used on a large scale 

because of the proximity of Eindhoven Airport
• Only locally available biomass is used as fuel
• Solar energy is only used on 20% of the roofs
• Only limited use is made of geothermal energy 

because of the ground structure
• The availability of waste heat is limited because of 

the low level of energy-intensive industry
• TES (Thermal Energy Storage) sites are only 

suitable for major renovation and new building 
projects

Energy-saving

The estimate is that around 33% of energy consump-
tion can be saved by changing behaviour and by 
technical measures in homes (such as insulation), 
installations and domestic appliances, industry and 
mobility. 60% of the overall energy savings can be 
made by households, 25% by industry and 15% in 
mobility.

Energy balance

In household energy consumption, a saving of about 
54% in grey energy consumption can be expected. 
It has been estimated that if no measures are taken 
in relation to sustainability, energy consumption 
will rise to more than 20 PJ by 2040. It is also esti-
mated that on the basis of expected technology 
developments, an additional reduction of 3 PJ in the 
consumption of grey energy in Eindhoven can be 
expected. From these figures, it follows that there 
will then be a remaining demand for grey energy of 
approximately 8 PJ in 2040.

The Natural Step
The municipal organisations and housing coopera-
tives follow the philosophy of ‘The Natural Step’. This 
is a not-for-profit organisation that provides training 
and advisory services and carries out research in 
sustainable development. Since 1989, The Natural 
Step has worked with thousands of companies, 
municipalities, academic institutes and not-for-profit 
organisations which together have proved that the 
strategic shift towards sustainability leads to new 
opportunities, lower costs and a drastic reduction in 
the ecological and social footprint.

The four System Conditions

In a sustainable society, nature is not subject to 
structurally increasing...:

1. ...concentrations of elements that are extracted 
from the earth’s crust

2. ...concentrations of substances that are produced 
by society

3. ..degradation through physical intervention

4. ...and people are not subject to conditions that 
structurally hinder them in meeting their basic 
needs.

Sustainability principles

To create a sustainable society, we need to...

1. ...eliminate our contribution to the gradual accu-
mulation of substances from the earth’s crust

2. ...eliminate our contribution to the gradual accu-
mulation of substances and compounds formed by 
society

3. ...eliminate our contribution to the progressive 
physical degradation and destruction of nature and 
natural processes, and... 
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Open network of organisations (both public, semi-public, knowledge institutes, network-organisations and businesses)

involved in sustainable energy in Eindhoven (innovation as well as implementation)
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4. ... eliminate our contribution to the condition that 
undermines the ability of people to meet their funda-
mental human needs.

The municipality and the housing cooperatives 
as well as numerous companies in the Eindhoven 
region have been trained in following the ‘The 
Natural Step’ philosophy.

Housing cooperatives in Eindhoven
The housing cooperatives have used The Natural 
Step to formulate a vision in relation to sustainabi-
lity:

Sustainable Energy – All the energy needed in the 
Brainport region is generated sustainably, and 
wherever possible locally. The revenues from over-
production contribute to the sustainable develop-
ment of housing in the region.

Responsible transport – Transport in the region has 
become independent of fossil fuels. The number 
of transport movements has been reduced by the 
introduction of flexible working, and the number 
of vehicles used has been reduced by sharing and 
alternative forms of transport.

Collective awareness – All those involved take 
shared responsibility for the living environment, and 
we are proud of what we can achieve together. We 
share our knowledge and celebrate our successes 
together. 

‘Living in a Lab’ – We are known for our innovative 
solutions that we develop (and have developed) 
together with all those involved, and we apply them 
flexibly to meet the needs of our citizens and future 
generations.

Closed loop – All our materials and buildings come 
from and/or are returned to healthy closed cycles. 
Our waste is given a new life as building materials.

Long Lifetime – Our buildings and the people who 
live in them and use them have a long lifetime 
through the creation of a healthy living environment 
and attractive, flexible living conditions.

We look further – We are passionate about the 
conditions behind the products and services that we 
provide. As a result we make a positive contribution 
to living conditions in other places, and we defend 
the rights of those who cannot do so for themselves.

Natural city – We maintain ecosystems, and 
wherever possible we restore systems to their 
natural balance. We help others in making respon-
sible choices and in linking nature and the built 
environment.

Costs become benefits – We succeed in reducing the 
cost of living and in this way in creating the freedom 
to meet the basic needs (of life).

The innovation network in the 
Eindhoven region in relation to 
energy-neutrality 

The Eindhoven region is well known for its innova-
tive strength in terms of technology and design. An 
impression of the region’s innovation network in 
the energy-neutrality domain is shown on page 10. 
The network as shown is far from complete. Subsidy 
regulations are constantly changing, driving the crea-
tion of new links. A lot of the networks at present still 
focus strongly on the subsidy regulations. Networks 
that are really dedicated to implementing the energy 
transition are present to a limited extent.

Because the money flows (both subsidies and busi-
ness results) do not overlap, there are some gaps 
in the network that are serious obstacles to the flow 

of innovations from ideas to implementation and 
export.

There is a lot of talk about projects, but our limited 
network study shows that there is a so-called 
‘loosely coupled network’. This is characteristic of 
a strongly innovative, knowledge-study network. 
To put the energy transition into practice, there is a 
need for an additional structure with a stronger focus 
on implementation. This is a network structure with 
more links between the various involved players, 
which results in a much more knowledge-study struc-
ture.

The need for a roadmap originates in the setting up 
of a dialogue that can help to put the energy tran-
sition into practice, based on a Quadruple Helix 
structure consisting of citizens, industry, knowledge 
organisations and municipalities.
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Trends, opportunities and challenges

The most important trends, opportunities and chal-
lenges for Eindhoven Energy neutral were identified 
in a preliminary study carried out by desk research 
and a large number of interviews with experts of 
varying backgrounds. 

Urbanisation
With a population of around 220,000, Eindhoven is 
located in one of the largest segments of the urban 
areas: the park cities [IIASA, 2013]. 

The park cities differ in a number of respects from 
other cities:

• They have a relatively low population density.
• There is a relatively large proportion of ‘green’ 

space.
• There are good links by road with the centre, which 

results in high use of cars and relatively low use of 
public transport.

• There is a relatively large proportion of low buil-
dings, and the heat/cold ratio is less favourable 
(5:1) than in cities with more high buildings (1:1). 

These factors mean that the park cities demand a 
specific approach in relation to energy-neutrality .

In addition, the expectation is that the number of 
park cities with populations of less than 200,000 will 
increase significantly in the coming 40 years [IIASA, 
2013]. This creates the opportunity for Eindhoven to 
play a role in the regional sustainability economy.

More autonomy and mass 
individualisation
Technology development has led to increasing 
individualisation and autonomy in society. People 
have tremendous freedom in terms of communica-
tion and travel, the choice of available products and 
services, and the way they lead their lives (educa-
tion, hobbies, children, work and where they live). 
This high level of individualisation makes effective 
top down management difficult. 

In addition, there has been a trend in recent decades 
away from the welfare state and towards more indivi-
dual responsibility, in which people ‘look after them-
selves’, with a less prominent role for government in 
every aspect of their lives. Citizens will increasingly 
have to take more responsibility for themselves, for 
their families and for the environment in which they 
live. This applies to their economic situation, but 
also to the quality of life in their environment and 
the related sustainability decisions.

However, according to experts the level of indepen-
dent thinking, decision-making, action and initiative 
by citizens is low. Around half of the citizens are not 
aware of the impact of our current energy approach 
or regard sustainability with suspicion. 

This situation represents an opportunity for a neig-
hbourhood approach to achieve sustainability. This 
will allow cooperation between private initiatives 
and initiatives by housing cooperatives (and also 
between housing cooperatives) to create synergies 
in the local infrastructure. These investments can 
be realised much more quickly if they are initiated 
jointly by a large part of the neighbourhood, private 

citizens and housing cooperatives working together. 
A number of the success factors for approaches of 
this kind have been identified, forming the basis for 
effective and efficient implementation.

Low involvement in ‘Energy’ 
For most people, energy is currently a low involve-
ment topic [Midden, 2013], and they are not cons-
ciously involved in energy issues. Most people only 
look once a year at their energy bill, and have little 
awareness of where energy is used and what the 
consequences are if we continue using energy in the 
same way as we do at present. This is not so surpri-
sing, because the average citizen of the Netherlands 
has never had to worry about energy in the past 
60 years. It has always been available, and simply 
comes into the home through the meter cabinet. It 
was something you didn’t need to think about. 

But there are also situations in which this low invol-
vement can suddenly change, as for example Shell 
found out in the Brent Spar, where the aspect of 
environment quickly gained a much higher level of 
emotional attention. This shows how sustainability 
and energy can suddenly become the subjects of 
much stronger involvement [Agterberg, 2013].  

From individual ownership to 
shared use
The average age of people living in housing coope-
rative homes is decreasing, and the new genera-
tions have a different view of ownership [Trend-
Rede, 2014]. They are much more concerned with 
daily access to products and services, and less 
with possession. The ‘sharing economy’ is gaining 
support. For some this creates feelings of loss of 
control. But in the past there have been positive 
effects when government limited itself to defining 
some rules and then left things to individuals, as 
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was the case in the development of the ‘canal belt’ 
in Amsterdam [Tegenlicht, Bouw ’t zelf, 2013].

There are opportunities in making use of this trend 
for sustainable energy. To do so it is important 
that owners and users takes the right decisions. 
At present for example, it is hard for consumers to 
whom solar panels are offered by energy coope-
ratives to understand whether these are really the 
most economic and sustainable alternative. How 
can you decide between a solar panel on your roof 
and taking part in the investment in a wind turbine 
installed at a different location (for example at sea)? 
[Knops, 2013]. Effective models for collective owner-
ship still need to be developed to allow decisions 
like this to be taken.

Surface area usage for energy 
generation is increasing
Sustainable energy in the future will require more 
surface area. The energy density of sustainable 
energy generation is lower by a factor of 100-1000 
times than when fossil fuels are used. This means 
that to generate the same amount of energy we need 
100-1000 times more surface area for solar panels, 
wind turbine farms etc. [Ecofys, 2013].

One example: to generate all the electricity needed 
for Eindhoven (households, government, trade, 
services and industry) using solar panels would take 
up around 10% of the surface area of the municip-
ality (8 km2). This would require an investment in 
solar panels of about 2 billion euros. These figures 
are based on [Zonneatlas, 2013] and [Eindhoven, 
2012].

Energy storage is still costly
Energy supply and demand are not well matched, 
and this imbalance is even greater with sustainable 
energy. Wind and sun in the Netherlands are subject 
to fluctuations: annually, daily and even more 
rapidly. Energy demand also varies through the year 

and on a daily basis. At present the variations in the 
availability of ‘green energy’ are compensated by 
grey energy.

But there will be a time, as is already the case 
in Germany, when 25% of the average electricity 
demand is generated sustainably, and where at 
some times more sustainable energy is generated 
than is actually needed. At those times energy 
storage is necessary to allow that excess energy to 
be used at times when the demand again exceeds 
the supply. Energy storage is an important element 
in all smart grid solutions, and an intelligent way to 
match supply and demand. This is certainly true if 
the electricity grid is stabilised through the market 
mechanisms, in which the consumer only feeds 
power back into the grid if and when the price makes 
it attractive to do so.

However energy storage technologies are still much 
too expensive. The solutions available at present 
are:

• Pumped water storage: the excess electricity is 
used to pump water to a reservoir at a higher level, 
and this is then converted back into electricity 
when it is needed. This is by far the most widely 
used and cheapest form of energy storage. But 
at present there is around 127,000 MW of power 
storage capacity worldwide; less than 1 year of 
electricity for Eindhoven, in other words far too 
little.

• Compressed air. The present storage capacity 
worldwide is around 440 MW, about 1 day’s supply 
for Eindhoven.

• All kinds of batteries. Capacity at present totals 
70-100 MW (5 hour’s supply for Eindhoven). This 
is expected to grow rapidly as soon as it becomes 
possible to use the batteries of electric cars, even 
though this is a costly form of storage. The techno-
logy is already available [Club of Maarsen, 2013]. 
The batteries of the present Tesla Model S can 
store enough power to meet the day-by-day elec-

tricity needs of an average family for more than 7 
days.

• Other solutions, including flywheels, power-to-gas 
and power-to-heat, at present have hardly any 
installed capacity.

Economically viable sustainable energy storage will 
require a breakthrough in technology, but optimistic 
experts expect that this could happen in the coming 
10 to 20 years. 

Fossil fuel costs are too low
The current market prices of fossil fuels do not 
include a large number of indirect costs [Brown, 
2008]. The price at the pump of one litre of petrol 
in the USA in 2007 was $0.75. The costs of climate 
change, tax benefits for the US oil industry, military 
protection of access to oil in the Middle East and 
the health-related costs of all kinds of lung and 
respiratory diseases resulting from the inhalation of 
polluted air are all not included. If these costs were 
to be added, the price of a litre of petrol would rise 
to $3.75.

Energy costs are often deliberately kept low to 
protect and preserve economic activities. The fear of 
governments is that their competitive position would 
be undermined if energy prices were increased too 
strongly.

Fossil fuels received six times as much subsidy as 
sustainable energy sources in 2011 [Bloomberg, 
2011]. According to the International Energy Agency, 
these subsidies distorted the market and encou-
raged energy wasting. In the view of the IEA, the 
costs of subsidies for fossil fuels do not outweigh 
the benefits.

In the Netherlands, too, overcapacity of grey power 
stations has been built, which allows the costs to be 
kept very low [Agterberg, 2013]. These low cost prices 
make it difficult for the young sustainability industry 
to develop rapidly. There are many providers of solu-
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tions and services, but the long economic payback 
times make these relatively unattractive. This is 
partly because the sustainable solutions include the 
indirect costs, in contrast to grey energy.

In addition, the low prices of grey energy cause a 
conflict of roles in housing cooperatives. Their core 
task is to provide affordable homes. They are strong 
advocates of sustainability, but if the required 
measures threaten to increase the total housing 
costs, this immediately leads to conflicts with their 
core task.

Uncertainty about subsidies
The energy domain is a patchwork of subsidies, 
which are partly contradictory and partly comple-
mentary. As well as that, subsidy flows are regularly 
stopped and restarted with a different formula. This 
often leads to significant financial losses, especially 
for parties that have based their business models on 
those subsidies. These policy changes cause a lot of 
uncertainty and loss of knowledge and investments 
as well as suspicion among citizens, who have no 
idea what will happen in the future.

Finally, there is no coordination between countries at 
European level. For example: Denmark and Germany 
regularly dump their excess sustainable energy to 
other countries, which makes the sustainable energy 
transition more difficult there. 

Sustainable energy means use has to be made of 
local conditions. Solutions will differ, due to local 
factors like population density, the presence of 
industry with high energy demands, nearby power 
plants and the suitability of the different techno-
logical solutions (e.g. wind or geothermal energy). 
Local energy dependence argues for control that is 
more localised, through subsidies and regulation, 
instead of at national or even European level.

A surplus of technology
As the authors of TrendRede 2014 note: there is a 
huge surplus of available technologies. Choosing 
the right technology is a complex and non-transpa-
rent matter. Based on the idea of ‘exergy’ (a kind of 
quality mark for energy), two clusters can be distin-
guished:

• Energy media with a high exergetic value. This 
energy media, such as electricity, gas or petrol, 
can be transported relatively easily, and can be 
used in many different ways.

• Energy media with a low exergetic value. This 
energy media, such as hot or cold water (relative 
to the environmental temperature) can almost 
only be used for heating and cooling applications. 
This form of energy cannot be converted into – for 
example – electricity, or otherwise this can only be 
done very inefficiently.

Energy media with a high exergetic value can very 
easily be converted into energy media with a low 
exergetic value. But conversion in the opposite direc-
tion is much more difficult.

The table below shows the sustainable energy 
technologies, subdivided by the exergy level of the 
energy medium used. A more detailed version can be 
found in Appendix C.

The huge range of possible technologies, each with 
its own strengths and weaknesses, and some of 
them insufficiently tested in practice, presents a very 
complex and non transparent picture. But of course 
this is a fairly normal situation, that also arises in 
other industries at the start of their industrial deve-
lopment.

This makes it important, in the choices that will have 
to be made in the coming years, that the economic 
payback time is relatively short so new investments 
can quickly be made in better technologies. The 
robustness of the technology (does it work when I 
want it to?) is also an attention point. And finally, 
if the investments to be made are far reaching and 
have long payback times, the choices and the infra-
structure should be future-proof so that technology 
improvements can be incorporated without having to 
write-off earlier investments.

Sustainable 
technology 
cluster

Characteristics Energy- generation Energy- 
saving Energy storage

High-exergetic Easy to transport, 
generation and use 
can physically be 
widely separated

From:
• Wind
• Solar (PV)
• Water (tidal, osmosis)
• Algae
• Biomass
To:
• Electricity, biogas or biogas oil

Behaviour

Domestic 
appliances

Pumped water storage (dam)

Compressed air

Batteries and super-capaci-
tors

Flywheels

Power-to-gas

Low-exergetic Strongly locati-
on-linked, generation 
and use must be 
located near to each 
other

From:
• Electricity, heat from geothermal 

layers, biogas or biogas oil
• Solar (solar collector), waste heat 

from industry or household use
To:
• Heat or cold

Behaviour

Insulation

Water in an insulated 
environment, such as a 
natural vessel or a naturally 
insulated ground-water layer

Sustainable energy technologies
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Together towards Eindhoven energy-neutral  in the built environment in 2045

 

In 2045 Eindhoven takes 

Responsibility
(and increases its influence 
where necessary to support the 
sustainability targets)

 

by ensuring that 
important topics 
get sufficient 
priority at EU level

 

In 2045 Eindhoven takes the right 

Decisions
(based on overall assessments at the 
right level with all those involved)

 

there is an 
approach for 
overall assess-
ment of all factors 
(economic, social 
etc.)

 

synergy loops are 
actively sought, 
with choices that 
complement and 
reinforce each 
other

 

the distribution of 
value flows is well 
organised across 
boundaries

 

roles are clearly 
redefined so that 
good choices can 
be made

 

In 2045 Eindhoven focuses mainly on 

Just doing it!
(not just talk, but actual 
implementation)

 

people work 
together on 
sustainability

 

new business 
models are 
implemented that 
promote sustai-
nability

 

Eindhoven imple-
ments sustai-
nable technology

 

social aspects of 
implementation 
are taken into 
account

 

In 2045 Eindhoven collaborates in 

Innovation and learning
(with all the involved parties 
– citizens, public and private 
organisations, knowledge institutes)

 

Eindhoven leads 
the way in the 
application of 
innovations in 
testbeds and 
living labs

 

Eindhoven is one 
of the 10 ‘demon-
stration cities’ 
that are highly 
rated by the EU

 

Eindhoven makes 
smart choices 
for fast, efficient 
learning

 

sustainable 
innovation leads 
to extra economic 
activity in the 
region

 

overall leadership 
is in place at both 
strategic and 
day-to-day levels

 

In 2045 Eindhoven will have a good 

Value system 
(linked to a strong understanding 
of the meaning and underlying 
principles of sustainability)

 

all those involved 
are aware of their 
sustainability 
roles

 

most actions 
and initiatives 
are collective, 
instead of 
fragmented and 
individual

 

people are less 
focused on 
possession, and 
more on use

 

a value 
network and an 
‘ecosystem’ have 
been developed

 

Eindhoven has a 
good reputation 
and acts with 
integrity
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Vision
Together towards Eindhoven energy-neutral in 2045
In 2045 the built environment in Eindhoven is totally energy-neutral. Based on the preliminary study of the trends, opportunities and challenges, a number of 
elements that are necessary to realise the objectives can be formulated explicitly. Five key elements in the Eindhoven energy-neutral 2045 vision have been 
defined in a workshop with the involved executive councillors Schreurs and Helms of the Municipality of Eindhoven and management executive Eggermont of the 
‘Woonbedrijf’ housing cooperative. These are primarily instrumental values, in other words they mainly describe the way in which Eindhoven intends to become 
energy-neutral in the built environment. This means these values will need to be implemented by around 2025.

Value system
Towards 2045 Eindhoven 
has developed a good value 
system. All citizens and other 
involved parties have become 
aware of what sustainabi-
lity really means, as well as 
of their own role in it. The 
individual actions that were 
broadly accepted in the early 
years of the implementation 
of the vision and roadmap 
have grown into collective 
actions, in which the different 
stakeholders work together to 
create sustainable solutions. A 
new ecosystem has also been 
developed in which the wider 
idea of value is applied. In this 
ecosystem, different organisa-
tions work together to create 
sustainable value.

People are also aware of the 
consequences of their choices 
and behaviour. One example 
of this is that more emphasis 
is placed on the use of goods, 
rather than on their posses-
sion.

As a result of the emphasis 
on real value, Eindhoven has 
built up a good reputation with 
clearly visible integrity in its 
choices and decisions.

Just doing it!
In 2045, but most of all in the 
years leading up to it, Eind-
hoven is characterised by its 
proactive, focused approach. 
Sustainability is not just talked 
about but is actually put into 
practice. This demands inten-
sive collaboration between 
citizens and public and private 
parties. Because there may be 
resistance during the transition 
to sustainable solutions from 
parties with vested interests in 
the old model and from those 
with a fear of change, it is 
important that attention is also 
given to developing and imple-
menting new business models 
that promote and encourage 
sustainability. 

There is a clear awareness 
that the transition to sustai-
nable solutions is not only a 
question of technology, but 
most of all requires attention 
for the social implementation. 
Approaches to address this 
need are therefore developed 
in the run-up to 2045.

Innovation & 
learning
The transition to sustainable 
energy-neutrality does not 
follow a linear route but is 
a learning process. In Eind-
hoven there are collaborative 
initiatives in innovation and 
learning by all the involved 
parties: citizens, public and 
private organisations and 
knowledge institutes. 

Eindhoven leads the way in 
the application of innovations 
in testbeds and living labs for 
sustainable solutions. Through 
this leadership role Eindhoven 
gains the status of demonstra-
tion city at EU level.

The smart choices made in 
the pilots running in the living 
labs promote fast and efficient 
learning, further supporting 
sustainability. The involvement 
of innovative companies in 
the pilots creates economic 
activity in the region, with new 
sustainable technology that 
is well matched to the needs 
of end-users. The strengths of 
Eindhoven as a city of design 
and technology are explicitly 
combined.

Decisions
The decisions taken in Eind-
hoven are based on consi-
derations of all the relevant 
factors. These decisions are 
taken at the right level by 
all the involved parties. A 
broadly based approach has 
been developed for this deci-
sion-making process, taking 
into account all the relevant 
economic, ecological, social 
and other aspects. Comple-
mentary options are actively 
sought (‘synergy loops’). The 
process also involves collabo-
ration across boundaries, with 
attention for an honest distri-
bution of value that promotes 
and supports sustainable solu-
tions. For a good cross-boun-
dary decision-making process, 
individual roles and their 
distribution are continuously 
monitored and reviewed. 
Responsibilities for choices 
are shared between citizens, 
companies, knowledge insti-
tutes and government.

Responsibility
On the road to 2045 Eindhoven 
takes its responsibilities to 
achieve the defined sustaina-
bility targets. This will require 
an increased influence if 
decisions need to be taken 
above the municipal or regi-
onal level. Particularly when it 
has achieved demonstration 
city status, Eindhoven will be 
able to ensure that sufficient 
attention is given to important 
issues at national or EU level.
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Visualisation of the desired 
scenario
There is broad agreement on where Eindhoven 
stands in relation to energy. Eindhoven is 
energy-neutral by 2045, but ideally before then for 
the built environment. In other words fossil fuels 
are no longer used, and have been replaced entirely 
by renewable (sustainable) energy sources such as 
wind, solar, hydro and biomass.

Awareness

Even though there is still a media debate about 
the impact of using fossil fuels, there is a clear 
consensus on the effects of global warming: extreme 
climatic conditions, rising sea levels and acidifi-
cation of the oceans, extinction of animal species, 
retreating glaciers and melting icecaps, declining 
food production and drinking water reserves, and 
greater chances of wars due to increasing scarcity. 
Currently only a small group of people are aware of 
these threats and are actually working to avoid the 
worst-case scenarios. These effects are visualised 
in the adjoining figure by someone who is working 
hard with all kinds of apps to monitor and reduce his 
energy consumption. But unfortunately there are still 
people who have little awareness of energy-neutra-
lity and sustainability, and who have certainly not 
transformed these into sustainable behaviour. They 
are shown at the right next to the path. 

The first autonomous choices: behaviour, insulation 
and solar energy

The first step towards an energy-neutral Eindhoven 
is changing behaviour, for example by not leaving 
heating or air conditioning on if there is no-one at 
home, not leaving doors open while the heating is 
on, deliberately buying energy-efficient domestic 
appliances and carefully separating household 
waste. Despite the direct economic benefits, rese-
arch shows that people are only really prepared 
to change their behaviour if they see that they are 
lagging behind their neighbours. Social cohesion at 

neighbourhood level creates a particularly important 
basis for progress towards a sustainable society. 

Insulation is also an important way to save energy. 
It can vary from almost total insulation (‘passive 
house’) to home improvement up to at least Energy 
Label ‘B’. Together with sustainable behaviour, this 
can provide up to around 30% of the targeted energy 
savings.

Finally there is local electricity generation using solar 
panels, or solar-powered water heating. Supported 
by favourable feed-in tariffs, this can encourage citi-
zens to invest in local sustainable energy generation. 
Another option is to use sustainable electricity that 
is not generated locally. The Netherlands intends 
to build two large wind turbine parks at sea. This is 
particularly important for areas with a high popu-
lation density, where the required land area is not 
available.

The next choice: heating and cooling systems

Choices also need to be made about meeting the 
need for heating and cooling in a sustainable way. 
This accounts for a large part of the energy needs 
in the built environment. The focus at present is on 
replacing the use of fossil gas by a more sustainable 
solution, for which solar and wind power alone will 
be absolutely insufficient. 

Thinking ahead to make infrastructural choices

Heating and cooling systems require suitable trans-
port and storage media. In contrast to electricity, the 
generation, storage and use of energy need to be 
located close together. Fundamental local infrastruc-
tural choices therefore need to be made, and these 
will require major investments. All the available 
technical solutions have their own advantages 
and disadvantages. Scientists and researchers are 
urgently seeking for new and better technology. This 
means there is a significant chance of making invest-
ments that will quickly become obsolete as a result 
of new technologies. The timing of fundamental 
choices, following on from Living Lab experiments 
and focusing on the integration of new technology in 
practice, is vitally important.

The importance of a neighbourhood approach

Sustainable energy measures at neighbourhood 
level, whether in terms of behaviour, the purchase 
of solar panels, and especially heating and cooling 
systems, will be much more effective and will more 
quickly deliver a positive return on investment if 
citizens, business and industry, housing coopera-
tives and the municipality all act together at neigh-
bourhood. This goes hand in hand with changes in 
society, through which government is withdrawing 
and participation by citizens is increasing. Sustai-
nable energy is not just an economic issue, focu-
sing on the ‘homo economicus’ in us, but is very 
much a social issue, addressing the limitations of 
our common pool resources, requiring the ‘homo 
socialis’ in us. Social cohesion at neighbourhood 
level has to be strengthened, and people need to 
come forward to take the initiative and help take 
sustainability in the neighbourhoods to the next 
level. The biggest challenge for all parties in Eind-
hoven energy-neutral 2045 is to create new forms of 
dialogue, decision-making and collaboration.

The energy transition: acting on several fronts at 
the same time

The energy transition means acting on several fronts 
at the same time. This is shown at the bottom right in 
the figure by the network of tubes, wires and social 
relationships indicated by the maps. All the maps 
show possibilities and impossibilities. A decision 
on one of the maps can imply a decision on one of 
the other, either making that decision redundant 
or implicitly taking it. Smart, integrated decisions 
on multiple maps lead to an efficient and effective 
sustainable energy system for both electricity and 
heating/cooling. Visualising decisions and their 
impact on the different maps provides insight into 
which decisions can now already be taken, and 
which can best be kept on hold for the time being. 
They also show which neighbourhoods are best 
suited to take the first steps in the energy transition. 
Which areas have the biggest chance of upscaling, 
and in which the biggest learning effects can be 
found.
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Efficiency in the reduction of 
fossil energy and contribution to 
sustainability

Robustness Economic value Social value

Health & comfort Architectural value Autonomy Economic potential

How high is the saving on the use of 
fossil energy (€ct/kWh), either as a 
result of energy savings or through the 
use of sustainable energy (instead of 
energy based on fossil fuels)?   

The contribution to sustainability is 
determined partly by the extent of 
compliance with the four sustainability 
principles described in ‘The Natural 
Step’ [The Natural Step, 2013].

The system does not create any health 
problems (unhealthy particulate 
concentrations, high CO₂ levels etc.), 
and also increases the comfort of users 
while limiting nuisance and discomfort 
during installation and connection.

To what extent will the system always 
be able to provide the required energy 
at the desired time and place?

Sustainable installations take up a lot 
of land area, but this is less of a disad-
vantage if they add architectural value 
to the urban or rural landscape. This 
consideration also applies to dams 
and water reservoirs or plantations for 
biofermentation.

The economic payback time (including 
economic and/or technical lifetime and 
the increase in the value of buildings 
during the lifetime. The economic 
payback time may be too short if there 
are rapid technological improvements, 
which can force people to depreciate or 
replace their installations too soon.

This relates to the extent to which the 
system, as well as the communication 
about it, gives citizens and organisa-
tions confidence and enables them to 
take decisions freely, with an under-
standing of the consequences of their 
decisions. Without this freedom citi-
zens do not have responsibility, which 
can lead to a lack of interest and invol-
vement in sustainability.

To what extent does the sustainable 
energy system make it possible to 
help people to gain recognition for 
their sustainable behaviour from those 
around them. Numerous research 
findings show that information about, 
for example, energy consumption of 
the neighbours can encourage people 
to adopt more sustainable behaviour 
[Midden, 2013] [Laskey, 2013]. Social 
value is important for the embedding 
of sustainability as a value.

This relates to the ‘export’ potential 
for knowledge, services and systems, 
expressed in terms of jobs (total sala-
ries) in the Eindhoven region.

Value drivers of energy systems
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Transition to energy-neutrality

Value drivers of energy systems
To understand the most important factors on which 
the decisions relating to energy will be based, an 
investigation has been carried out into the value 
drivers in energy systems.

The value drivers are important factors in taking deci-
sions relating to the use or purchase of a system, 
service or product. Which value drivers are relevant 
for the (future) users, owners or other stakeholders 
of energy systems has been determined by means of 
interviews and desk research. This has resulted in a 
list of eight value drivers (see also page 20):

• Efficiency in the reduction of fossil energy and 
contribution to sustainability

• Robustness
• Economic value
• Social value
• Health & comfort
• Architectural value
• Autonomy
• Economic potential

Value ladder

To gain a better understanding of people’s under-
lying values, it is useful to link the value drivers 
to higher values. The value drivers can be linked 
to psychological or social benefits and/or conse-
quences by constantly asking the question of why a 
value driver is important. Systematic investigation of 
the identified value drivers allows a ‘value ladder’ to 
be drawn up. A value ladder is a useful tool to distin-
guish between people (not everyone is the same), 
but also to identify underlying needs and for the 
positioning of energy-neutrality. 

It is important for the roadmap that different positi-
oning strategies are included, to ensure maximum 
support for achieving energy savings and sustai-
nable solutions.

Value driver
Efficiency 
reduction 

fossil fuels

Sustainable 
society

Better for the 
ecosystem 

and people on 
earth

Family security

Architectural 
value

Making home 
and environ-
ment more 
pleasant

Beautiful 
home in a 
beautiful 

environment

A world of beauty 
(art and nature)

Wisdom

Social value

Sustainable 
behaviour, 
visible to 

others

Recognition 
as responsible 

citizen

A world without war and conflict

Health & 
comfort

Healthy and 
comfortable 

life

Social recognition

Economical 
value

Affordable 
sustainable 

solution 
(cheaper)

No worries 
about econo-

mical situation

A comfortable and 
wealthy life

Robustness

Energy 
available 

when I need it

No worries 
and hassles 

about energy

Autonomy

Take own deci-
sions regar-
ding energy

Stay in control

Freedom  
(independence)

Consequences 
& advantages

End- and 
instrumental 
values

Value ladder energy

For a more elaborate explanation of value drivers, 
the value ladder, user segments and how they impact 
decisions, please refer to appendix A.
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The evolution of value drivers

The ‘value’ of a value driver changes over time. Four 
phases can be distinguished, as shown below (see 
also the figure below):

• Before I: The expected system users or decisi-
on-makers are often not aware of a specific need. 
This means no direct survey can be carried out of 
their preferences or wishes. However it is possible 
to identify their needs indirectly, for example 
through the deeper values. There is good reason 
to believe that ‘energy-neutrality and sustainabi-
lity’ is not yet recognised as an important need by 
most of the citizens of Eindhoven.

• Between I and II: The decision-maker now recog-
nises the need for and the importance of this 
value driver. The potential effect of the value 

I

II

III

Latent need

This is unique, I need to have this!

I take a better score on this value driver into 
account in my decision

I only consider this option if the value driver is at this level

time

va
lu

e

driver is high enough to make at least a number of 
early adopters take action. Those who are actively 
involved in sustainability recognise that there are 
already numerous opportunities, but that it is not 
clear what the best choices for Eindhoven are. 

• Between II and III: In this phase the main options 
are clear, and the alternatives can be compared. 
The value drivers are known, and are included in 
most decision-making processes. 

• After III: The value driver has turned into a ‘dissa-
tisfier’: if the system fails to meet the require-
ments, purchasing or using this system will not 
even be considered. Choices at this stage are 
made on the basis of brand or reputation and 
price. 

Development of the value drivers for energy

To gain an understanding of the development of the 
value drivers for energy systems over the lifetime of 
the roadmap, estimates of the development of the 
value drivers for the coming decades were made in 
two groups in the workshop with experts. These were 
then integrated into a single timeline (see page 19).

Subsequently, a brief explanation of the estimates 
that were made will be given for each of the value 
drivers. A detailed description of this process can be 
found in Appendix A.

Evolution of value drivers
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Efficiency of the reduction 
of fossil energy and 
contribution to sustainability

2015 2020 2030 2045

Robustness

Economic value

Social value

Health & comfort

Architectural value

Autonomy

Economic potential

Legend: Value driver starts to influence  
decisions

Value driver influences decision  
almost always

Value driver has a threshold,  
good is good enough

an ecological disaster can 
accelerate the development

I

I

I

I

I

I

I

I

I

II

II

II

II

II

II

II

II

II

III

III

IIIIII

III

III

III

III

III

III

with support of the current 
‘grey energy’ system

coming years 
are decisive

especially 
PV

based on purely 
green energy

through sharing of open 
data with neighbours

many kinds of visibility, it takes time 
to achieve social effects in groups

green energy systems become 
economically viable

fast development of range 
of services

to create robustness in the total energy 
system a mix of grey and green energy 
will be needed until after 2030



24
Vision and Roadmap Eindhoven Energy-Neutral in the Built Environment 2045

Efficiency of the reduction of fossil energy and contribution to sustainability

2015 20152020 20202030 20302045 2045an ecological disaster can 
accelerate the development

I II III

Robustness

I II IIIIII
with support of the current 
‘grey energy’ system

based on solely 
green energy

to create robustness in the total energy 
system a mix of grey and green energy 
will be needed until after 2030

2015 20152020 20202030 20302045 2045

Health & comfort Architectural value

I II III I II III

There is still little awareness among citizens that energy-neutrality and sustai-
nable behaviour are essential to maintain the health and safety of the living 
environment in the longer term. Development of these value driver is necessary 
to avoid a very slow transition to a sustainable society, because the only other 
relevant driver will then be cost saving. This is an uphill battle against grey 
energy, which for the moment is still very cheap. As well as that, economic argu-
ments provide little motivation for most citizens.

An ecological disaster in the ecosystem could greatly accelerate these deve-
lopments. Citizens will then call on the government to act quickly and take 
measures to limit the damage.

Robustness is an important factor, and in Western Europe it is a self-evident 
need. Today’s grey energy system is extremely robust. Sustainable energy, in 
contrast, has more difficulty with robustness because of the variable nature 
of solar and wind power. While on the demand side more energy is needed in 
homes at weekends, and more heating is needed in the winter. As long as there 
is no breakthrough in low-cost energy storage systems, grey energy will continue 
to be needed to ensure the robustness of the total system. 

A healthy and comfortable living environment is part of welfare. Climate control 
has to be an integrated element in the design of a (passive) house or building, 
but also in improving existing houses and buildings. (Day)light is also an impor-
tant factor.

What makes health and comfort difficult to deal with is the fact that few people 
are aware of the effects on their health and welfare, partly because these effects 
cannot immediately be noticed.

It is also worth considering ways to reduce disturbance during renovations. To 
achieve this, the building industry could well take inspiration from Single-Mi-
nute Exchange of Die (SMED), one of the ‘lean’ production principles used in 
industry.

Architectural value (is a house and its surroundings an attractive place in which 
to live?) is currently a neglected area in the overall field of sustainability. It 
is often invisible (a high-efficiency boiler or insulation), or it is regarded as 
unsightly (solar panels on a 1930s house, wind turbines in the landscape). The 
challenge is to use sustainable technology in a way that makes people experi-
ence their surroundings as an attractive place to live.

It is a reasonable expectation that in 10 years from now sustainable technology 
will need to add ‘beauty’ to the landscape or a building, or otherwise it will have 
little chance of success.
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2015 20152020 20202030 20302045 2045

Economic value Social value

I II III
green energy systems become 
economically viable

through sharing of open 
data with neighboursI II III

many kinds of visibility, it takes time 
to achieve social effects in groups

2015 20152020 20202030 20302045 2045

Autonomy Economic potential

I II III
especially 
PV

fast development of range 
of services I II III

coming years are 
decisive

The (too) low cost of fossil fuels is a problem for the economic viability of sustai-
nable energy. Payback times are long, and the uncertain cost outlook (with or 
without subsidy schemes) lead to caution – not only among citizens, but also 
among housing cooperatives, which have to take their core role of providing 
affordable housing for people with low incomes seriously. 

A coordinated transition from grey to green energy is important to ensure 
that the use of grey energy declines, but that this form of energy still remains 
available as long as necessary in the most sustainable and flexible form 
possible.

Research findings show that behaviour will only change when it becomes clear 
how economically citizens use energy relative to their direct neighbours [Midden 
2013][Laskey 2013]. This means technology has an important role in providing 
feedback on individuals’ own behaviour, or on their behaviour relative to their 
direct neighbours. This feedback should be provided in a very quick and user-
friendly way by the use of all kinds of equipment and sensors (‘the internet of 
things’) and the availability of open data. 

As well as insulation, sustainable behaviour is an important tool for energy-sa-
ving. ‘Social technology’ can be of great value to Eindhoven in achieving its 
energy-neutrality objectives.

Citizens have become suspicious of the many ‘incidents’ in relation to (the lack 
of) ethical behaviour of companies, their commercial tactics to lure customers 
into buying their products and their focus on profit. There is a need for a smal-
ler-scale approach, in which people and their needs are central and people are 
enabled to make their own choices. Autonomy is a deeply anchored driver and 
is important at different levels: in making big system choices, but also in the 
operation of those systems.

A good range of services and simple citizen–service user-interfaces will contri-
bute to freedom of choice in sustainable energy systems, both in the decisi-
on-making process and in the use of those systems.

It may be less relevant for citizens, but for other stakeholders economic poten-
tial is an important factor. This applies especially to the possibility of developing 
and exporting knowledge, products and services, and thereby also to create 
sustainable jobs in industry.

The coming years will be decisive for whether the Eindhoven region will need 
to buy-in many sustainable solutions, which means sustainability will lead to 
a negative cash flow out of the region, or if many people in Eindhoven will earn 
their living here, bringing money to the city and creating new business in the 
region.
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The different layers of the energy system that require different knowledge.
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An energy transition model for 
Eindhoven
The preliminary study shows that the energy domain 
is a more complex matter than the earlier roadmaps 
that were made for public lighting or education. This 
complexity is due mainly to the many different infor-
mation layers involved, each with its own specific 
knowledge and network of experts. To allow inte-
grated and optimum decisions to be reached and 
implemented efficiently, the required information 
needs to be exchanged among the different layers.

The different layers that emerged from the prelimi-
nary study are shown in the figure at the left. Each 
layer is actually a map of Eindhoven which shows a 
specific aspect of energy systems.

 

Relationship between value 
drivers and the energy transition 
model
Different green energy systems may be chosen 
locally in the different neighbourhoods in Eind-
hoven, because of local conditions and prerequi-
sites. Different scenarios will be defined for all these 
neighbourhoods (with different combinations of 
layers), in answer to the specific local energy situa-
tions (local supply and demand). The involved local 
stakeholders will give different weighting to the 
different value drivers, depending on their personal 
values and prerequisites (such as subject know-
ledge and financial strength). The possible scenarios 
for solutions will then be assessed on their locally 
weighted scores for the value drivers. This process 
will need to be repeated on a yearly basis and the 
plans updated, because of the rapid developments 
in the energy field.

Sun layer

This layer shows where solar energy will be or can be implemented. All surfaces, roofs, roads and parks will be 
identified. The surfaces that can be used to generate solar power or to heat water in the coming years can then 
be indicated.

Wind layer

This indicates which neighbourhoods or buildings are fitted with wind turbines, and which neighbourhoods offer 
the best opportunities for the installation of wind turbines.

Ownership layer

As soon as the energy transition is approached at neighbourhood level, it is important to know who the owners 
are. This is because of their importance for local implementation of the energy transition.

Social layer

This takes the form of a map showing the social strength in a neighbourhood to support the dialogue between 
citizens, to take decisions together with the municipality, and to implement these successfully. Vital success 
factors are the presence of people to take the initiative, and the level of social cohesion in the neighbourhood.

Energy supply and demand layer

Where is the need for heating in the winter and for cooling in the summer? Where heating or cooling are 
available, is it possible to use these somewhere else? And how much electricity is needed?

Energy-saving layer

What is the energy label (EPC) of the houses and buildings? Where can savings be made through better insula-
tion?

(Energy) infrastructure layer

This layer shows all the relevant physical networks (heating grid, smart grid), as well as the already existing 
infrastructure to avoid possible conflicts.

Biomass layer

This layer shows all the bio-energy installations and biomass supply areas.

Thermal Energy Storage

This layer shows where Thermal Energy Storage (TES) sources are available, which are potentially promising in 
terms of underground energy storage.

Geothermal layer

Although geothermal energy generation is probably less attractive in Eindhoven, today’s estimates could change 
in the future. If this situation arises, it is important to know in advance where the wells could be drilled.
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The difference between hyperbolic and exponential growth lies in the fact that the attractiveness of a proposition depends on the number of individuals who have already opted for, or will opt for, 
the proposition. For example: if you’re the only person with a mobile phone, nobody else will be interested in buying one. But if everybody you know has one, it’s a lot more attractive for them to 
buy one themselves. 

Example: The chance that an individual will choose a particular system is shown on the vertical axis of the graph on the adjoining page (page 29). The horizontal axis shows the number of indivi-
duals who have purchased the system after a certain time. Once 30% of individuals have chosen the system, this means in the case of exponential growth that 30% of individuals will over time be 
owners or users of the system. But in the case of hyperbolic growth, the figure shows that 50% of users are needed to make 30% of the potential buyers choose the system. And once the tipping 
point has been passed, the number of buyers will reach 70% when 60% of individuals are users.
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System transition from grey to green energy
A system transition needs a growth path to reach a situation in which ultimately all energy is sustainable. There are a few well known growth models. The best 
known is the ‘exponential growth curve’. Less well known, but more relevant for the energy transition, is the ‘hyperbolic growth curve’.

The part of the energy transition that requires the least infrastructural change has an exponential growth curve, for example the installation of solar panels. 
Another part of the energy transition, in contrast, requires significant changes in the infrastructure – this has a typical hyperbolic growth curve. For the roadmap 
and the options to reach the desired scenario for 2045, it is important to understand these models to allow the right steps to be taken and to anticipate the 
possible growth scenarios.

Exponential growth curve

In a situation with maximum freedom of decision-
making, each citizen takes an individual decision 
and if the available solution really is better there will 
in general be a typical exponential growth curve. A 
second characteristic of exponential growth is that 
as soon as a better solution is available this will over 
time be substituted for the original solution. Solar 
panels, insulating houses and installing high-effi-
ciency boilers are typical examples of exponential 
growth model of this kind. 

Hyperbolic growth curve

If as well as better quality the (finally expected) 
number of citizens choosing the better solution is 
also taken into account, the growth curve will then 
change. If few citizens take part right at the begin-
ning, this may be a reason for other citizens to ‘wait 
and see’. But as soon as a tipping point is reached in 
the number of participants, there is suddenly a big 
surge in interest. This means that at the beginning 
the hyperbolic growth curve is slower than the expo-
nential curve, but once the tipping point is reached 
the hyperbolic curve is faster. As the rate of change 
in the infrastructure increases, larger numbers of citi-
zens have to decide to take part to allow sufficient 
critical mass to be reached. If the required number 
becomes too large, and it takes too long before the 
tipping point is reached, the economic returns of the 
new infrastructure for investors will be poor and the 
risks will be higher.

A characteristics of hyperbolic growth curves is that 
once the infrastructure has been institutionalised, it 
is very difficult for future better solutions requiring 
new infrastructure to once again reach the tipping 
point. There is a danger of (local) monopoly posi-
tions of the owners of the infrastructure, which is 
also an undesired effect.

Growth in disruptive changes

Some sustainable technology solutions need to 
have a specific scale that exceeds what is achie-
vable in Eindhoven (for example wind parks at sea). 
Some solutions will require large numbers of homes 
and buildings to be economically viable. These will 
lead to larger, more disruptive changes. There will 
also be some smaller-scale solutions with more 
freedom of choice, less complexity and fewer risks, 
which together will make a more gradual transition 
possible. These smaller-scale changes will most 
probably be better able to absorb improved future 
technical solutions. And they will help to avoid the 
substitution problem in hyperbolic growth.

The complexity of the decisions is linked to the 
number of layers that have to be taken into account 
in a transition, and ultimately the number of homes 
and buildings that are involved in the transition. 
There is a good chance that if the complexity 
becomes too high, a point will be reached at which 
government will enforce the energy transition. In this 
situation, government in effect disables the further 
progress of the hyperbolic growth model.

Following the roadmap, the way in which this 
complexity can be taken into account in the imple-
mentation process will be considered in the second 
phase of the project [Eigen & Winkler, 1987].

Chance that the 
next citizen will 
choose for the 

system
Exponential 
curve

Tipping point

Hyperbolic 
curve

100%

30%

30% 100%0%

Number of citizens connected to the system

Differences between the hyperbolic and exponential growth 
curve

For a more elaborate explanation, see adjoining page (28).
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Eindhoven energy-neutral 2045 roadmap

The vision and the desired future scenario for Eindhoven energy-neutral 2045 have served as an inspiration in studying the possible ways in which energy-neu-
trality can be achieved. The desired scenario contains a number of elements of different kinds (building further on the layers shown earlier in the energy transi-
tion model), all of which need to be tackled together on the way towards energy-neutrality. It has therefore been decided to include these different aspects in the 
roadmap. 

In preparation for the roadmap, a number of partial scenarios taken from the desired future scenario were developed in the expert workshop, together with the 
analysis of the value drivers and the transition model. Four of these partial scenarios in particular were considered: 

• From a state of low awareness to sustainable behaviour: the challenge of motivating citizens to adopt sustainable behaviour and to invest in sustainability.
• Small, local systems: neighbourhoods or groups of houses with a shared infrastructure, especially for heating/cooling.
• The all-electric house: an extremely well-insulated house that generates all the required electricity and heating/cooling to provide a comfortable living and 

working environment.
• Eindhoven heating grid: a heating grid running through the city as backbone, through which all heating and cooling demand is linked.
The detailed results of this workshop are shown in Appendix B.

All information gained from the desk research, interviews with experts and workshops is clustered and summarised in three main categories in the roadmap.

Sustainable behaviour
How can we make all the citizens of Eindhoven aware 
of their behaviour in relation to sustainable energy 
and its consequences? And how can we then actually 
make them change their behaviour to save energy 
and make maximum use of sustainable solutions? 
Two routes to achieve this are developed further:

• Creating awareness
• Persuasive technology

Sustainable technology
How are we going to make choices out of all the 
available technology solutions? Which infrastructure 
options will be available in the near future, and how 
can we set up the transition to sustainability over 
time? The focus is on the built environment (espe-
cially housing). Two routes to achieve this are deve-
loped further:

• Electrical energy (high exergetic value)
• Heating/cooling facilities (low exergetic value)

Sustainable organisation
How can we set up the organisation that will lead 
to collaboration between all the relevant parties to 
achieve the goal of energy-neutrality? Because the 
technology is not yet mature, and new business 
models are needed, the learning process and setting 
up of testbeds are also important aspects. Two 
routes to achieve this are developed further:

• Public–private partnerships at strategic, tactical 
and operational levels

• An integral innovation process, from ideas through 
experiments and Living Labs to roll-out.

The complete roadmap is first shown on the following pages, after which this is further explained for each of the routes referred to above.
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Roadmap Eindhoven Energy-Neutral 2045 - energy in the built environment

2015 2020 2030 2045

Eindhoven in 2045

In 2045 the built environment in Eindhoven is 
totally energy-neutral. A number of elements 
are necessary to realise the objective:

In 2045 Eindhoven will have a good value 
system, linked to a strong understanding of 
the meaning and underlying principles of 
sustainability.

In 2045 Eindhoven focuses mainly on ‘just 
doing it’, not just talking, but actual 
implementation.

In 2045 Eindhoven collaborates in 
innovation and learning with all the 
involved parties: citizens, public and private 
organisations and knowledge institutes.

In 2045 Eindhoven takes the right decisions, 
based on overall assessments at the right 
level with all those involved.

In 2045 Eindhoven takes responsibility and 
increases its influence where necessary to 
support the sustainability targets.

May 2014

Sustainable
behaviour

Milestones

Sustainable
organisation

Sustainable
technology

Creating 
awareness

Persuasive 
technology

Electrical
high exergetic value

Heating/cooling
low exergetic value

Public/private 
co-operation

Living Labs

Neighbourhood 
roadmaps

plans on neighbourhood level 
to jointly implement 

sustainable technologies, 
through initiatives of housing 

associations and private 
persons

A neighbourhood 
approach

address prerequisites for 
awareness according to The 

Natural Step approach, 
together with front-runners in 

the neighbourhood and 
through social cohesion

Positioning sustaina-
bility

investigate which positioning 
of sustainability will lead to 

the highest level of 
involvement among citizens

Social intervention
using a range of social 

intervention mechanisms (e.g. 
ambassadors, schools, 

neighbourhood competitions) 
to create a dialogue with 

citizens and create awareness

Making real costs 
visible

showing the real costs of 
energy (also the hidden costs 

of grey energy)

Social conformation
lasting behavioural change 

through social conformation 
(awareness is just a first step)

Making efficiency fun
search solutions to counter 
the ‘rebound effect’ and to 

ensure that striving for 
efficiency is fun, also after a 

while

Tailored solutions

taking into account 
differences between people, 

behaviour and values, looking 
for individual solutions where 
possible and common where 

possible or required

Open data

open up data on energy 
consumption (taking privacy 

into account) to enable 
comparison and to formulate 

socially acceptable goals

Range of choices

modular system of solutions 
from which people can 

choose, also related to their 
level of involvement (from 

‘arrange it for me’ to ‘I’ll 
organise it myself’)

Feedback on 
consumption

provide specific feedback to 
users on potential saving 

options and estimated savings 
for e.g. domestic appliances at 

the moment of use

Internet of things
providing insight into 

individual energy 
consumption to enable own 
energy management and to 

counter waste of energy (e.g. 
heating while nobody is at 

home)

Energy budgets
credits for energy (comparable 
to mobile phone credits), that 
enable higher consumption at 

extra cost and provide 
discounts for sustainable 

behaviour

Range of technologies
provide citizens with the pro’s 
and con’s of different options, 
both for them individually as 

well as for the ecosystem

Business models

business models (with and 
without subsidies) that enable 

the scenario’s of the 
neighbourhood roadmaps, 

also driving providers of 
technology to provide 

user-centered solutions

Market mechanisms

smart balancing of the energy 
mix through market 

mechanisms to shave peak 
demand through priority 

schemes and overruling in 
case of scarcity or calamities

Options in electrical 
infrastructure

study to identify the 
infrastructural consequences 

of solar- and wind energy, 
looking into different options 
and estimate uncertainties in 

future scenarios

Energy storage

energy storage is needed in a 
totally sustainable system, 
next to slow storage (hydro 

power, power to gas) also fast 
storage is required (e.g. 

batteries of cars)

Infrastructure options

study to identify different 
scenarios for infrastructural 

decisions (e.g. high/low temp 
heating grid, geothermal, 

bio-plants using algae) to be 
able to choose wisely

Technology develop-
ment

development of alternative 
technologies for sustainable 
energy generation, that are 

economically interesting 
because current solutions do 

not meet requirements

Insulation &
ventilation

more and more economically 
viable options become 

available for insulation and 
ventilation enabling also 

existing buildings to become 
‘passive’

Flexible distributed 
systems

more flexible systems seem 
promising for storage of 

heat/cold 

New opportunities

continuous monitoring of new 
developments to be able to 

timely embark on new 
technologies

Platform Eindhoven 
Sustainable

platform of about 500 people 
and companies from 

Eindhoven region who create a 
network to deliver total energy 
solutions (including support 
to citizens, financing options 

and business models)

Development of value 
system

in which the public and 
societal interest is guarded 

and forces suppliers to 
include ethical and social 

responsibility in the 
propositions

Formalising roles
establishing the role of 

citizens, public- and private 
organisations in full 

partnership

Open market
the market decides which 

products or services will be 
successful, where citizens will 
need to make well thought-out 

decisions between different 
propositions

Export from the region

diverse showcases are 
available, visitors from all over 

the world make tours along 
the highlights and Eindhoven 
has an excellent reputation in 

the area of sustainability

Showcases

successful pilots are used as 
showcases to create 

commitment for scaling and 
further pilots, and visitors will 

be able to learn from the 
experiences

Coordination

process facilitated by the 
municipality to come to well 

founded decisions, and where 
the municipality also brings in 

information and knowledge

Technology & design

real collaboration between 
design and technology to 

create user oriented solutions 
that address the latent/unex-

pressed needs of citizens

Small scale pilots
development of a value 

network for specific 
neighbourhoods in which 

sustainable business models 
are developed that can 

sustain without subsidies

Learning from the past
analysis of the various 

initiatives of the past years to 
learn what has worked well 

and what was not successful

Scaling up
successful pilots with a 

sustainable business model 
are scaled and evaluated (also 

in new specific contexts)

EPC business case
availability of objective 

models to calculate the energy 
performance coefficient (EPC), 

also for the improvement of 
existing buildings/houses

Norms & regulation
where necessary norms and 

regulations will be adapted to 
enable sustainable solutions

Responsibility

where applicable taking care 
that also norms and 

regulations beyond own 
responsibility are adapted to 

enable sustainable solutions , 
e.g. national or European 

Value systems
enable integral assessments for 

well-founded decisions and allow 
appropriate opportunism

Partially energy-neutral
collaboration and decision processes are 

adjusted and Eindhoven is energy 
neutral in some areas

Towards conscious energy saving and own green energy generation Towards own energy management Towards energy neutrality in the built environment
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Roadmap Eindhoven Energy-Neutral 2045 - energy in the built environment

2015 2020 2030 2045

Eindhoven in 2045

In 2045 the built environment in Eindhoven is 
totally energy-neutral. A number of elements 
are necessary to realise the objective:

In 2045 Eindhoven will have a good value 
system, linked to a strong understanding of 
the meaning and underlying principles of 
sustainability.

In 2045 Eindhoven focuses mainly on ‘just 
doing it’, not just talking, but actual 
implementation.

In 2045 Eindhoven collaborates in 
innovation and learning with all the 
involved parties: citizens, public and private 
organisations and knowledge institutes.

In 2045 Eindhoven takes the right decisions, 
based on overall assessments at the right 
level with all those involved.

In 2045 Eindhoven takes responsibility and 
increases its influence where necessary to 
support the sustainability targets.

May 2014
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Neighbourhood 
roadmaps

plans on neighbourhood level 
to jointly implement 

sustainable technologies, 
through initiatives of housing 
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A neighbourhood 
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address prerequisites for 
awareness according to The 

Natural Step approach, 
together with front-runners in 

the neighbourhood and 
through social cohesion

Positioning sustaina-
bility

investigate which positioning 
of sustainability will lead to 

the highest level of 
involvement among citizens

Social intervention
using a range of social 

intervention mechanisms (e.g. 
ambassadors, schools, 

neighbourhood competitions) 
to create a dialogue with 

citizens and create awareness

Making real costs 
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showing the real costs of 
energy (also the hidden costs 

of grey energy)

Social conformation
lasting behavioural change 

through social conformation 
(awareness is just a first step)

Making efficiency fun
search solutions to counter 
the ‘rebound effect’ and to 

ensure that striving for 
efficiency is fun, also after a 

while

Tailored solutions

taking into account 
differences between people, 

behaviour and values, looking 
for individual solutions where 
possible and common where 

possible or required

Open data

open up data on energy 
consumption (taking privacy 

into account) to enable 
comparison and to formulate 

socially acceptable goals

Range of choices

modular system of solutions 
from which people can 

choose, also related to their 
level of involvement (from 

‘arrange it for me’ to ‘I’ll 
organise it myself’)

Feedback on 
consumption

provide specific feedback to 
users on potential saving 

options and estimated savings 
for e.g. domestic appliances at 

the moment of use

Internet of things
providing insight into 

individual energy 
consumption to enable own 
energy management and to 

counter waste of energy (e.g. 
heating while nobody is at 

home)

Energy budgets
credits for energy (comparable 
to mobile phone credits), that 
enable higher consumption at 

extra cost and provide 
discounts for sustainable 

behaviour

Range of technologies
provide citizens with the pro’s 
and con’s of different options, 
both for them individually as 

well as for the ecosystem

Business models

business models (with and 
without subsidies) that enable 

the scenario’s of the 
neighbourhood roadmaps, 

also driving providers of 
technology to provide 

user-centered solutions

Market mechanisms

smart balancing of the energy 
mix through market 

mechanisms to shave peak 
demand through priority 

schemes and overruling in 
case of scarcity or calamities

Options in electrical 
infrastructure

study to identify the 
infrastructural consequences 

of solar- and wind energy, 
looking into different options 
and estimate uncertainties in 

future scenarios

Energy storage

energy storage is needed in a 
totally sustainable system, 
next to slow storage (hydro 

power, power to gas) also fast 
storage is required (e.g. 

batteries of cars)

Infrastructure options

study to identify different 
scenarios for infrastructural 

decisions (e.g. high/low temp 
heating grid, geothermal, 

bio-plants using algae) to be 
able to choose wisely

Technology develop-
ment

development of alternative 
technologies for sustainable 
energy generation, that are 

economically interesting 
because current solutions do 

not meet requirements

Insulation &
ventilation

more and more economically 
viable options become 

available for insulation and 
ventilation enabling also 

existing buildings to become 
‘passive’

Flexible distributed 
systems

more flexible systems seem 
promising for storage of 

heat/cold 

New opportunities

continuous monitoring of new 
developments to be able to 

timely embark on new 
technologies

Platform Eindhoven 
Sustainable

platform of about 500 people 
and companies from 

Eindhoven region who create a 
network to deliver total energy 
solutions (including support 
to citizens, financing options 

and business models)

Development of value 
system

in which the public and 
societal interest is guarded 

and forces suppliers to 
include ethical and social 

responsibility in the 
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establishing the role of 

citizens, public- and private 
organisations in full 

partnership

Open market
the market decides which 

products or services will be 
successful, where citizens will 
need to make well thought-out 

decisions between different 
propositions

Export from the region

diverse showcases are 
available, visitors from all over 

the world make tours along 
the highlights and Eindhoven 
has an excellent reputation in 
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Showcases

successful pilots are used as 
showcases to create 

commitment for scaling and 
further pilots, and visitors will 

be able to learn from the 
experiences

Coordination

process facilitated by the 
municipality to come to well 

founded decisions, and where 
the municipality also brings in 

information and knowledge

Technology & design

real collaboration between 
design and technology to 

create user oriented solutions 
that address the latent/unex-
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Small scale pilots
development of a value 

network for specific 
neighbourhoods in which 

sustainable business models 
are developed that can 

sustain without subsidies

Learning from the past
analysis of the various 

initiatives of the past years to 
learn what has worked well 

and what was not successful

Scaling up
successful pilots with a 

sustainable business model 
are scaled and evaluated (also 

in new specific contexts)

EPC business case
availability of objective 

models to calculate the energy 
performance coefficient (EPC), 

also for the improvement of 
existing buildings/houses

Norms & regulation
where necessary norms and 

regulations will be adapted to 
enable sustainable solutions

Responsibility

where applicable taking care 
that also norms and 

regulations beyond own 
responsibility are adapted to 

enable sustainable solutions , 
e.g. national or European 

Value systems
enable integral assessments for 

well-founded decisions and allow 
appropriate opportunism

Partially energy-neutral
collaboration and decision processes are 

adjusted and Eindhoven is energy 
neutral in some areas

Towards conscious energy saving and own green energy generation Towards own energy management Towards energy neutrality in the built environment
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Sustainable behaviour

Creating awareness
An important element on the road to full energy-neutrality in Eindhoven is crea-
ting awareness among all the citizens. 

As a first step, it is important to investigate which positioning will lead to the 
highest level of involvement among citizens. It is not yet sufficiently known how 
many citizens are interested in the value that sustainability represents. A lot of 
propositions are offered as cost savings, but people often do not find this to be 
a deep-rooted value driver (see also Appendix A).

A number of studies show that creating awareness requires a social approach. 
Technology alone is not enough. A neighbourhood-based approach has there-
fore been chosen for the roadmap, with the active involvement of citizens. The 
first step is to make a roadmap for each neighbourhood, showing all the initia-
tives and options for both individuals and housing cooperatives, so plans can 
be made in line with The Natural Step. In this process it is important that a range 
of intervention tools are developed to ensure that the great diversity of people, 
with different wishes, motives and abilities, all become aware of and take part 
in the dialogue. To show the real costs of energy (including the hidden costs 
of grey energy), it is important to make these clear (using open data). This will 
support the process of social conformity: in complex situations of this kind, this 
is the most important tool to achieve change – nobody wants to be ‘left out’ and 
labelled as somebody who’s antisocial and doesn’t care about the world that he 
leaves behind for his children and grandchildren. A last aspect of this route is 

also to ensure that sustainable behaviour and energy-saving are, and continue 
to be, ‘fun’. The ‘rebound’ effect is also important here (people adjust their 
behaviour if the products they use are more economical, for example leaving 
an energy-saving lamp on in the shed because it’s so economical). The ultimate 
aim is for all the citizens of Eindhoven to be aware of the importance of sustai-
nable energy, and that they adjust their behaviour accordingly.

Persuasive technology
Persuasive technology can be used to change behaviour or to influence the way 
choices are made. Because of the amount of technology that we have gathered 
around us and the way this technology is part of everything we do, it is also a 
convenient way to reach and influence large groups of people. 

However it is important to create customised solutions that take into account 
the differences between people, their behaviour, the values they strive for and 
the underlying technology theme. This can be done jointly wherever possible, 
but it is also necessary to meet individual needs to win the support of everyone 
involved. This also means that a number of possible options need to be 
provided, preferably in the form of a modular system in which people can make 
their own choices. Depending on their involvement this can be a more or less 
passive process. For persuasive systems that respond to the behavioural change 
through social conformity, open data is needed to make it possible to compare 
energy consumption amongst people while also fulfilling privacy requirements. 

2015 2020 2030 2045

Eindhoven in 2045Sustainable
behaviour

Creating 
awareness

Persuasive 
technology

Neighbourhood 
roadmaps

plans on neighbourhood level 
to jointly implement 

sustainable technologies, 
through initiatives of housing 

associations and private 
persons

A neighbourhood 
approach

address prerequisites for 
awareness according to The 

Natural Step approach, 
together with front-runners in 

the neighbourhood and 
through social cohesion

Positioning sustaina-
bility

investigate which positioning 
of sustainability will lead to 

the highest level of 
involvement among citizens

Social intervention
using a range of social 

intervention mechanisms (e.g. 
ambassadors, schools, 

neighbourhood competitions) 
to create a dialogue with 

citizens and create awareness

Making real costs 
visible

showing the real costs of 
energy (also the hidden costs 

of grey energy)

Social conformation
lasting behavioural change 

through social conformation 
(awareness is just a first step)

Making efficiency fun
search solutions to counter 
the ‘rebound effect’ and to 

ensure that striving for 
efficiency is fun, also after a 

while

Tailored solutions

taking into account 
differences between people, 

behaviour and values, looking 
for individual solutions where 
possible and common where 

possible or required

Open data

open up data on energy 
consumption (taking privacy 

into account) to enable 
comparison and to formulate 

socially acceptable goals

Range of choices

modular system of solutions 
from which people can 

choose, also related to their 
level of involvement (from 

‘arrange it for me’ to ‘I’ll 
organise it myself’)

Feedback on 
consumption

provide specific feedback to 
users on potential saving 

options and estimated savings 
for e.g. domestic appliances at 

the moment of use

Internet of things
providing insight into 

individual energy 
consumption to enable own 
energy management and to 

counter waste of energy (e.g. 
heating while nobody is at 

home)

Energy budgets
credits for energy (comparable 
to mobile phone credits), that 
enable higher consumption at 

extra cost and provide 
discounts for sustainable 

behaviour



  Intelligent Lighting 
Institute

35
Research report - June 2014

Open data makes it possible to gain an understanding of which causes are 
socially accepted, and this will enable people to get feedback on their individual 
energy consumption and the possible savings they can make. This needs to be 
done on a real-time basis whenever domestic appliances are used (for example 
the washing machine settings).

We expect systems of this kind to be available within a number of years. As soon 
as all domestic appliances are connected through ICT (‘the internet of things’), 
far-reaching insight into individual energy consumption will be possible, and 
users will have the freedom to decide where to save energy and avoid waste. 
The final step in the roadmap is the expectation that as long as sustainable 
energy is not available in ample quantities, its use can be regulated by means of 
budgets, so that extra (unnecessary) consumption will be charged at extra cost, 
in a similar way to the present prepaid system used on mobile phones.

Towards sustainable behaviour
The first two routes under the title ‘Sustainable behaviour’ – Creating awareness 
and Persuasive technology – are not independent of each other. Persuasive 
technology can help in the awareness process, and as soon as awareness has 
been created people will also be more receptive to support that persuasive tech-
nology can offer. 

Important steps in the roadmap are to consider how awareness can be achieved 
among all citizens by means of a neighbourhood approach. In the first stages 

of the energy transition, this will require careful selection of neighbourhoods 
in which the probability of success is high and where it is also possible to 
learn what the specific problems are on the road towards full energy neutrality. 
The need for a coordinated approach with the other routes of the roadmap for 
sustainable technology and a sustainable organisation is also clear.

In the implementation of the roadmap to a programme of projects, attention will 
need to be given explicitly to the behavioural change component. The specific 
characteristics of the different growth models, as indicated earlier, have to be 
taken into account to achieve a total transition in an effective way.
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Sustainable technology

A study of the infrastructural impact at municipal level is relevant. Aspects that 
need to be considered in the scenarios include:

• locally available spaces and locations
• the consequences of electric cars, on both the supply and demand sides 
• the economic attractiveness of wind versus solar power, both within the city 

limits and outside them
• the level of self-sufficiency that can be achieved 
• estimating the consequences and likelihood of breakthroughs in areas like 

nuclear fusion, biofuels or photosynthesis, that could possibly make all local 
investments obsolete

How can all these factors be managed? Perhaps by smart grids based on market 
mechanisms? And how can this be reconciled with the possibilities of top-down 
intervention in case of disasters and unexpected scarcities? The whole under-
lying know how base and forecasts will need to be kept up-to-date to allow the 
right planning of the infrastructural investments over the coming years.

Energy storage is still a big obstacle on the road to a totally green electricity 
supply, unless the unexpected breakthroughs referred to above occur and we de 
facto return to the old energy infrastructure with power stations, but now using 
green fuels.

Electrical / high exergetic value
If we really want to give the citizens a central role in our efforts to achieve 
energy-neutrality, we will have to make sure that they understand the ‘why?’, 
‘where?’ and ‘what?’. Which choices do citizens really have at present? Real 
participation in sustainability requires transparency and simplicity. That is a 
challenge in itself, but is not impossible – for example it has been successfully 
achieved with complex products like smartphones, so why not in energy? Parti-
cipation in sustainability has to be a deliberate choice. This requires the right 
motivation, which in turn means technology needs to be developed to give 
citizens a sense of purpose (a better world for the next generation), mastery (I 
can take the right decisions and see that they are properly implemented) and 
empowerment (I can take decisions myself or together with the people in my 
neighbourhood). Part of this discussion is the business models involved. If citi-
zens participate, then it is no more than logical that they have an understanding 
of the costs and of how the benefits and the risks are shared.

The economic picture for sustainable electrical energy is currently still a weak 
point. There are subsidies, but these are aimed particularly at the operational 
costs and benefits, and these will of course be risky in the future, because poli-
cies can change quickly. The stringent requirement of Eindhoven energy-neutral 
and the presence of the airport, which greatly limits the opportunities for wind 
energy, means that solar energy is given a high priority. However this techno-
logy has the advantage that it gives individual owners a high level of freedom in 
decision-making. 

2015 2020 2030 2045

Eindhoven in 2045Sustainable
technology

Electrical
high exergetic value

Heating/cooling
low exergetic value

Range of technologies
provide citizens with the pro’s 
and con’s of different options, 
both for them individually as 

well as for the ecosystem

Business models

business models (with and 
without subsidies) that enable 

the scenario’s of the 
neighbourhood roadmaps, 

also driving providers of 
technology to provide 

user-centered solutions

Market mechanisms

smart balancing of the energy 
mix through market 

mechanisms to shave peak 
demand through priority 

schemes and overruling in 
case of scarcity or calamities

Options in electrical 
infrastructure

study to identify the 
infrastructural consequences 

of solar- and wind energy, 
looking into different options 
and estimate uncertainties in 

future scenarios

Energy storage

energy storage is needed in a 
totally sustainable system, 
next to slow storage (hydro 

power, power to gas) also fast 
storage is required (e.g. 

batteries of cars)

Infrastructure options

study to identify different 
scenarios for infrastructural 

decisions (e.g. high/low temp 
heating grid, geothermal, 

bio-plants using algae) to be 
able to choose wisely

Technology develop-
ment

development of alternative 
technologies for sustainable 
energy generation, that are 

economically interesting 
because current solutions do 

not meet requirements

Insulation &
ventilation

more and more economically 
viable options become 

available for insulation and 
ventilation enabling also 

existing buildings to become 
‘passive’

Flexible distributed 
systems

more flexible systems seem 
promising for storage of 

heat/cold 

New opportunities

continuous monitoring of new 
developments to be able to 

timely embark on new 
technologies
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Heating/cooling / low exergetic value
Most of the heating and cooling needs are currently met in the grey energy area 
in buildings themselves, with the energy being provided by fuels with a high 
energetic value such as gas and electricity. The freedom of citizens to take their 
own decisions is based on the ability to choose their energy suppliers and 
products. The energy proposition consists of a physical element (gas), which is 
a commodity, a perception element (‘green energy’) and a business element (‘in 
the next 5 years you will be charged a lower price each year’).

A logical step is to start with technical measures such as insulation and ventila-
tion. The main problem here is existing buildings, rather than new ones. Upgra-
ding to ‘B’ label is in many cases achievable, but reaching a higher energy label 
on the way towards A++ seems not be economically viable at this moment. The 
further development of ‘passive house’ technology and climate systems is also 
relevant. 

A link with the owners’ layer and thereby also with the social layer is key to faci-
litate the roll-out of architectural energy saving solutions in the short term.

A vital step in heating/cooling is the required infrastructure. The heating/
cooling systems are highly localised, and in some cases even building-specific. 
Questions arising in this infrastructural study include: where will which techno-
logy be chosen, and what are the potential technologies that may prove to have 
negative payback times in terms of the infrastructural investments? There are 
also a number of technology ‘wild cards’ which still, at least partly, use the old 

gas infrastructure, such as biogas, biofuels… etc. Finally there are the necessary 
modifications to the homes and buildings themselves, which mean that here 
too the social layer and the owners’ layer are involved.

At present sustainable heating/cooling technology is hardly economically viable 
at the level of individual homes. In case of low-rise buildings, due to the strong 
imbalance in the annual individual heating/cooling supply and demand, a 
minimum economy of scale (40-100 homes) is necessary to make these systems 
economically affordable. This presents a social challenge in gaining the support 
of each home owner involved. If this shared commitment is not achieved, the 
autonomy of citizens will be the first casualty, since the solutions have to be 
enforced by the public authorities and their partners.

Here too infrastructural investments will need to be carefully timed, so that 
future innovations can still be connected to the system and their benefits 
gained. This will require continuous annual updating of the infrastructural plan, 
waiting with new investments where it is best to do so, and then making rapid 
investments when the right opportunities arise. Funding is not the main driver, 
but it may well prove to be a significant obstacle if it is not available when 
needed.
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Sustainable organisation

2015 2020 2030 2045

Eindhoven in 2045Sustainable
organisation

Public/private 
co-operation

Living Labs

Platform Eindhoven 
Sustainable

platform of about 500 people 
and companies from 

Eindhoven region who create a 
network to deliver total energy 
solutions (including support 
to citizens, financing options 

and business models)

Development of value 
system

in which the public and 
societal interest is guarded 

and forces suppliers to 
include ethical and social 

responsibility in the 
propositions

Formalising roles
establishing the role of 

citizens, public- and private 
organisations in full 

partnership

Open market
the market decides which 

products or services will be 
successful, where citizens will 
need to make well thought-out 

decisions between different 
propositions

Export from the region

diverse showcases are 
available, visitors from all over 

the world make tours along 
the highlights and Eindhoven 
has an excellent reputation in 

the area of sustainability

Showcases

successful pilots are used as 
showcases to create 

commitment for scaling and 
further pilots, and visitors will 

be able to learn from the 
experiences

Coordination

process facilitated by the 
municipality to come to well 

founded decisions, and where 
the municipality also brings in 

information and knowledge

Technology & design

real collaboration between 
design and technology to 

create user oriented solutions 
that address the latent/unex-

pressed needs of citizens

Small scale pilots
development of a value 

network for specific 
neighbourhoods in which 

sustainable business models 
are developed that can 

sustain without subsidies

Learning from the past
analysis of the various 

initiatives of the past years to 
learn what has worked well 

and what was not successful

Scaling up
successful pilots with a 

sustainable business model 
are scaled and evaluated (also 

in new specific contexts)

EPC business case
availability of objective 

models to calculate the energy 
performance coefficient (EPC), 

also for the improvement of 
existing buildings/houses

Norms & regulation
where necessary norms and 

regulations will be adapted to 
enable sustainable solutions

Responsibility

where applicable taking care 
that also norms and 

regulations beyond own 
responsibility are adapted to 

enable sustainable solutions , 
e.g. national or European 

hand overall control back to the market. The government will then only have the 
role of monitoring that the rules are observed, and as process initiator will incre-
asingly withdraw from active involvement. 

To promote the export of sustainability solutions it will be useful to have ‘show-
cases’ available and to safeguard the innovative and sustainable image of the 
Eindhoven region.

Living Labs
Innovating in the Quadruple Helix is not a simple matter. Some good results 
have been achieved, but also some that have been less successful. We recom-
mend sharing some of these experiences and the lessons learned for the future. 
Sustainability is at present still a strongly technology-driven topic. With a few 
exceptions the human side of sustainability is strongly underemphasised. Eind-
hoven has strengths both in technology and in design. It is vital for the success 
of the energy transition that sustainability technology becomes embedded in a 
framework that is meaningful for citizens and other stakeholders. Design has a 
vital role in give meaning to the energy transition and all associated artefacts.

Living Labs projects are small-scale pilots in which all stakeholders create 
and receive value and seek viable and mutually acceptable (sustainable) busi-
ness models. Preferably without subsidies, because although these are often 
intended to support the weaker participants in the network they ultimately 
benefit the stronger participants.

Public–private co-operation
Public-private co-operation should serve as a coordinating platform in which 
the municipality, organisations, knowledge institutes, financial institutes and 
citizens’ representatives work together to define the main contours of the energy 
transition. Using the information layers as input, this platform will on an annual 
basis define the key elements of the infrastructural scenarios. 

These key elements are translated into a call for proposals, and ultimately into 
projects, which may take the form of experiments, a Living Lab or implementa-
tion projects based on proven approaches and technology.  

The energy transition is not without risks for any of the stakeholders. A value 
system and rules will need to be agreed so that the risks are not automatically 
placed with the weakest in society. 

In the initial phase we will work together on the basis of personal trust, but it will 
gradually become clearer who takes which roles, and at a later stage which roles 
can become more formalised. Starting this discussion too soon usually leads 
to distrust and delays. According to the rules of group dynamics, the parties 
should first gain each other’s trust, then exchange information, jointly formulate 
the goals and work together on the implementation, and finally lay down the 
lessons learned.

In the long term the intention is that as soon as the innovations gain an evoluti-
onary character, the municipality will be able to withdraw from the process and 
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It is important to have objective models for energy performance so that the 
predicted energy savings from sustainability measures correspond to the results 
that are actually achieved, and can be translated into economic value.

As soon as pilots like Aireys are successful, upscaling can be considered within 
Eindhoven and certainly also outside it. It is important to create ‘showcases’ 
that will help potential customers in understanding the benefits and the poten-
tial and lead to possible ‘exports’.

If we want to take citizen autonomy seriously we need to protect the citizens 
against the most serious forms of ‘opportunistic behaviour’ by setting clear 
rules and standards. Of course this applies within the municipality itself, but if 
the reputation of Eindhoven in terms of sustainability extends beyond the city 
limits it can even have an influence at national or European level. This can allow 
Eindhoven to take the role of an industry shaper.
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government 

companies  

knowledge 
institutes 

citizens, owners 

partial innovation 
 (at component or function level) 
 
system innovation  
(integral energy management,  
at building, neighbourhood, 
quarter or city level) 
 
transitional innovation 
(implementation and application, 
business model) 

idea 

Quadruple helix innovation process 
…..the world of deep chasms  and small bridges 
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1 2 3
In the final phase of the project we worked on setting up the innovation programme to take the first concrete steps on the road to the desired scenario.

Need for innovation coordination
An important reason to set up a roadmap process for ‘Eindhoven energy-neutral 2045’ was the fact that although there are a lot of activities in this field in Eind-
hoven, there was nobody with an overview of what was happening and could check consistency. It was already clear at an early stage that as well as a roadmap 
there was also a need for a coordinating structure that would help in facilitating the implementation of the roadmap.

In fact three bottlenecks to energy-neutrality were identified, and workgroups are being set up to address each of these:

Lack of energy system knowledge

There are many parties offering only partial solu-
tions to the energy solution. Products like insulation 
packages, solar panels, solar boilers and Thermal 
Energy Storage (TES) systems all need to be closely 
coordinated to provide the required energy at an 
acceptable kWh price. Even if systems are imple-
mented on a step by step basis, it is good to know 
that the chance of future surprises leading to unex-
pected write-offs or extra investments, is as small as 
possible.

An underdeveloped market

Sustainability is not at the centre of interest of 
citizens. It is also difficult to approach citizens on 
the subject to raise its importance. There is a lot of 
talk about the quadruple helix of innovation (invol-
ving citizen, government, knowledge institutes and 
industry), but few good examples are available. 
The underdeveloped market also means that there 
is hardly any market-driven technology innovation 
other than on economic parameters such as payback 
time and total cost of ownership. In such a market 
it is almost impossible to build up a world-leading 
position, which means we are limited in our ability 
to regionally develop a globally competitive busi-
ness. In this way the regional energy transition will 
become a costly exercise, and one that will bring 
little economic benefit to the region.

Infrastructure

Sustainable energy generation requires a lot of 
square meters land (1,000 times as much as for 
fossil fuels). Square meters are scarce in a city. 
Mobility, buildings, industry, infrastructure, water 
and greenery all fight for space and now local energy 
generation has to be added to this list. This requires 
a careful decision process. Moreover the sustai-
nable energy solutions will have a big impact on 
the required infrastructure (all kinds of grids that 
will eventually need to be installed underground). 
Making the wrong choices could therefore cost the 
community a lot of money.

Platform Eindhoven energy-neutral

Energy Infrastructure Workgroup

These three bottlenecks are not independent, and decisions taken in one area can have a big impact on the others. It is therefore important to have good coordi-
nation mechanisms covering these three areas.

Energy Transition Workgroup Energy Systems Workgroup
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Innovation coordination structure
The innovation coordination structure as proposed 
above contains the following activity flows (grouped 
under the respective workgroups), which have the 
task of precisely addressing the above bottlenecks 
and ensuring that they are dealt with in a coordi-
nated approach. 

Three workgroups will be set up:

• Energy Infrastructure Workgroup
• Energy Transition Workgroup
• Energy Systems Workgroup

In the short term it has been decided to built the 
organisational setting bottom-up. This is to ensure 
that there are no negative effects on the activities 
which are already running, and are driven by the 
enthusiasm of the participants, but most of all 
to learn what works and what doesn’t during the 
project itself. In addition, this structure expands on 
the existing and growing semiformal network of indi-
viduals and organisations already committed to and 
involved in sustainability. All too often structures 
are defined that turn out to ‘throw the baby away 
with the bathwater’. We have chosen to build on the 
existing network, which means a flying start can be 
made with this platform. The formation of this plat-
form is therefore a natural and logical next step for 
the existing network. 

This is why it has been decided in the initial phase to 
recruit specific individuals to fulfil coordinating roles 
in the network and at operational level between the 
individual workgroups. Over time the structure will 
need to be strengthened, and there will be a need for 
an overall development team to provide broader and 
more in-depth coordination between the three work-
groups. In the following section a further detailing 
and implementation of the three workgroups will be 
presented.

Innovation coordination structure ‘Platform Eindhoven energy-neutral in the built environment’

Energy Infrastructure Workgroup

Overall development team ‘Eindhoven 
Energy-Neutral’

Energy Transition Built Environment Workgroup

Energy Systems Workgroup

coordination 
through linking pins

when needed in 
over time ...

Municipality (coordinator), knowledge institutes, infrastructure 
companies

Housing cooperatives en citizens (coordinator), knowledge insti-
tutes, companies, municipality

Brainport Development (coordinator), knowledge institutes

time
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Aim
The Energy Transition Workgroup has the aim 

of making the built environment of Eindhoven 

energy-neutral. This will be achieved on the 

one hand by means of zero-energy / no-fuel-bill 

homes, and on the other hand through initia-

tives taken by the citizens themselves.

Learn-by-doing and build-up knowledge and exper-
tise in the areas of:

• Creating awareness of sustainability among citi-
zens

• Providing intervention tools to support and facili-
tate the transition

• Providing information and decision-making 
tools and measuring tools for smart energy and 
consumption to empower citizens and enable 
them to take control by themselves

Helping to translate the ‘Voice of the Customer’ into 
technical goals and specifications, and thereby 
influencing technology development.

Monitoring the energy transition and the associated 
activities. What were the energy objectives, and have 
these been achieved?

Synchronising renovation between parties so that 
where a larger scale is needed an energy transition 
can be achieved more quickly, also in economic 
terms. An energy transition roadmap can be an 
important tool in doing this: where and when are we 
going to take which transition steps?

Developing organisational forms to empower citi-
zens, and also solving problems where necessary 
(maintenance, installation). Ensuring a strong 
negotiating position with suppliers in terms of both 
expertise and purchasing volume.

Ensuring that advantage is taken of possible 
subsidies, and that the providers of subsidies are 
informed about the bottlenecks encountered in prac-
tice (this also applies to obstacles caused by rules & 
regulations).

Identifying technical and social bottlenecks to know-
ledge institutes and industry.

Source: Woonbedrijf Eindhoven

Energy Infrastructure Workgroup

Role

Bringing together the present initiatives in relation to 
the energy transition, and initiating and facilitating 
new initiatives that are in line with the energy transi-
tion roadmap.

Mobilising initiators in the neighbourhoods, and 
where necessary improving social cohesion to 
enable neighbourhood approaches.
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How

• Building networks with citizens and owners.
• Carefully monitoring and evaluating initiatives, 

translating the findings into knowledge and exper-
tise and passing this on to a network of transition 
‘initiators’.

• Building up and validating knowledge in relation 
to the value systems of citizens in relation to 
energy neutrality (which value drivers are domi-
nant and why?)

• Setting up and aligning an energy transition 
roadmap.

• Monitoring developments in comparable cities; 
participating in information exchange and know-
ledge transfer.

• Recruiting expertise to allow estimates to be made 
of the technical and social feasibility of aspects 
related to the transition.

• Basing the energy transition on The Natural Step 
to ensure that all parties work in accordance with 
the same framework.

• While working, developing tools for feedback on 
the transition and behaviour.

Representation in the workgroup

• Housing cooperative, municipality (coordinators).
• Engaged private individuals.
• ESCOs (Energy Service Companies).
• Knowledge institutes in relation to social innova-

tion.
• Contact role with the Energy Systems Workgroup 

and Energy Infrastructure Workgroup 

Recent activities

These are activities that are already running, with 
coordination points within this workgroup for inno-
vation.

• Neighbourhood transformation approach 
(currently: ‘Aireywijk’, 4-5 neighbourhoods in 
preparation in Woensel-Noord/Tongelre) / connec-
ting the STEM (Top Sector Collaboration on Energy 
and Society) scheme with GreenDeal and Brain-
port Development.

• 040Energie, Eikenburg de Roosten.
• Collaboration between the municipality and 

MorgenGreeneEnergie.
• Collaboration agreement with WoonConnect.
• ‘Waanzinnige Woonwijk’: Citizens’ initiative in 

Hanevoet, Ooievaarsnest and Kastelenplein neig-
hbourhoods. ‘Sustainable Kasteel’. Broadly based 
sustainability. Promising kick-off on 6 February. 
‘Our neighbourhood, our choices’. With support 
from the municipality and housing cooperatives. 
An Energy Team is already working in the Hanevoet 
neighbourhood. Also involves climate teams.

• Eindhoven North e.g. ‘buro cement’; also working 
on a number of critical success factors for the 
energy transition, although not specifically on 
energy. Eckart, Vaartbroek neighbourhoods.

• Collective TES (Thermal Energy Storage) system in 
combination with extra insulation for Vredesplein 
new building project. An EEM (Energy Exploitation 
Company) has also been set up.

• City of Eindhoven: Meerhoven biomass power 
plan. Sustainable production of hot water and 
electricity for thousands of homes, schools and 
offices. 

• Citizens’ collective in Meerhoven is working on a 
joint solar electricity roll-out. http://eindhoven.
transitiontowns.nl/category/activiteiten/energy 

Short-term activities

• First steps in the energy transition roadmap, which 
neighbourhoods will be approached first and how, 
alignment with the other workgroups.

• A clearer idea of how Eindhoven energy-neutral 
can be achieved.

• Knowledge exchange platform through which citi-
zens of Eindhoven and professionals can commu-
nicate (e.g. WoonConnect, Co-Do).

• Setting up a basic entity in which all the different 
initiatives can be brought together.

• Further development of the value-driver system.
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Energy Systems Workgroup

Numerous separate ‘components’ are available 
in the sustainable energy industry, such as solar 
panels, insulation and climatic control systems.

For many decision-makers the list of possible 
options is very large and highly unclear. Unfortuna-
tely there is little availability of sustainable energy 
solutions that approach the problem from a system 
perspective, even though there are increasing indi-
cations that this is what the ‘market’ really wants. 

Aim
The Energy Systems Workgroup aims to link the 

rapidly developing technology and the esti-

mated potential from the point of view of the 

energy system. It promotes experimentation 

at energy system level, and together with the 

Energy Transition Workgroup intends to set up a 

Living Lab to validate possible energy systems 

as quickly as possible and at the lowest 

possible cost.

Source: Woonbedrijf, downloaden via http://smartenergyregions.com/downloads/Downloads

An energy system is a system that meets all kinds 
of energy needs as efficiently as possible (high 
exergetic value, e.g. electricity or biogas, and low 
exergetic value, e.g. heating and cooling) to achieve 
(over time) the highest possible energy neutrality.

Role

Systematically keeping up-to-date with the latest 
technology and market developments that can lead 
to potential business in energy systems. Comparing 
(benchmarking) of technological opportunities follo-
wing a system approach based on the defined value 
drivers.

Providing information and making recommendations 
about potential business opportunities to Brainport 
Development, which has the task of initiating and 
facilitating business development in the region.

Starting-up the Living Lab experiments and focusing 
these on the most promising technology options. 
These technology options can also be found in 
sources from outside the region, as long as they are 
relevant to ‘park city’ Eindhoven.

Identifying technology bottlenecks, analysing their 
societal impact and bringing these to the attention 
of knowledge institutes, industry and subsidy provi-
ders.
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How

• Maintaining an energy system roadmap showing 
potential future technology developments.

• Helping to set up and facilitate Living Lab experi-
ments and capturing the learnings from them.

• Providing information through Brainport Deve-
lopment or directly to companies in the region, 
and supporting them in business developments 
related to sustainability.

• Recruiting expertise to allow estimated to be made 
of technical feasibility of aspects related to the 
transition.

• Annually aligning the energy system roadmap 
with the transition roadmap and the infrastructure 
roadmap.  

Representation in the workgroup

• Brainport Development (coordinator).
• Knowledge institutes in relation to design, techno-

logy and social innovation.
• Coordinating function to the other workgroups.
• Contact role with the other workgroups 

 

Recent activities

Current activities to be coordinated from this work-
group:

• Energy system concepts within the ESCO-VVB 
(Energy Service Companies-by and for citizens) 
project within the Aireywijk project and 4-5 neigh-
bourhoods in Woensel-Noord and/or Tongelre in 
preparation.

• Collective TES (Thermal Energy Storage) system 
(e.g. Vredesplein).

• Biomass for neighbourhood hot water and electri-
city supply (Meerhoven).

Short-term activities

• Attracting subsidies that are in line with the aims 
of this workgroup.

• Setting-up a first-generation energy systems 
roadmap; first step is to identify the technology 
options.

• Building up energy system expertise in the region.
• Where attractive options with regional business 

potential are identified, notifying Brainport Deve-
lopment about these as quickly as possible. 
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This is considered from a number of perspectives:

• From the perspective of citizen: ensuring a living 
environment that is sustainable and good to live 
in.

• From the strategic perspective: preventing mono-
polies from arising in the area of energy genera-
tion, storage and distribution, and in relation to 
information owned by citizens or the municipality.

• From the perspective of sustainability: ensuring 
that the infrastructure will be ready to enable the 
energy transition at the lowest possible cost and 
in the shortest possible time.

• From the perspective of innovation: ensuring that 
the infrastructure supports and facilitates innova-
tion in sustainability by enabling future social and 
technology innovations to be tested and imple-
mented quickly and without the need for extra 
investments.

• From the perspective of governance: monitoring 
and structuring the progress and status of Eind-
hoven towards the energy transition. For each 
neighbourhood, city area and the city as a whole, 
indicating the current status in terms of energy 
saving behaviour, insulation, energy consumption 
and the relative proportions of grey and green 
energy

Role

Facilitating the energy transition by designing a 
structure for the overall energy system of the Eind-
hoven region that links but also allocates the diffe-
rent parts of the energy systems (where will different 
energy technologies be used – e.g. bio energy, 
heat-distribution network, TES) in line with the inte-
rests of citizens and government.

Putting forward infrastructure designs to the munici-
pality and to citizens, including the considerations 
on which the municipality can take decisions with 
respect to zoning plans and citizens can participate 
in the democratic decision-making process on infra-
structure.

Developing and maintaining quantitative models 
to allow analysis and assessment of the current 
state-of-the-art of energy-neutrality at different 
levels of aggregation, such as the city, city area 
and neighbourhood. The models are based on Life 
Cycle Analysis, in other words they take into account 
not only the energy behaviour during use, but also 
during production, installation, maintenance, 
service and decommissioning at end-of-life. Initial 
studies show that in the long term both the costs of 

Energy Infrastructure Workgroup

Aim
The Energy Infrastructure Workgroup aims to 

translate the wishes of all those involved in the 

energy transition (citizens, owners, municipa-

lity, knowledge institutes and industry) into an 

urban energy infrastructure based on the exis-

ting and potential social and technical possibi-

lities.
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How

• Annual review of technical developments (based 
on input from the energy roadmap and the Energy 
Systems Workgroup).

• Annual refocusing of the wishes and requirements 
of local stakeholders, but also local (social) prere-
quisites and opportunities (based on input from 
the Energy Transition Workgroup).

• Keeping up-to-date with developments in compa-
rable cities, taking part in information exchange 
and knowledge transfer.

• Recruiting expertise to enable projections to be 
made of technical and social feasibility and in 
relation to infrastructure design.

• Updating infrastructure designs.
• Making the scenarios under consideration trans-

parent for stakeholders. 
• Participating in standardisation activities exten-

ding beyond Eindhoven

Representation in the workgroup

• Municipality in relation to area development.
• Knowledge institutes in relation to design, techno-

logy and social innovation.
• Brainport Development or later industry organisa-

tion for energy systems.
• Coordinating function to the other workgroups.
• Endinet (network operator)

energy consumption and the expected costs relating 
to CO2 emissions (see as example United States 
Environmental Protection Agency, www.epa.gov) are 
taken into account. The models make projections 
for the next 50 years. An interesting alternative is 
the use of ‘eco-cost models’ based on prevention, 
such as those developed at Delft University of Tech-
nology [Vogtländer, 2009]. A good overview of all 
‘eco-study’ models is given in [Broekhuizen, 2014].

Citizens and other stakeholders know what specific 
opportunities there are in their own neighbour-
hoods, homes or buildings in relation to improve-
ment of energy-neutrality, or what improvements 
may be under consideration for the future. The infor-
mation for each location which is relevant for taking 
decisions in relation to the energy balance needs 
to be gathered and compiled, and presented to the 
community in an accessible and intuitively visua-
lised form to facilitate the energy transition.

Each year this workgroup will actively encourage and 
support the other workgroups in updating the neig-
hbourhood/city area/city roadmaps based on the 
latest technological developments and the changing 
needs of the community. Based on the results of this 
process, the infrastructure roadmap and the transi-
tion roadmap are updated and aligned.

Identifying gaps and making research recommen-
dations, as well as recommendations for subsidies 
to the bodies and organisations providing them. 
Promoting participation in subsidised activities by 
social bodies and organisations.

Monitoring the effectiveness of measures and 
making recommendations to the involved parties. 
Maintaining a vision which, in the light of new 
developments (new technology, effectiveness of 
measures), will provide the basis to navigate towards 
Eindhoven energy-neutrality.

Recent activities

Activities to be pursued by this workgroup:

• ‘Zonatlas’ solar energy initiative launched in 
March 2013 (www.zonatlas.nl/eindhoven).

• TES potential map (http://atlas.sre.nl/wko/).
• Residual heat map and heat distribution networks 

being developed (e.g. by province and SRE cityre-
gion Eindhoven).

• Research into opportunities for geothermal energy 
(European collaboration)

• Fibre-optic roll-out.
• Research into SmartGrids electricity network (e.g. 

with TU/e, Alliander and Endinet).
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Short-term activities

• Obtaining subsidies that are in line with the aims 
of this workgroup.

• Starting / strengthening provision of information 
about the various knowledge layers (solar, wind, 
social cohesion, energy supply & demand etc.).

• Setting-up first-generation quantitative models, 
and based on these models identifying gaps in 
knowledge and promoting research to bridge 
these gaps.

• Setting-up a first-generation infrastructure 
roadmap together with the other workgroups.

• Making contact with other cities so that the 
models and approach will ultimately lead to a 
European model for urban energy systems.

• Defining an open data structure to store infrastruc-
ture information.

• Marketing and communication to create aware-
ness in the municipality about the Energy Infra-
structure Workgroup and what it has to offer. Horizon 2020

The Horizon 2020 programme offers a number of opportunities for European projects in relation to energy 
and smart cities. Contact has already been established through the network operator Eurocities to contact 
cities that want to co-operate in these areas. 

Work is being done to prepare and submit a proposal for a project in which together with other cities a 
vision and roadmaps are being developed for a number of relevant energy-related themes. Based on these 
roadmaps, concrete collaboration projects can then be started that are aligned with the priorities of the 
respective cities. 

Work is also being done on a preliminary study of other potentially attractive options, so that the findings 
can be submitted in 2014 and 2015.
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Appendices
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Appendix A: Value drivers

Efficiency of the reduction of 
fossil energy and contribution to 
sustainability

Robustness Economic value Social value

Health & comfort Architectural value Autonomy Economic potential

To understand the most important factors on the basis of which decisions relating to energy are taken, an investigation has been carried out to find the value 
drivers of energy systems. The preliminary study identified a total of eight value drivers. A workshop with experts was then held to consider how these value 
drivers are likely to evolve over the lifetime of the roadmap. Finally the results, together with a number of interviews with experts, were used as input for the 
roadmap.
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Value drivers
A value driver is a characteristic of a value proposi-
tion that forms an important factor in taking deci-
sions relating to the use or purchase of a system, 
service or product. This decision can be taken by a 
(future) user, owner or other stakeholder.

The possible value drivers in relation to energy 
systems (whether sustainable or not) were identified 
on the basis of interviews and desk research. This 
resulted in a total of eight value drivers:

• Efficiency in the reduction of fossil energy and 
contribution to sustainability and compliance with 
the sustainability principles of The Natural Step

• Robustness
• Economic value
• Social value
• Health & comfort
• Architectural value
• Autonomy
• Economic potential

Value ladder
To get a better understanding of deeper value, it is 
helpful to connect the value drivers to higher values. 
The value drivers can be connected to psycholo-
gical and social benefits and/or consequences, by 
constantly asking the question of why a value driver 
is important. Those psychological and social benefits 
and consequences may have multiple layers. Further 
questioning leads to personal final values or instru-
mental values. A final value gives an indication of a 
desired situation or outcome. An instrumental value 
gives an indication of the way in which that desired 
situation or outcome is achieved.

Systematically investigating the identified value 
drivers results in a ‘value ladder’ (see the figure 
below). This is a first indication, and needs to be 

verified by market research. However this is only 
possible for value drivers with the associated conse-
quences and values, which the customer is aware 
of. In the jargon: ‘which fit into his or her current 
socio-cultural context’. There is considerable doubt 
about whether this is already the case in relation 
to energy-neutrality, because many people are not 
consciously concerned about energy and sustainable 
energy.

A value ladder is very useful (1) in identifying the 
differences between individuals (not everybody is 
the same), but also (2) in identifying deeper needs, 
and (3) in positioning energy-neutrality. An impor-
tant issue is how to position the idea of ‘sustainabi-
lity or energy-neutrality’.

Here are two examples of user segments:
“I believe in ‘sustainable energy’ because I don’t want my 
children and grandchildren to have to live in a world in which 
the climate is out of control, and in which people are fighting for 
the energy that’s left over.”

“I believe in ‘sustainable energy’ because it is profitable.”

As an example of how these segments lead to diffe-
rent decisions, the profiles of the cost conscious 
user and the sustainability-conscious user are 
worked out in more detail.

Value driver
Efficiency 
reduction 

fossil fuels

Sustainable 
society

Better for the 
ecosystem 

and people on 
earth

Family security

Architectural 
value

Making home 
and environ-
ment more 
pleasant

Beautiful 
home in a 
beautiful 

environment

A world of beauty 
(art and nature)

Wisdom

Social value

Sustainable 
behaviour, 
visible to 

others

Recognition 
as responsible 

citizen

A world without war and conflict

Health & 
comfort

Healthy and 
comfortable 

life

Social recognition

Economical 
value

Affordable 
sustainable 

solution 
(cheaper)

No worries 
about econo-

mical situation

A comfortable and 
wealthy life

Robustness

Energy 
available 

when I need it

No worries 
and hassles 

about energy

Autonomy

Take own deci-
sions regar-
ding energy

Stay in control

Freedom  
(independence)

Consequences 
& advantages

End- and 
instrumental 
values

Value ladder energy
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Sustainability-conscious users
These are people who take the predictions of climatologists seriously, and are deeply concerned 
about how the earth will respond to the increasing CO2 concentrations and temperature incre-
ases. They have translated these views into consequences for their families, including long-term 
health consequences. They also find autonomy important, because in this phase, ‘waiting for 
someone else to solve the problem’ is not the most successful strategy. The analysis of trends, 
opportunities and challenges already showed that energy is basically regarded as a ‘low involve-
ment’ topic. The estimate is therefore that a large group of people are at present not conscious 
of sustainability, but could become conscious of it in the future. It emerged in one of the groups 
during the roadmap discussions that this could happen in two different ways:

• By successfully implementing a strategy for awareness, value and behavioural change in relation to 
sustainability

• A serious incident, possibly with a number of victims, caused undeniably by the lack of sustainability, 
which sets the alarm bells ringing among the majority of citizens

The World Health Organization currently estimates the number of deaths resulting from global 
warming and CO2 emissions at 140,000 per year [WHO, 2013]. But how many people really find 
this disturbing, or even know about it? Almost none.

In general, the transition to a sustainable society has three aspects:

• Towards a sustainable built environment (this transition is the closest) 
• Towards sustainable mobility and transport
• Towards a sustainable economy (making the materials and energy content of products and services 

sustainable). This last transition is the most fundamental of the three, and a lot of work still remains to 
be done.

This is another reason to strengthen the focus on sustainability and to make it the core of an 
in-depth, fundamental value transition, for which the built environment is no more than a first 
step compared with everything that still has to be done. And it is yet another reason to make 
every effort to increase awareness of the need for sustainability.

Cost-conscious users
Citizens who are (physically and psychologically) cost-driven are motivated primarily by the 
economic benefits. The fact that energy-saving is also sustainable is an additional advantage. As 
far as comfort (psychological costs) is concerned, consumers do not want to make any sacrifices 
compared with the present situation. And there is no need for them to do so as long as suffi-
cient stocks of fossil fuels are still available. If there is any shortfall in the sustainable system 
– for example when the sun doesn’t shine – then we can just switch over to grey energy. Some 
believe that starting from a cost-driven approach can still bring about a transition to sustainable 
behaviour. A number of technical enablers are currently available to do this: 

• Better home insulation. Unfortunately we do no regard this as a highly suitable technical enabler for 
increased sustainability awareness because of its low visibility level.

• Solar panels look more promising. Owners of solar panels focus much more strongly on energy produc-
tion and costs – their sense of pride is mainly economically driven.

• Wind turbines are regarded as positive if they are installed on the owner’s own roof, but less so if they 
are far away, invisible to the owners and users.

There is a chance that this cost-conscious group, and especially the associated approach to the 
theme of a sustainability, could become dominant and lead to a physical as well as a psycho-
logical cost ceiling that could well greatly delay the further roll-out of sustainability. It is well 
known from marketing that once this perception takes root it can be very difficult and costly 
to reverse it. This is typically a low-end positioning of sustainability and energy-neutrality. It is 
vulnerable to further price reductions of fossil fuels and changes in subsidies, and in fact it is 
based on the old principle of a society driven by ‘money and greed’, which is what brought us 
into this crisis. If this segmentation becomes dominant, it will be an obstacle on the route to a 
new, people-focused society [Close, 2013].

One of the challenges in the coming years will be to move some of those who currently have 
a low awareness and are still in the ‘cost-driven’ segment towards ‘sustainability cons-
ciousness’.
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The evolution of value drivers
The ‘value’ of value drivers changes over time. Four 
phases can be distinguished in this process (see 
also the figure below):

Before I

The person or decision-maker for whom the system 
is intended is not aware of the need. In this phase 
there is no point in asking questions. The usual 
radical form of content driven innovation also does 
not take place on the basis of market research. 
Companies like Apple, B&O and Nintendo (Wii) 
therefore do no use direct interaction with customers 
in this phase, but instead they carry out research in 
indirect ways. There is every reason to assume that 
‘energy-neutrality and sustainability’ is not yet really 
recognised as an important need by most of the citi-
zens of Eindhoven.

I

II

III

Between I and II

The person and decision-maker now recognises the 
need for and the importance of this value driver. In 
any case, the performance that is offered on this 
value driver is high enough to make a number of 
persons take action. This is often a period in which 
far too many technology alternatives are offered, and 
there are still a lot of shortcomings and uncertain-
ties. Some early adopters may find that a challenge, 
but for many it will be frightening. Over time some 
alternatives will emerge (‘dominant designs’ [Utter-
back, 1996 ]). Many of those who are active in the 
‘sustainability field’ recognise that there are tremen-
dous technology opportunities, and it is absolutely 
not yet clear what the preferred choice of Eindhoven 
will be and whether there is a technology that could 
emerge as the dominant design. This means that 
the suitability of the choices to be made by the 
citizens, organisations and the municipal bodies in 
Eindhoven in relation to sustainability will preferably 
be those that have a high potential to become a 
dominant design, or otherwise to keep the switching 
costs (the costs of choosing other technologies in 
the future) low.

Between II and III

A lot of things become clear in this phase; the main 
choices can be clearly identified and the value driver 
is well known and is included in most decisions. 
Technological system solutions are compared. 

After III

A value driver after III is really a sine qua non. If the 
value driver is not satisfied to a sufficient extent by 
a system, its purchase or use will not even be consi-
dered. The value driver is then a ‘dissatisfier’ – it 
is no longer distinguishing for the supplier, but a 
minimum level is required [Kano, 1980]. Choices in 
this period are made on brand, reputation and price. 

Development of the value drivers 
for energy
To gain an understanding of the development of the 
value drivers for energy systems through the time-
line of the roadmap, estimates were made in the 
workshop with experts in two groups of the develop-
ment of the value drivers over the coming decades. 
A detailed description of the development of each of 
the value drivers is given on the following pages.
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From the point of view of most citizens, sustainability and energy-neutrality are still strongly 
linked to all kinds of world events, but these have up to now hardly been translated into citi-
zens’ own environment, behaviour and energy supply. This means that significant investments 
will still be needed in the coming years to make citizens aware of why energy-neutrality and 
sustainable behaviour are essential to keep the environment in which we live healthy and safe 
in the longer term. This will therefore need a lot of attention in the roadmap.

If this value driver is not developed it will lead, as described earlier, to a very slow transition to 
a sustainable society, because the only relevant driver is then based on cost savings relative 
to grey energy solutions. This is not only an uphill struggle against grey energy but, as research 
shows, economic arguments also do no usually provide a lot of motivation.

One of the possible accelerating factors could be an ecological disaster that people could 
strongly associate with their own behaviour and decisions. Things could then move very rapidly, 
and the government could be allowed to take measures quickly to limit further damage.

To identify the costs of the use of fossil fuels, it is important to look at the total environmental 
burden. For example also including the production costs.

Example 1: 

Eighty years ago, it costed the equivalent of one barrel of oil to produce 100 barrels. Now, 
depending on the location, as much as 10 or 20 barrels of oil are needed to produce 100 barrels 
[Broekhuizen, 2014].

However, the costs of compensating or reducing the environmental burden should also be taken 
into account.

Example 2:

Compensating one ton of CO2 emissions costs 135 euros in investments in wind turbines [Vogt-
länder, 2009].

At present, the ‘eco costs’ are invisible in today’s economic models. By making these visible 
the real costs of fossil fuels will be clear, and the energy transition will be more than justified in 
economic terms.

In Western Europe citizens are used to constant availability of energy as something that does not 
need a second thought (as the first green dot, marked with a III shows). Incidents that have led 
to power-outs, especially in the USA, show that outages in cities can cause big problems – fami-
lies exposed to the cold, industry that cannot produce and plundering of shops. In response, 
many companies have invested in their own energy supplies using generators and smart grids. 
However a distributed energy system based on grey energy is not a step forward as far as sustai-
nability is concerned. 

In terms of electricity, but also heating and cooling, today’s green energy systems are not able to 
provide energy at any desired time, in the desired form and in the desired quantity. 

Robustness of the electricity system

Sustainable electricity generation such as wind and solar are subject to an annual cycle 
(summer with a lot of sun and little wind, and winters with little sun and a lot of wind) and a 
daily cycle (day and night), as well as to a lot of spread due to the weather. Electricity genera-
tion based on water (tides, osmosis – mixing of seawater and fresh water – and wave power) is 
more predictable (when do the tides rise and fall?), but cannot (yet) be controlled to meet the 
demand for electricity. The energy demand of households is also not stable: demand is high in 
the winter, in the evenings and at the weekend. Storing energy and using it in the evening could 
reduce the difference between supply and demand. But unfortunately the technology for electri-
city storage is very costly, which means there is far less storage capacity than would be needed. 

Currently around 25% of the electricity supply in Germany is green, and the production of green 
electricity regularly exceeds demand. For this reason Germany at present dumps energy to other 
countries because of the lack of storage capacity. This means that around of 20-25% of green 
energy is fed back into the grid, and this is starting to cause problems.

Biomass power stations can generate sustainable electricity and heating/cooling, but with 
today’s technology the maximum achievable capacity is too limited. Here too a technology 
breakthrough is needed to enable highly efficient biomaterials (for example algae) and to 
convert these into biofuels or energy. 

This means that in the coming years both grey and green electricity systems will be needed 
to ensure a robust electricity supply. Sufficient supplies of fully green electricity will only be 
possible when there is a breakthrough in energy storage.

Robustness of thermal energy storage systems

At present the main fuel used for heating and cooling in the built environment is gas. In terms 
of sustainability there is strong growth in Thermal Energy Storage (TES). These systems aim to 
store heat (in air and water) underground in summer (often in water) and to pump cold water up 
for cooling. In the winter this stored warm water is used for home heating. However the systems 
are not entirely free of problems. In general, a home in Eindhoven needs around five times as 
much heating as cooling each year. If more heating is needed in the winter than what is stored 
underground, there will be a shortfall. In addition, this system is unable to heat homes and 
buildings very quickly. For this reason, many homes with TES systems have peak-demand boilers 
to provide the required extra heating. Existing radiators are not suitable for the relatively low 
water temperatures at which TES systems operate, and floor heating or special wall radiators are 
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To investigate the economic value a distinction needs to be made between new buildings and 
renovated or existing buildings. For new buildings energy measures can be included relatively 
simple and at an affordable cost. The biggest problems and the highest costs are in existing 
buildings, where the economic payback time of energy-saving measures such as insulation 
and local generation are at present still a critical aspect. Insulating homes to Energy Label ‘B’ 
standard is economically viable at present, but reaching Energy Label ‘A’ is not yet an economic 
proposition. 

To help initiate the transition to energy-neutrality, subsidies and other favourable conditions are 
still needed in too many cases to allow power to be fed back into the grid. The available subsidy 
schemes change regularly, as a result of which citizens are faced with extra costs over and above 
what initially appeared to be an attractive cost/benefit analysis. This has made them suspi-
cious, even though the economic proposition may at first look positive.

The low – even too low – prices of fossil fuels make the economic viability of the transition to 
sustainable energy vulnerable. The slow start-up of the energy transition in the Netherlands is 
closely linked to the fact that at national level the gas supply is an important foundation for the 
competitive position of many of the country’s energy intensive industries. This leads to a lot of 
emotional reactions, in a situation that calls for cool and objective consideration.

Too rapid phasing-out of the use of gas, preceded by a declining market value of the present 
fossil fuel suppliers, may lead to a crisis on the capital market. And as already indicated, grey 
fuels may be less necessary in the coming 20 years in terms of absolute volume, but they will 
still be needed as a valuable and flexible energy source. A coordinated grey/green transition is 
at least worth trying.

However the payback times are such that a number of housing cooperatives are cautious in 
their planning for the energy transition, because the costs and the related uncertainty (for their 
tenants) are in conflict with their core task of ‘providing affordable housing for those with lower 
incomes’.

Most housing cooperatives concentrate on insulation and solar panels. Helping people to learn 
energy-saving behaviour, offering sustainable wind energy facilities (which is economically 
much more attractive) and all kinds of heating/cooling solutions are at present not yet broadly 
supported by housing cooperatives (except for a few experiments).

It is important to consider the economic effects at two levels:

• Payback of the investments by savings on the operational costs, including energy bills
• As an investment, homes that have been insulated are worth more than those in which no 

investments have been made in sustainable energy. How important this is will depends enti-
rely on the private situation of the individual.

Finally, the economic payback time is relevant because this means allowance can be made for 
the chance that new technologies can lead to more rapid depreciation in the future. In some 
cases it is better to wait if the technology is changing too quickly, or if there is too many uncer-
tainty with a lot of upwards potential.

needed. Large buildings often have a better balance between heating and cooling, and TES is 
better suited in these cases.

In addition, there are a number of technical problems. The system penetrates deep into the 
ground, passing through all kinds of insulated layers, some of them containing drinking water. 
This may become mixed with contaminated water from other layers, if the insulating layers leak. 
A well can also become blocked (3-5% chance), which means it needs to be carefully extracted 
and the hole in the deep insulating layers repaired, after which a new well can be drilled. The 
costs of this operation are approximately 200,000 Euros per well. A well is only economically 
viable if it serves several homes. Since 2003 Eindhoven University of Technology (TU/e) has 
operated one of Europe’s largest TES systems, with a capacity to heat around 800 homes. A total 
of 24 wells have now been drilled on the TU/e campus. Eindhoven has around 90,000 homes. 
Extrapolated calculations show that this means around 2,700 wells will be needed in Eindhoven, 
one every 180 meters. Finally, there is the problem that TES systems are regularly over- or under-
dimensioned, as a result of which the efficiency and, especially, the economic payback time 
can be much less favourable that originally calculated. One advantage of multiple wells is that 
in case of suboptimal operation or other problems the wells can take over the heating/cooling 
functions from each other and/or can be taken out of service if necessary. This increases the 
chance of better economic performance and greater robustness.

New TES systems are being developed that use higher temperatures (60-90°) and also store 
warm or cold water in large underground tanks (40 metres in diameter, 17 metres deep). A single 
tank should in principle be able to provide heating and cooling for 100-400 homes. This system 
promises greater robustness and flexibility than the classical low-temperature TES systems as 
described above.

In conclusion, these green energy systems are still far from highly robust, and until that is the 
case grey energy systems will still be needed to provide a continuing guarantee of robustness. 
For this reason, a totally green energy system for the built environment without the help of grey 
energy is still a long way off.

         Robustness (continued)
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Research shows that energy-savings behaviour of citizens is hardly influenced by a longer-term 
vision (understanding of why we need to make society more sustainable), or by economic bene-
fits or a better self-image of yourself as a good citizen [Midden 2013] [Laskey, 2013]. Behaviour 
only changes when it becomes clear how economical citizens are in their use of energy relative 
to their direct neighbours.

In other words an important driver for making choices in relation to technology is whether the 
technology offers opportunities for feedback on people’s own behaviour relative to their direct 
neighbours, which will result in social pressure leading to green behaviour and green decisions. 
This social pressure will only work if there is also a certain degree of social cohesion in a neigh-
bourhood. 

In the Netherlands we are close to the point at which each appliance in the home is connected 
to the internet and has all kinds of sensors (‘the internet of things’). This enables very rapid 
feedback on your own behaviour. Open data will also allow different kinds of comparisons to 
be made. It is estimated that energy savings of more than 10% will be possible as a result of 
behaviour.

Average savings of around 25% are expected as a result of investments in insulation, in view 
of the insulation level of the present housing stock. Of course the savings potential of a poorly 
insulated home is higher than that of one that is well insulated. This means that a saving of 30 
– 40% as a result of sustainable behaviour and insulation measures for the built environment 
definitely makes it worthwhile for Eindhoven to invest in ‘social technology’.

A healthy and comfortable living environment is important for well-being. The quality of the 
living environment in the home is determined by factors including: 

• oxygen concentration  
• CO2 concentration  
• particulates concentration  
• concentration of volatile organic compounds (glue, paint)
• temperature
• relative humidity
• light level

If a house is well insulated, a lot of attention should be given to ventilation. In a passive house 
climate control is integrated in the design. Comfort should also take into account the nuisance 
caused during the installation of the improvements, especially in existing buildings, both inside 
and outside the house. Even though this only lasts for a limited period over the whole lifetime of 
the house, at the time of taking a decision it is relatively close for many citizens, and therefore 
gets extra ‘negative’ significance.

As well as the air quality, the light quality is also important. Daylight has a strong role in well-
being, and helps to avoid (winter) depression. A good balance also needs to be found between 
excluding sunlight for temperature control and allowing sufficient light to enter the home for 
reasons of health and well-being.

The difficulty with health and comfort is that few people are aware of the effects they have on 
their health. The effects are often not immediately observable (except for the nuisance caused 
by installing sustainable solutions). 
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The past few decades have been a turbulent time in terms of social governance: 

• Both government and major industries are struggling with the increasing complexity of 
society and the question of governance. Concepts like ‘autopoiesis’ (self-organisation) have 
been used, reflecting a government that has cut back on the tasks it performs.

• Increasing outsourcing in industry, and its equivalent in government, as well as increasing 
‘privatisation’, have led to some efficiency improvements here and there – although not to 
the expected extent – but have also increased complexity.

• Many citizens are highly educated; they are well able to solve complex problems by them-
selves, and can create knowledge and production networks for the transition and its imple-
mentation. But there are others who need help, or who are unable or unwilling to take 
decisions by themselves. 

• The recent crises in the property market and in the banks, and the many ‘incidents’ in the 
ethical behaviour of large companies (for example: inhumane farming practices, medicines 
that do not cure cancer but instead make patients dependent on them for life, privacy viola-
tions by governments and big companies, live shearing of Angora rabbits, collecting money 
for charities that is diverted and used for other purposes etc.), have made many citizens 
suspicious. Many product-market strategies of large companies are aimed not at solving their 
customers’ problems, but only at making them dependent on products or services that simply 
deal with symptoms. There is a trend towards smaller scale, and many are searching for 
personal networks in which value is created in ways that are fair. 

• Large companies and strongly linked conglomerates managed on efficiency have shown how 
vulnerable they are. The ‘energy imbalance’ market in the Netherlands shows that distributed 
suppliers working through a well organised market mechanism can meet the need for energy 
in a very stable way without complex, centralised or top-down management. Instead of tightly 
closed, dehumanised large companies focusing only on efficiency, it is now possible to build 
anti-fragile systems that decentralise management and decision-making powers and transfer 
these to citizens, ultimately leading to greater efficiency. The basic principles for anti-fragility 
can be found in [Taleb, 2012]. “The more the chaos, the better the system.”

• Pallas Agterberg [Agterberg, 2013] stated that autonomy is a deeply rooted human driver, 
more so that money. An example is the shift from mainframes computers (highly efficient) 
to networks of interlinked personal computers and laptops (more expensive, but users have 
more autonomy).

There are a number of important aspects of the chosen sustainability solutions that should act 
as enablers for a high level of autonomy of citizens:

• Economic (in terms of investment and maintenance, as well as possible risks): energy 
systems must be viable for individual home owners.

• They should preferably be local, close to citizens’ home for rapid feedback on decisions and 
behaviour.

• The decision-making process with criteria, results and risks must be transparent and simple 
for citizens.

• The total energy system must be robust, in other words if a part of the system fails its energy-
supply role can be taken over by another part.

At present the architectural value (is the home and its environment attractive to live in?) is a 
neglected area. Either it is zero (a high-efficiency boiler and insulation are invisible), or it is 
considered to be ugly (solar panels on the roof, wind turbines in the landscape). Sustainable 
energy generation such as wind and solar power takes up around 1,000 times more land area 
than the use of fossil fuels. A city that wants to be energy-neutral with as much local energy 
generation as possible will have to go through a very significant transition in architectural terms. 
The challenge is then to use sustainable technology so that citizens see the environment as an 
attractive place to live. Ten years from now we can expect sustainable technologies that do not 
contribute any additional ‘beauty’ to the landscape to have little chance of success.
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Although possibly less relevant for some citizens, the ability of other stakeholders such as the 
municipality to export knowledge, products and services from the region can be a significant 
factor. Jobs are also important. The coming years will be decisive for whether the Eindhoven 
region will need to buy-in many sustainable solutions, leading to a negative cash flow out of the 
region, or whether some citizens will earn their living in this way and bring money into the city, 
allowing other local investments to be made.

• The management of the system must be simple for citizens.
• Citizens must simply be able to seek legal solutions without high lawyers’ costs if things do 

not work in the way that was agreed.
• The management of the system must be able to be assigned at different levels of autonomy if 

citizens wish.

Unfortunately there are at present quite a number of sustainable technology solutions, for 
example TES systems which are only economically and technically viable at a scale of at least 
100-200 homes, or that are located far from the homes they serve. In fact the only sustainable 
energy solutions that can at present be made suitable for a high level of autonomy are insula-
tion, sustainable behaviour using smart home appliance and solar & wind systems.

Autonomy
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Appendix B: Scenarios for the roadmap

To get a better understanding of what is needed to achieve the goal of Eindhoven energy-neutral, a number of scenarios were reviewed in a series of workshop 
with experts. These scenarios are not mutually exclusive, but can be complementary. The scenarios are based on the most important elements that emerged in the 
preliminary study and the desired future scenario based on the vision.

• Scenario 1: From a state of low awareness to sustainable behaviour - the challenge of motivating citizens to adopt sustainable behaviour and to invest in sustai-
nability.

• Scenario 2: Small, local systems - neighbourhoods or groups of houses with a shared infrastructure, especially for heating/cooling.
• Scenario 3: The all-electric house - an extremely well-insulated house that generates all the required electricity and heating/cooling to provide a comfortable 

living and working environment.
• Scenario 4: Eindhoven heating grid - a heating grid running through the city as backbone, through which all heating and cooling demand is linked

The results of the workshop are shown on the following pages. The results are then used as input for the roadmap, together with a number of interviews with 
experts.
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Together towards Eindhoven energy-neutral in the built environment in 2045

Scenario 1: From a state of low awareness to sustainable behaviour
The challenge to motivate citizens to adopt sustainable behaviour and to invest in sustainability.

Scenario 2: Small, local systems
Neighbourhoods and groups of homes that use a shared infrastructure, especially for heating and cooling.
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The ‘waanzinnige woonwijk’ (‘amazing neighbourhood’) is an 
example of how citizens can be involved in initiatives to improve 
the neighbourhood.

Ecovat is an example of a small-scale, local system that links a 
number of homes for sustainable heating and cooling.
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Together towards Eindhoven energy-neutral in the built environment in 2045

Scenario 3: The All-Electric House
An extremely well-insulated house that generates all the required electricity and heating/cooling that it needs to live and work in comfort.

Scenario 4: Eindhoven heating grid
A heating grid that runs through the city like a backbone, linking supply and demand for all kinds of heating and cooling.
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Example of a home in which different systems are integrated.

Example of the heating grid in Vienna, in which excess heat 
from industry is used to heat homes.
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Appendix C: Technologies

Sustainable technology is still developing rapidly. On the one hand it is good to know how much innovative strength there is in this field. But on the other hand 
there is a good chance that any technology choices made now would be regretted in the future because much better solutions would then emerge.

A good overview of the technology options can be found in [Eneco, 2013]. It has been decided not to describe all the technology solutions. The source of this over-
view is [Eneco, 2013], and we also refer to this book for all the detailed descriptions. 

The chapter ‘Trends, opportunities and challenges’ 
is subdivided into technology clusters (see also the 
table below right). The technology can be subdivided 
in different ways: 

By function:

• Energy generation 
• Energy saving
• Energy storage

In fact, the last function is a ‘dysfunction’ – in other 
words its task is to solve problems in the main 
function. For example: the fact that the sun doesn’t 
always shine when we would like it to means we 
need energy storage to deal with the difference 
between supply and demand.

By energy ‘quality’ of the secondary energy carrier:

• High exergetic value (Electricity / Gas / Fuel)
• Low exergetic value (Heat / Cold)

But the technology can be divided further by 
whether it is linked to a physical location:

• Within the Eindhoven region
• Outside the Eindhoven region

This appendix looks at the different technology clusters, and makes estimates of the scores of the different 
sustainable technologies on the value drivers. These scores are our own estimates based on the understan-
ding gained in the preliminary study.

Sustainable 
technology 
cluster

Characteristics Energy- generation Energy- 
saving Energy storage

High-exergetic Easy to transport, 
generation and use 
can physically be 
widely separated

From:
• Wind
• Solar (PV)
• Water (tidal, osmosis)
• Algae
• Biomass
To:
• Electricity, biogas or biogas oil

Behaviour

Domestic 
appliances

Pumped water storage (dam)

Compressed air

Batteries and super-capaci-
tors

Flywheels

Power-to-gas

Low-exergetic Strongly locati-
on-linked, generation 
and use must be 
located near to each 
other

From:
• Electricity, heat from geothermal 

layers, biogas or biogas oil
• Solar (solar collector), waste heat 

from industry or household use
To:
• Heat or cold

Behaviour

Insulation

Water in an insulated 
environment, such as a 
natural vessel or a naturally 
insulated ground-water layer

Sustainable energy technologies
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Low exergetic sustainable energy solutions
very bad average very good

Sustainable energy solutions
LEGEND

-3 -2 -1 0 1 2 3

Cluster Technology
Applicable 
form of 
energy

Suitable
location

Efficiency in the 
reduction of 
fossil energy 

and contribution 
to sustainability

Robustness
Economic

value
Social
value

Health & 
comfort

Architectural 
value

Autonomy
Economic 
potential

Solar

Shared solar collectors per city 
or city area

Heat Eindhoven 3 2 0 0 -1 -1 -2 0

Solar collectors per house or 
building

Heat Eindhoven 3 2 1 2 -1 -1 1 0

Bio

Biomass Heat Eindhoven 2 2 2 0 -1 0 -2 0

Biofermentation Heat Eindhoven 1 3 2 0 -1 -1 -2 0

Geothermal

Geothermal energy Heat Eindhoven 0 2 1 0 -1 0 -2 0

Combined heat & power (CHP)

CHP Heat/electricity Eindhoven 1 0 2 -1 -1 0 -2 1

Thermal energy storage + local 
opportunities for CHP 
generation and distribution

Heat/cold Eindhoven 3 2 0 0 -2 0 -2 0

Heating grid Heat/cold Eindhoven 3 2 0 0 -1 0 -1 0

Isolation Heat/cold Eindhoven 3 3 2 0 -1 0 2 0

Heat recovery system Heat/cold Eindhoven 2 3 1 0 -1 0 2 2

Energy storage
Hydrogen Electricity/heat/

cold
Outside Eindhoven 1 ? ? 0 0 ? 0 ?

Power to gas Electricity/heat/
cold

Outside Eindhoven 1 ? ? 0 0 ? 0 ?

Distributed thermal energy 
storage (e.g. Ecovat)

Heat/cold Eindhoven 2 3 2 0 0 0 -1 2

Energy exchange between 
buildings

Heat/cold Eindhoven 3 2 0 0 -2 0 -1 0

Residual energy from power 
stations

Heat/cold Eindhoven 1 2 0 0 -1 0 -1 0

Industrial residual heat Heat/cold Eindhoven 1 2 0 0 -1 0 -1 0

Residual heat (heat 
recuperation)

Heat/cold Eindhoven 2 2 0 1 -1 0 -1 0

Smart Grid
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Technology solutions with low 
exergetic value
The table on page 74 shows the different technolo-
gies with a low exergetic value.

Outside Eindhoven
We start with sustainable solutions located outside 
Eindhoven offering usable thermal energy.

These can be covered quickly: no suitable technolo-
gies are available, because it is not viable to trans-
port energy over a distance. This also shows that 
when the gas runs out, the solution will currently 
have to be found locally, in Eindhoven.

There are a few technology wild-cards: converting 
electricity or biomass into hydrogen, biogas or 
biofuels. If there is a breakthrough in this area in 
the future, this would allow the current gas and fuel 
infrastructure (except for hydrogen) to remain partly 
or entirely in use.

Inside Eindhoven
As already indicated, most solutions for thermal 
energy need to be found locally in Eindhoven, except 
for the two ‘high exergy’ solutions using biogas or 
biofuel/oil. 

Score on value drivers
We will review the list of technology options for each 
of the value drivers. 

Efficiency in the reduction of fossil energy and 
contribution to sustainability

Most solutions score good or very good. Biofermen-
tation scores lower because this technology still has 
to compete with food supplies. Geothermal energy 

scores low because in Eindhoven, in particular, the 
heat-containing layer in the ground is very deep. It 
cannot be assumed that this will become attractive 
at some time in the future as a result of develop-
ments in technology. This remains an option with 
positive potential.

Residual energy from power stations and industry 
scores slightly lower, because of its relatively low 
presence in Eindhoven. There is little industry with a 
high energetic value. That does not mean it cannot 
be used locally, but it will not be able to offer a total 
solution for Eindhoven as a whole.

Robustness

If we assume that we have good storage solutions for 
thermal energy, the robustness should not be such a 
big problem. Even though all kinds of incidents have 
been reported with Thermal Energy Storage, it should 
be possible to deal with the problems to a reaso-
nable level with a good design.

In addition the grey energy infrastructure will remain 
in place in the coming years, and this will be able to 
absorb any shortfall. In terms of robustness of the 
availability of TES technology, the problems are less 
great than with electricity.

Economic value

It is very difficult to give a clear answer on the 
economic value. This depends on many local factors. 
In addition, the upscaling of thermal energy systems 
to >200 connected homes and buildings (or for some 
technology solutions to even larger numbers) further 
increases their economic attractiveness.

In general there are a number of scenarios:

• There is relatively little industry with a high ener-
getic value or power stations that could provide 
heating or cooling for large numbers of homes and 

buildings using residual heat, and where the buil-
dings are also located close together. In this case 
a heating grid is an attractive option. But today’s 
industry no longer has an unlimited lifetime, so a 
costly heating grid to distribute heat from a very 
limited number of industries is a significant risk. 
As well as that, Eindhoven as ‘park city’ has a 
relatively low population density, which means 
the heating network is likely to have a low density 
of consumers and as a result an unfavourable 
payback time.

• A distributed local Thermal Energy Storage system 
is chosen. Because the systems are highly loca-
lised, the distribution network can have a lower 
transport capacity and short transport lines.

• Finally, there may also be building-related solu-
tions which are connected to individual homes 
but have to rely on biofuel, gas or similar systems 
when their limited thermal energy storage capacity 
is exhausted. 

Social value

Most thermal energy technologies are neighbour-
hood systems, which means they have little social 
added value. Real social value is only created, 
leading to a somewhat higher score, when energy is 
recovered through behaviour, or by means of solar 
collectors on the home or using residual heat (from 
showers, tumble dryers etc.).

Health & Comfort

We assume that together with the improvement 
of insulation, attention is also given to measures 
that maintain the quality of the indoor climate (e.g. 
ventilation etc.). Insulation usually means conditions 
inside the home are less affected by the outdoor 
climate, which is certainly positive in areas with a lot 
of traffic. 
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The biggest difference between the technical solu-
tions is linked to the need for changes to existing 
homes. Significant modifications in and around the 
home are usually needed, which is why the average 
score is low. If a low-temperature TES system is used 
(30-40°C), the radiators usually need to be replaced 
or otherwise floor heating needs to be installed, and 
this quickly leads to a relatively low score.

Insulation or heat recuperation can mean significant 
work is needed in the home. Where a much higher 
water temperature is used (60-90°C), less work 
needs to be done inside the home, but an external 
heating grid is usually needed, which means a lot 
of excavation works. The only exception is promised 
by Ecovat, which through its higher flow rate creates 
a ‘best of both worlds’ situation: a ‘light’ distribu-
tion grid but still with high water temperatures (as 
required), which makes this solution stand out. But 
it must be said that Ecovat still has to be supported 
by practical experience.

Architectural value

Overall, the score is moderate. It takes up some 
land area, or if it is placed on buildings the roofs are 
somewhat less attractive. There are still some gains 
to be made here.

But as soon as collectors are used outside the buil-
dings, of if there are plants or bio crops for a biofer-
mentation station, this then takes up a lot of land 
area, which means the score shifts towards poor. 
But the situation is much better if the system is well 
integrated in the landscape.

Autonomy

Technology scores high on autonomy:

• If citizens can take all kinds of decisions which 
they do not regret afterwards, but instead have the 

feeling that that technology is really helping them 
to act with greater autonomy.

• The systems are simple to control.
• The minimum economic or technical scale is 

within the reach of citizens.

 
The choices available to citizens if they wish to use 
them are:

• The freedom and knowledge to buy or rent and use 
technical options for their homes.

• The freedom and knowledge to buy services, and 
to choose from multiple suppliers.

• The freedom and knowledge to access multiple 
energy markets.

• The freedom and knowledge to invest in sustaina-
bility, anywhere in the world.

• The freedom and knowledge to ensure that infor-
mation about their energy situation is not shared 
with others.

On average, thermal energy technology is not exactly 
well matched to the wish for autonomy. Positive 
exceptions are individual solar collectors, insulation 
and heat recuperation.

Heating networks are still regarded as slightly more 
positive than local distribution networks, since 
multiple suppliers can be connected to a heating 
network, which means citizens still have some 
freedom of choice. 

A local distribution network is probably best suited 
to be organised as a collective or cooperative, or 
otherwise to be outsourced to a network operator 
(semi-government). 

Economic potential

This is probably mainly relevant for local govern-
ment. The technology options that stand out are 
heat recuperation from households and appliances, 

which is still at an early stage of development, and 
the Ecovat technology.

Technology solutions with high 
exergetic value
The table on page 77 shows the different technolo-
gies with a high exergetic value.

In the high-exergy cluster, energy is relatively quick 
and easy to transport over distance, and even over 
time. Biogas and biofuels have this quality. Elec-
tricity has this quality in relation to transport over 
distance but, as indicated in ‘Trends, opportunities 
and challenges’, bridging time differences is still very 
costly because there are not yet any low-cost means 
of storage. 

Efficiency in the reduction of fossil energy and 
contribution to sustainability

In terms of energy generation, the efficiency is 
reasonable, with peaks for wind followed by PV and 
biomass (the scalability is limited through the lack 
of a primary fuel). Then there is the great unknown, 
nuclear fission. The possibility cannot be ruled out 
that within 20 years nuclear fusion – which over-
comes the problems of today’s nuclear fission – will 
solve all our energy problems for good. The construc-
tion of the first nuclear fusion power station led by 
a consortium of countries will be started in the near 
future.

As already indicated, the storage of electricity is not 
yet highly scalable, which explains its low scores 
on all counts. This starts to be a problem as soon as 
more than 20-25% of energy is generated by sustai-
nable energy sources like solar and wind power 
which are hard to plan. These already account for 
25% of the power generated in Germany, which regu-
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very bad average very good

Sustainable energy solutions
LEGEND

-3 -2 -1 0 1 2 3

Cluster Technology
Applicable 
form of 
energy

Suitable
location

Efficiency in the 
reduction of 
fossil energy 

and contribution 
to sustainability

Robustness
Economic

value
Social
value

Health & 
comfort

Architectural 
value

Autonomy
Economic 
potential

Wind
At sea Electricity Outside Eindhoven 3 1 1 0 2 0 0 -2

On land Electricity None 2 1 1 0 2 -2 0 -2

Building-related Electricity Eindhoven 1 1 1 2 0 0 2 1

Solar

Solar collectors Electricity Eindhoven 2 1 1 2 0 0 2 1

Bio

Biomass Electricity None 2 2 2 0 2 1 0 0

Biofermentation Electricity None 1 3 2 0 2 1 0 0

Hydro

Hydro-electric power station Electricity Outside Eindhoven 1 2 -1 0 2 0 0 -2

Tidal power station Electricity Outside Eindhoven 1 1 -2 0 2 0 0 -2

Tidal movement Electricity Outside Eindhoven 1 1 ? 0 2 0 0 -2

Blue energy (osmosis) Electricity Outside Eindhoven 1 ? -2 0 2 0 0 -2

Nuclear energy Outside Eindhoven

Nuclear fission Electricity Outside Eindhoven 1 3 0 0 2 ? 0 -2

Nuclear fusion Electricity Outside Eindhoven ? ? ? 0 -1 1 0 -2

Algae
Photo bio reactor Electricity Eindhoven ? ? ? 0 2 1 0 ?

Energy storage
Reversable hydro-electric 
power stations

Electricity Outside Eindhoven -1 3 0 0 2 -1 0 -2

Water storage reservoirs Electricity Outside Eindhoven -1 3 -1 0 2 -2 0 -2

Compressed air Electricity Eindhoven -1 2 -2 0 2 0 0 0

Flywheels Electricity Eindhoven -1 2 0 1 2 1 1 1

Batteries Electricity Eindhoven -2 2 -3 1 0 1 2 ?

Hydrogen Electricity/heat/
cold

Outside Eindhoven -2 ? ? 0 -1 ? 0 ?

Power to gas Electricity/heat/
cold

Outside Eindhoven -2 ? ? 0 0 ? 0 ?

Super-capacitors Electricity Eindhoven -2 2 -3 0 0 ? 0 ?

Thermal storage at high 
temperatures (in combination 
with CHP)

Electricity Eindhoven -2 2 -2 0 -1 1 0 -1

Smart grid
Central management of supply 
and demand

Electricity None 1 1 -1 0 0 0 -1 2

Management of supply and 
demand via market mechanism

Electricity None 2 3 0 2 0 0 2 2

High exergetic sustainable energy solutions
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larly dumps its surplus green energy to other coun-
tries. Without good and efficient storage of electrical 
energy or sustainable fuels that can be converted 
into electricity, we will continue to be dependent to a 
large extent on electricity generated from grey energy 
sources.

Finally the buzzwords ‘Smart Grid’, which mean diffe-
rent things to different people. In general, there are 
two variants: a large, centralised controlled system 
– the dream of many software and service compa-
nies –and a distributed control system that brings 
together supply and demand using smart market 
mechanisms. The interview with Alliander [Agter-
berg, 2013] showed the latter to be more effective at 
present than the variant with a large control system.

Robustness

At present there is nothing in the danger zone. But 
all systems that make it difficult to control the supply 
of energy on the basis of demand will continue to 
need grey electricity as well. So they may be able to 
supply electricity, but not always at the times when 
we need it. Exceptions are biomass, biofermenta-
tion and nuclear fission. As far as energy storage 
technology is concerned, only reversible hydroelec-
tric power and pumped water storage have enough 
installed capacity to make a small contribution to 
robustness. The rest is at present still insignificant in 
terms of capacity.

Economic value

In terms of payback time, wind and solar power 
are reasonable options. Water-based generation 
requires large initial investments, in some cases so 
high that potentially interested parties are not even 
prepared to carry out a pilot. Enough has already 
been said about energy storage: it is absolutely 
too expensive. Smart grid, as long as it is not too 

top-down and municipality-specific, can be affor-
dable – provided that the ‘smart’ can be managed, 
and at present this is hardly the case. Which is why 
this term is used to refer to all kinds of things that it 
does not really cover.

Social value

Through its freedom in terms of where – and in the 
future also when – it is used, electricity that is locally 
generated and stored, and smartly managed, is well 
suited for the creation of social value. All techno-
logies with a scale exceeding that of the individual 
citizen have a lower social value.

Health & Comfort

Here too the difference is mainly in the changes 
that need to made in homes and buildings, in parti-
cular. All non-local electricity generation requires 
little if any changes to homes, which means they 
score highly. All building-related technologies have 
a moderate score. Nuclear fusion, hydrogen and 
high-temperature thermal energy storage (700°C) are 
technologies that can cause serious consequences 
if anything goes wrong. Despite all the statistics, 
disasters such as Chernobyl and Fukushima have 
given nuclear fission a dangerous and unhealthy 
image. And the storage of radioactive materials 
completes that that negative picture. Which leads to 
a poor score on these criteria.

Architectural value

Sustainable energy generation based on wind, water 
and solar power takes up a relatively large land area, 
and for this reason has a moderate score. Wind on 
land even scores poorly, because people regard wind 
turbines in the landscape as ugly. All bio energy 

stations and nuclear power stations are relatively 
compact and have a reasonable score.

Autonomy

Technology with a scale matching that of citizens 
themselves (building-related wind systems, PV 
panels, batteries, flywheels, distributed smart grid) 
score very high in terms of autonomy. The rest score 
moderately, but they do offer a certain degree of 
freedom – electricity can be generated from other 
sources, or purchased from other suppliers, just as is 
the case now. 

Economic potential

All the technologies that generate electricity and 
store it outside Eindhoven get very poor scores. 
Exceptions are PV panels, building-related wind 
systems and smart grid technology. These may see 
the development of business from the present local 
knowledge economy.
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About LightHouse & the TU/e Intelligent Lighting Institute

The TU/e Intelligent Lighting Institute (ILI) was 
established in 2010 to investigate novel intelligent 
lighting solutions that will become within our reach 
by the large-scale introduction of LED technology, 
with a special emphasis on how these new solutions 
might affect people. We do this in collaboration with 
departments of the TU/e and partners in the public 
and private sectors. The lighting research performed 
at ILI is producing unique know-how and a techno-
logical head start for the participating parties, the 
Brainport Region, and as part of Europe.

Research
ILI’s mission is to search for revolutionary lighting 
solutions. It does this using an interdisciplinary 
approach that takes society as its laboratory. Well-
being and sustainability are given top priority in all 
facets of its research and resonate throughout all of 
the strategic programs.

Five lines of research

The lines of lighting research at ILI have been 
created to address concrete issues faced by society. 
This approach is also known as ‘design for need’. 
The institutes research programs tackle practical 
matters:

• The Brilliant Streets research program aims at 
future outdoor lighting systems

• Researchers in the Sound Lighting program 
explore other applications of light that could be 
beneficial to health and well-being

• Computational methods for illumination optics 
and rendering of light patterns

• If researchers in the No Switches Allowed program 
get their way, radical change is on the way

• The Open Light program explores all of the possi-
bilities of a particular technology, without any 
preconceived application ideas Five lines of 
research

Brilliant Streets
The Brilliant Streets research program aims at future 
outdoor lighting systems. Outdoor lighting is there 
to enhance traffic safety and to increase feelings 
of comfort and safety for people on the street. This 
goal remains, but opportunities for advanced appli-
cations are plenty because of technological advan-
tages: new lighting technology (LED), advanced 
sensing, wireless communication and embedded 
processing.

These new technologies make interactive systems 
possible, and allow for precise control of lighting. It 
is, however, not known how people experience adap-
tive lighting and what this brings about emotionally. 
The challenge is to use technological advances to 
improve user experience while minimizing energy 
use. Brilliant Streets regards outdoor lighting 
systems and one of the subsystems of a Smart City. 
Sensing and communication capabilities will be 
used in the future to enhance city services.

dr.ir. Elke den Ouden

Program manager Brilliant Streets & 
Strategic director LightHouse

e.d.ouden@tue.nl

dr.ir. Ruud Gal

Expert partner LightHouse

ruud.gal@innoguru.nl

LightHouse
LightHouse is the solution partner of ILI. LightHouse 
aims to disclose the knowledge of the ILI research 
programs for society. This is realised by applying 
the knowledge, methods and designs in intelligent 
lighting solutions through concrete projects for 
external organisations. LightHouse typically does 
project for clients that like to be frontrunners in the 
implementation of innovative lighting solutions for 
public space. Such projects are usually experiencing 
more time pressure than regular scientific research 
projects and focus more on the implementation of 
knowledge or more practical approaches to knowl-
edge gathering. LightHouse builds on the knowl-
edge of ILI, especially the Brilliant Streets research 
program, and add new knowledge on societal chal-
lenges to the body of knowledge of ILI.

LightHouse also works with a network of partners, 
researchers and students in its projects.

Project team for the Vision & Roadmap Eindhoven Energy Neutral 2045

Elke den Ouden is TU/e Fellow in the Innovation Technology 
Entrepreneurship & Marketing group of the faculty Industrial 
Engineering & Innovation Science of the Eindhoven University 
of Technology. She conducts her research in the Intelligent 
Lighting Institute, where she is program manager of the Bril-
liant Streets research program. Next to her academic role she 
delivers expert advise on innovation and new business devel-
opment in public-private value networks, especially related 
to intelligent (urban) lighting solutions in her role as strategic 
director of LightHouse. She holds a master degree in Industrial 
Design and a PhD degree in Technology Management.

Ruud Gal is an independent innovation management profes-
sional,supporting organizations or networks of organizations 
in the field of  innovation management. He has a broad expe-
rience covering topics like strategy development,  innovation 
cultures and transformation, new business development, 
program  management and roadmapping. After a PhD in Elec-
tronics, he joined Royal Philips and was for the last 25 years 
active in helping Philips and its network of customers, partners 
and suppliers on innovation topics. Since two years he is an 
independent professional helping organizations across the 
globe with innovation.



/ solution partner of the Intelligent Lighting Institute at TU/e

This research report is a deliverable of the project Vision and Roadmap Eindhoven Energy-Neutral in the Built Environment 2045. In 
this co-creation project with various stakeholders from government, industry and research institutes a desired future scenario has 
been developed for Eindhoven, with a focus on energy in the built environment. With this desired scenario an investigation has been 
carried out into what is needed and possible in the shorter and longer term to realise the defined ambitions. The research covered 
sustainable behaviour, sustainable technologies and sustainable organisation. With the resulting roadmap a number of short-term 
goals have been defined that build on running activities and take concrete steps to move into the desired direction. The project 
to create a vision and roadmap for energy in the built environment has been completed. Further steps will be made in the working 
groups that will be made.

For more information: www.ili-lighthouse.nl/EhvEnergyneutral2045.html
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