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Sustainable development means 
that key-players must position 
themselves on a slightly different 
way. “What are the costs of the 
development of this area?“ can be 
turned to “What yield can be 
delivered by this area?” Turning 
around means thinking around: 
be prepared to look at the reality 
from this positive agenda. 

(Agentschap NL, 2011) 

   



viii Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

ix 

 

Witteveen+Bos R.A.J. Rijnen 

ACKNOWLEDGEMENTS 
This is the thesis that is conducted to complete the Master of Science program Construction 
Management and Urban Development on the Eindhoven University of Technology. It 
provides the answer for the measures that can be taken to respond to the motives of 
investors to invest in sustainable energy systems in area development. 

I have conducted this thesis with great pleasure. The possibility to apply Real Options 
Analysis to look at area development investments from another perspective challenged me 
to come up with creative solutions and to present it clearly to people who are unfamiliar 
with this methodology. Besides, the conducted interviews with many different field experts 
gave in-depth information for the scientific models and answers to my research questions.  

This I could only achieve with the support of my supervisors at Witteveen+Bos. Therefore, I 
want to thank ir. Maarten van Dongen en Ingrid Nieuwenhuijsen MSc. for their time and 
effort. Thanks to my supervisors I had the possibility to speak with important people from 
different types of companies, like: a project developer, the municipality of Breda, an 
investment institution, and a housing corporation. My supervisors also introduced me to 
experts at Witteveen+Bos to achieve the required practical information, and they gave me 
important feedback and improvements for my research and scientific models. 

I want to thank prof. dr. ir. W.F. Schaefer and dr. ir. E.G.J. Blokhuis for the support and 
feedback during my research. I also want to thank dr. ir. N.P. Dellaert for evaluating my Real 
Options Analysis model. 

Finally, I would like to thank my family, my girlfriend, and my friends for always supporting 
me during my work.  

 

Enjoy reading this thesis. 

 

Rob Rijnen 

Eindhoven, July 26th 2012  

  



x Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

xi 

 

Witteveen+Bos R.A.J. Rijnen 

LIST OF ABBREVIATIONS 
BIO-WKK Bio-cogeneration system (Bio Warmte Kracht Koppeling) 

BVO  Gross Floor Space (Bruto Vloeroppervlakte) 

CF  Cash Flow 

CLD  Causal Loop Diagram 

COP  Coefficient Of Performance 

DCF  Discounted Cash Flow 

EIA  Energy Investment Deduction (Energie Investerings Aftrek) 

eNPV  Expanded Net Present Value 

EPC   Energy Performance Coefficient 

GJ  Giga Joule 

IRR  Internal Rate of Return 

kW  kilo Watt 

NMDA  Not More Than Otherwise Would Be (Niet Meer Dan Anders) 

MWe  Mega Watt electric 

MWth  Mega Watt thermal 

NPV  Net Present Value 

RC-value Total heat resistance value 

ROA  Real Options Analysis 

SD  System Dynamics 

SDE Stimulation measure Sustainable Energy (Stimuleringsmaatregel Duurzame 
Energie) 

SFD  Stocks and Flows Diagram 

SES  Sustainable Energy Systems 

WKO  Heat and Cold Storage system (Warmte Koude Opslag) 

  



xii Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

xiii 

 

Witteveen+Bos R.A.J. Rijnen 

LIST OF FIGURES, TABLES, AND BOXES 
Figure 1 – Via Breda (source: Breda-CS)..................................................................................... 5 

Figure 2 – Research Design ........................................................................................................ 8 

Figure 3 – Example of an SD-model ......................................................................................... 10 

Figure 4 - Incremental global renewables-based electricity generation ................................. 15 

Figure 5 – Underground Heat & Cold storage .......................................................................... 16 

Figure 6 – How a biomass power plant works (source: azcentral.com) .................................. 22 

Figure 7 – Mechanics of wind turbines .................................................................................... 25 

Figure 8 – Solar panels as temporary use of space .................................................................. 26 

Figure 9 – Smart Grid (source: engineersonline.nl) ................................................................. 28 

Figure 10 – Stakeholders in the construction sector ............................................................... 31 

Figure 11 – Field Research Methodology ................................................................................. 50 

Figure 12 – OV Terminal Via Breda (source: breda.dichtbij.nl) ............................................... 51 

Figure 13 – Heren van Breda .................................................................................................... 53 

Figure 14 – Den Hertogh .......................................................................................................... 54 

Figure 15 - Permitted energy storage systems [including well-locations] ............................... 55 

Figure 16 – CLD SES Investment ............................................................................................... 58 

Figure 17 – CLD Motives to Invest ............................................................................................ 59 

Figure 18 – CLD Implications .................................................................................................... 59 

Figure 19 – CLD Real Options Analysis (ROA) ........................................................................... 60 

Figure 20 – SFD Profit WKO ...................................................................................................... 63 

Figure 21 – WKO Investment costs .......................................................................................... 63 

Figure 22 – SFD WKO NPV ........................................................................................................ 64 

Figure 23 - SFD Profit Bio-WKK ................................................................................................. 65 

Figure 24 – SFD investment costs, profit, and NPV of the Real Estate .................................... 66 

Figure 25 – Real Options Analysis Process ............................................................................... 68 

Figure 26 – GoldSim model ...................................................................................................... 71 

Figure 27 – Example underlying lattice .................................................................................... 72 

Figure 28 – Example upper lattice ............................................................................................ 73 

Figure 29 – Example of a lattice with possible results ............................................................. 74 

Figure 30 – DCF WKO ............................................................................................................... 89 

Figure 31 – DCF Real Estate Via Breda ..................................................................................... 90 

Figure 32 – Total NPV Real Estate ............................................................................................ 91 

Figure 33 – NPV Apartments .................................................................................................... 91 

Figure 34 – DCF’s BIO-WKK ...................................................................................................... 99 

Figure 35 – NPV’s BIO-WKK ...................................................................................................... 99 

 

 



xiv Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

Table 1 - Investors, -motives, -type .......................................................................................... 39 

Table 2 - Implications by means of trade arrangements ......................................................... 44 

Table 3 – Facts and Figures new OV Terminal  (source: viabreda.nl) ...................................... 52 

Table 4 – Specifications OV Terminal for Real Estate and SES ................................................. 52 

Table 5 - Specifications Heren van Breda ................................................................................. 53 

Table 6 – Specifications Den Hertogh Breda ............................................................................ 54 

Table 7 – Permitted energy storage systems ........................................................................... 55 

Table 8 – Projects for ROA ....................................................................................................... 69 

Table 9 – Calculation of expansion factor ................................................................................ 91 

Table 10 – Volatility Real Estate Heren van Breda ................................................................... 92 

Table 11 - Volatility Real Estate Den Hertogh .......................................................................... 92 

Table 12 – Volatility Real Estate OV Terminal .......................................................................... 92 

Table 13 – Volatility percentage per project ............................................................................ 92 

Table 14 - ROA-output OV Terminal ........................................................................................ 93 

Table 15 – ROA-output Heren van Breda ................................................................................. 94 

Table 16 – ROA-output Den Hertogh ....................................................................................... 94 

Table 17 – Calculation eNPV OV Terminal ............................................................................... 95 

Table 18 – Calculation eNPV Heren van Breda ........................................................................ 95 

Table 19 – Calculation eNPV Den Hertogh ............................................................................... 96 

Table 20 – Option Value Via Breda Projects ............................................................................ 96 

Table 21 – IRR of Via Breda Projects ........................................................................................ 96 

Table 22 – Calculation of expansion factor BIO-WKK .............................................................. 99 

Table 23 – Volatility BIO-WKK underlying .............................................................................. 100 

Table 24 – Volatility percentage ............................................................................................ 100 

Table 25 – ROA-output BIO-WKK ........................................................................................... 100 

Table 26 – ROA-output BIO-WKK (smaller) ............................................................................ 101 

Table 27 – Calculation eNPV BIO-WKK ................................................................................... 102 

Table 28 – Calculation eNPV BIO-WKK (smaller) ................................................................... 102 

Table 29 – IRR value Biomass Plant Breda ............................................................................. 103 

Table 30 – Possible measures to respond to investors .......................................................... 108 

Table 31 – Role of SES ............................................................................................................ 111 

Table 32 – Stakeholders’ motives to invest ........................................................................... 112 

Table 33 – Stakeholders’ implications when investing in SES ................................................ 114 

 

 

 

 



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

xv 

 

Witteveen+Bos R.A.J. Rijnen 

Box 1 – Problem statement ........................................................................................................ 3 

Box 2 – Research purpose .......................................................................................................... 3 

Box 3 – Research questions ........................................................................................................ 4 

Box 4 – Definition of area development .................................................................................... 4 

Box 5 – Coefficient of performance (COP) ............................................................................... 18 

Box 6 – Research purpose ...................................................................................................... 107 

Box 7 – Requirements for applying ROA ................................................................................ 116 

 

  



  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

1 

 

Witteveen+Bos R.A.J. Rijnen 

1. INTRODUCTION 

1.1 RESEARCH CONTEXT 
The current economic situation hits hard on area development projects. The number and/or 
the size of area development projects are declining and the implementation of Sustainable 
Energy Systems (SES) is getting harder and harder since the difficulty of making pre-
investments feasible is getting higher. Besides, the employment is declining, the end of fossil 
fuels and other raw materials is getting closer, and the number of people realizing the 
consequences of the climate problems and the speed of affecting the biodiversity is getting 
larger. These subjects together with many others result in measures taken on Global, 
European, and National scale according to sustainability and the involved SES. Hence, (local) 
governments have high ambitions according to such systems and are trying to implement at 
least one system in every project they initiate.  

The economic crisis has consequences for area development, land holdings and the real 
estate sector. This results in a stagnation in the process of projects, and the different types 
of collaboration (e.g. public-private-partnerships) become under pressure. This has several 
causes, such as: decrease in demand, continuing interest costs, financing is more difficult, 
risk reduction, and the discussion about the value of land and buildings. Financial control 
and risk management have a central position in the scheme where costs and revenues are 
coming together, especially in projects where SES will be implemented. It is not only about 
solid calculations, but especially achieving consensus about expectations and estimations 
where every stakeholder will steer its own result-ratios. The chance that a (financial) result 
will be achieved is subject of risk management. Risks can be shared and divided based on the 
level of how it can be influenced (Peek, 2011). In the present during the world-wide crisis, 
the financing possibilities are extremely limited on both public and private side. Private 
actors are forced to contribute more equity and the public actors more often appeal to 
National and European subsidies and loans. So a shift will have to take place where the focus 
is all about recurrent returns in order to make investments attractive. Besides the described 
problems also structural changes are taking place. A movement in projects to re-structuring 
and transformation of existing areas with the application of sustainability aspects is such a 
structural cause (Praktijkleerstoel Gebiedsontwikkeling, 2011). 

Many researchers state that the rising global surface temperature is the result of the rising 
concentration of greenhouse gases in the atmosphere. This global warming has been 
associated with global climate change and has serious negative effects on climatic systems, 
on the natural environment, and upon human society. The emissions from energy-related 
activities represent 68% of the total greenhouse gas emissions in 2005, which are primarily 
generated from the combustion of fossil fuels (e.g. coal, natural gas, and petroleum). The 
current vision of a long term sustainable society which focuses on reduction of greenhouse 
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gasses is the result of the rising concerns about the impact of climate change. The vision of 
the sustainable society can be translated into the achievement of sustainable development 
in an economy that is less dependent on fuels with a high carbon content. To achieve a less 
energy-dependent economy governments and communities are strengthening their efforts 
to formulate and implement policies and measures to lower the greenhouse gasses and 
improve the use of sustainable energy systems.  

In order to take some concrete actions to a sustainable society the Dutch government has 
recently chosen to define a Green Deal in cooperation with the society. With other words: 
green and growth. The trajectory proceeds gradually and succeeds when the government 
and the society together show that a transformation to sustainability is possible and 
economically attractive so in sequel the whole society can come into motion. Energy saving 
and renewable energy are important elements within this Green Deal. By means of the 
Green Deal the Dutch government offers a tailor-made solution (Ministerie van EL&I, 2011). 
As a supplement to the Green Deal the results of the new stimulation measure for 
sustainable energy (SDE+) are presented by the Dutch government in July 2011. The Minister 
of Economic Affairs, Agriculture and Innovation stated that in the new regulation twice as 
much sustainable energy must be produced with the same available budget compared to the 
old stimulation measure for sustainable energy (SDE), which is more than expected. In the 
new system different sustainable energy technologies compete with each other for one 
available budget. Despite the good results critics state that the current budget for the SDE+ 
is inadequate for realizing the European target. The Netherlands has to grow from 4% to 
14% sustainable energy, so more than 35% of all generated electricity should be sustainable 
in 2020. 

1.2 PROBLEM STATEMENT 
Financing area development projects is a difficult and real important part, especially in a 
period of a financial crisis. Besides, the financial risks involved in such projects are very high 
and stakeholders are not prepared to bear those risks. On top of those problems will be the 
financial feasibility of sustainable energy systems since regulations are getting stricter about 
sustainability, the pre-investments needed are very high, and the payback time is very long. 
All these subjects have large influence on the feasibility of the pre-investments needed for 
the development of SES in area development. Despite the financial feasibility of SES the wish 
for SES in area development is large. They contribute to the sustainability of the 
development, the marketability of a project, reducing the CO2 emissions, and saving energy 
costs. The investment costs are high, but during the exploitation phase money can be saved. 
The strong desire for SES leads to high ambitions but during the feasibility stage, they are 
deleted because of cost savings. This leads to the problem statement, described in Box 1. 
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BOX 1 – PROBLEM STATEMENT 

 

1.3 RESEARCH PURPOSE 
Many problems underlie the problem statement described in chapter 1.2. For instance:  

 there are many sustainable energy systems and not every type of sustainable energy 
system fits every project (role, contribution, and technical);  

 area development is a very broad subject; 
 (local) governments have high ambitions but the private sector is not interested (high 

investment costs and long payback time), won’t cooperate, or want to influence the 
project so they achieve more benefits.  

It is also important to harness the sympathy, imagination, self-interest, or sound options of 
energy users. The opposite is the case for developers, including those not so far noted for 
renewable energy projects or environmental concern. Also targets are usually too short term 
and clearly unrealistic, especially where fossil fuel use is rising very rapidly, and renewable 
energy use expands modestly. Insufficient attention is paid to what individuals might achieve 
in energy efficiency and renewable energy terms if permitted to have, or retain, the 
resources to make the necessary investments. As well as the higher-cost, less mature 
renewable energy technologies that have large potential for meeting global energy needs 
are not getting the support they warrant, because the costs of sustainable energy systems 
will raise the price of developments (Jefferson, 2008). Hence, a delineation of the research 
needs to be described. Therefore a research purpose is designed and described in Box 2. 

 
BOX 2 – RESEARCH PURPOSE 

 

1.4 RESEARCH QUESTIONS 
In order to fulfill the research purpose several research questions have been designed, 
because answering the stated purpose depends on many other factors and cannot be 
answered by one research question. Hence, four different research questions with its sub-
questions have been designed and are described in Box 3. 

Problem statement: 
Pre-investments for Sustainable Energy Systems in Area Development Projects are 
omitted, leading to unfeasible projects and ambitions! 
 

Research purpose: 
To give insight in the measures that can be taken to respond to the motives of potential 
investors to invest in Sustainable Energy Systems in Area Development Projects. 
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BOX 3 – RESEARCH QUESTIONS 

 

1.5 RESEARCH BOUNDARIES 
Since area development, sustainable energy systems, and the involved stakeholders’ motives 
are very broad subjects, and the research had to be elaborated in six months, several 
research boundaries have been designed and are described in the next lines. 

As a result to the described problem statement, research purpose, and research questions 
the definition for area development, described in Box 4, leads to a clear delineation of the 
research and in the end to a clear focus. 

 
BOX 4 – DEFINITION OF AREA DEVELOPMENT 

 

Research questions: 
1) How can sustainable energy systems play a significant role in area development 

projects and what kind of contribution can they deliver? 
 

2) Which stakeholders are and can be involved to invest in sustainable energy 
systems in area development projects? 

a. What kind of motives drive the different stakeholders to take part in 
these projects? 

b. Which stakeholders have an interest in investing and sharing the risks of 
these developments, and how large is that interest? 
 

3) What are the implications to sustainable energy systems in area development 
projects when the different stakeholders decide to invest? 

a. Do the different motives have influence, and how? 
b. What measures can be taken to respond to these motives? 

 
4) Is Real Options Analysis within area development a useful model compared to 

traditional calculation models to look at investments in sustainable energy 
systems with a different perspective? 

Area development is the development of a new or the redevelopment of an existing built 
environment consisting of mixed-use projects where more actors are involved who are in 
some way interconnected to each other by  means of share of resources, financial 
feasibility, share of interests, or collaboration. 
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To delineate the number and types of sustainable energy systems and the involved 
stakeholders’ motives, the project ‘Via Breda’ is used. Via Breda is the development of the 
railway zone in the city center of Breda that is split-up into six subprojects including 
‘Stationskwartier’, and ‘Drie Hoefijzers’. The total development is one million square meter 
new mix-use floor space and must be finished in the year 2025. Figure 1 shows the planning 
area of Via Breda. 

This project is chosen because it satisfies the stated definition of area development 
described in Box 4, where at least one sustainable energy system is used (Heat and Cold 
storage), and will be expanded by a Biomass plant and a possible third sustainable energy 
system because of the ambitions of Breda municipality. Hence, only the number of 
stakeholders and their motives involved in the three described energy systems and this 
project will be evaluated. 

1.6 EXPECTED RESULTS 
The expected results will be that insight in the role and the contribution of sustainable 
energy systems in area development projects are obtained, described, and lessons are 
learned by comparing it with the current situation. By knowing the possible interested 
stakeholders with their motives and their specific interests to invest the possible 
implications for different area development projects and the implementation of sustainable 
energy systems can be described, modeled, and influenced by means of a scientific research 
model. Once a model is working and robust several policies by means of scenario’s can be 
designed and evaluated. Real Options, as a complement to the other scientific research 
model gives insight into a new financing methodology that can possibly make pre-
investments more interesting. However, a real options approach does not suit a highly 
sensitive political context, which means that it is not applicable in governmental agencies.  

 

FIGURE 1 – VIA BREDA (SOURCE: BREDA-CS) 
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It will not lead to problems for the research once the governments have high ambitions 
according to sustainability and cannot afford the high pre-investments. It is more applicable 
to the private market, such as this study. 

Finally, during the end-colloquium a presentation will be given about the theoretic 
framework where the different types of sustainable energy systems have been evaluated, 
which stakeholders are involved and can possibly be involved to invest in these systems, and 
their implications for the project task. This will be done according to the real-life case “Via 
Breda”, described in chapter 1.5. The theoretic framework and the development of Via 
Breda will be used as input for the System Dynamics model, at the field-research stage. Data 
collected at the different stakeholders about their motives (to invest), the possible 
implications for the project task, and an investment alternative (Real Options) will be used as 
input for the System Dynamics model. When the System Dynamics model is evaluated, 
several scenarios will be designed and implemented in the System Dynamics model to see its 
influence on the Real Options model and judge its feasibility. The collected information 
about the stakeholders’ motives (to invest), implications for the project task, and financial 
feasibility of the Real Options investment alternative will lead to the fulfillment of the 
research purpose. 
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2. RESEARCH DESIGN 
The research design gives an overview of the different steps planned, with its subjects and 
their interconnections that will be fulfilled during the research. The research design 
described in Figure 2 consists of three main parts, namely: theoretic framework, field 
research, and conclusions & recommendations. In the next lines the different parts with their 
steps will be described. 

THEORETIC FRAMEWORK 
When the problem statement, research purpose, and research questions are set, the next 
step will be the theoretic framework of the research. In that stage the literature study will be 
conducted and will serve as the contextual orientation for the research. The literature study 
of this research consists of the subjects: Sustainable Energy Systems (SES), Stakeholders 
involved in SES in Area Development, Implications to SES in Area Development, and the 
project ‘Via Breda’. In this context Via Breda is used to delineate the number of SES, 
stakeholders, and implications. 

FIELD RESEARCH 
During the field research the contextual orientation and information gathered during the 
theoretic framework will be used as input for the description of the SES and the 
development of Via Breda. The evaluation and description of the project Via Breda gives 
insight in the financing methodology, type of SES, stakeholders involved, and the 
implications for the project. These results will be used as input for a System Dynamics model 
where stakeholders’ motives (to invest), implications for area development, and an 
alternative investment methodology will be implemented. During interviews with field 
experts the data for and the validation of the System Dynamics model will be discussed. 
When validated, several scenarios will be designed in order to be able to see the influence 
on the input of the System Dynamics model. 

CONCLUSIONS & RECOMMENDATIONS 
The designed scenarios during the field research will influence the System Dynamics model 
in such a way that its influence on stakeholders’ motives (to invest), implications for area 
development, and the financial feasibility of the alternative investment methodology can be 
evaluated. The achieved results will be validated with field experts in order to find out if the 
results are acceptable and useable.  

In the end, conclusions and recommendations about the research will be given, answering 
the stated research questions in chapter 1.4 and fulfilling the stated research purpose in 
chapter 1.3 trying to solve the problem statement in chapter 1.2.  
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In order to be able to answer the stated research question and in the end fulfilling the stated 
research purpose several scientific research methodologies will be used so data can be 
modeled. This chapter describes these methodologies used for the research by first 
describing Real Options Analysis as an alternative financing methodology in chapter 2.1, 
followed by the description of System Dynamics that will be the ‘overall’ model where all 
data will be implemented described in chapter 2.2, followed by Scenario Analysis that will 
act as a ‘influence’-methodology to see what will happen to the data in the System Dynamics 
model, described in chapter 2.3. Chapter 2.4 will describe the way how the different 
scientific research methodologies will be validated and verified. Finally, chapter 2.5 
describes the reading guide of this research.   

 

FIGURE 2 – RESEARCH DESIGN 
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2.1 REAL OPTIONS ANALYSIS 
(Mun, 2002) describes the real options solution as a systematic approach and integrated 
solution using financial theory, economic analysis, management science, decision sciences, 
statistics, and econometric modeling in applying options theory in valuing real physical 
assets, as opposed to financial assets, in a dynamic and uncertain business environment 
where business decisions are flexible in the context of strategic capital investment decision-
making, valuing investment opportunities, and project capital expenditures. Real options are 
crucial in: 

 Identifying different corporate investment decisions pathways or projects that 
management can navigate given the highly uncertain business conditions; 

 Valuing each strategic decision pathway and what it represents in terms of financial 
viability and feasibility; 

 Prioritizing these pathways or projects based on a series of qualitative and 
quantitative measures; 

 Optimizing the value of strategic investment decisions by evaluating different 
decision paths under certain conditions or using a different sequence of pathways to 
lead to the optimal strategy; 

 Timing the effective execution of investments and finding the optimal trigger values 
and cost or revenue drivers;  

 Managing existing or developing new optionality’s and strategic decision pathways 
for future opportunities. 

 

Strategic options do have significant intrinsic value, but this value is only realized when 
management decides to execute the strategies. Real Options theory assumes that 
management is logical and competent and that it acts in the best interests of the company 
and its shareholders through the maximization of wealth and minimization of risk of losses. 

2.2 SYSTEM DYNAMICS 
Complex dynamic systems present multiple barriers to learning. The challenge of bettering 
the way we learn about these systems is itself a classic systems problem (Sterman, 2000). 
(Sterman, 2000) also describes system dynamics (SD) as a powerful method to gain useful 
insight into situations of dynamic complexity and policy resistance. It is increasingly used to 
design more successful policies in companies and public policy settings. However, no one 
method is a panacea. Overcoming the barriers to learning requires a synthesis of many 
methods and disciplines, from mathematics and computer science to psychology and 

Real options are useful for identifying, understanding, valuing, prioritizing, selecting, 
timing, optimizing, and managing strategic business and capital allocation decisions 
(Mun, 2002). 
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organizational theory. Theoretical studies must be integrated with field work. Interventions 
in real organizations must be subjected to rigorous follow-up research. 

The field of system dynamics is itself 
dynamic. Recent advances in interactive 
modeling, tools for representation of 
feedback structure, and simulation 
software make it possible for anyone to 
engage in the modeling process. 
Corporations, universities, and schools are 
experimenting vigorously. The library of 
successful interventions and insightful 
research is growing. Much further work is 
needed to test the utility of the tools and 
protocols, evaluate their impact on 
individual and organizational learning, and 
develop effective ways to train others to 
use them. Never before have the challenges 
of our increasingly dynamic world been more daunting. Never before have the opportunities 
been greater. It’s an exciting time to be learning in and about complex systems (Sterman, 
2000). Figure 4 shows an example of a System Dynamics (SD) model. 

2.3 SCENARIO ANALYSIS 
(Varum & Melo, 2010) describe scenario planning as an approach to strategy focused on the 
process, which differs from traditional approaches, often characterized as rationalistic, 
involving the search for the ‘optimal’ or ‘evolutionary’ strategy. Scenario planning has 
increasingly been recommended as a tool towards the improvement of decision-making, 
useful in dealing with uncertainty, even in the smallest firms. Scenarios are based on the 
assumption that the business world is unpredictable, but certain events are predetermined. 
No scenario can provide an accurate description of the future. Their role is to help managers 
recognize, consider and reflect on the uncertainties they are likely to face. By identifying 
trends and uncertainties, a manager can construct scenarios to overcome the usual errors in 
decision-making: overconfidence and tunnel vision. Scenario planning makes use of the 
participation of a diversity of people – experts, strategists, managers – organized in 
networks to create alternative representations of the future. Hence, scenario planning has 
been defined as a networking process that challenges strategic paradigms and forces firms 
to rethink their internal and external boundaries. 

 

FIGURE 3 – EXAMPLE OF AN SD-MODEL 
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2.4 VALIDATION & VERIFICATION 
Validating and verifying the designed scientific research models is a very important part of 
the development process. It makes sure that the models represent the intended system and 
the outcomes are real. (Sterman, 2000) describes that testing begins as soon as the first 
equation will be written. Part of testing, of course, is comparing the simulated behavior of 
the model to the actual behavior of the system. But testing involves far more than the 
replication of historical behavior. Every variable must correspond to a meaningful concept in 
the real world. Every equation must be checked for dimensional consistency. The sensitivity 
of model behavior and policy recommendations must be assessed in light of the uncertainty 
in assumptions, both parametric and structural. 

(Sterman, 2000) also describes that models must be tested under extreme conditions, 
conditions that may never have been observed in the real world. What happens to the GDP 
of a simulated economy if you suddenly reduce energy supplies to zero? What happens in a 
model of an automaker if you raise the price of its cars by a factor of one billion? What 
happens if you suddenly increase dealer inventories by 1000%? Even though these 
conditions have never and could never be observed, there is no doubt about what the 
behavior of the system must be: Without energy, the GDP of a modern economy must fall 
nearly to zero; with a price one billion times higher, the demand for the firm’s cars must fall 
to zero; with a huge surplus of cars on dealer lots, production should soon fall to zero but 
cannot become negative. Many widely used models in economics, psychology, management, 
and other disciplines violate basic laws of physics, even though they may replicate historical 
behavior quite well. Extreme conditions tests, along with other tests of model behavior, are 
critical tools to discover the flaws in the designed model and set the stage for improved 
understanding. Testing models include: 

 Comparison of reference modes: does the model reproduce the problem behavior 
adequately for the stated purpose? 

 Robustness under extreme conditions: Does the model behave realistically when 
stressed by extreme conditions? 

 Sensitivity: How does the model behave given uncertainty in parameters, initial 
conditions, model boundary, and aggregation? 

These subjects are used for testing System Dynamics models, but they can also be used for 
other scientific research models. For this research the described subjects will also be used 
for the Real Options Analysis model. 

2.5 READING GUIDE 
The research consists of three parts, namely: THEORETIC FRAMEWORK, FIELD RESEARCH 
AND MODELING, and RESULTS, CONCLUSIONS, AND DISCUSSIONS. 
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In the CONTEXTUAL ORIENTATION part the results according to the theoretic framework will 
be described. So the different types of SES, the stakeholders involved in (financing) SES in 
area development, and the implications resulting from the participation of the different 
stakeholders in SES in area development. All subjects are described according to the case Via 
Breda (see also chapter 1.5 – Research boundaries). 

The FIELD RESEARCH AND MODELING part describes the experimental design for the 
interviews with the different stakeholders. Here, the interviews, its interpretations, and 
conclusions are described. Also the scientific models and parameters will be developed and 
described in this part. This second part ends with the description how the designed models 
are tested and validated by field experts, what kind of assumptions are made underpinning 
the missing information, and the boundaries of the models. 

The RESULTS, CONCLUSIONS, AND DISCUSSIONS part describes the results and findings after 
running the designed models and implement the several scenarios. Based on the 
information obtained the conclusions and discussion of this research are described. This part 
ends with a chapter that describes the recommendations and gives perspective to further 
research. 
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PART I – THEORETIC FRAMEWORK 
  



14 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

15 

 

Witteveen+Bos R.A.J. Rijnen 

3. SUSTAINABLE ENERGY SYSTEMS 
The use of renewable energy sources to generate electricity expands significantly in the next 
decades. Renewables-based electricity generation worldwide almost triples, from 3 900 TWh 
in 2009 to 11 100 TWh in 2035. This expansion is driven largely by government policies, 
including subsidies, and represents 44% of the growth in total electricity generation over the 
period. The bulk of this growth comes from four sources: wind and hydro provide 
approximately one-third each, biomass accounts for about one-sixth and solar PV for one-
tenth (International Energy Agency, 2011). Figure 4 gives an overview of the incremental 
global renewables-based electricity generation relative to 2009 by technology in the New 
Policies Scenario in the World Energy Outlook. In Appendix A – World Energy Outlook: New 
Policies Scenario, the scenario is explained. 

 

 

FIGURE 4 - INCREMENTAL GLOBAL RENEWABLES-BASED ELECTRICITY GENERATION  
RELATIVE TO 2009 BY TECHNOLOGY IN THE NEW POLICIES SCENARIO 

 

In the Netherlands several types of SES are or can be used for area development. As can be 
seen in Figure 4 the most interesting SES are Wind, Hydro, Biomass and waste. Since a 
delineation is made in chapter one, the focus in this research lies at three types of SES. 
Chapter 3.1 describes the Heat and Cold storage since this type of system is implemented in 
the project Via Breda. Chapter 3.2 describes the Bio-mass plant, since Breda municipality is 
planning this system on the former Hero-terrain in Breda. Chapter 3.3 describes several 
systems interesting as an alternative or a complement to the project Via Breda. Generated 
energy must be distributed. In some cases the investors or end-users want to keep the 
energy into the area. Hence, smart grids could be necessary in order to facilitate a certain 
sustainable energy system and could be crucial during the consideration to invest in such 
systems, so it will be described in chapter 3.4. 
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3.1 HEAT AND COLD STORAGE SYSTEM 
The Dutch government stated in (Ministerie van EL&I, 2011) that in the year 2010 the share 
of renewable energy was 4% according to the national energy use. The European target for 
renewable energy for the Netherlands is 14% in the year 2020. To achieve this target 
provinces and municipalities faces many initiatives. One of those initiatives is Heat and Cold 
storage (Figure 5). In this chapter the most important information about heat and cold 
storage systems will be described according to (Agentschap NL, 2010), respectively: general 
information, financial information, information about the application, and process 
information. Additional information can be found in Appendix B – Heat and Cold storage 
additional information. 

GENERAL 
Underground storage of heat 
and/or cold takes place in the soil, 
in aquifer sand layers. Wells will be 
constructed and filters will be 
implemented in the aquifers for 
pumping and injecting ground 
water. In the summer, when cooling 
is needed, the process will go as 
followed: from the cold-well 
groundwater will be pumped that 
will release cold to the buildings by 
flowing through the heat exchanger. 
The heated ground water will then 
be injected into the heatwell. In the 
winter, when heating is desired, the 
process goes in the opposite 
direction: from the heatwell 
groundwater will be pumped that will release heat to the buildings by flowing through the 
heat exchanger. The cooled ground water will then be injected into the cold-well. For this 
concept a collective heatpump is used for all connected buildings: one heatpump for the 
area development.  

Other concepts are based on combinations of measures or differ per system type (open or 
closed systems). One such concept compared to the energy concept above differs by means 
of using individual heatpumps for the individual buildings (every building has its own 
heatpump) instead of a collective heatpump. A closed system differ from the described open 
system by means of ground water extraction. In closed systems no ground water will be 

FIGURE 5 – UNDERGROUND HEAT- & COLD STORAGE  
(SOURCE: GEOCOMFORT) 
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extracted and infiltrated. Closed systems are also called ground heat exchanger. Appendix B 
– Heat and Cold storage additional information gives a clear description of open and closed 
systems.  

Heat and Cold storage in the broadest sentence, is a sustainable method to store energy in 
the soil by means of heat or cold. The technic will be used for heating or cooling buildings, 
dwellings, greenhouses, and processes. This leads to a significant energy savings and 
reducing CO2 emissions.  

The system is mostly suitable for a relative large, not too compact neighborhood, with a 
demand for both heat and cold.  

There are three types of heat and cold storage well-systems: 

 A mono well, which is a system where an extraction filter and an infiltration filter will 
be placed above each other in one well. The costs of such a system is about a half 
cheaper than a doublet system because just one well is needed. Mono wells can only 
be applied in small source flows, to a maximum of 30 to 50 m3/h. A mono well is 
mostly used at the housing sector, utility construction, and business parks; 

 The doublet system looks like a mono well, but differs by number of wells. For a 
doublet system to wells will be placed. Doublet systems are mostly used at utility 
construction, business parks and greenhouses; 

 The recirculation system uses a fixed well for extraction and infiltration. The 
temperature of the water will always be the same as the temperature of the 
groundwater (approximately 11 to 13 °C). In the summer warm water will be 
infiltrated in the infiltration well, and in the winter cold water. This system with a 
lower performance is a bit cheaper. A recirculation system is mostly used at the 
housing sector, utility construction, and business parks. 

If heat and cold from a building or other sources will be infiltrated into the soil, a high 
performance can be achieved with a primary energy saving of approximately 50%. In this 
case balance is an important subject, otherwise the system is imperfect, inefficient, and not 
as energy neutral as it should be. An indication of power per well is 50 to 400 kW, but 1.000 
to 1.200 kW is also possible.  

FINANCIAL 
Investments in a collective grid are higher than a traditional gas grid. Annual exploitation 
costs will be 10 – 25% lower, and the payback time will be between five and ten years. 
Investing in such a system is relatively high and will be assessed as feasible when a higher 
contribution for connection in combination with a clear contract about the ownership of the 
individual heatpump, the level of service, and obtaining subsidies will be realized.  
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The gas bill will be lowered because the heatpump takes a part of the heatdelivery for his 
account. In the same time a higher electricity bill is the result of using the heatpump. If the 
sum will lead to a lower energy bill depends on two important factors:  

 The Coefficient Of Performance (COP, see also Box 5) and the efficiency of the 
reference boiler; 

 The ratio between the gas- and electricity price. 

When the ratio between the gas- and electricity price is unfavorable, the energy bill with a 
heatpump can be higher. For example, a heatpump with a COP-score 3 in combination with 
the average energy prices for the period 2010-2030 from (ECN, 2010)  lead to a higher 
energy bill. Thereby, dwellings with heatpumps have a higher connection value on capacity 
which have been passed on since 2009. 

The subsidy arrangement for 
sustainable heat for existing 
dwellings supports the 
purchase of sustainable heat 
applications which are without 
subsidy not (yet) profitable 
(e.g. sun boilers, heatpumps, 
and micro cogeneration). The 
arrangement is meant for 
individuals and the companies 
in the non-profit sector who 
invest in existing dwellings. The 
arrangement sustainable heat 
will stimulate SES in existing 
dwellings. 

The Energy Investment Deduction (Dutch: EIA): less revenues- or corporation taxes for 
entrepreneurs who invest in SES. The EIA is also meant for professional landlords such as 
housing corporations, and commercial landlords. To the EIA belongs: 

 Solar collectors; 
 Open heat and cold storage systems; 
 Closed heat and cold storage systems; 
 Heatpumps; 
 Heatpump boilers. 

COEFFICIENT OF PERFORMANCE (COP)  

A COP is an important figure for the performance of 
heat-pumps. The COP stands for the ratio between the 
achieved usable heat (or cold) and the operating 
energy. In other words, the ratio between the 
achieved usable heat and the electricity used for 
achieving the level of heat. For example, when a heat-
pump has a COP level of 4, the pump uses 25% 
operating energy to deliver 100% usable heat. A COP 
of 4 means 1 kWh of electricity delivers 4 kWh heat.  

Source: joostdevree.nl 
 

BOX 5 – COEFFICIENT OF PERFORMANCE (COP) 
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There is no difference between electrical powered heatpumps, gas powered absorption 
heatpump, and absorption heatpump on residual heat. Adsorption heatpumps do not 
belong to the EIA. 

Unique Chances Program (Dutch: UKP) ‘making heat and cold sustainable’: Unique Chances 
heat and cold projects are investing projects where the focus lies for the Netherlands at new 
or renew technology, or new or renew not-technological aspects. Besides innovation, the 
projects must deliver a supplement to the energy transition. Applicants have to organize 
themselves in a partnership to be eligible for the subsidy. The subsidy for Unique Chances 
heat and cold projects amount for a maximum of 40% of the extra investment costs of the 
project. Medium and small businesses who participate (and pays its own project costs) 
receive 10% extra subsidy above the part that already will be subsidized.  

Energy Research Subsidy (Dutch: EOS): collaboration projects, demonstration projects, 
research projects, and new energy research in the area of sustainable energy are placed at 
the EOS. 

The law for promoting investigation and development (Dutch: WBSO): is a fiscal stimulation 
measure that compensate the labor costs for investigation and development, which is 
comparable with Research and Development. 

Green investment: buyers of dwellings can use a hypothec with a lower rent (the green 
hypothec) for sustainable housing. Besides, solar collectors, open and closed heat and cold 
storage systems, heatpumps, and an EPC larger than 65% are covered by the arrangement. A 
loan with a low interest rate can be obtained from a green fund.  

There are several solutions available for financing heat and cold storage systems. The energy 
supply can be outsourced to an energy service, the municipality can organize the financials 
and the exploitation of the system by starting an energy company in cooperation with a 
private party, and/or provinces can guarantee for loan capital.  

The advantage for the green arrangement is the lower rents on loan capital. When 
investments will be done with equity capital the arrangement is not possible. 

The EIA, MIA (Environmental Investment Deduction) and VAMIL (arbitrary depreciation of 
environmental investments) are resting on the fiscal revenues of companies by means of 
revenues- or corporation taxes. Fiscal rules for carry forward and carry back loss 
compensation is available when there are few or no revenues in a certain year. Operational 
lease is an option when there are few or no revenues in more than a year. The advantage of 
operational lease lies at the lease company (bank) who in his turn can pass the longer lease 
period through to the specific company. 
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The described subsidy arrangements in the previous lines show that investors can apply for 
them in order to lower the investment costs or increasing the exploitation revenues. Hence, 
SES investments in area development can be more attractive. Also the calculation of the 
difference between the current gas bill and the future electricity bill shows the potential of 
heat and cold storage systems in area development, in terms of cost-savings and subsidy 
arrangements during the exploitation stage. 

APPLICATION 
The 10% or more annual growth of heat and cold storage in the Netherlands goes in line 
with Europe, but in a different way. In the Netherlands the focus lies on large open systems 
with high power because of the special soil with many appropriate groundwater layers and a 
conscious stimulation in the past. Hence, the generation in the Netherlands scores quite 
good on international level (300 MW in 2007), despite the relative few number of systems. 
Furthermore, the Netherlands is leader in know-how of open systems for soil energy. By 
concentrating on open systems the Netherlands stays behind on closed systems compared 
to other European countries. In the Netherlands large differences exist in the applicability of 
heat and cold storage and will be distinguished by the sectors: utility construction, 
greenhouse construction, housing, and industry.  

In the utility construction many open systems will be applied. This is a proven technique that 
is already applied as a standard in about half of the market. The primary reason is the 
economic advantages of these systems, in particular with respect to conventional cooling 
machines that consume relatively much energy. Hence, the payback time of the extra 
investments lies within a few years, although the costs and benefits are not always at the 
same party. Hereon the sharpened EPC-standard and the high knowledge of the system have 
a growing effect. 

Collective heatdelivery is more common among large projects/amount of connections (e.g. 
housing corporations, and business parks. Hence, it is good applicable in area development 
projects.  

PROCESS 
Usually a public-private partnership and a cooperation agreement is needed in order to 
make the decision to invest in a new, or expansion of an existing grid. Research and 
negotiation is necessary for initial costs and exploitation expenses and a tender must be 
organized by the municipality for the construction of the heat and cold storage system. Also 
the management and organizational structure for the realization and management of wells, 
heatpump(s) and heat grid is required. In the end the residents must be informed about the 
low temperature heating system. 
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Besides the organizational properties it is also important to describe how the energy concept 
can be implemented in the process of area development (processing time: 2-3 years). 
Namely, heat and cold storage is applied for housing and utility construction on a broad 
scale for many years. It is getting more and more clear how certain technical issues can be 
handled. Monitoring the quality of the soil is getting more important because of the large 
scale use of heat and cold storage systems. Stakeholders should be able to trust on a high 
quality system that will not damage the soil and delivers the promised returns. 

In the housing sector there is room for further growth of both open and closed systems. This 
market is clearly different than the utility sector, because traditionally there is no cold 
demand for dwellings and the heat demand is leading. The players on this market are less 
familiar with heat and cold storage and the consumer still not asks for it, because they will 
mostly not profit from the economic advantages. Hence, most dwellings are built with a 
conventional high calorific heat.  

3.2 BIOMASS POWER PLANT 
Electricity supply from biomass power plants grows at an average annual rate of 6.5%, which 
results in a five-fold growth in output over the Outlook period, from 288 TWh in 2009 to 1 
500 TWh in 2035. The bulk of the growth comes from non-OECD (organization for economic 
cooperation and development) countries: the combined growth in demand in China and 
India is more than one-third of the global total (International Energy Agency, 2011). Also in 
the Netherlands Biomass power plants are popular SES and are already constructed in 
several municipalities (e.g. Cuijk, Moerdijk, and Breda is planning to build one). In this 
chapter the most important information about Biomass power plants will be described 
according to (Agentschap NL, 2010), respectively: general information, financial information, 
social information, and process information. Additional information can be found in 
Appendix C – Biomass power plant additional information. 

GENERAL  
The biomass power plant is a sustainable energy system where heat and electricity will be 
produced by means of the combustion of biomass in a cogeneration system. A cogeneration 
system is a machine that simultaneously generates electricity and heat. Hence, better 
environmental returns will be achieved compared to conventional generation that generates 
only electricity. Figure 6 describe the steps involved in the combustion of biomass to 
generate electricity. 

Several possibilities are available about how a cogeneration system can work on biomass. In 
this chapter the description of the combustion of biomass will be described. Biomass (e.g. 
bio-oil or wood pallets) will be combusted and the released energy will be used for power 
generation.  
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FIGURE 6 – HOW A BIOMASS POWER PLANT WORKS (SOURCE: AZCENTRAL.COM) 

The generated power will be used for generating heat and electricity by means of a 
generated power cycle. The high quality generated heat, higher than 70 °C, can be 
distributed by a heat distribution grid to a neighborhood. 

Bio-energy used in the housing sector will mostly be applied on district level (i.e.  500 – 1000 
dwellings and larger). In most of the time this energy concept is used for new construction 
projects, but the use for renovation projects of existing buildings is also possible.  

The preconditions for this energy concept include a trustful delivery of biomass with an 
acceptable fixed price for a long period, the heat distribution grid must realized as efficient 
as possible, short transportation distances between supply and demand is preferable, and 
the heatsurplus in the summer months must be taken into account.  

Realizing a heat grid is relative expensive. Hence, high density locations are preferable. 
Depending on the type of combustion boiler and the type of biomass it could be necessary 
that the fuel must be pre-processed, for instance shrinking or drying. In case of drying 
biomass, the heat of flue gasses of the combustion boiler can be used. The biomass plant can 
best be constructed on the edge of a city so residents experience little nuisance. The delivery 
of biomass must be taken into account because it takes several trucks a week to be able to 
accommodate a district.  

The processing time of a biomass power plant will be approximately 24 months, including 
the moment of choosing the concept till the moment of realizing. The procedure time for 
applying for a permit takes 4 to 6 months, in case no objections will be submitted. The 
realization is depending on the construction time, which will be 10 to 12 months, and the 
development speed of the district.  
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SES like a biomass power plant and conventional energy systems of course differ from each 
other. The application of a biomass power plant with cogeneration will lead to a CO2-neutral 
heat generation and a partly-CO2-neutral generation of electricity, leading to a saving of 65% 
according to conventional generation. Bio-energy is energy generated from organic 
materials (e.g. wood), and so on is sustainable leading to no CO2 emissions in the end 
because of the use of wood as fuel. Using a wood/bio-oil cogeneration system the needed 
heat and electricity can 100% be generated on a sustainable manner.  

Of course, biomass power plants do not only have advantages, but also disadvantages. 
During combustion diverse harmful emissions arise. Several primary and secondary 
measures are possible for cleaning the flue gasses. Primary means the influence of the 
combustion process and/or the fuel. Secondary measures include after-connected devices 
behind the combustion boiler. NOx-, SO2- and dust emissions of middle size combustion 
facilities must satisfy the Act Emission-requirements of middle size combustion facilities 
(Dutch: BEMS). Also the price of biomass is in all cases very decisive, which is the strongest in 
case of the bio-oil cogeneration system. For bio-oil a more sustainable alternative for palm-
oil must be found with a price below € 400,-/ton. Extra chances arise when a local (cheap) 
biomass source is available, for instance a municipality who provides dried wood waste or 
natural oil available as waste stream. An important issue is the use of heat in summer. In 
general, such projects can only be profitable exploited when the use of heat in summer is 
large enough. Supply and demand of heat must be balanced during the different seasons. 

FINANCIAL  
Investments in SES like biomass power plants are higher than the traditional gas grid. The 
annual exploitation costs can approximately be 10 – 25% lower. The payback time will be 
between 8 and 15 years. For industrial parks the possibility exists to recoup the investment 
costs from the land price. In the housing sector the investments will be recouped by means 
of higher connection contribution in combination with a clear contract about the service 
level and the ownership of the cogeneration system. The balance between the availability 
and (its) long term costs for fuel strongly depends on the contract contents.  

Also for biomass power plants several regulations and subsidies are available, such as the 
Energy Investment Deduction (Dutch: EID), the Environmental Investment Deduction (Dutch: 
MIA), and the arbitrary depreciation of environmental investments (Dutch: VAMIL). These 
arrangements are interesting for companies who make enough profits so they are able to 
use the available deduction. The Stimulation Sustainable Energy production (SDE) is a 
measure everyone can use who produces electricity or gas on a sustainable manner. The 
regulations provide a long-term assurance for individuals, companies, and institutions. Also 
the subsidy arrangement for sustainable heat for existing dwellings, the Unique Chances 
Program (Dutch: UKP), the Energy Research Subsidy (Dutch: EOS), and the green investment 
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are interesting arrangements and subsidy possibilities. See chapter 3.1 for a description of 
these arrangements and subsidies. The described subsidy arrangements show that investors 
can apply for them in order to lower the investment costs or increase the exploitation 
revenues. Hence, SES investments in area development will be more attractive because the 
subsidy programs can lead to a positive business case. 

There are several solutions available for financing a biomass power plant. The energy supply 
can be outsourced to an energy service, the municipality can organize the financials and the 
exploitation of the system by starting an energy company in cooperation with a private 
party, and/or provinces can guarantee for loan capital.  

SOCIAL  
A collective cogeneration system on basis of biomass is a sustainable energy system and 
causes few to no CO2 emissions. The collective cogeneration system is responsible for an 
efficient generation of clean electricity and heat in the district itself. Dwellings/buildings do 
not need a technical area anymore, which is an advantage because end-users are relieved. 
However, it is important to give guidance to the end-users about the use of the cogeneration 
system especially during the first heating-season, because it is a system that must be 
handled different according to the traditional central heating with radiators.  

Biomass power plants differ per type, size, and purpose. In case of a biomass power plant, 
with a collective cogeneration it is suitable for the connection of 500+ buildings.  

PROCESS  
A tender for realizing the cogeneration system and heat network can be organized by the 
municipality. In case of a public-private-partnership the municipality participates with a third 
company in a local energy company and is responsible for the needed permits and the 
participation of future owners of the building plots. Besides, the municipality takes the 
arrangement of subsidies for his account. The third party delivers knowledge and experience 
about realizing and exploitation of the infrastructure, is able to (let it) realize and exploit, 
and participates in the private equity of the local energy company.  

Usually, a public-private partnership and a cooperation agreement is needed in order to 
make the decision to invest in a new, or expansion of an existing grid. Research and 
negotiation is necessary about initial costs and exploitation expenses. Via the land-use plan 
the municipality is able to facilitate the development, and space can be reserved for wells 
and pipes in the upper- and underground.  

For the development of a heat network many stakeholders are involved, like: farmers, 
municipality, province, project developers, industry, operator (new energy company or 
existing energy companies), green funds, and residents. In order to make a development 
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successful the attention for the process must start from the beginning, and consultation and 
coordination about preferences and pre-conditions must lead to support for the final 
solution. Even though, when permits will be obtained possible objections from one or more 
stakeholders must be taken into account because they can slow down the process.  

3.3 SUITABLE THIRD ENERGY SYSTEM 
As described before, it is already known that heat and cold storage will be used for the 
project Via Breda. But that does not mean that this type of sustainable energy system will be 
the best or only suitable system for this project. Besides biomass energy and soil energy, 
Wind energy, hydro energy, and solar energy are the most commonly used SES in the 
Netherlands (International Energy Agency, 2011) and (CBS, 2010). This chapter describes two 
other types of SES: wind energy (chapter 3.3.1) and solar energy (chapter 3.3.2). This choice 
was made since hydro energy is not applicable in the project Via Breda. It is also possible 
that none of the described systems will be used as a third energy system based on 
experience of the Via Breda project. Since the case Via Breda will be described in PART II – 
FIELD RESEARCH AND MODELING, the described subjects are described on a summarily 
basis.  

3.3.1 WIND ENERGY 
Harnessing the wind is one of the cleanest, most sustainable ways to generate electricity. 
Wind power produces no toxic emissions and none of the heat trapping emissions that 
contribute to global warming. This, and the fact that wind power is one of the most 
abundant and increasingly cost-competitive energy resources, makes it a viable alternative 
to the fossil fuels that harm our health and threaten the environment (USC, 2009). 

They also describe that wind energy is 
the fastest growing source of 
electricity in the world. In 2008, more 
than 27,000 megawatts (MW) of new 
capacity were installed worldwide. 
Thanks to its many benefits, and 
significantly reduced costs, wind 
power is poised to play a major role as 
we move toward a sustainable energy 
future. Wind energy is a proven and 
trustful technic and delivers during 
these days already 4,5% of the Dutch 
electricity which can grow to 50% in 
the future. At the end of 2009, 2.000 
wind turbines with a jointly power of 

FIGURE 7 – MECHANICS OF WIND TURBINES  
(SOURCE: USC, 2009) 
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2.221 MW are realized, which delivers about 5,2 billion kWh approximately per year. It is as 
much as 1,5 million households, or 20% of all Dutch households (NWEA, 2011). Despite the 
environmental gains and the high yield, it also has some disadvantages for applying in area 
development.  

Wind turbines have a large influence on the landscape where they are build. By their size 
they are determinative according to the visibility of the landscape. Besides, they are visible 
from a long distance. People experience the landscape on various ways. By placing wind 
turbine(s) (parks) it is important to find out where they are best suitable. Since the project 
Via Breda is an urban redevelopment of the Breda city center, one or more wind turbines are 
not suitable (i.e. visibility, acceptability, support, noise nuisance).  Of course, a share in a 
wind turbine park on, for instance the North Sea is a possibility but this is out of the scope of 
this research. Despite the fact that wind energy will not be used for this research Figure 7 is 
added to give insight in how wind turbines work. 

3.3.2 SOLAR ENERGY 
Solar PV electricity generation increases 
substantially over the Outlook period, 
from 20 TWh in 2009 to 740 TWh in 
2035 in the New Policies Scenario, 
growing at an average rate of 15% per 
year. The European Union accounted for 
three-quarters of global solar PV 
generation in 2010. This has been driven 
by strong government programs, 
particularly in Germany where there has 
been rapid growth in recent years. Over 
the early years of the Outlook period, Europe continues to exhibit very strong growth in 
solar PV but, between 2020 and 2035, the increase in solar PV generation in each of China, 
the United States and India is larger than that in the European Union. 

The solar power technique exists on two different parts. One part is the solar water heater, 
and the other part is solar power. The latter part will be described in the next lines since a 
solar water heater is an individual system and solar power cannot only be used as individual 
system but as a collective system as well. Hence, temporary use of undeveloped space by 
solar energy is an interesting subject to be evaluated (Figure 8).  

Solar-PV or photovoltaic solar power converts sunlight into electricity, called solar power. A 
solar power system exists mostly on one or more PV-panels, a carrying structure, a 
converter, and cables. The converter converts a direct voltage delivered by the system into 

FIGURE 8 – SOLAR PANELS AS TEMPORARY USE OF SPACE 
(SOURCE: PAW) 
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an alternating voltage. In the Netherlands most of the PV-systems are connected to the 
electricity grid. 

PV-cells are applicable on every type of existing buildings, new buildings, flat or pitched 
roofs, on facades, canopies, ridges, and blinds. They are most effective when placed to the 
south, under a slope of 35 degrees. Solar energy systems vary in size from a couple of 
systems to a complete roof. No permit is needed for placing solar panels except for 
monumental buildings and protected city- or village views. 

Solar panels are nearly maintenance free. Cleaning is not necessary because the rain will 
wash away the present dirt. However, the functionality of the solar panels have to be 
checked regularly. Therefore, suppliers offer a guarantee for a service contract.  

The purchase costs for a solar power system will be approximately € 4,25 per Wp (Watt-
peak). By using a multi-crystal silicon solar cell the deliverable power will be 120 Wp per m2. 
The revenue is 0,85 kWh per Wp. In short, without subsidy or fiscal advantages the system 
will not payback itself. Although the small financial revenue the interest in the market is 
large. The Stimulation measure Sustainable Energy (Dutch: SDE) gives subsidy perspective for 
small systems (from 0,6 kWp) and large systems (till 100 kWp). The SDE subsidy is not an 
investing subsidy, but an exploitation compensation. The SDE makes it possible that the 
investment costs have a payback time of 15 years. Besides the SDE subsidy it is possible to 
apply for the Energy Investment Deduction (Dutch: EIA), Arrangement Green Financing 
(green hypothec), and a compensation for the electricity yield in order to contribute to the 
financial feasibility. 

3.4 ENERGY DISTRIBUTION 
Generated energy must be distributed by an energy grid. In case of SES the wish of the end-
users and investors could be that they want to keep their generated energy into their 
specific area. Hence, a special energy grid (i.e. Smart grid) is a solution. Chapter 3.4.1 gives a 
clear description of smart grids. 

3.4.1 SMART GRIDS (INTERNATIONAL ENERGY AGENCY, 2011) 
A smart grid (Figure 9) is an electricity grid that uses digital and other advanced technologies 
to monitor and manage the transport of electricity from generation sources to meet the 
varying electricity demands of end-users. Such technologies are expected to play an 
important role in boosting the flexibility of the system to deal with the challenges of rising 
demand, shifting load patterns, new sources of supply and the variability of some sources of 
renewables-based supply. 

Smart grids enable electricity generators, end-users and grid operators to co-ordinate their 
needs and capabilities. This can improve efficiency, reliability and flexibility; lower the cost of 
electricity supply; and reduce the environmental impacts. Compared with today’s systems, 
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smart grids will involve the exchange of more information on all levels. Furthermore, 
information flows (including the availability of real-time pricing) become bi-directional. With 
distributed generation and electric vehicles, the consumer can, in principle, feed electricity 
into the grid. But, for this to occur efficiently, market participants will need access to real-
time information about the power system. The potential bi-directional flow of information 
has created some concerns about data protection and privacy, which will have to be 
addressed if smart grid technology is to be widely adopted. 

Smart grid technologies can increase network efficiency by providing more timely 
information to operators through wide-area monitoring and integrated communications 
systems (e.g. radio networks, internet, cellular and cable); reducing outage times and 
maintenance as a result of improved sensing and automation on low-voltage distribution 
grids; and reducing transmission losses through transmission enhancements (e.g. dynamic 
line rating systems). With the deployment of smart meters and advanced communications 
systems, smart grids can also increase the flexibility of the power system by enabling end 
users (motivated by a suitable financial incentive) to vary their demand according to the 
needs of the system. Potential areas for such demand-side response include heating and 
cooling loads in the industrial, commercial and residential sectors. In the future, it could also 
include supply to the grid from electric vehicles. This enhanced flexibility could alleviate 
some of the challenges of integrating renewables generation and reduce balancing costs. 

 

 

 
FIGURE 9 – SMART GRID (SOURCE: ENGINEERSONLINE.NL) 
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3.5 CONCLUSION 
Based on chapter 3 can be concluded that heat and cold storage systems and bio-
cogeneration plants are highly suitable in area development projects. Solar panels are also 
suitable but are building specific and will not be used as single SES for providing energy for 
an area. As described, it can be interesting for temporary use of space, but that is out of the 
scope of this research. Wind energy is not suitable because Via Breda is an inner-city 
development.  

In case of heat and cold storage systems only open systems are suitable for area 
development projects because of the size and number of connections. The Netherlands is 
leader in know-how of open systems leading to properly coordinated systems with the 
highest possible yield. Heat and cold storage systems are also available for different sizes of 
projects. A mono-well can be used for relative small projects, such as single buildings or 
several small buildings, with a flow rate of up to 50 m3/h. Doublet systems can be used for 
large projects where several buildings can be connected. Important to keep in mind is the 
fact that heat and cold storage systems are very project specific. It depends on the quality of 
the soil, building, type of users, and possible other systems nearby.  

Biomass power plants differ per type, size, and purpose. In case of a biomass power plant 
with a collective cogeneration it is suitable for the connection of 500+ buildings. Therefore, it 
is only interesting for districts. Such power plants are very expensive so much attention must 
be paid to its development. The security for sufficient connections is a very important 
subject for investors. In order to make a development successful the attention for the 
process must start from the beginning, and consultation and coordination about preferences 
and pre-conditions must lead to support for the final solution. 

Finally, both systems lead to advantages for investors, (local) governments, and end-users in 
terms of CO2-reduction and energy savings. 

  



30 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

31 

 

Witteveen+Bos R.A.J. Rijnen 

4. STAKEHOLDERS IN SES IN AREA DEVELOPMENT 
The current economic situation hits hard on area development projects. The number and/or 
the size of area development projects are declining and the implementation of Sustainable 
Energy Systems (SES) is getting harder and harder since the difficulty of making pre-
investments feasible is getting higher. Besides, the employment is declining, the end of fossil 
fuels and other raw materials is getting closer, the number of people realizing the 
consequences of the climate problems and the speed of affecting the biodiversity is getting 
larger. These subjects together with many other, result in measures taken on Global, 
European, and National scale according to sustainability and the involved SES. Hence, (local) 
governments have high ambitions according to such systems and are trying to implement at 
least one system in every project they initiate.  

In order to achieve support for the initiatives of the (local) governments and make the 
initiatives feasible private stakeholders will and must be involved. But the construction 
sector is very large leading to a large number of stakeholders involved in area development 
projects. (van Hal, 2009) Gives an overview of the different types of stakeholders in the 
construction industry (Figure 10). Of course, not every stakeholder in the construction sector 
is willing or able to invest in SES. Hence, a consideration is made about which stakeholders 
are possibly willing to invest in such systems in area development projects.  

 

FIGURE 10 – STAKEHOLDERS IN THE CONSTRUCTION SECTOR 

The SES described in chapter 3 of this thesis are used for implementation in the project Via 
Breda. Since this area development project is feasible, including the use of a heat and cold 
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storage system, this project is useful to find out what motives (to invest) stakeholders thrive 
to participate in such systems. This will be described in PART II – FIELD RESEARCH AND 
MODELING. 

This chapter describes the different types of stakeholders that possibly can participate in SES 
projects in order to make them feasible. The information will be used as input during the 
interviews with the different field experts in order to validate it, and to find out the possible 
barriers. The information will also be used as input for designing the scientific research 
model. This chapter starts with the description of the possible motives to invest (chapter 
4.1), followed by the different types of stakeholders who are possibly willing to invest in SES 
in area development projects, starting with investors & risk analysts (chapter 4.2), followed 
by entrepreneurs & competition (chapter 4.3), consumer & society (chapter 4.4), and 
legislation & enforcement (chapter 4.5). Innovators & opinion leaders will not be described 
since all stakeholders are individualists or they are not able to invest. Contrary, they are the 
ones that need money. 

4.1 MOTIVES TO INVEST 
In a research performed by (Lewis, 2001) a separation has been made between investors, 
into ‘ethical/green’ and ‘ordinary’ investors, where ‘ethical/green’ investors primarily trying 
to avoid companies who manufacture munitions, are exploitative, and who pollute. The 
research concludes that many ‘ethicals’ invest both ethically and non-ethically at the same 
time providing a moral dilemma: make enough money to leave behind by not putting all 
their money ‘in one ethical egg-basket’. 

There are several reasons why an investor would invest into a project. The most obvious 
reason will be: to increase their stock of wealth. Therefore, the factor risk is an important 
subject, since no-one knows for certain whether an investment will result into a profit or a 
loss. A separation can be made between safe investments leading to unspectacular results, 
and risky investments leading to enormous gains (or losses). Hence, many investors have a 
mixed portfolio combining safe investments with more risky investments in order to spread 
the risk and be able to achieve high gains. (Lewis, 2001) also describes several other motives 
to invest, coming up with eight, namely precaution, foresight, calculation, improvement, 
independence, enterprise, pride, and avarice. Some survey research using questionnaires 
(Lewis, 2001) describes that the top three motives are precaution (the need to save for the 
purposes of security and stability); foresight (in particular making provisions for old age); 
calculation (capital growth, rather than providing income for the present). The investors are 
unwilling to confirm ‘avarice’ as a motive even when toned down to ‘Desire to accumulate’. 
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(Jansson & Biel, 2011) describe three different types of investors to engage in sustainable 
investment (in the article mentioned as social responsible investments): investment 
institutions, institutional investors, and private investors. Investment institutions are 
described as investors that mainly manage capital from other investors such as fund 
companies, investment banks and pension funds. Institutional investors are described as 
companies, municipalities, universities, labor organizations and non-governmental 
organizations. Private investors are described as individuals that invest their own private 
money on the stock market or in retail funds.  

(Jansson & Biel, 2011) conclude that professional investors within investment institutions 
have different values compared to private investors. Professional investors compared to 
beneficiaries focuses much lesser on self-transcendent values. In case of professional 
investors social responsible investments seems to be guided by financial beliefs about its 
returns. The reason for this result is that fund managers work in an organizational setting 
where they are constrained by formal procedures (e.g. manage against an index), informal 
norms (resulting in herd behavior) and by perceived fiduciary duties (to act in the best 
financial interest of beneficiaries). Investment institutions put less emphasis on 
environmental and social issues than their beneficiaries. Also an important obstacle toward 
social responsible investments is a negative belief about its return, which is a very important 
driver for private beneficiaries. 

With respect to institutional investors (Jansson & Biel, 2011) describe that financial beliefs 
are also important drivers for social responsible investments. However, institutional 
investors and   –beneficiaries, in contrast to private beneficiaries, were in addition guided by 
beliefs about a lower risk associated with social responsible investments. Institutional and 
private beneficiaries, to some extent, seem to be governed by different investment styles; 

 Institutional beneficiaries have a risk avoiding investment style with the objective to 
avoid liabilities; 

 Private beneficiaries have the objective to maximize the profits, with less concern 
about avoiding financial risks. 

Institutional investors are, compared to private investors, constrained in their investments 
by policies and fiduciary duties toward their organizational beneficiaries. In addition, they 
are also to some extent externally accountable for their investments in order to correspond 
with their organizational values.  

Finally, (Jansson & Biel, 2011) describe that private beneficiaries are less restricted to non-
ethical investments because they are not expected to publish their investments. Besides 
beliefs about financial return on social responsible investments, the lack of accountability 
can be an additional factor that hinders social responsible investments among private 
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beneficiaries, while perceptions of accountability among institutional beneficiaries may work 
along with self-transcendent values as drivers of social responsible investments. 

4.2 INVESTORS & RISK ANALYSTS 
This chapter describes the different investors and risk analyst stakeholders  who can possibly 
invest or share the risks in the pre-investments for SES in area development. This chapter 
describes respectively the client, banks, corporations and institutional investors. Insurers are 
stakeholders covered by institutional investors. 

THE CLIENT 
The client in this context will be the initiator of the project. A party who is willing to develop 
or redevelop a certain (urban) area. This party has a certain amount of money available to 
invest, but needs the support of other investors in order to make the pre-investments 
feasible. The client can be one of the stakeholders described in this chapter or in the 
chapters 4.3, chapter 4.4, and chapter 4.5. 

BANKS 
Banks are able to provide short-, and long-term loans. The client of a project can apply for a 
certain loan in order to be able to make the pre-investments feasible. The bank demands an 
assurance by means of a certain periodic income, or a pledge to be sure that it will get his 
money back. At this time it is very hard to get a loan from a bank since the financial crisis hits 
hard on the financial capacity of the banks. Besides, they are aware of the high risks involved 
in area development projects. It is not only hard for clients to appeal for a loan, also for 
future companies, residents, or other users of the area who need money to build/buy a 
factory, dwelling, or make use of certain facilities. Also the rents are high which is 
uninteresting for investors. 

Besides providing loans some banks have their own real estate department by means of real 
estate development, real estate investment, or both. In this case the bank is able to 
participate in the pre-investments of SES in area development by means of an active or 
passive real estate developer.  

An important side-note is that banks will not provide an extra loan or funding for sustainable 
energy systems because they will not see such systems as a long-term investment with a 
stable value since the lifetime of such systems is shorter than the lifetime of buildings.  

HOUSING CORPORATIONS 
Housing corporations were previously large investors. Since a shift to a semi-governmental 
organization has been taken place, and the presence of a world-wide crisis, they are not able 
to provide the large investments they previously could. Housing corporations develop, 
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exploit and let out their houses. The national government acts as a funder, regulator and 
supervisor. Housing corporations can participate in the pre-investments in area 
development by means of developing  and exploiting dwellings, and sharing risks for one or 
more sustainable energy systems. 

INSTITUTIONAL INVESTORS 
Institutional investors (e.g. pension funds, insurance companies, real estate investment 
companies) can be split-up into institutional investors and developing institutional investors. 
The purpose of institutional investors is to invest in relative secure fixed-value assets in 
order to gain the highest possible profits for their beneficiaries. 

Participation of developing institutional investors in the pre-investments for area 
development is possible by means of developing and exploiting a certain area inside the 
project task. The opposite holds for institutional investors because the revenues will be 
gained after a certain period since the pre-investments in area development are 
contributed. Since institutional investors will invest in relative secure funds, taking part in 
pre-investments will be difficult. Although, (Bruggema, 2011) describes a possible solution 
for this problem, by setting up a semi-open-end area exploitation fund. This means that the 
focus lies on the (re)development and a long-term exploitation of an area, where (part of) 
the existing real estate already generates rent-flows. The (re)development will be executed 
in phases resulting in rent flows at any time, which grows with every rented property. A 
disadvantage of this solution is that it has not been implemented jet, so a pilot project is 
needed for evaluation.  

4.3 ENTREPRENEURS & COMPETITION 
In this chapter the different entrepreneurial stakeholders  who can possibly invest or share 
the risks in the pre-investments for SES in area development will be described. Only the 
entrepreneurs in the construction and installation sector will be described because they are 
the only stakeholders who could have an interest to invest. The other stakeholders (i.e. 
clients, architects & advisors, and suppliers) will have an advisory and supportive role in area 
development. 

ENTREPRENEURS IN CONSTRUCTION AND INSTALLATION SECTOR 
The entrepreneurs in the construction and installation sector is a very broad subject where 
many companies are involved. This section only describes the companies, further noticed as 
stakeholders that could have an interest to participate in the pre-investments for SES in area 
development, which will be: project developers, energy companies and energy network 
operators, collective commissioning, health care institutions, water manager, education, and 
local companies. 
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(Agentschap NL, 2011) describes that project developers have an important role. By 
retreatment of the government and financial yields requires long-term commitment, system 
innovations are required. Real estate cannot be put down once, but by taking exploitation 
aspects into account right from the beginning it is possible to implement energy facilities and 
in the end, energy companies. This example can also be used for an area corporation or a 
coalition model. 

Energy companies and energy network operators can participate in an Energy Service 
Company (ESCo). An ESCo, also known as a local energy company, makes it possible to 
manage the energy supply of different areas and realize large profits, both in terms of 
money and environment. An ESCo realizes a local city-heating- or an electricity network for 
the area, and a number of production facilities for sustainable energy, such as biomass, wind 
turbines, earth-heat, and solar panels. Both the area development as the energy network 
will be split-up into different zones in order to be able to phase the realization, so the energy 
facility can grow with the development of real estate (van Rooy, 2011). 

Collective commissioning is a construction where future companies are organized in a 
foundation that realizes buildings. Hereby, the future companies are from the beginning 
involved in the development phase so they are able to have influence on the project. 
Governments can provide support and/or subsidies. Collective commissioning is a 
construction that provide future companies more influence on their own building. Hence, 
the sales will be guaranteed. Circulation and urban renewal can be improved. The 
construction is meant for entrepreneurs/companies who are seeking for a new building. 
Municipalities and provinces stimulate collective commissioning but it is relatively unknown 
by entrepreneurs (Agentschap NL, 2012). 

Participation of health care institutions in area development can lead to E-health initiatives 
so these stakeholders can play a larger role inside area development and the care-chain will 
be optimized. Thereby, a better connection between demand, market, and knowledge will 
be realized. E-health is also a possible solution for aging, extramuralisation (care outside the 
“walls”), rising care demand, rising personnel- and budget deficits (Agentschap NL, 2011).  

By involving water managers in area development provides the possibility for involving 
resources and values in the project. The costs involved are enormous so it benefits when the 
cash flows are kept inside the area development securing financing possibilities for 
sustainable solutions (e.g. local processing of wastewater and the generation of energy, see 
also ESCo) (Agentschap NL, 2010).   

School buildings are mostly in property of schools (education) and it appears that they are no 
longer meet the required needs. An alternative is flexible system construction in property. 
Also renting multifunctional buildings from investors is an option. They can combine broad 
schools, childcare, trainings, congresses, and commercial services. This keeps the real estate 
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affordable by education institutions and generates resources for education itself. 
Institutional investors have an interest on the condition that they also have control in the 
construction phase and multi functionality.  

Local companies could be any company who is interesting in investing in SES in area 
development. Possible motives are described in chapter 4.1.  

4.4 CONSUMER & SOCIETY 
This chapter describes the consumers and society who can possibly invest or share the risks 
in the pre-investments for SES in area development. This chapter describes respectively the 
users (associations), residents (associations), and interest groups. Owners associations are 
the stakeholders covered by users (associations). Future generations and society as a whole 
will not be described in this chapter because there is no clear stakeholder and so on no clear 
funding. 

USERS (ASSOCIATIONS) 
Users, individuals and companies have a large self-interest in the quality of the area. They all 
have their own ideas about that quality. The same applies for established companies. 
Individuals and companies are willing to invest in quality. It is about investments in time, by 
participating in Co-Creation and comparable processes, as investing in money, such as crowd 
funding initiatives (collective investment by investors and entrepreneurs). 

RESIDENTS (ASSOCIATIONS) 
Collective private commissioning is a construction where future residents are organized in a 
foundation that realizes dwellings. Hereby, the future residents are from the beginning 
involved in the development phase so they are able to have influence on the project. 
Governments can provide support and/or subsidies. Collective commissioning is a 
construction that provide future residents more influence on their own dwelling. Hence, the 
sales will be guaranteed. Circulation and urban renewal can be improved. The construction is 
meant for consumers who are seeking for a new dwelling. Municipalities and provinces 
stimulate collective commissioning but it is relatively unknown by consumers (Agentschap 
NL, 2012). 

INTEREST GROUPS 
Also interest groups can play a role in area development. (Agentschap NL, 2011) describes 
that besides knowledge and experience a number of (social) interest groups are able to 
provide a funding, or is able to find ways to a funding (e.g. inventing concepts for natural 
elasticity in both urban as rural regions, in order to protect the Netherlands against climate 
change).  
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4.5 LEGISLATION & ENFORCEMENT 
This chapter describes the stakeholders involved in legislation & enforcement who can 
possibly invest or share the risks in the pre-investments for SES in area development. This 
chapter describes the enforcement and executive authorities. Legislative authorities, and 
industry organizations are not described because legislative authorities are responsible for 
jurisdiction and jurisprudence, not for funding, and industry organizations defend the 
interest of the company inside the type of industry.  

ENFORCEMENT AND EXECUTIVE AUTHORITIES 
The government itself will be the stakeholder involved in enforcement and executive 
authorities. In many times the government, whether or not by itself, is designated as 
director in area development. The government limits itself by means of its public law tasks, 
with the ground exploitation on the first place. In the context of the building exploitation the 
government can be the client for the public real estate or infrastructural projects. In area 
development the government represents primarily the public interest. Thereby, the public 
interest focuses on the wishful and useful subjects needed for the wellbeing of the people. 
The different governments represents the public interest in the context of the scale they 
operate: municipal, provincial, or (inter)national. From the public interest the government 
plays three roles: framework stating (ambitions for an area), service providing (realizing an 
as high as possible quality of the area, such as knowledge), and investing (primarily on public 
interests, such as mobility, protection, and exploitation) (Praktijkleerstoel 
Gebiedsontwikkeling TU Delft, 2011). 

4.6 CONCLUSION 
Based on chapter 4 can be concluded that many stakeholders can be involved in area 
development and the implementation of SES. Since chapter 4 described the stakeholders in 
SES in area development and their motives to invest, it does not mean that when taking their 
motives and financing possibilities into account they will automatically participate. Of 
course, it depends on the type of area development, but also other motives besides the 
described financial motives, and their own investing style. Table 1 gives an overview of the 
possible investors their type. Also every stakeholder has its preconditions which can possibly 
lead to implications to the development of an area. These different implications will be 
described in chapter 5. 
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TABLE 1 - INVESTORS, -MOTIVES, -TYPE 

Investors Investor type 
Investors & Risk analysts  
Banks Investment institution 
Corporations Institutional investor 
Institutional investors Investment institution 
  
Entrepreneurs & Competition  
Project developers Institutional investor 
Energy companies Institutional investor 
Collective commissioning Institutional investor 
Health care institutions Institutional investor 
Water managers Institutional investor 
Education Institutional investor 
Local companies Private investor 
  
Consumer & Society  
User (associations) Private investor 
Residents (associations) Private investor 
Interest groups Private investor 
  
Legislation & Enforcement  
Enforcement and executive authorities Investment institution 
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5. IMPLICATIONS TO AREA DEVELOPMENT 
As described by (Praktijkleerstoel Gebiedsontwikkeling TU Delft, 2011), the future value of 
the elements of area development should be capitalized to present values. Hence, future 
value must be translated to costs, benefits, and risk-estimations in the present. Based on the 
translation a decision can be made if a certain area development can be started. Thereby, 
feasibility and affordability are decisive elements. In case of applying SES in area 
development, the feasibility and affordability of a project is getting harder to realize.  

Also the future is unknown by means of possibilities as uncertainties. Especially in complex 
environments it is difficult to make good estimates of the future value. Besides, the 
estimates have to be shared by other investors in the process. Once possible investors 
(described in chapter 4) decided to participate they will have their pre-conditions or 
constraints according to the project. Also known as implications to area development. 

This chapter describes the possible implications to area development when one or more SES 
will be implemented, starting with the implications from the SES itself (chapter 5.1), 
followed by the implications for risk alleviation (chapter 5.2), and ends with an overall 
conclusion (chapter 5.3).  

5.1 IMPLICATIONS FROM SES 
The application of SES to meeting the rising electricity demand leads to important 
implications for the design of the electricity systems. It is the result of the variable nature of 
the output of several SES. The integration of these variable systems into area development 
results in additional costs for electricity systems to ensure security of supply, described in 
the next lines according to (International Energy Agency, 2011).  

Total system integration costs range from $5/MWh to $25/MWh of variable renewables-
based generation. This is made up of three components: adequacy costs, balancing costs and 
grid integration costs. 

 Adequacy costs: Electricity systems must have enough generating capacity available 
to meet system demand even at peak times. This is known as system adequacy. 
Variable renewables make a relatively low contribution to system adequacy, because 
only a small proportion of their potential output is certain to be available at times of 
peak demand. As a result, other plants are needed on the system to compensate for 
this variability. Based on estimates, the costs associated with this additional capacity 
ranges from $3/MWh to $5/MWh of variable renewables generation. 

 Balancing costs: The variable nature of supply requires more flexibility from the rest 
of the power system, typically on short time-scales. Additional services are needed in 
order to perfectly match supply and demand and to maintain system stability. 
Balancing services can be supplied by flexible generation, smart grids, strong 
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interconnections between grids or energy storage technologies, such as pumped 
hydro, compressed-air and large-scale batteries. The costs are largely operational 
(rather than capital) and range between $1/MWh and $7/MWh of variable 
generation, depending on the region. 

 Grid integration costs: Once renewables capacity is built, it must be linked to the 
existing power grid and existing transmission and distribution (T&D) networks may 
need to be reinforced to transport the generated electricity to consumers. The costs 
range from $2/MWh to $13/MWh for variable renewables. 

Concluding, not only stakeholders involved in SES in area development could or will have 
their pre-conditions or constraints leading to implications for area development (will be 
described in chapter 5.2). Also the applied systems can lead to implications. Even the 
described implications could be a reason for certain stakeholders not to participate in 
certain SES (e.g. energy companies, based on experience).  

5.2 IMPLICATIONS FOR RISK ALLEVIATION 
The implications for risk alleviation can differ per type of stakeholder. Since few literature is 
available about implications per stakeholder, this chapter describes the possible implications 
in general, not per type of stakeholder. In PART II – FIELD RESEARCH AND MODELING, the 
implications per stakeholder will be described based on interviews, and will be implemented 
in the scientific research model.  

In area development the financial and social value is of high importance. Since long-term 
investments in area development is getting more and more important, stakeholders involved 
require not only an overview of the costs and benefits for the short-term, but also for the 
long-term. Giving insight in the social value of area development is in that case more difficult 
than giving insight into the financial value. Also many terms are not described according to 
terms of money, but into terms of effects. Since the high difficulty, these subjects will not be 
included in the calculations. But, these subjects may certainly represent an economic value, 
and the number of stakeholders is growing who require these calculations (Praktijkleerstoel 
Gebiedsontwikkeling TU Delft, 2011).  

(Adair, Berry, McGreal, Deddis, & Hirst, 2000) describe that the uncertainties of area 
development are involved in undertaking and funding such projects that have a high degree 
of risk, in particular the uncertainty regarding prospects for property performance. Several 
risks involved in area development can be described, for instance: volatility of land values, 
complications associated with assembling land rights, obtaining planning permission and 
successfully implementing the project to meet the demands of end users, in a cyclical 
investment market, present fundamental problems particularly in assessing the risk attached 
to area development investments. Therefore, the way how the exposure to risk can be 
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reduced is an important element in financing area development and in the case of 
refurbishment of existing buildings can carry additional risks due to the challenges which 
arise from adapting a building to a proposed new layout. In the next lines possible risk 
reduction measures according to (Adair, Berry, McGreal, Deddis, & Hirst, 2000) will be 
described: 

 Pre-letting, by means of a pre-requisite to development since the participants 
involved are highly geared and therefore cannot afford even the shortest void period 
at the end of construction. 

 Rental guarantee, which may be used to kick-start development and can provide an 
exit strategy, but on the downside may distort the market by encouraging oversupply 
and may mask proper risk assessment 

 Higher emphasis on the income stream over the holding period of the investment as 
a consequence of higher perceived risks within area development locations. The 
quality of the building and covenant of the tenant combined with prospects for rental 
growth and capital appreciation are the most important investment criteria to the 
long-term investor. 

 Greater significance to tenant covenant by the short-term investor, compared to the 
quality of building specification (i.e. ground exploitation, SES, energy grid). 

 Increase of costs, affect profitability, and viability are the measures to deal with 
contamination in the development stage. 

In order to make investments more interesting the long-term exploitation costs need to be 
reduced. This can be done by means of extra investments in the development stage, which 
also leads to an increase in value. Contrary, this leads to a higher risk and uncertainty leading 
to for instance more expensive dwellings unsuitable for the purposed market segment. A 
solution can be that project developers also act as an institutional investor, resulting in a 
situation where ground-, building-, and area exploitation are closer to each other, and 
exchange is more easily (Praktijkleerstoel Gebiedsontwikkeling TU Delft, 2011). 

Risks, costs, and benefits are not always at the same stakeholder involved, but spread across 
multiple stakeholders, leading to the situation where ownership is in the hands of another 
stakeholder than the stakeholder who uses it. Investments will only be done where for both 
stakeholders a benefit can be gained. For example, a housing corporation has little 
possibilities to recover the investments in energy savings from the rents of dwellings, where 
the tenant has the advantages. Split incentive is the situation in this case: an investor in a 
saving technique is not the one who achieves the savings on the energy costs 
(Praktijkleerstoel Gebiedsontwikkeling TU Delft, 2011). 

The previous lines described the implications for area development, at least to a higher 
extent than SES. In the next lines the possible implications for the diffusion of sustainable 
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energy systems from the perspective of an investor will be described, based on (Dinica, 
2006). 

(Dinica, 2006) describes implications by means of trade arrangements as elements for 
investors to finance a project. These elements can be divided into: types of demand for 
purchase of SES for electricity generation (SES-E), contractual relations for ‘guaranteed 
purchase for individual SES-E’, and price design for ‘guaranteed purchase for individual SES-
E’. Table 2 describes these elements with their characteristics/forms. 

The types of demand can be split-up into guaranteed and quota purchase. In the case of 
guaranteed purchase, regulations oblige electricity companies to buy SES-E from any 
generator located in its region of licensed operation. The limited purchase guarantee for 
individual SES-E plants can be implemented as an obligation to buy only a limited volume of 
electricity from each generation plant (e.g. the electricity produced in the first 20,000 hours 
of plant operation). These investments are attractive mainly for the types of developers, 
technologies and sites where the costs and required profitability can be recovered through 
electricity volumes with a guaranteed purchase. The second type of demand is very different 
from the first one and refers to quota purchase guarantee at industry level. It assumes that 
certain electricity companies or consumers must provide evidence by a certain deadline that 
they bought or consumed specified volumes of SES-E.  

The core characteristics of contractual relations that can be considered in analyzing contract 
risks are: duration, the options for contract extension after termination, quantity; next to 
them there is also the aspect of contractual purchase price which is subject of the price 
design as shown in Table 2. 

 

TABLE 2 - IMPLICATIONS BY MEANS OF TRADE ARRANGEMENTS 

Elements Characteristics / forms 
Types of demand for purchase of SES-E Guaranteed purchase for individual SES-E plants: 

    Unlimited purchase 
    Limited purchase 
Quota purchase at industry level. Trade flexibility: 
    With tradable green certificates 
    Without tradable green certificates 

Contractual relations for ‘guaranteed purchase for 
individual SES-E’ 

Contract duration 
Availability of options for extension of purchase 
after termination of contract 
Quantity 

Price design for ‘guaranteed purchase for 
individual SES-E’ 

Price components 
Method of price calculation 
Price types 
Decisions mechanism 
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Price design is related to the extent to which, and the forms in which, the following aspects 
are regulated: how the price for SES-E should be calculated and what are the included price 
components, whether the purchase price should take specific levels, how often is the price 
reviewed, who decides on these price aspects and how. These subjects are defined in the 
characteristics described in Table 2. 

5.3 CONCLUSION 
Chapter 5 described possible implications for area development as a result of the 
participation of investors. Limited literature is available about this topic resulting in the 
description of certain implications in general and not per potential investing stakeholder 
described in chapter 4. 

The implications are split-up into implications from SES and implications for risk alleviation. 
Implications from SES are described by means of the design of electricity systems, because 
of the variable nature of the output of several SES. These variable output leads to three 
types of costs: adequacy costs (capacity at peak times), balancing costs (match supply and 
demand, and maintain system stability), and grid integration costs (linked to the existing 
power grid, and existing transmission and distribution networks need to be reinforced). The 
implications for risk alleviation are described by means of different issues with respect to 
capitalize future values, alleviation of risk in area development and SES, and implications by 
means of trade arrangements for the diffusion of SES from an investor’s perspective. 

Based on chapter 5.1 and 5.2 can be concluded that several situations can lead to 
implications, but from the perspective of implementing SES in area development little 
literature is available. In order to still give an answer to the question about the implications 
of the investors in SES in area development, interviews with field experts will be conducted 
and the results will be described in PART II – FIELD RESEARCH AND MODELING. 

Finally, in the present, during the financial crisis, many stakeholders are risk averse. 
Arranging an obligation for 20 to 30 years is very difficult where trust is a crucial pre-
condition.  
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6. EXPERIMENTAL DESIGN  
The contextual orientation showed that several sustainable energy systems (SES) are 
applicable in area development and can vary in many different ways (e.g. type, size, purpose, 
and technic). Each system has its advantages and disadvantages leading to different types of 
preconditions for area development. But not only the SES have their preconditions for area 
development. 

Research about the stakeholders involved in SES in area development showed that many 
different stakeholders are involved in the construction sector. Many of the described 
stakeholders are also possible investors for SES in area development leading to many 
possible preconditions in case they all decide to invest (best case). Nevertheless, not every 
possible investor is interested in investing in SES in area development. It depends on several 
factors, described as ‘motives to invest’. Besides the general motives that possible investors 
could have, every type of investor has also its own motives. All these subjects have been 
described and led to the conclusion that the involvement of one or more investors could 
lead to several implications for the development task. 

There is little literature available about the implications for area development when 
investors decide to invest in SES. The available information was about SES themself, and 
possible implications for risk alleviation. Literature about implications per type of investor 
was not available, so this data must be achieved by interviews with field experts (Expert 
System).  

During the field research the focus lies at the elaboration of Real Options Analysis as a 
possible alternative of traditional investment methodologies, in case of unfeasible projects. 
Besides, investment motives of possible investors and their implications to the development 
task is the second part of the field research in order to find out what kind of influence 
certain decisions have, from an investor’s point of view.  

Chapter 6.1 describes the methodology used during the field research to give a clear 
overview of the method used to obtain the necessary information for developing the 
scientific model and its parameters (chapter 8). 

6.1 METHODOLOGY 
Implementing SES in area development is dependent of various factors. A very important 
one is financing these systems. To find out the motives to invest and the implications from 
the perspective of possible investors, interviews with field experts lead to answers on this 
subject. Many stakeholders in the construction sector could be investors for the described 
SES. Therefore, the different possible investors are interviewed. 
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FIGURE 11 – FIELD RESEARCH METHODOLOGY 

 

The project ‘Via Breda’ is used to delineate the number of SES and the number of 
stakeholders with their motives and implications. The project is also used to have 
information available about, for instance, the size, energy demand, and type of system used 
for the development.  

Real Options Analysis (ROA) will be elaborated and added as a financing alternative to 
evaluate its applicability in financing SES in area development to make investments more 
attractive. 

The information achieved by the available literature, the different interviews, and the 
investment alternative ROA will be added in a System Dynamics model in order to model the 
current ‘system’ of investing in SES in area development. Of course, the model must be 
validated in order to check if it is really representing the ‘real system’. This validation will be 
done by one or more field experts. 

Once the model is validated several scenario’s will be designed and implemented in the 
model to find its volatility and influences on investors’ motives and their implications, and in 
the end the feasibility of the alternative investment method ROA. Hence, leading to a clear 
overview of the influencing factors for investing in such systems. 
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7. BUSINESS CASE 
For the research a business case is used so certain criteria could be delineated. The 
delineation has influence on the number and size of SES, number and type of stakeholders, 
and the type of development. Chapter 7.1 describes the business case used as a delineation 
of the criteria in this research by describing the project, the ambitions, the energy demand, 
the systems used, and the stakeholders involved. Chapter 7.2 describes application of a 
Biomass Plant as a complement to the business case, because the municipality of Breda is 
planning to build one.  

7.1 VIA BREDA 
Via Breda is the concept that stands for the development of the railway zone in the city 
center of Breda. It will be an innovative and challenging addition to the city center, with the 
focus on enlarging the quality. Hence, chances for entrepreneurship, living, working, and 
culture will be created. Directed by the government, Via Breda develops in close interaction 
with entrepreneurs. Development, implementation and phasing are in line with the 
opportunities that arise in the market. One eye for the city and one eye for the market give 
sharpness and depth to the perspective for Via Breda. In the next lines the three area 
development projects which are part of Via Breda are described according to (Gemeente 
Breda, 2012). 

THE NEW OV TERMINAL 
The construction of the new OV Terminal Breda (Figure 12) has already been started and will 
be finished in mid-2015. The complete new station brings together traveling, living, working, 
and shopping on a modern and comfortable manner. The modern OV Terminal Breda is 
equipped for a growing number of travelers. Nowadays 27.000 people are visiting the OV 
Terminal, in 2020 it will grow to 57.000 visitors. The new station counts six train tracks and 
three platforms where 16 trains per hour will arrive and leave. Four of them will be high-
speed trains. The OV Terminal Breda will be the only stopping place in Brabant along the 
high-speed track Amsterdam-Schiphol-Rotterdam-Brussels-Paris. Also known as ‘the gate of 
Brabant’.  

 

 

 

 

 

FIGURE 12 – OV TERMINAL VIA BREDA (SOURCE: BREDA.DICHTBIJ.NL) 
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TABLE 3 – FACTS AND FIGURES NEW OV TERMINAL  (SOURCE: VIABREDA.NL) 

Facts and Figures The New OV Terminal 
1 building that integrates transport, traveling, living, working, and shopping 
6 train tracks and 3 platforms for 16 trains per hour, including 4 HSL-Shuttles 
1 bus platform with space for 20 busses 
57.000 train travelers and 38.000 bus travelers per day 
150 apartments 
20.000 m2 office space 
9.000 m2 shopping space 
4 catering establishments 
Storage room for 4200 bicycles 
Parking space for 720 cars on the roof of the terminal 
36 meter broad, and 70 meter long pedestrian tunnel 

 

In Table 3 the facts and figures about the development of the new OV Terminal are 
described. 

The OV Terminal Breda also includes a new bus platform. This provides space to twenty 
buses whose schedules are well connected with those of the trains. In and around the 
station there will be space for more than 4.000 bicycles, and on the roof of the OV Terminal 
parking places will be created for 720 cars. 

Between the north side and the south side of the OV Terminal a broad underground passage 
with stores will be created. On the front and rear side orderly squares with broad roads will 
be realized. This results in a good accessibility.  

TABLE 4 – SPECIFICATIONS OV TERMINAL FOR REAL ESTATE AND SES 

New OV Terminal   
Number of apartments  150 
Average size of apartments 100 m2 
Average rental price for apartments € 875,- Euro 
Square meter office space 20000 m2 
Average rental price for office € 130,- Euro/m2 
Square meter shopping space/catering 9.550 m2 
Average rental price shops / catering € 900,- Euro/m2 

 

STATION QUARTER 
The new district surrounding the new high-speed track Breda is called ‘station quarter’. Like 
the station, this district also gets a high quality character with modern architectural eye 
catchers on a high urban level that fits the appearance of the OV Terminal and the nearby 
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historical inner-city of Breda. The station quarter will be the visit-card and the entrance of 
Breda.  

The station quarter will be a new urban node, complementary to the inner-city of Breda. The 
new station avenue will be the most important access road of the area, and hence of the 
new OV Terminal Breda: a broad avenue with an allure that fully fits the area.  

New concepts of living and working get a place in the station quarter due to a sophisticated 
mix of offices, living, luxurious amenities, international higher education, public functions, 
and culture. A lively environment through the productivity and dynamics of the area. Hence, 
the station quarter will be the place to be for expats, startups, power couples, elderly, 
international students, international orientated companies, and travelers. 

The development of the ‘Heren van Breda’ (Figure 
13) is one of many developments in the station 
quarter, consisting of 93 apartments, 16 courtyard 
houses, 6 townhouses, and an underground parking 
garage. This project is chosen because a heat and 
cold storage system provides heat and cold for the 
different dwellings. A project developer took 93 
rental apartments into his development portfolio. An 
energy exploitation company is the owner of the 
heat and cold storage system in this project and 
hence the energy provider for the 115 dwellings. The 
average floor space of the appartments is 85,5 square 
meter. The average rental price is € 875,- Euro. Table 5 gives an overview of the input 
information for the scientific model. 

TABLE 5 - SPECIFICATIONS HEREN VAN BREDA 

Heren van Breda  
Number of apartments for cash flow 93 
Number of dwellings for SES 115 
Average size of apartments 85,5 m2 
Average rental price for apartments € 875,- Euro 

DRIE HOEFIJZERS 
On the terrain of the former brewery ‘Drie Hoefijzers’ a new urban living-, working-, and 
residential area arises which is part of the key-project Via Breda. The Drie Hoefijzers consists 
of a southern and northern part of the plan. This area derives its development potential due 
to its favorable location in the city, near the center and OV Terminal, and the presence of 
historical valuable buildings. In the period writing this report the execution of the plans is in 

FIGURE 13 – HEREN VAN BREDA  
(SOURCE: TETTEROO.NL) 
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an advanced stadium, especially in the southern part of the plan. In total approximately 280 
apartments, 45 landless dwellings and offices will be realized.  

The development of the ‘Den Hertogh’ 
(Figure 14) is one of many developments in 
the Drie Hoefijzers, consisting of 59 
apartments and 13 city dwellings. This 
project is chosen because a heat and cold 
storage system provides heat and cold for 
the different dwellings. A real estate 
investor is the owner of the apartment 
complex. A project developer is the owner 
of the heat and cold storage system in this 
project and hence the energy provider for the 72 dwellings. The average floor space of the 
appartments is 122 square meter. The average rental price is € 1193,- Euro. Table 5 gives an 
overview of the input information for the scientific model. 

TABLE 6 – SPECIFICATIONS DEN HERTOGH BREDA 

Den Hertogh Breda  
Number of apartments for cash flow 59 
Number of dwellings for SES 72 
Average floor space apartments 122 m2 
Average rental price apartments € 1193,- Euro 

ENERGY DEMAND 
When applying energy storage current and future interest must be taken into account. The 
province makes a consideration when a permit is requested. Involved parties may not be 
adversely affected by the planned energy storage system. The risk of negative interaction is  
depending on the size and configuration of the planned systems, the soil structure and the 
distance (horizontal as vertical) between the present interests. Figure 15 gives an overview 
of the permitted energy storage systems. Additional information according to the energy 
storage systems are added to Table 7.  

For every sub-project, described in the lines above, an open collective or individual heat and 
cold storage system will be used (IF Technology; Gemeente Breda, 2011). Appendix D – Soil 
potential map Via Breda gives a clear overview of the potential of sustainable energy 
systems for the development of Via Breda. For the new OV Terminal two doublet systems 
are applied, and for each project, the Heren van Breda and Den Hertogh, one doublet system 
is applied. The input parameters for the System Dynamics model will be based on ratios 
about energy use per household, office, and/or retail. 

FIGURE 14 – DEN HERTOGH  
(SOURCE: NIEUWBOUW.COM) 
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FIGURE 15 - PERMITTED ENERGY STORAGE SYSTEMS [INCLUDING WELL-LOCATIONS]  
(IF TECHNOLOGY; GEMEENTE BREDA, 2011) 

 

TABLE 7 – PERMITTED ENERGY STORAGE SYSTEMS  
(IF TECHNOLOGY; GEMEENTE BREDA, 2011) 

Name Aquifer depth Permitted flow rate (m3/year) 
OV Terminal 50 - 80 630.000 
Heren van Breda 53 – 76 200.000 
Drie Hoefijzers 54 – 80 150.000 

 

7.2 BIOMASS PLANT BREDA 
The municipality of Breda is planning to build a biomass plant that will provide sustainable 
heat for 2000 to 3000 dwellings and the municipal buildings, such as the town hall. The 
reason for the project is realizing the sustainable energy supply for the district ‘Teteringen’, 
consisting of 2 Mega Watt (MW). Further research led to the possibility of biomass plant 
with a capacity of 6 MW that will provide a part of the city of Breda. Scaling up the project 
leads to scaling up the CO2 savings from 3600 ton to 16.500 ton. The raw materials will come 
from the surrounding forests, such as the Mastbos and the Ulvenhoutsebos. 

The project is based on a chain-approach from pruning material to the heat delivery in the 
dwellings. Therefore, several partnerships are established with Essent, Staatsbosbeheer, and 
housing associations such as Wonen Breburg. The collaboration determines the success of 
the project. 
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Based on the negotiations a so-called plug and play system is created. In this system new 
heat applicants in the city will be connected by means of a new connection to the existing 
heat distribution grid of the city. By using the plug and play system there is no physic 
connection necessary between the energy source and the heat applicant. For the use of the 
transport over the existing network a so-called transport and backup (TB tariff) 
compensation will be paid to the network operator. The generated sustainable electricity 
will be delivered back to the public electricity network.  

Finally, by negotiation with the involved parties is decided to develop a bio-cogeneration 
plant based on 4000 dwellings (20 MW), municipal buildings (2 MW), and business 
customers (2 MW). In total, there is 24 MW needed. Because of the peak demand in the 
winter the size of the plant will be 30% of the total demand, resulting in 7,2 MW. The 
electricity demand is 2,5 MW.  
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8. SCIENTIFIC MODEL DEVELOPMENT 
Scientific model development is a crucial and important subject for this research. By adding 
the important information, gathered from the performed literature study and interviews 
with field experts, into a scientific model the current ‘system’ can be modeled. When 
validated, several scenarios can be added in order to see its influence on the current system. 
The influences can be evaluated and the results, conclusions and discussions can be 
described. 

This chapter is split up into four sub-chapters describing two scientific research models that 
will be combined, namely: System Dynamics (SD) in chapter 8.1 and Real Options Analysis 
(ROA) in chapter 8.2, the description of the performed interviews by means of type of 
respondents and the outcomes in chapter 8.3, and finally, testing robustness in chapter 8.4.   

8.1 SYSTEM DYNAMICS 
This chapter describes the first out of two scientific models, called System Dynamics (SD). SD 
in this research will be used as input for ROA. 

In Chapter 2.2 a basic description about SD is already described. This chapter goes a little 
further by describing the Causal Loop Diagram (CLD) in chapter 8.1.1 and the Stocks and 
Flows Diagram (SFD) in chapter 8.1.2, both according to (Sterman, 2000). At the end of this 
chapter a complete SD model is described and ready for testing its robustness. When robust, 
the scenarios can be added and evaluated. 

8.1.1 CAUSAL LOOP DIAGRAM 
(Sterman, 2000) describes that Causal loop diagrams (CLDs) are an important tool for 
representing the feedback structure of systems. Long used in academic work, and 
increasingly common in business, CLDs are excellent for: 

 Quickly capturing your hypotheses about the causes of dynamics; 
 Eliciting and capturing the mental models of individuals or teams; 
 Communicating the important feedbacks you believe are responsible for a problem. 

A causal diagram consists of variables connected by arrows denoting the causal influences 
among the variables. The important feedback loops are also identified in the diagram. 
Variables are related by causal links, shown by arrows. Each causal link is assigned a polarity, 
either positive (+) or negative (-) to indicate how the dependent variable changes when the 
independent variable changes. The important loops are highlighted by a loop identifier 
which shows whether the loop is a positive (reinforcing) or negative (balancing) feedback.  

A positive link means that if the cause increases, the effect increases above what it would 
otherwise have been, and if the cause decreases, the effect decreases below what it would 
otherwise have been. A negative link means that if the cause increases, the effect decreases 



58 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

below what it would otherwise have been, and if the cause decreases, the effect increases 
above what it would otherwise have been. 

Link polarities describe the structure of the system. They do not describe the behavior of the 
variables. That is, they describe what would happen IF there were a change. They do not 
describe what actually happens. 

The designed CLD about the investment in SES in a causal context is shown in Figure 16. Here 
the perspective of the business administration approach is used to model the investment 
links. It does not matter where to start in a CLD. The current problem related to SES 
investment are the high investment costs. Higher costs lead to higher risks and so on a lower 
willingness to invest. A lower willingness to invest leads to a lower demand which has 
consequences for the sales price, leading to subsidies and the attractiveness of SES. Finally, 
the attractiveness has influence on the investment costs by means of size of the system(s). 
Higher attractiveness leads to more buyers and so on higher investment costs. On the 
opposite, higher revenues will be generated leading to a higher profit. 

The next step loop is about the motives to invest (Figure 17). The demand for SES, described 
in the SES investment loop, has influence on the preparedness of applying SES. The 
preparedness of applying SES differs per type of investor and is dependent of the number 
and types of guarantees per investor and the payback time of the investment. 

 

 

FIGURE 16 – CLD SES INVESTMENT 
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FIGURE 17 – CLD MOTIVES TO INVEST 

When the preparedness for applying SES is getting higher, the application of SES in the 
development stage is also getting higher, leading to a (more) sustainable development. A 
higher sustainable development better meets the company’s strategy and so on its 
willingness to invest. Meeting the company’s strategy can be interpreted as Corporate Social 
Responsibility, profit, or other business economic factors.  

Not only motives from investors lead to the willingness to invest. In a direct way, they do, 
but in the indirect way they do not. Every investor has a certain set of implications 
before/when they decide to invest. Figure 18 describes the implications loop which 
influences the motives to invest loop. It starts with the application of SES in the development 
stage. Higher SES application leads to more project limitations. These limitations differ per 
type of investor and will be described in chapter 8.3. More project limitations lead to a 
longer project development time, leading to higher project costs and a higher number of 
required guarantees (also dependent of the type of investor and described in chapter 8.3).  

 

FIGURE 18 – CLD IMPLICATIONS 
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FIGURE 19 – CLD REAL OPTIONS ANALYSIS (ROA) 

In case the project development time is getting longer, the SES will not work on full capacity. 
Hence, a smaller system will be applied and a temporary energy system will be built in order 
to provide the current users with energy. As a result, the project costs will be higher 
influencing the implications to project task loop. 

Finally, the real options analysis loop is the last one of the complete CLD. Figure 19 shows 
the CLD Real Options Analysis (ROA). Here, the aspects of ROA are implemented leading to a 
possible yield, influencing the investments in SES and the option value of the applied SES. 
The aspects of ROA are described in chapter 8.2 so the project uncertainty, investment 
volatility and option to expand will not be described in this chapter. The polarity of the 
arrows describe the influence of the endogenous variables. 

The complete CLD can be found in Appendix F – Causal Loop Diagram. 

8.1.2 STOCKS AND FLOWS DIAGRAM 
Causal loop diagrams are wonderfully useful in many situations. They are well suited to 
represent interdependencies and feedback processes. They are used effectively at the start 
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of a modeling project to capture mental models of both the client group and the modeler. 
They are also used to communicate the results of a completed modeling effort. However, 
causal loop diagrams suffer from a number of limitations and can easily be abused. One of 
the most important limitations of causal diagrams is their inability to capture the stock and 
flow structure of systems. Stocks and flows, along with feedback, are the two central 
concepts of dynamic systems theory (Sterman, 2000). 

Stocks are accumulations. They characterize the state of the system and generate the 
information upon which decisions and actions are based. Stocks give systems inertia and 
provide them with memory. Stocks create delays by accumulating the difference between 
the inflow to a process and its outflow. By decoupling rates of flow, stocks are the source of 
disequilibrium dynamics in systems. Stocks and flows are familiar to everyone. The inventory 
of a manufacturing firm is the stock of product in its warehouses. The number of people 
employed by a business is a stock. The balance on a checking account is a stock. Stocks are 
altered by inflows and outflows. A firm’s inventory is increased by the flow of production 
and decreased by the flow of shipments (and possibly other outflows due to spoilage or 
shrinkage). The workforce increases via the hiring rate and decreases via the rate of quits, 
layoffs, and retirements. A bank balance increases with deposits and decreases when spend 
(Sterman, 2000).  

The SFD designed for this research contains the investment costs for the different types of 
Real Estate (RE), the investment costs for a heat and cold storage system (WKO) and a Bio-
Cogeneration plant (BIO-WKK), the (Discounted) Cash Flow [(D)CF] of all projects, and the 
Net Present Value with its internal rate of return (IRR) of all projects. In the next lines these 
financial subjects will shortly be described. 

(Investopedia, 2012) describes that the NPV is the difference between the present value of 
cash inflows and the present value of cash outflows. NPV is used in capital budgeting to 
analyze the profitability of an investment or project. NPV analysis is sensitive to the 
reliability of future cash inflows that an investment or project will yield. The NPV will be 
calculated by the following formula: 

𝑁𝑃𝑉 =  �
𝐶𝑜

(1 + 𝑟)𝑡
− 𝐶𝑜

𝑇

𝑡−1

 

 

The IRR is the discount rate often used in capital budgeting that makes the net present value 
of all cash flows from a particular project equal to zero. Generally speaking, the higher a 
project's internal rate of return, the more desirable it is to undertake the project. As such, 
IRR can be used to rank several prospective projects a firm is considering. Assuming all other 
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factors are equal among the various projects, the project with the highest IRR would 
probably be considered the best and undertaken first (Investopedia, 2012). 

(Investopedia, 2012) describes that the DCF is a valuation method used to estimate the 
attractiveness of an investment opportunity. Discounted cash flow (DCF) analysis uses future 
free cash flow projections and discounts them (most often using the weighted average cost 
of capital) to arrive at a present value, which is used to evaluate the potential for 
investment. If the value arrived at through DCF analysis is higher than the current cost of the 
investment, the opportunity may be a good one. The DCF can be calculated by the following 
formula: 

𝐷𝐶𝐹 =  
𝐶𝐹1

(1 + 𝑟)1
+

𝐶𝐹2
(1 + 𝑟)2

+ ⋯+  
𝐶𝐹𝑛

(1 + 𝑟)𝑛
   

Where: 
 CF = Cash Flow 
 r    = discount rate 

Also aspects of ROA are implemented in the SD model. Overall, the SD model is quite large 
and complex. Hence, there is chosen to split the model into sub-models and so on in 
chapters instead of describing the complete model in one chapter. In the next lines the 
following subjects are described: 

 Heat and cold storage system (WKO) 
 Bio-Cogeneration plant (BIO-WKK) 
 Area Development 
 Real Options Analysis 

HEAT AND COLD STORAGE (WKO) 
The use of a WKO system in area development is very project-specific. Since WKO systems 
can vary in type, but also in heat pumps with each its COP-value, a reference project 
(Schipper, 2007) is used in order to make the stocks and flows diagram. The complete SFD 
about the heat and cold storage system is added in Appendix G – Stocks and Flows Diagrams. 

The SFD Heat and Cold Storage System consists of three main parts, namely: 

 profit WKO, including its inflow and outflow; 
 net present value WKO, including the DCF inflow; 
 investment costs WKO. 
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The profit WKO consists of the revenues inflow and the costs outflow (Figure 20). The 
revenues consists of dwelling revenues, utility revenues, and a revenue index. The costs 
consists of the maintenance costs, energy consumption generation costs, repayment costs, 
interest costs when having a loan for the project, and a cost index.  

The input parameters for this model are: number of connected dwellings, utility total 
connection value, and loan for WKO. The other parameters are endogenous variables or 
variables based on available literature or ratios (exogenous). 

 

FIGURE 21 – WKO INVESTMENT COSTS 

FIGURE 20 – SFD PROFIT WKO 
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FIGURE 22 – SFD WKO NPV 

Based on the input parameters the investment costs of the heat and cold storage system can 
be calculated. This calculation is based on the heat demand of the connected buildings and 
the cold demand. Hence, cold demand is another input-variable. Based on the aquifer price 
and the distribution system price heat the aquifer costs and heat distribution system costs 
can be calculated. The cold demand and the  distribution system price cold together lead to 
the cold distribution system costs. Combining the aquifer costs, heat distribution system 
costs, cold distribution system cost, and other costs (comprising personnel) the investment 
costs WKO can be calculated (Figure 21).  

The investment cost together with the loan for WKO and the Net present value of the energy 
investment deduction lead to the initial value of the net present value of a heat and cold 
storage system. The revenues and the costs divided by a yearly discount rate lead to the 
discounted cash flow of a heat and cold storage system, and in the end the net present value 
can be calculated. The SFD WKO NPV is shown in Figure 22. 

BIO-COGENERATION (BIO-WKK) 
The use of a Bio-cogeneration plant is mostly based on generating heat. Of course, it is a 
cogeneration plant and hence it also generates electricity, but the generated electricity is 
marginal compared to the generated heat at a certain input. Hence, the investment costs are 
based on the required input in MWth (Mega Watt thermal). 

Also the SFD BIO-WKK consists of three main parts, namely: 

 profit BIO-WKK, including its inflow and outflow; 
 net present value BIO-WKK, including the DCF inflow; 
 investment costs BIO-WKK. 

The profit BIO-WKK consists of the revenues inflow and the costs outflow (Figure 23). The 
revenues consists of the electricity yield, heat yield, SDE+ subsidy, and a revenue index. The 
costs consists of the maintenance costs, fuel costs, repayment costs, interest costs when 
having a loan for the project, and a cost index. Important variables in this model is the heat 
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operating time and the electricity operating time. Both variables influence the heat yield, 
electricity yield, and the fuel costs and so on the revenues and the costs. 

The input parameters for this model are: electricity scale, required heat scale, fuel price, and 
loan for BIO-WKK. The other parameters are endogenous variables or variables based on 
available literature or ratios (exogenous). 

Based on the input parameters the investment costs of a BIO-WKK can be calculated. The 
calculation is based on the heat demand of the connected district or grid. Based on the 
needed heat scale and the investment price per MWth, the investment costs can be 
calculated.  

The investment cost together with the loan for WKO lead to the initial value of the net 
present value of a heat and cold storage system. The revenues and the costs divided by a 
yearly discount rate lead to the discounted cash flow of a BIO-WKK, and in the end the net 
present value can be calculated. This looks the same model as the SFD WKO NPV, shown in 
Figure 22. 

 

  

FIGURE 23 - SFD PROFIT BIO-WKK 
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AREA DEVELOPMENT 
Area development is represented by the developed real estate at the construction project 
Via Breda. Only the real estate that will be exploited by a developer or an investment 
institution is used, because they generate a cash flow which is needed for the ROA model. A 
distinction is made between apartments, offices, and stores/catering. The energy demand of 
the other dwellings will be used, besides the exploited real estate, as input for the WKO and 
BIO-WKK. The models of the three different types of buildings looks the same. The only 
differences are the input values and the ratios used for calculating the total investment 
costs. The investment costs are based on the ratios added in Appendix E – Business Case 
Parameters.  

The input parameters for this model are: Loan, Number of rental Real Estate (apartments, 
offices, or stores/catering), floor space, and rental price apartments. The other parameters 
are endogenous variables or variables based on available literature or ratios (exogenous).  

  

FIGURE 24 – SFD INVESTMENT COSTS, PROFIT, AND NPV OF THE REAL ESTATE 
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The number of rental Real Estate (apartments, offices, or stores/catering) and floor space 
define with the construction price and installation price the total investment costs of the real 
estate. The total investment costs are used as initial value for calculating the NPV of the 
project.  

The profit of the different real estate models is calculated by the revenues and the costs. The 
revenues are based on the rental income and a revenue index. The costs are based on the 
interest costs, repayment costs, exploitation costs, and a cost index. The revenues and the 
costs divided by a yearly discount rate lead to the discounted cash flow of the real estate, 
and in the end the net present value can be calculated.  

Figure 24 shows the SFD of the investment costs, profit, and NPV of the real estate. 

REAL OPTIONS ANALYSIS 
The described SD-models in this chapter function as input for Real Options Analysis. The 
implementation takes place by using the NPV’s, DCF’s, and the investment costs of the 
different models. 

Given the complexity of Real Options Analysis, a special chapter is  devoted for this scientific 
methodology. Important to keep in mind is the input from SD into the Real Options Analysis 
model.  

8.2 REAL OPTIONS ANALYSIS 
An important issue that an analyst should discuss with management or investors pertaining 
to Real Options Analysis (ROA) is the steps taken to obtain the results. In other words, what 
the process flow looks like, how it makes logical sense, and where the traditional analysis 
ends and the new analytics take over. In the next lines a short description of the ROA 
process will be described according to (Mun, 2002).  

In the first step, the analyst starts off with a list of qualified projects, that is, projects that 
have been through qualitative screening by management. Having met preset criteria, 
whether they be strategic visions or goals of the company, these are the projects that need 
to be analyzed. They may of course be different courses of actions, initiatives, or strategies. 
For each of these strategies or projects, the base-case NPV analysis is performed, as 
indicated in step two. This could be done in terms of the market, income, or cost approach, 
using something akin to a discounted cash flow model, which is the third step in the analysis. 
In certain circumstances, the analyst may elect to perform some intermediate calculation 
like time-series forecasting and simulation to predict future revenue and cost streams. 
Depending on the availability of historical data, some fancy econometric, forecasting, 
regression, time-series, cross-sectional, or stochastic model may be constructed for this 
purpose. These three steps encapsulate the traditional approach. Using the revenues and 
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cost structures coupled with conventional accounting procedures, the analyst would 
calculate the net present value of the projects or strategies. 

In more advanced financial analysis, specifically, a recommended step for the real options 
approach is the application of Monte Carlo simulation. Based on some sensitivity analysis, 
the analyst decides which input variables to the discounted cash flow model previously 
constructed are most vulnerable to risks and sudden exogenous and systemic shocks. The 
discounted cash flow model is then simulated. The result is a distribution of the variable of 
interest, for example, the net present value. Instead of obtaining single-point estimates, the 
analyst now has a probability distribution of outcomes, indicating with what probabilities 
certain outcomes will most likely occur. Based on Monte Carlo simulation, certain intrinsic 
variables key to the ROA are calculated and imported into the ROA. These key variables that 
flow out of the simulation procedures include the volatility of the underlying variable, and 
the expected present value of cash flows. 

The fifth and sixth steps involve framing the problem in terms of a real options paradigm. 
That is, having identified the optionality of the project or strategy, the analyst then chooses 
the relevant sets of options to analyze. Based on the chosen models, the calculation may 
then proceed through the use of binomial lattices.  

The results are then presented in the seventh and last step of the analysis. The reports may 
include charts on sensitivity, tables of the financials, including the impact to bottom line, 
graphs of different risk and returns, and combinations of projects in portfolios. Figure 25 
gives an overview of the ROA process.  

 

FIGURE 25 – REAL OPTIONS ANALYSIS PROCESS  
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In this chapter ROA will be used to evaluate if it can be used to make investments in SES in 
area development more attractive. The chapter is split up into the steps involved in the ROA 
paradigm, and so the subchapters are numbered according to the steps. 

8.2.1 LIST OF PROJECTS AND STRATEGIES 
This chapter describes the projects and strategies that will be used for the ROA. Since the 
research is about financing SES in area development, a separation between two types of 
projects will be made. Project A will be the base-case. Project B will be the additional 
investment on top of the investments of project A. In the next lines the two projects will be 
described. 

Project A, as mentioned before, is the base case. Here is meant, the ‘traditional’ pre-
investments needed for the development of Via Breda. Chapter 7.1 describes the projects 
used for the base case, including the parameters for the SD model described in chapter 
8.1.2. 

Project B is the expansion of project A in terms of a SES. In case of the project Via Breda, it 
will be expanded with heat and cold storage systems. The financial model of a heat and cold 
storage system is described in chapter 8.1.2. 

Project C also function as the base case in the ROA-model. Here is meant, the ‘traditional’ 
pre-investments needed for the development of a bio-cogeneration plant (BIO-WKK). 
Chapter 7.2 describes the BIO-WKK used for the base case, including the parameters for the 
SD model described in chapter 8.1.2. 

Project D is the same as project C, but function as expansion of project C in terms of equal 
and a smaller size. 

In summary, the described projects are shown in Table 8.  

 

TABLE 8 – PROJECTS FOR ROA 

 Project Function in ROA Content 
A OV terminal / Heren van 

Breda / Den Hertogh 
Base case Underlying lattice 

B Heat and cold storage system Expansion case Upper lattice 
C Bio-cogeneration plant Base case Underlying lattice 
D Bio-cogeneration plant Expansion case Upper lattice (same and smaller) 
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8.2.2 BASE CASE NPV ANALYSIS FOR EACH PROJECT 
For each project that passes the initial qualitative screens, a discounted cash flow model is 
created. This serves as the base case analysis, where a net present value is calculated for 
each project. This also applies if only a single project is under evaluation. This net present 
value is calculated using the traditional approach of forecasting revenues and costs, and 
discounting the net of these revenues and costs at an appropriate risk adjusted rate. 

The base case NPV analysis model is described in 8.1.2. 

8.2.3 STATIC DISCOUNTED CASH FLOW (DCF) MODELS 
The static discounted cash flow produces only a single-point estimate result. Hence, there is 
oftentimes little confidence in its accuracy given that future events that affect forecast cash 
flows are highly uncertain. To better estimate the actual value of a particular project, Monte 
Carlo simulation may be employed.  

Usually, a sensitivity analysis is first performed on the discounted cash flow model. That is, 
setting the net present value as the resulting variable, we can change each of its precedent 
variables and note the change in the resulting variable. Precedent variables include 
revenues, costs, tax rates, discount rates, capital expenditures, depreciation, and so forth, 
which ultimately flow through the model to affect the net present value figure. By tracing 
back all these precedent variables, each one can be changed by a preset amount and see the 
effect on the resulting net present value. A graphical representation can then be created, 
which is often called a Tornado Diagram, because of its shape, where the most sensitive 
precedent variables are listed first, in descending order of magnitude. Armed with this 
information, the analyst can then decide which key variables are highly uncertain in the 
future and which are deterministic. The uncertain key variables that drive the net present 
value and hence the decision are called critical success drivers. These critical success drivers 
are prime candidates for Monte Carlo simulation. Based on research can be concluded that 
vacancy for real estate and WKO, and fuel costs for BIO-WKK are uncertain variables used for 
Monte Carlo simulation. 

MONTE CARLO SIMULATION 
The Monte Carlo simulation is applied by using GoldSim. GoldSim is a Monte Carlo 
simulation software solution for dynamically modeling complex systems in business, 
engineering and science. In order to better estimate the actual value of a project, the DCF of 
the base cases are modeled.  

Figure 26 shows a simple GoldSim model for the real estate projects in this research. The 
model is simple because the SD-models are used as input. For the rental income a uniform 
distribution is used representing the vacancy of the real estate and hence the volatility in 
rental income (in %) can be simulated, building uncertainty in the ROA model.  
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FIGURE 26 – GOLDSIM MODEL 

 

8.2.4 REAL OPTIONS SELECTION 
The input for the ROA model is generated by the SD-models and the GoldSim model. The 
next step is to frame the problem in terms of a real options structure, and choose the 
relevant options for analysis.  

By evaluating the business case, described in chapter 7, can be concluded that the ‘option to 
expand’ best fits the situation and represents the real system. This means that ROA will be 
simulated by adding a base case and evaluate the option to expand to a SES within a certain 
period.  

8.2.5 OPTIONS ANALYTICS,  SIMULATION AND OPTIMIZATION 
In any options model, there is a minimum requirement of at least two lattices. The first 
lattice is always the lattice of the underlying asset, while the second lattice is the option 
valuation lattice. No matter what real options model is of interest, the basic structure almost 
always exists, taking the form: 

Inputs: 

 Present value of underlying asset (S) 
 Present value of implementation cost of the option (X) 
 Volatility percentage (σ) 
 Time to expiration in years (T) 
 Risk-free rate (rf) 
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Where: 

the up-factor (u) will be defined by:   𝑢 =  𝑒𝜎 √𝛿𝑡 

the down-factor (d) will be defined by:  𝑑 =  𝑒−𝜎 √𝛿𝑡 

the risk-neutral probability measure (p) will be defined by: 

𝑝 =  
𝑒(𝑟𝑓)(𝛿𝑡) − 𝑑

𝑢 − 𝑑
 

The definitions of these equations are added in Appendix H – Real Options Analysis. 

The first lattice is created based on the evolution of the underlying asset’s present value of 
future cash flows. The value at year zero represents the NPV of the underlying asset at the 
moment ROA is calculated and evolves over time due to the uncertainty and volatility that 
exists. Figure 27 shows an example of an underlying lattice with the initial NPV of 100 and 
the formula’s to calculate the values at each node.  

The second lattice is calculated in two steps, starting with the terminal node and then the 
intermediate nodes, through a process called backward induction. The circled nodes 
illustrated in Figure 28 are calculated using risk-neutral probability analysis.  

 

 

 

FIGURE 27 – EXAMPLE UNDERLYING LATTICE 
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FIGURE 28 – EXAMPLE UPPER LATTICE 

 

Using the previously calculated risk-neutral probability, a backward induction analysis is 
obtained through: 

[(𝑝)𝑢𝑝 + (1 − 𝑝)𝑑𝑜𝑤𝑛]𝑒(−𝑟𝑓)(𝛿𝑡) 

resulting  in the option value at time zero.  

By comparing the executing values with the intermediate values can be concluded if the 
option should be kept open, expanded, or continued.  

8.2.6 REPORTS PRESENTATION 
The reports presentation in this research consists of a lattice showing the possible NPV 
outcomes for the associated projects. The results can be marked in green, orange, and red. 
Green means ‘keep the option open’, orange means ‘expand the option’ or ‘the option is 
interesting to expand’, and red means ‘continue without expanding’. If the values are 
marked in green with an orange box upon it, it is also interesting to expand. The investor can 
decide if he wants to invest or keep the option open. Figure 29 shows an example of a lattice 
with possible ROA-outcomes.  
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FIGURE 29 – EXAMPLE OF A LATTICE WITH POSSIBLE RESULTS 

 

8.3 INTERVIEWS 
The information about the role of SES, motives, and implications is acquired by interviews 
with the selected stakeholders in chapter 4. As described in chapter 4, the reason for 
performing interviews lies at the fact that the available literature describes the general 
investment motives, but not the motives per type of stakeholder. That also counts for the 
implications and the role of SES.  

To give a clear overview of these subjects this chapter is split up into the different types of 
investors, starting with a project developer (chapter 8.3.1), followed by an energy company 
(chapter 8.3.2), a municipality (chapter 8.3.3), an organization representing the companies 
on a business park [BOM] (chapter 8.3.4), a bank (chapter 8.3.5), a real estate asset manager 
(chapter 8.3.6), and finally, a housing corporation (chapter 8.3.7). In all chapters the motives, 
implications, and the role of SES are described from an investor’s point of view. 

8.3.1 PROJECT DEVELOPER 
The role of SES for this type of investor is fitting the company’s strategy and the contribution 
to the level of sustainable development of a certain project. But such system on its own will 
not lead to a sustainable development. The project must also contain: 

Upper lattice

€ 4.873.852,58

€ 4.091.851,77

€ 3.394.248,16 € 3.346.104,85

€ 2.808.023,68 € 2.808.023,68

€ 2.315.395,59 € 2.315.395,59 € 2.267.252,27

€ 1.901.420,31 € 1.901.420,31 € 1.901.420,31

€ 1.553.540,18 € 1.553.540,18 € 1.578.453,33

€ 1.261.202,46 € 1.261.202,46

€ 1.015.539,27 € 1.114.659,44

€ 809.098,57

€ 787.141,22

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

Legenda
= Continue= Keep Option Open = Expand Option
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 Contribution to the level of sustainability of the design of the area; 
 Maintaining the sustainable value by means of urban planning and architecture; 
 Fixed value in the village or city. It must continue to function and it must be flexible 

enough. 

The motives to invest in SES are based on a sustainable development of a project, as 
described above. Also other types of motives drive a project developer to invest in SES, like: 

 Sustainable development, because of the company’s strategy; 
 Innovation, because they want to lead the market; 
 Demand from the market, because they determine the preconditions of a project 

(EPC-requirement, or the need of a SES); 
 Improve the quality of a product; 
 Foresight, because a project developer develops for a long exploitation period; 
 Calculation, because all developments are depending on financial calculation of the 

project’s yield; 
 Enterprise, because of the entrepreneurial business; 
 Pride. 

During area development projects risks have to be taken into account and can vary in size. 
The risks in area development can be shared by different investors. A project developer is 
prepared to share in risks when: 

 An operator for the heat and cold storage system is present, because the operator of 
the heat and cold storage system buys the exploitation rights; 

 There will be focused on less fixed costs and more variable costs. Then, the costs will 
be solved on a collaborative way; 

 It can improve the quality of the product, even if it is at the expense of the financial 
result of the project, in terms of yield. 

Each motive and the involved project risks lead to certain implications for the project task. 
The implications and the motives’ influence from a project developer’s point of view are: 

 Besides a SES the project must be sustainable (see the description of the role of SES); 
 The heat and cold storage system must be managed by an operator; 
 The use of heat and cold must be changed compared to traditional heating and 

cooling; 
 A project developer will not build when there are no investors or customers. In case 

there will be invested, it must result in a responsible yield; 
 Retailers are obliged to use the energy from the heat and cold storage system, so 

they must invest into the system as well (directly or indirectly); 
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 The implementation of a SES must be taken into account in the beginning of the 
project; 

 A SES must be technical-, functional-, and financial reliable; 
 Having control over all the land of a project. 

The described role of SES in area development with the motives and implications from a 
project developer’s point of view lead to certain measures that can be taken to respond the 
described motives. Measures to respond can be: 

 Focus on the sustainability of a development (SES, design, urban planning, value); 
 Focus on less fixed costs and more variable costs; 
 Make sure there are enough customers for a long period of time; 
 Inspire the project developer when having additional interesting information about 

SES; 
 Let an energy company invest in a SES, so a project developer will have no concerns; 
 Make sure it is clear for every stakeholder in the construction-column that a SES will 

be applied; 
 Make sure that the SES will be technical-, functional-, and financial reliable; 
 Facilitate the collection of land for the developer. 

 

8.3.2 ENERGY COMPANY 
The role of SES for this type of investor is fitting the company’s strategy and the contribution 
to the level of sustainable development of a certain project. They must be large enough and 
have to fit the grow-models of new developments. The role of a biomass plant is mainly 
focused on heat and so on the developments are based on heat demand. Heat and cold 
storage systems best suit utility construction projects with or without dwellings. Hence, the 
balance can be preserved.  

The motives to invest in SES are based on a sustainable development of a project, as 
described above. Also other types of motives drives an energy company to invest in SES, like: 

 Satisfy the financial feasibility and risks; 
 Sufficient scale with growing potential in the future (e.g. Paleiskwartier s-

Hertogenbosch or 15.000-20.000 m2 development);  
 Corporate Social Responsibility; 
 Deliver something to customers where money can be earned and the environment 

can be saved in the same time; 
 Yield; 
 Future market and its direction; 
 Independent of fossil fuels; 
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A motive for achieving a higher investment where the energy company is willing to take 
more risks, is mainly the situation of a niche with a good prospect that it will be achieved. 
This is mainly the case for pilot projects. 

During area development projects risks have to be taken into account and can vary in size. 
The risks in area development can be shared by different investors. An energy company is 
prepared to share in risks when: 

 Other investors are prepared to invest in a SES and sells the heat to the network of 
the energy company. The energy company is responsible for the customer handling, 
maintenance of the grid, and invoicing. Hence, both investors are dependent of 
investors who will connect to the energy grid.  

Each motive and the involved project risks lead to certain implications for the project task. 
The implications and the motives’ influence from an energy company’s point of view are: 

 Start as much as possible new projects that make use of the existing distribution 
network; 

 When a project is smaller than 15.000 - 20.000 m2 it must be scaled up; 
 When investing in heat and cold storage systems, utility construction must be 

involved; 
 When investing in a bio-cogeneration plant, the electricity demand must be at least 

1,5 MWe; 
 The size of the bio-cogeneration plant will be 25% - 30% of the peak demand; 
 Realization of a new heat grid in an existing area will lead to higher costs, because of 

the presence of existing infrastructure; 
 Long development process; 
 Requirement of sufficient connection-guarantees that will provide enough income; 
 Connection-guarantees lead to negotiation processes about the connection period, 

which is time consuming; 
 If the development takes too much time a smaller SES must be built until enough 

connections are realized; 
 The project task must be clustered because of the heating grid; 
 Arrangements must be made according to the pipeline route (e.g. no trees above the 

route); 
 Gas connections are not allowed. 

The described role of SES in area development with the motives and implications from an 
energy company’s point of view lead to certain measures that can be taken to respond the 
described motives. Measures to respond can be: 

 Create a clear vision about future possible connections to a new heating grid; 
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 Make sure the project is large enough so the energy company will be interested; 
 Try to combine certain sustainable assets and sell them to really interested parties 

who are willing to pay for sustainability; 
 Work customer-driven. Search for a customer who really want to do something with 

sustainability; 
 The interviewed energy company mainly focuses on trading. Also known as 

generation. Projects in this category have a greater chance for an investment;  
 Attempt to realize high-potential pilot projects; 
 Attempt to push the investments backwards as much as possible; 
 Try to collaborate with municipality and other parties to look at the future and 

facilitate the expected infrastructure (e.g. underground pipes). This perspective can 
trigger investors. 

 

8.3.3 MUNICIPALITY OF BREDA 
The municipality of Breda describes the role of SES as the solution to lower the carbon 
emissions and meet the municipal ambitions (CO2-neutral in 2044). It is a way of making an 
institution greener, it contributes to a positive image, and it is a solution for lowering the 
energy costs.  

The municipal motives to invest in SES are mainly based on public interests that must be 
represented. Also financial yield, CO2-reduction, and image are motives to invest. 
Municipalities and other parties do not aspire a solution by achieving energy labels, but 
prefer a SES in an area because of their ambitions. A municipality must constantly find a 
balance between public and private investments by means of an active or a passive role. In 
case that a municipality has no ground position, it is quicker inclined to leave the 
development to the market. By the economic crisis municipalities must depreciate their land 
holdings leading to lower yields and hence, more projects must be left to the market. 
However, the market is also in an economic crisis leading to less projects. 

In case a municipality decides to invest the motives and the involved project risks lead to 
certain implications for the project task. The implications and the motives’ influence from a 
municipal point of view are: 

 Time and money because of the required knowledge about a certain technic, 
achieving a loan, arranging permits, and performing research; 

 Enough customers and an exploitation foundation for the SES; 
 The involved parties must be transparent to the public/private parties; 
 The ground facilities must be ready on time; 
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 If the municipality has a certain destination for a piece of ground the motive to invest 
has influence on the type of buyer. A municipality can say: ”you may not buy that 
piece of ground”; 

 The demand and supply of a SES must be matched; 
 If the municipality must choose between temporary facilities or refrain from a SES, 

than a temporary facility will be chosen. The investment motive has influence on the 
decision making when making concessions; 

 Clear agreements must be made on a regional context in case the project exceeds 
the municipality border. 

Certain measures can be taken to respond to the described role of SES in area development 
with the motives and implications from a municipal point of view. Measures to respond can 
be: 

 A municipal energy company in case the municipality takes the SES under its own 
management; 

 Make the market responsible for knowledge about technic, achieving loan, arranging 
permits, and performing research; 

 Transparency to citizens and customers; 
 Make it possible for citizens to buy shares in SES. SES investments are long-term 

investments so an advantage for the citizens must be in it. Citizens are satisfied with 
a yield of 3% - 4% and a payback time of 15 – 20 years, where commercial investors 
require a yield of 7% - 8% with a payback time of 8 – 10 years.   

 In case a district is finished earlier than a SES, make a temporary facility; 
 Be the producer of a SES. Most of the support lies in the production. The generation 

of energy. From the generation the CO2-reduction can be determined. The 
municipality also determines the price; 

 Make use of a connection obligation. Then, the energy infrastructure will be better 
regulated by  the municipality. Hence, the municipality can regulate the energy use in 
a certain area. A connection to a heating grid is obligatory until someone has a better 
solution that corresponds to the sustainability requirements. 

 

8.3.4 BRABANTSE ONTWIKKELINGS MAATSCHAPPIJ (BOM) 
The BOM is an enterprise and a network organization in the same time. New energy is a 
section of development and innovation that performs research about energy transition to a 
bio-based economy. All based on the national policy. From the agenda of the province of 
Brabant is chosen for electric driving, bio-based economy, and solar. The role of the BOM in 
cooperation with entrepreneurs is trying to come to business-activity in the field of 
cleantech, waste streams, and a network organization. Transform waste streams with new 
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technology into valuable products is an important subject at the moment. The BOM takes on 
projects where the market fails or will not pick up. The BOM is chosen for this research in 
order to represent the various companies in order to find out their motives and implications 
for investing in SES. 

The BOM and the involved companies are looking area oriented for raw materials, energy 
demand, available waste streams, and the number of installations to find out how 
connections can be made between these subjects. That also counts for traditional 
installations so it can better fit the demand of an area. Here, SES can play the role of using 
waste streams – connections between different companies in order to save energy – and 
biomass plants. 

The motives to invest in such sustainable projects are: 

 Since energy costs are a substantial part of the total business costs companies are 
looking for manners to lower them; 

 Lowering CO2-emissions because of the emission costs per m3; 
 Waste streams cost money, but when companies can connect to each other the 

wasting company can earn money for its waste and the connected companies have 
lower energy costs. 

Companies either or not in a consortium may not develop an entire area. Otherwise they 
develop preconceived with partners and techniques they already know. Companies who are 
possibly better or use different techniques can or will be excluded.  

In case companies decide to invest in SES or in waste streams it can lead to several 
implications, which can be: 

 It can happen that more than one company is interested to invest in a SES or in waste 
streams leading to time loss and extra costs; 

 Investors are specially looking for parties who are thinking about long depreciation 
periods, who are used to it, and who have experience in long-term thinking; 

 Having large energy users with large waste streams could lead to a provincial policy 
that only low energy users may settle in the neighborhood of large energy users; 

 New companies must connect to the waste stream of the large energy user; 
 SDE+ subsidy is a requirement; 
 Developments must fit the sustainable development of a project; 
 Large energy users only want to invest only up to the gate. Outside another party  

must invest; 
 Realization is time consuming (e.g. permits, legal cases, research, business analyses 

and cases); 
 Companies require price- and period guarantees for a feasible business case. 
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Measures to respond to the described role, motives, and implications can be: 

 Make sure that not too many individual companies have to realize a coupling. 
Otherwise the business case is not feasible; 

 Try to form a consortium when a business case is unfeasible; 
 Use market conformity (price) in case of long-term contracts; 
 Acquire companies from other business parks when the current companies are not 

interested in SES or waste streams; 
 In case of a financial gap in a business case apply for a subsidy at the province. It 

happens that the province finance the financial gap; 
 Arrange a connection obligation. New companies must connect to a SES or the waste 

streams of another company; 
 Arrange price and/or period guarantees between the owner of the SES and the user. 

Hence, future revenues can be guaranteed.  

 

8.3.5 BANK 
The interviewed bank is a special bank for sustainable projects and is only a loan company 
and not an investor in SES. It is possible to apply for a loan, but not for a business credit. It is 
also not possible to open a business checking account. The bank will look at a loan and judge 
if there are enough cash flows present. Based on the cash flows of a project will be 
evaluated if the financing will be recovered within an acceptable period. Corporate financing 
of, for instance wind turbines, can only be done by evaluating the cash flows of the energy 
that will be generated. The wind turbine itself has a low value. On that moment the 
investment costs and the cash flows will be evaluated.  

Cash flows also have a certain value. Looking at real estate is more difficult to value the 
property compared to the cash flows. In case of cash flows it does not matter what the value 
of the real estate is, it is important that the rental income will be yielded.  

The motives to finance a project are mainly based on sustainability and the cash flows of a 
project. For the bank the motives are: 

 Does it fit the bank’s vision: is the company ethical responsible, what do we know of 
the company, what is its sustainability policy, and what is the sustainability value of 
the project?; 

 Creating sustainable energy; 
 Larger projects or projects where the bank has a lot of experience because of the 

involvement of many expensive specialists; 
 The applicant has knowledge about the SES; 
 Positive cash flows in case of stress scenarios. 



82 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

Besides the motives, the bank has also certain preconditions. In case of heat and cold 
storage systems the focus lies at the cash flow of the first 15 years. It is not about the system 
itself but the contracts involved. Biomass plants are more riskier because it is difficult to 
match the input and output on a financial basis. When it does not match (e.g. input is more 
expensive and the output is cheaper) than there is no marge leading to an unfeasible 
project. When subsidy programs are involved the bank focuses on the subsidy period. The 
type and period of a loan relies on the subsidy period (e.g. a subsidy period of 12 years lead 
to a certain loan for 11 years). The bank also builds certain reserves which are based on the 
origin of the system, chance of bankruptcy, how the guarantees look, and who is the 
construction company. Concluding, all involved parties are subject of risk management for 
the project. Hence, the application of a loan can take several months in case of large 
projects.  

The motives and preconditions of the bank lead to several implications important for 
applying for a loan; 

 Underlying contracts are very important. The quality, period, and take-over must be 
well organized; 

 Advisors are expensive and research takes time. Advisors could be: technical advisor, 
lawyer, tax consultant, and an accountant. 

Measures that can be taken in order to increase the likelihood for funding are: 

 If the involved contracts can be guaranteed for 15 years, a certain cash flow 
prognosis can be guaranteed and a lower interest rate will be the result; 

 Apply for a normal loan in case a project is not qualified for the green-projects-fund; 
 A well-organized professional party lead to a shorter approval period, because of 

their knowledge, experience, and their well-organized business management. 
 Involve a bank in an early stage of the project so a financing is faster attainable. 

 

 

8.3.6 REAL ESTATE ASSET MANAGER  
Based on an interview with a real estate manager can be concluded that an investment 
institution is not involved in deciding whether a SES is used or not in real estate projects. An 
investment institution stands on the sideline. The project developer decides if a certain SES 
will be applied and is responsible for the financing and contracts. The investment institution 
only requires that the energy prices are the same as the normal energy prices. A purchasing 
obligation must be present so the current customers may not purchase the energy 
elsewhere. When this is arranged by the project developer, the investment institution will 
buy the real estate including the SES and its customers. 
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The sustainability aspect is still not large enough in order to demand specific requirements. 

Current investment institutions are changing their way of working. Previously they act 
passive, but they are becoming more active. That means that investment institutions are 
working to a program of requirements for the project developer. In the program of 
requirements the way of energy supply will be described. However, this will be far in the 
future.  

 

8.3.7 HOUSING CORPORATION 
For a housing corporation SES and its exploitation are not the main purpose of their 
business. It is an outgrowth of real estate development. Housing corporations are trying to 
build as sustainable as possible. Keeping in mind if it is realizable for that market value is an 
important subject. The problem is that the market is in a crisis and buys almost nothing. The 
interviewed corporation beliefs that investing in SES or heat networks can contribute to the 
policy objectives (CO2-reduction, CO2-neutral). The housing corporation also described the 
situation of sub optimization where SES will be used for a higher energy label so isolation 
costs can be saved. 

In order to build sustainable corporations build with an EPC (Energy Performance 
Coefficient) of 0,6. The next step is finding out how to realize it. It is possible by building with 
a high RC-Value (raising it from 3,5 to 5 or 6). The next step is research about the ventilation 
demand. Finally a certain energy requirement is left which lead to a certain type of system 
(e.g. WKO, gas, and a heatgrid) with its energy costs for the customer.  

Other motives of corporations to invest in SES are: 

 Making real estate more attractive; 
 Integral real estate development and integral SES development in order to prevent 

sub optimization; 
 Lowering energy costs. 

Some investment motives have influence on the project. Corporations portrayed the 
potential marked about the number of connections on a heating grid. As a result, they can 
exert pressure on, for instance, an energy company for price agreements. Corporations also 
require SES exploitation companies for building and maintaining the system.   

Important implications mentioned during the interviews were: 

 When customers disappear the business case of a SES-project can be unfeasible; 
 Low Temperature Heating (LTV) is a different method of heating (regulation, comfort, 

and perception). The building quality and the ventilation concept must be very clear. 
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Measures that can be taken in order to attract housing corporations or to respond to the 
motives and implications of housing corporations, are: 

 Make use of the fallback option of a corporation. When a certain development, 
meant for selling, will not be sold it can be used for lease and be sold when the 
marked is attracted; 

 Form a purchasing-collective. Hence, pressure can be exerted to selling parties; 
 Make sure a comfort definition is known which contains: user requirements, 

sustainability targets. Based on this definition a type of system will be developed, not 
otherwise (i.e. putting a certain behavior inside a system); 

 In the case that there are too few connections or the construction of a SES is not 
finished yet, temporary facilities can be used; 

 The number of corporations with an energy exploitation company is growing. In the 
case that scale is large enough, it can be brought under an entity (e.g. 7-8 
exploitations under 1 energy exploitation company).  

 

8.4 TESTING ROBUSTNESS 
Testing robustness is an important subject in designing models representing the dynamic 
world. By stressing it with extreme scenarios can lead to interesting insights about the 
behavior but it also answers the question if it represents the system. In order to find out the 
robustness of the scientific model, it will be validated by field experts, and stressed under 
the extreme conditions of declining energy prices and more expensive investments. 

Declining energy prices have influence on the revenue streams of both the SES SD-models. 
When the energy prices are declining the NMDA-prices will also decline leading to lower 
revenue streams and longer payback times. In case of BIO-WKK’s, the heat price has larger 
influence on the revenue streams compared to the electricity price. Stressing the model with 
only a decrease in heat price of 50%, the project will be unfeasible, while only a decrease in 
electricity price of 50%, the project will remain feasible. In case of WKO’s, there is a large 
difference between projects with and without utility connections. The revenue streams of 
dwellings are based on the use of heat and the heat connection revenues. So, when there 
are no utility connections the operator will not receive revenues for the connection and the 
use of cold. Therefore, for mixed-use projects the operator also generates an income from 
cold connections and the use of cold. If the energy prices decline only in the housing sector 
than the impact will be lower. When the energy prices decline in all sectors both for heat 
and cold, mixed-use projects will not lead to income guarantees. These results show that the 
model behaves like it should be and represents the system.  
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Besides the declining energy prices, also more expensive investment costs have influence on 
both the SES SD-models, and gives insight in its importance on the feasibility of a project. 
Higher investment costs have influence on the payback time of a project. The increase in 
payback time depends on the level of increase of the investment costs. Based on the results 
an investor can decide whether to invest or not. This subject is part of the business case of a 
project and it depends on the DCF, NPV, and IRR. Hence, these results show that the model 
behaves like it should be in terms of a decrease of the NPV and the IRR. Therefore, the 
results must always be evaluated in combination with a real business case. 

The validation of the results achieved by testing the robustness of the scientific model is 
performed by comparing it with available literature, and expert interviews. The results of the 
tests shows that it corresponds to the available literature and is validated by a field expert. 
The validation of the SES-models are based on available literature, comparing the payback 
times with the payback times of the ‘system’, and comparing the investment costs and 
revenues with a project from the ‘system’. The validation of the real estate models are based 
on expert interviews and available literature about real estate DCF’s. The ROA model and the 
Monte Carlo simulation  is validated by relevant teachers at the university.  
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9. RESULTS AND FINDINGS 
Based on the scenarios by means of the different projects, the assumptions, and the 
designed models the financing methodology ROA will be evaluated and the influence on 
investor’s motives and implications will be analyzed. Hence, this chapter is split up into the 
business case ‘Via Breda’ (Chapter 9.1) and ‘Biomass Plant Breda’ (Chapter 9.2). Finally, 
chapter 9.3 looks at the results from a higher perspective to assess the applicability on area 
development. 

9.1 VIA BREDA 
The information about the different projects is implemented in the scientific model leading 
to the discounted cash flows of the apartments, offices, stores/catering, and the required 
heat and cold storage systems for the different projects (Figure 30 and Figure 31). The DCF 
models lead, together with the investment costs, to the Net Present Value (NPV) of the 
project (Figure 32 and Figure 33). The real estate NPV will function as the underlying model 
in the ROA lattice. The option to expand to a heat and cold storage system will function as 
the upper model in the ROA lattice.  

In order to define the expansion factor required for the ROA simulation the two DCF 
outcomes are combined where the starting DCF value of the heat and cold storage system is 
used. Combining these two values and divide it by the real estate DCF value leads to the 
expansion factor. In this case the expansion factors for the OV terminal, Heren van Breda, 
and Den Hertogh are shown in Table 9. The total investment costs of the heat and cold 
storage system for this project are respectively €936.643 Euro, €325.609 Euro, and €322.390 
Euro. 

 

FIGURE 30 – DCF WKO 
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FIGURE 31 – DCF REAL ESTATE VIA BREDA 
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FIGURE 32 – TOTAL NPV REAL ESTATE 

 

 

 

FIGURE 33 – NPV APARTMENTS 

 

 

TABLE 9 – CALCULATION OF EXPANSION FACTOR 

Project DCF Underlying DCF Upper Expansion Factor 
OV Terminal € 7.380.490,00 € 196.165,00 1,03 
Heren van Breda € 322.646,00 € 54.393,00 1,16 
Den Hertogh € 264.991,00 € 18.353,00 1,07 
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TABLE 13 – VOLATILITY PERCENTAGE PER PROJECT 

Project Volatility 
OV Terminal 7,5% 
Heren van Breda 12,3% 
Den Hertogh 13,3% 

 

TABLE 12 – VOLATILITY REAL ESTATE OV TERMINAL 

TABLE 10 – VOLATILITY REAL ESTATE HEREN VAN BREDA 

TABLE 11 - VOLATILITY REAL ESTATE DEN HERTOGH 
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As described in chapter 8.2, in order to apply ROA uncertainty must be built into the model. 
Here it is done by adding 15% vacancy into the model finding out the difference between the 
normal rental income and the adjusted rental income. The exploitation costs in GoldSim 
include the interest costs, repayment costs, and exploitation costs of the relevant project, 
where the volatility values are found by applying a Monte Carlo Simulation a 10.000 times 
for all projects. Part of the results can be found in Table 10, Table 11, and Table 12. The 
presented results lead to the volatility of each project, shown in Table 13.  

The real estate NPV, the heat and cold storage system investment costs, the volatility 
percentage, and the expansion factor are implemented in the ROA model leading to the 
output shown in Table 14, Table 15, and Table 16. 

As can be seen in Table 14, Table 15, and Table 16, the option should be kept open in the 
first eight years. This is the result of the difference between the option to expand and the 
option in a risk-free world for the next year. In year 10 the difference between the option to 
expand and the underlying lattice will be compared because there will be no risk-free option 
for the next year. Hence, the option could only be expanded or continued. Executing the 
option when the price is marked in red results in a loss. Hence, the ‘business’ must continue 
instead of expand. The investor also has the possibility to expand the option at the green 
nodes. If the box above the green box is orange, the option is also interesting to expand, but 
keeping the options open is more interesting because it can lead to a higher NPV in the 
future. 

TABLE 14 - ROA-OUTPUT OV TERMINAL 

 

Upper lattice

€ 71.368.425,83

€ 64.230.513,42

€ 57.804.383,25 € 57.547.882,66

€ 52.019.372,23 € 51.800.796,85

€ 46.811.785,47 € 46.625.527,82 € 46.369.027,23

€ 42.124.216,17 € 41.965.497,87 € 41.746.922,49

€ 37.769.680,01 € 37.583.422,36 € 37.326.921,77

€ 33.833.342,23 € 33.614.766,85

€ 30.269.643,99 € 30.048.336,31

€ 27.037.008,57

€ 24.304.834,01

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

Legenda
= Continue= Keep Option Open = Expand Option
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TABLE 15 – ROA-OUTPUT HEREN VAN BREDA 

 

 
TABLE 16 – ROA-OUTPUT DEN HERTOGH 

 

Upper lattice

€ 4.873.852,58

€ 4.091.851,77

€ 3.435.273,19 € 3.346.104,85

€ 2.882.359,90 € 2.808.023,68

€ 2.418.493,82 € 2.315.395,59 € 2.267.252,27

€ 2.029.320,82 € 1.944.093,36 € 1.901.420,31

€ 1.632.266,93 € 1.594.565,20 € 1.578.453,33

€ 1.337.186,70 € 1.261.202,46

€ 1.056.564,29 € 1.114.659,44

€ 809.098,57

€ 787.141,22

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

Legenda
= Continue= Keep Option Open = Expand Option

Upper lattice

€ 3.589.487,31

€ 2.907.492,78

€ 2.402.488,94 € 2.464.104,79

€ 1.985.031,94 € 1.909.798,88

€ 1.639.969,22 € 1.575.859,83 € 1.691.554,22

€ 1.354.503,16 € 1.300.136,82 € 1.224.903,76

€ 1.068.998,69 € 1.008.396,97 € 1.161.215,10

€ 783.380,44 € 754.738,20

€ 618.846,09 € 797.148,85

€ 431.979,79

€ 547.225,31

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Legenda
= Continue= Keep Option Open = Expand Option
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The resulting profits and the associated percentages when the option will be expanded are 
shown in Table 17, Table 18, and Table 19. The results in the different tables show that the 
profits for large-scale projects (OV-Terminal) are marginal, but positive, compared to the 
underlying value. This, because of the relative low WKO investment costs. The results also 
show the opposite. When a project is (almost) too small (Den Hertogh), the difference in 
cash flows play a larger role leading to little or no interesting options to expand. When 
looking at the Heren van Breda the results are more interesting. In the best case an eNPV 
percentage of 8,74% will be realized and in the worst case -25%. This large contrast is the 
result of the high volatility percentage.  

Interesting for this case is the difference in results of all projects. Despite the low volatility 
and expansion factor the OV-Terminal has the most options to expand. This is the result of 
the low WKO investment costs according to the NPV of the project.  

Concluding for these projects, when the difference between the underlying and the upper 
DCF is smaller, the higher the expansion factor will be. Together with a large difference 
between the NPV of the project and the investment costs, the eNPV’s will be higher and 
more interesting and so on ROA is interesting to apply. 

 

TABLE 17 – CALCULATION ENPV OV TERMINAL 

Execution value Underlying value eNPV Percentage 
€ 71.368.425,83 € 70.199.095,95 € 1.169.329,88 1,67% 
€ 57.547.882,66 € 56.781.092,88 € 766.789,79 1,35% 
€ 46.369.027,23 € 45.927.835,17 € 441.192,06 0,96% 
€ 37.326.921,77 € 37.149.092,01 € 177.829,76 0,48% 
€ 30.013.143,40 € 30.048.336,31 -€ 35.192,91 -0,12% 
€ 24.097.336,03 € 24.304.834,01 -€ 207.497,98 -0,85% 

 

 

TABLE 18 – CALCULATION ENPV HEREN VAN BREDA 

Execution value Underlying value eNPV Percentage 
€ 4.873.852,58 € 4.482.294,47 € 391.558,11 8,74% 
€ 3.346.104,85 € 3.165.270,56 € 180.834,29 5,71% 
€ 2.267.252,27 € 2.235.225,24 € 32.027,04 1,43% 
€ 1.505.396,86 € 1.578.453,33 -€ 73.056,47 -4,63% 

€ 967.395,96 € 1.114.659,44 -€ 147.263,49 -13,21% 
€ 587.474,81 € 787.141,22 -€ 199.666,41 -25,37% 
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TABLE 19 – CALCULATION ENPV DEN HERTOGH 

Execution value Underlying value eNPV Percentage 
€ 3.518.361,42 € 3.589.487,31 -€ 71.125,89 -1,98% 
€ 2.314.202,13 € 2.464.104,79 -€ 149.902,66 -6,08% 
€ 1.487.573,02 € 1.691.554,22 -€ 203.981,20 -12,06% 

€ 920.110,16 € 1.161.215,10 -€ 241.104,94 -20,76% 
€ 530.559,27 € 797.148,85 -€ 266.589,58 -33,44% 
€ 263.141,08 € 547.225,31 -€ 284.084,23 -51,91% 

 

 

TABLE 20 – OPTION VALUE VIA BREDA PROJECTS 

Project Option Value 
OV-Terminal € 515.782,17 
Heren van Breda € 176.043,82 

 

 

By using the backward-induction technique the option value of the expansion can be 
calculated. The option values for the three different projects are shown in Table 20. The 
option value is not the price that an investor must pay for the option, but a hidden value 
that will not be found by a normal DCF calculation method. The traditional DCF method can 
undervalue a project by not finding the option value in case an investment will be 
postponed. The NPV and the option value together will be the expanded-NPV (eNPV) and 
can be used for valuing the project by a bank, for instance for a finance. 

Also the Internal Rate of Return (IRR) is a very important measure for investments. As 
described before, the IRR of a project is for investors an important measure to see its return 
on investment. According to expert interviews an interesting IRR for investors will be 7% - 
8% or higher. Table 21 shows the IRR values of the Via Breda projects. These values have no 
correlation with the ROA methodology but only represent the IRR values when investing in a 
WKO. From Table 21 can be concluded that the WKO for the OV-Terminal is an interesting 
project and the other two projects are not interesting for investors. 

 

TABLE 21 – IRR OF VIA BREDA PROJECTS 

Project IRR 
OV-Terminal 6% 
Heren van Breda 4% 
Den Hertogh 1% 
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The investors involved in this project are described in the next lines, followed by possible 
measures to stimulate investments based on the described interviews in chapter 8. 

The investors involved in this project are a project developer and an energy (exploitation) 
company. For these two investors and the described project several investment solutions 
can be used. The first solution is that the project developer delivers the project turn-key to 
the investment institution and the energy (exploitation) company. Here, the project 
developer is responsible for all pre-investments. The second solution is that an energy 
(exploitation) company is responsible for the pre-investments in the heat and cold storage 
system and the exploitation of it, and the project developer is responsible for the other pre-
investments and develops the project for himself or for an investment institution. Project 
developers and energy (exploitation) companies have several motives to invest and 
implications for the project task which have consequences on both investment solutions. It 
can happen that projects are unfeasible or certain investors will not participate. In case of 
the projects OV-Terminal and Heren van Breda, ROA is an alternative methodology that can 
be used in case the pre-investments are omitted or future uncertainties determine if the SES 
will be applied or not.   

In case the project developer wants to refrain from the SES the energy (exploitation) 
company can use the following measures: 

 Focus on less fixed costs and more variable costs; 
 Inspire the project developer when having additional interesting information about 

SES; 
 Let an energy company invest in a SES, so a project developer will have no concerns; 
 Make sure that the SES will be technical-, functional-, and financial reliable. 

In case the energy exploitation company wants to refrain from the SES the project developer 
can use the following measures: 

 Create a clear vision about future possible connections to a new heating grid; 
 Make sure the project is large enough; 
 Attempt to push the investments backwards as much as possible. 

When financing is a problem in the described projects, ASN Bank can be an interesting 
alternative because of the green fund which leads to a 1% lower interest percentage. 
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9.2 BIOMASS PLANT BREDA 
The information about the biomass plant  in the SD-model is split-up into: 

 Biomass Plant Breda – underlying and upper. Here the option is the same as the 
underlying Biomass Plant (7,2 MWth and 2,5 MWe); 

 Biomass Plant Breda – upper (smaller). Here the option (3 MWth and 1,04 MWe) is 
smaller than the underlying Biomass Plant (7,2 MWth and 2,5 MWe). 

In this report the following names for the different projects are used: 

 Biomass Plant Breda – underlying and upper will be BIO-WKK  
 Biomass Plant Breda – upper (smaller) will be BIO-WKK (smaller) 

The information is  implemented in the scientific model leading to the discounted cash flows 
of the BIO-WKK and the two options [BIO-WKK, and BIO-WKK (smaller)]. The DCF models 
(Figure 34) lead, together with the investment costs, to the Net Present Value (NPV) of the 
project (Figure 35). The NPV-BIO-WKK will function as the underlying model in the ROA 
lattice. The option to expand to a biomass plant with the same size, or a smaller one will 
function as the upper model in the ROA lattice.  

In order to define the expansion factor required for the ROA simulation the DCF outcomes of 
the  underlying BIO-WKK and the upper BIO-WKK, and BIO-WKK (smaller) are combined and 
divided by the DCF of the underlying BIO-WKK. The expansion factors are shown in Table 22. 
The total investment costs of both the options are respectively € 13.440.000,00 and                      
€ 5.600.000,00.  

The uncertainty by means of the volatility of the underlying lattice is generated by adding a 
fuel price increase and decrease. The exploitation costs in GoldSim include the interest costs, 
repayment costs, and exploitation costs of the relevant project, where the volatility values 
are found by applying a Monte Carlo Simulation a 10.000 times for all projects. Part of the 
results can be found in Table 23. The presented results lead to the volatility of the project, 
shown in Table 24.  

The BIO-WKK NPV and its investment costs, the volatility percentage, and the expansion 
factor are implemented in the ROA model leading to the output shown in Table 25 and Table 
26. 
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FIGURE 34 – DCF’S BIO-WKK 

 

FIGURE 35 – NPV’S BIO-WKK 

 

TABLE 22 – CALCULATION OF EXPANSION FACTOR BIO-WKK 

Project DCF Underlying DCF Upper Expansion Factor 
BIO-WKK € 1.486.380,00 € 1.486.380,00 2 
BIO-WKK (smaller) € 1.486.380,00 € 575.969,00 1,39 

 



100 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

TABLE 23 – VOLATILITY BIO-WKK UNDERLYING 

 

 

 

TABLE 24 – VOLATILITY PERCENTAGE  
BIOMASS PLANT BREDA 

Project Volatility 
Biomass Plant Breda 2,2% 

 

 

 

TABLE 25 – ROA-OUTPUT BIO-WKK  

 

Upper lattice

€ 5.908.887,25

€ 2.940,07

€ 1.345.377,69 € 5.552.410,37

€ 2.448.190,44 -€ 688.173,29

€ 3.348.068,55 € 675.435,67 € 5.217.439,36

€ 4.076.238,72 € 1.798.771,21 -€ 1.337.592,52

€ 2.718.543,42 € 45.910,54 € 4.902.676,80

€ 1.188.530,76 -€ 1.947.832,98

-€ 545.636,01 € 4.606.903,52

-€ 2.521.258,28

€ 4.328.973,94

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

Legenda
= Continue= Keep Option Open = Expand Option
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TABLE 26 – ROA-OUTPUT BIO-WKK (SMALLER) 

 

 

Table 25 and Table 26 show that the option should be kept open in the first eight years. This 
is the result of the difference between the option to expand and the option in a risk-free 
world for the next year. In year 10 the difference between the option to expand and the 
underlying lattice will be compared because there will not be a risk-free option for the next 
year. Hence, the option could only be expanded or continued. Executing the option when 
the price is marked in red results in a loss. Hence, the ‘business’ must continue instead of 
expand. The investor also has the possibility to expand the option at the green nodes. If the 
box above the green box is orange, the option is also interesting to expand, but keeping the 
options open is more interesting because it can lead to a higher NPV in the future. 

The resulting profits and the associated percentages when the option will be expanded are 
shown in Table 27 and Table 28. The results in the different tables show that ROA is not an 
interesting methodology to solve investment problems for these projects. For the upper BIO-
WKK the eNPV percentages are lower than -100%. For the BIO-WKK (smaller) the eNPV 
percentages are lower than -50%. Several causes lead to this result.  

 

Upper lattice

€ 5.908.887,25

€ 3.189.742,83

€ 3.651.415,81 € 5.552.410,37

€ 4.016.237,27 € 2.709.419,05

€ 4.299.403,14 € 3.185.806,11 € 5.217.439,36

€ 4.513.835,70 € 3.564.890,91 € 2.258.072,68

€ 3.861.883,18 € 2.748.286,14 € 4.902.676,80

€ 3.140.773,79 € 1.833.955,56

€ 2.337.161,29 € 4.606.903,52

€ 1.435.424,98

€ 4.328.973,94

Year 0 Year 2 Year 4 Year 6 Year 8 Year 10

Legenda
= Continue= Keep Option Open = Expand Option



102 Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

 

R.A.J. Rijnen  Witteveen+Bos 

 

TABLE 27 – CALCULATION ENPV BIO-WKK 

Execution value Underlying value eNPV Percentage 
-€ 1.622.225,49 € 5.908.887,25 -€ 7.531.112,75 -127,45% 
-€ 2.335.179,26 € 5.552.410,37 -€ 7.887.589,63 -142,06% 
-€ 3.005.121,27 € 5.217.439,36 -€ 8.222.560,64 -157,60% 
-€ 3.634.646,40 € 4.902.676,80 -€ 8.537.323,20 -174,14% 
-€ 4.226.192,95 € 4.606.903,52 -€ 8.833.096,48 -191,74% 
-€ 4.782.052,13 € 4.328.973,94 -€ 9.111.026,06 -210,47% 

 

 

TABLE 28 – CALCULATION ENPV BIO-WKK (SMALLER) 

Execution value Underlying value eNPV Percentage 
€ 2.613.353,28 € 5.908.887,25 -€ 3.295.533,97 -55,77% 
€ 2.117.850,42 € 5.552.410,37 -€ 3.434.559,95 -61,86% 
€ 1.652.240,71 € 5.217.439,36 -€ 3.565.198,65 -68,33% 
€ 1.214.720,75 € 4.902.676,80 -€ 3.687.956,05 -75,22% 

€ 803.595,90 € 4.606.903,52 -€ 3.803.307,63 -82,56% 
€ 417.273,77 € 4.328.973,94 -€ 3.911.700,16 -90,36% 

 

For the project BIO-WKK the investment costs of the option to expand is € 13.440.000,00 
Euro, while the NPV of the underlying BIO-WKK at that moment is € 5.057.610,00 Euro. This 
directly lead to negative option values at every node. The high expansion factors will not fix 
this lower values leading to unattractive option values and the conclusion that the ‘business’ 
must be continued without expanding the option. Another cause for the unattractive option 
values is the volatility percentage of the underlying BIO-WKK (2,2%). Hence, the most 
extreme values of the option lattice do not differ a lot from the NPV of the underlying BIO-
WKK at year 0.  

For the project BIO-WKK (smaller) the investment costs of the option to expand are                 
€ 542.390,00 Euro higher than the NPV of the underlying BIO-WKK at that moment. Also 
here it leads directly to negative option values at every node. Also the expansion factor is 
more than 30% lower than the BIO-WKK project and also unable to fix the lower values to 
interesting option values. Since the BIO-WKK is also the underlying project for the BIO-WKK 
(smaller) the volatility is also 2,2%. Hence, the most extreme values of the option lattice also 
do not differ a lot from the NPV of the underlying BIO-WKK at year 0 for this project. 

According to the negative eNPV’s of both projects there are no option values and hence 
using ROA for these projects is not interesting for investors. 
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TABLE 29 – IRR VALUE BIOMASS PLANT BREDA 

Project IRR 
BIO-WKK 4% 
BIO-WKK (smaller) 4% 

 

Even though ROA is not an interesting investment methodology for the Biomass Plant 
project, it still could be interesting for investment. The IRR of a project is for investors an 
important measure to see its return on investment. According to expert interviews an 
interesting IRR for investors will be 7% - 8% or higher. Table 29 shows the IRR values of the 
Biomass Plant Breda projects. These values have no correlation with the ROA methodology 
but only represent the IRR values when investing in one project without expansion in the 
future. From Table 29 can be concluded that both projects are unattractive. A side note for 
these projects is that they are very  dependent of the stimulation measure sustainable 
energy (SDE+) subsidy. When the projects will not receive this subsidy they both result in a 
loss and the IRR-percentages will be negative leading to uninterested investors. The 
investors involved in this project are described in the next lines, followed by possible 
measures to stimulate investments based on the described interviews in chapter 8.  

The stakeholders involved in the biomass plant project are: 

 the municipality of Breda, who is the initiator of the project and will exploit the plant;  
 Essent who is the grid operator and buys heat from the biomass plant;  
 Staatsbosbeheer, who sells and delivers the wood for the biomass plant; 
 housing associations such as Wonen Breburg, who will connect to the heat grid 

operated by Essent.  

Important is the mutual coherence and support for the project by all stakeholders. The 
collaboration determines the success of the project. At the moment the municipality of 
Breda is the only investor involved in the biomass plant and has decided to invest for only 
two-third (66,7%). The other one-third must be generated by the collaboration with other 
investors which is a difficult situation since the private parties have indicated not willing to 
invest in the project. The municipality requires a larger share of the system compared to 
other investors. The next lines describe possible measures that the municipality can 
undertake in order to make investments by private parties more interesting. Measures 
based on the different interviews with possible investors, are: 

 When a business case is unfeasible, try to form a consortium with entrepreneurs in 
order to share the risks; 

 Acquire companies from other business parks for more connections and large-scale 
customers; 
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 Lay down the required revenues and give interested companies the possibility to 
exploit the SES. 

When financing is a problem in the described projects, ASN Bank can be an interesting 
alternative because of the green fund which leads to a 1% lower interest percentage. 

9.3 PROJECTIONS ON AREA DEVELOPMENT 
Essential for this research is the projection of the scientific model and the business cases on 
area development. The different projects must represent the area development definition in 
order to be able to answer the research questions. This chapter describes the projection of 
the results on area development in order to make it possible to apply in practice.  

ROA is an alternative for the traditional DCF methodology. One party or investor could use it 
for himself or to convince another investor and achieve a certain pre-investment in terms of 
money or a certain development. Some examples are described below: 

 A project developer could use it during uncertain circumstances. He takes care about 
the facilities for a heat and cold storage system (price for the option), and when 
conditions are appropriate in the future, he can decide to invest in the system or not. 
The option period depends on the developer or conversations with an energy 
operator; 

 The same story from above counts for housing associations; 
 A project developer can ask an energy company for a certain pre-investment and 

hence the energy provider has the right but not the obligation to invest in the system 
when the conditions are appropriate in the future. For instance, the energy company 
can invest in low temperature heating and hence creating the right but not the 
obligation to invest in the system. 

 A municipality can convince parties to use this methodology when the traditional 
DCF-methodology is not feasible. It can make money free by letting investors spend 
the pre-investments needed for the system. 

 An energy company could use it when the development of an area is going slow. A 
smaller facility can be developed with the option to expand when the area is 
growing. 

In order to make ROA interesting for biomass plants more uncertainty must be built into the 
model leading to a higher volatility percentage, and a higher cash flow must be created in 
order to achieve a higher expansion factor.  

To achieve a higher IRR, the cash flow of the project must be higher and the investment 
costs must be the same. To achieve a higher cash flow for the heat and cold storage system 
and the biomass plant Breda the revenues must be higher and/or the costs must be lower. In 
case of the heat and cold storage system the following changes can be made: 
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1. Higher connection costs and/or a higher heat/cold price per dwelling. This is 
unrealistic because the support for the system will decline significantly. Also the 
NMDA-principle (not more than otherwise would be) must be applied. 

2. Higher connection price per utility and/or a higher heat/cold price. Also this is 
unrealistic because the utility sector normally pays a lower price for the energy 
needed because of their major use. Also here the NMDA-principle must be applied. 

3. Add more dwellings or more utility connection values, so the heat and cold storage 
system will work at full capacity.  

4. Decline the maintenance costs. This can be done by good research about the soil and 
a suitable design of the system. Also a special company for the maintenance of the 
system can lower the costs by monitoring the balance of the system, and by 
controlling and adjusting the settings if needed. Hence, the system will not require 
more electricity. Also a good instruction about low temperature heating for the users 
of the system will lead to lower maintenance costs. 

5. Achieve a higher COP of the system. This can be done by good maintenance, but also 
by good research about the required heat/cold and so on the type of heat pump.  

6. Arrange a special price for electricity required for the heat and cold storage system 
so the price of the electricity use will be lower. 

The possible changes, described above, are simulated in the scientific model. Based on the 
results can be concluded that adding more dwellings or utility connection values will lead to 
the highest internal rate of return. By fully exploiting the heat and cold storage system a 
return of 11% will be yielded at the OV-Terminal and 16% at the Heren van Breda and Den 
Hertogh.  

Also for the biomass plant Breda a higher cash flow can be achieved by making the following 
changes: 

1. Change the electricity operating time. The higher the generated electricity the higher 
the electricity yield and so on the revenues. This requires a higher electricity demand. 

2. Change the heat operating time. The higher the generated heat the higher the heat 
yield and so on the revenues. This requires a higher heat demand. 

3. The fuel costs and the fuel storage costs are the most important factors influencing 
the BIO-WKK-costs. Lowering the fuel price can result in lower costs. Fuel price 
includes all costs involved (i.e. wood and transportation). By having dry wood the 
energy content will also be higher, but it will lead to higher storage costs for drying 
the wood. 

The possible changes, described above, are also simulated in the scientific model. Based on 
the results can be concluded that raising the heat operating time has the greatest influence 
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on the IRR, namely, 5% yield for the BIO-WKK, and a 6% yield for the BIO-WKK (smaller). This 
is done by raising the heat operating time with 1000 hours. 

The ROA-model is used on real estate, a heat and cold storage system and a biomass plant. 
Important is to find out the perspective on other area development aspects. Important for 
applying ROA is that both projects, the underlying and upper, dispose of a cash flow. As can 
be concluded from the ROA-simulations is that the NPV of the upper project must be smaller 
than the NPV of the underlying project. The projects where ROA possibly can be used which 
is interesting for research are: 

1. Soil exploitation: Soil to Soil 
2. Real Estate: Real estate to Real estate 

  



Eindhoven University of Technology 
Investing in Sustainable Energy Systems: the Value of Waiting 

107 

 

Witteveen+Bos R.A.J. Rijnen 

10. CONCLUSION AND DISCUSSION 
This chapter describes the conclusions and discussion of this research. They are based on the 
theoretic framework, field research, and the results and findings of the designed scientific 
model. The conclusion (chapter 10.1) is split up into fulfilling the research purpose (chapter 
10.1.1) and answering the research questions and sub-questions (chapter 10.1.2). Chapter 
10.2 discusses this research. 

10.1 CONCLUSION 

10.1.1 FULFILLING RESEARCH PURPOSE 
In order to fulfill the research purpose (Box 6), interviews with field experts have been 
performed and a scientific model is designed. Therefore, a business case Via Breda is used to 
obtain relevant input with respect to area development and to delineate the number of 
sustainable energy systems into a heat and cold storage system and a bio-cogeneration 
plant. The interviews with field experts are performed in order to find out the input for the 
scientific model and their vision about the role of sustainable energy systems, motives to 
invest and its implications, and so on the measures to respond to them.  

 

BOX 6 – RESEARCH PURPOSE 

 

 

The scientific model, ROA in combination with SD, is a useful measure to look at investments 
in SES in area development with a different perspective. It makes it possible to generate a 
pre-investment in terms of money or a development in a project by providing the investor 
the right but not the obligation to invest in the SES in a predefined period. Especially during 
the economic crisis, investors are more aware so an option to wait until the market is getting 
better is highly appreciated. ROA can be used by an investor, who initiates an area 
development, in order to postpone the pre-investments, but it can also be used to achieve a 
certain amount of money from another investor leading to less risks for the initiator. Of 
course, contractual agreements must be made in terms of measures for vacancy, number of 
connections, period of connections, and the period of the option.  

Based on the business case Via Breda can be concluded that ROA is applicable on the SES 
used at the OV-Terminal and the Heren van Breda. For Den Hertogh and the two bio-
cogeneration plants it is not interesting. The reason for the negative results stem from the 

Research purpose: 
To give insight in the measures that can be taken to respond to the motives of potential 
investors to invest in Sustainable Energy Systems in Area Development Projects. 
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high investment costs of the bio-cogeneration plants and the small difference between the 
NPV of Den Hertogh and the investment costs of the heat and cold storage system.  

Besides ROA, the IRR is an important factor for investors to see if the project yields an 
interesting return. Connecting more dwellings or utility connection values on a heat and cold 
storage system are the highest influence factors for achieving a higher IRR. By fully operating 
the heat and cold storage system a return of 11% will be yielded at the OV-Terminal and 16% 
at the Heren van Breda and Den Hertogh. In case of BIO-WKK’s, raising the heat operating 
time is the largest influence factor to achieve a higher IRR, namely, 5% yield for the BIO-
WKK, and a 6% yield for the BIO-WKK (smaller). In summary, connecting more dwellings or 
utility connections in case of heat and cold storage systems, and raising the heat operating 
time in case of bio-cogeneration plants are important influence factors and hence important 
measures that can be taken to respond to the motives of investors. 

Not only the scientific models and the IRR are important measures to respond. Interviews 
with the different investors led to interesting measures to respond to their motives, which 
are described in Table 30. The measures are ranked per type of investor, because every type 
of investor has its own motives, implications and in the end, the measures to respond. Of 
course, certain investors have the same motives and implications. The motives and 
implications for each investor are described when answering the questions. 

 

TABLE 30 – POSSIBLE MEASURES TO RESPOND TO INVESTORS 

Stakeholders  Measures to respond 
Project developer  Focus on the sustainability of a development (SES, design, urban 

planning, value); 
 Focus on less fixed costs and more variable costs; 
 Make sure there are enough customers for a long period of time; 
 Inspire the project developer when having additional interesting 

information about SES; 
 Let an energy company invest in a SES, so a project developer will have 

less concerns; 
 Make sure it is clear for every stakeholder in the construction-column 

that a SES will be applied; 
 Make sure that the SES will be technical-, functional-, and financial 

reliable; 
 Facilitate the collection of land for the developer. 

Energy company  Create a clear vision about future possible connections to a new 
heating grid; 

 Make sure the project is large enough so the energy company will be 
interested; 

 Try to combine certain sustainable assets and sell them to really 
interested parties who are willing to pay for sustainability; 

 Work customer-driven. Search for a customer who really want to do 
something with sustainability; 

 The interviewed energy company mainly focuses on trading. Also 
known as generation. Projects in this category have a greater chance 
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for an investment;  
 Attempt to realize high-potential pilot projects; 
 Attempt to push the investments backwards as much as possible; 
 Try to collaborate with municipality and other parties to look at the 

future and facilitate the expected infrastructure (e.g. underground 
pipes). This perspective can trigger investors. 

Municipality  A municipal energy company in case the municipality takes the SES 
under its own management; 

 Make the market responsible for knowledge about technic, achieving 
loan, arranging permits, and performing research; 

 Transparency to citizens and customers; 
 Make it possible for citizens to buy shares in SES. SES investments are 

long-term investments so an advantage for the citizens must be in it. 
Citizens are satisfied with a yield of 3% - 4% and a payback time of 15 – 
20 years, where commercial investors require a yield of 7% - 8% with a 
payback time of 8 – 10 years; 

 In case a district is finished earlier than a SES, make a temporary 
facility; 

 Be the producer of a SES. Most of the support lies in the production. 
The generation of energy. From the generation the CO2-reduction can 
be determined. The municipality also determines the price; 

 Make use of a connection obligation. Then, the energy infrastructure 
will be better regulated by  the municipality. Hence, the municipality 
can regulate the energy use in a certain area. A connection to a heating 
grid is obligatory until someone has a better solution that corresponds 
to the sustainability requirements 

Companies on a business park  Make sure that not too many individual companies have to realize a 
coupling. Otherwise the business case is not feasible; 

 Try to form a consortium when a business case is unfeasible; 
 Use market conformity (price) in case of long-term contracts; 
 Acquire companies from other business parks when the current 

companies are not interested in SES or waste streams; 
 In case of a financial gap in a business case apply for a subsidy at the 

province. It happens that the province finance the financial gap; 
 Arrange a connection obligation. New companies must connect to a SES 

or the waste streams of another company; 
 Arrange price and/or period guarantees between the owner of the SES 

and the user. Hence, future revenues can be guaranteed. 
Bank  If the involved contracts can be guaranteed for 15 years, a certain cash 

flow prognosis can be guaranteed and a lower interest rate will be the 
result; 

 Apply for a normal loan in case a project is not qualified for the green-
projects-fund; 

 A well-organized professional party leads to a shorter approval period 
because of their knowledge, experience, and their well-organized 
business management;  

 Involve a bank in an early stage of the project so a financing is faster 
attainable. 

Housing corporation  Make use of the fallback option of a corporation. When a certain 
development, meant for selling, will not be sold it can be used for lease 
and be sold when the marked is attracted; 

 Form a purchasing-collective. Hence, pressure can be exerted to selling 
parties; 

 Make sure a comfort definition is known which contains: user 
requirements, sustainability targets. Based on this definition a type of 
system will be developed, not otherwise (i.e. putting a certain behavior 
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inside a system); 
 In the case that there are too few connections or the construction of a 

SES is not finished yet, temporary facilities can be used; 
 The number of corporations with an energy exploitation company is 

growing. In the case that scale is large enough, it can be brought under 
an entity (e.g. 7-8 exploitations under 1 energy exploitation company). 

 

In addition to the described measures, the national government can make a contribution 
towards a sustainable development. The national government can revise the energy tax 
legislation to allow collective ownership. Collective ownership makes it possible for investors 
to buy a SES on a collective basis. As a result, the generated energy can be used for personal 
use and will not be charged for tax. When the national government change the tax 
legislation and all energy tax can be circumvented, the tax-income will be much lower. This 
helps making the society more sustainable, but it will lower the public treasury. This is a 
struggle that always lead to consequences on other governmental subjects to maintain 
governmental income, and is therefore a sensitive subject. 

10.1.2 ANSWERING RESEARCH QUESTIONS 
The previous chapter described the fulfillment of the research purpose. Of course, this could 
only be done when the research questions were answered. This chapter describes the 
answers to the research questions, giving insight in the subjects per question and the in-
depth quality of the research purpose fulfillment.   

 

1) HOW CAN SUSTAINABLE ENERGY SYSTEMS PLAY A SIGNIFICANT ROLE IN AREA 
DEVELOPMENT PROJECTS AND WHAT KIND OF CONTRIBUTION CAN THEY DELIVER? 

The theoretic framework showed that SES can and will play several roles in area 
development projects. The use of SES expands significantly in the next decades. The 
expansion is driven largely by government policies, including subsidies. Besides, the rising 
energy prices and the costs of carbon emissions are an increasingly important part in the 
operating costs. Hence, people and companies are seeking alternative methods (i.e. heat 
and cold storage systems, solar panels, and biomass power plants) to the traditional energy 
supply in order to lower the energy costs and the carbon emissions. These systems are more 
expensive, have a longer payback time, but on the long term they lead to price advantages.  

As outlined in the theoretic framework, a delineation in SES has been made into a heat and 
cold storage system, and a biomass power plant. A heat and cold storage system can provide 
heat and cold for an area on a collective basis but also on an individual basis by different 
types of heat and cold storage systems. The biomass power plant used in this research 
generates heat and electricity and will be connected to an existing city heating grid.  
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Based on the interviews other roles of SES can be described. Table 31 describes the different 
roles of SES from the investor’s point of view. The described roles are generally known by 
everyone involved in such developments. Nevertheless, it shows the topics that most 
investors find important. 

Besides the described roles of SES from an investor’s point of view, SES also have project-
specific roles. In some business cases SES have a very low IRR (i.e. Den Hertogh). Despite the 
low IRR, there still will be invested in heat and cold storage systems. This is the result of the 
marketability of a project. People and/or companies want to establish in a building where 
SES is applied so it, for instance, satisfies a company’s strategy and it will lower the energy 
costs. In this case the vacancy will be lower which is very interesting for property owners, 
such as investment institutions. 

Heat and cold storage systems will also be used as sub-optimization of the connected real 
estate. By developing a heat and cold storage system the building fulfills the building act by 
means of the EPC (energy performance coefficient) and achieves a certain energy label. In 
that case, some investors save investment costs by lowering the quality of the façade 
isolation or installation concept. 

Finally, heat and cold storage systems can be used for cleaning the soil in case of soil 
pollution. As described in chapter 3 a heat and cold storage system pumps and injects 
ground water from and into the soil. This leads to the circulation of polluted groundwater 
whereby it will be cleaned. At the moment of writing this report it is not a proven technique, 
but it is applied at certain projects and will be evaluated after a period of time.  

  

TABLE 31 – ROLE OF SES 

Role from interviews 
Lowering the fossil energy use 
CO2-reduction 
Use of natural resources 
Fitting a company’s strategy  
Contribution to the level of sustainable development 
Heat and/or cold supply 
Electricity generation 
Meeting the agreed ambitions 
Positive image 
Lowering energy costs 
Using waste streams 
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2) WHICH STAKEHOLDERS ARE AND CAN BE INVOLVED TO INVEST IN SUSTAINABLE ENERGY 
SYSTEMS IN AREA DEVELOPMENT PROJECTS? 

The description of the stakeholders in area development is started very divergent by 
describing all stakeholders in the construction column. Based on the results the possible 
investors are filtered leading to a convergent result. Table 32 shows the possible investors in 
SES. Also other types of investors are mentioned, namely: collective private commissioning, 
health care, education, water managers, and users/residents. Health care, education, and 
water managers are not the type of investors that invest in the SES used in this research. 
Health care and education invest in real estate in order to exercise their social and business 
activities. Investments in SES have a higher risk compared to real estate leading to uncertain 
yields. Water managers generate energy by processing waste water and generates biomass 
which is out of the scope of this research. Collective private commissioning and 
users/residents are not single-investors, but collective investors. Collective in the meaning of 
investing together in one system and achieving the benefits of it, or buying shares in a SES 
and achieving a certain yield (e.g. 4%) over a period of 15-20 years. Hence, they are 
attractive to involve in the development of SES in area development. The stakeholders 
described in Table 32 are the most interesting stakeholders for investing in SES.  

The type of investors described in the theoretic framework are split up into ‘ethical/green’ 
and ‘ordinary’ investors. It can be concluded that many ‘ethicals’ invest both ethically and 
non-ethically at the same time in order to spread the risks. 

Besides ethical or ordinary investors a separation is made between different investment 
motives from possible investors in SES. Eight motives were described, namely: precaution, 
foresight, calculation, improvement, independence, enterprise, pride, and avarice. The top 
three is composed of: precaution, foresight, and calculation. 

Based on the interviews other motives to invest in SES can be described. Table 32 describes 
the different motives to invest in SES from the investors’ point of view. 

 

TABLE 32 – STAKEHOLDERS AND THEIR MOTIVES TO INVEST 

Stakeholders Motives 
Project developer  Sustainable development; 

 Innovation; 
 Demand from the market; 
 Improve the quality of a product; 
 Foresight; 
 Calculation; 
 Enterprise; 
 Pride. 

Energy company  Satisfy the financial feasibility and risks; 
 Sufficient scale with growing potential in the future; 
 Corporate Social Responsibility; 
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 Deliver something to customers where money can be earned and the 
environment can be saved in the same time; 

 Yield; 
 Future market and its direction; 
 Independent of fossil fuels. 

Municipality  Public interests; 
 Financial yield; 
 CO2-reduction; 
 Image. 

Companies on a business park  Lowering energy costs; 
 Lowering CO2-emissions because of emission costs per m3; 
 Waste streams cost money, but when companies can connect to each 

other the wasting company can earn money for its waste and the 
connected companies have lower energy costs. 

Bank  Does it fit the bank’s vision; 
 Creating sustainable energy; 
 Larger projects or projects where the bank has a lot of experience 

because of the involvement of many expensive specialists; 
 The applicant has knowledge about the SES; 
 Positive cash flows in case of stress scenarios. 

Housing corporation  Cheaper energy for its customers; 
 Sustainable buildings; 
 Making real estate more attractive; 
 Integral real estate development and integral SES development in order 

to prevent sub optimization; 
 Lowering energy costs. 

 

 

3) WHAT ARE THE IMPLICATIONS TO SUSTAINABLE ENERGY SYSTEMS IN AREA 
DEVELOPMENT PROJECTS WHEN THE DIFFERENT STAKEHOLDERS DECIDE TO INVEST? 

The implications to SES in area development are twofold. The implications are split-up into 
implications from SES and implications for risk alleviation. Implications from SES are 
described by means of the design of electricity and heat and cold storage systems, because 
of the variable nature of the output of several SES. These variable output leads to three 
types of costs: adequacy costs (capacity at peak times), balancing costs (match supply and 
demand, and maintain system stability), and grid integration costs (link to the existing power 
grid, and existing transmission and distribution networks need to be reinforced). The 
implications for risk alleviation are described by means of different issues with respect to 
capitalize future values, alleviation of risk in area development and SES, and implications by 
means of trade arrangements for the diffusion of SES from the perspective of investors. 
There was little information available about the implications per type of investor. The 
interviews held during the field research led to the implications described in Table 33. 
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TABLE 33 – STAKEHOLDERS’ IMPLICATIONS WHEN INVESTING IN SES 

Stakeholders Implications 
Project developer  Besides a SES the project must be sustainable; 

 The heat and cold storage system must be managed by an operator; 
 The use of heat and cold must be changed compared to traditional 

heating and cooling; 
 A project developer will not build when there are no investors or 

customers. In case there will be invested, it must result in a 
responsible yield; 

 Retailers are obliged to use the energy from the heat and cold storage 
system, so they must invest into the system as well (directly or 
indirectly); 

 The implementation of a SES must be taken into account in the 
beginning of the project; 

 A SES must be technical-, functional-, and financial reliable; 
 Having control over all the land of a project. 

Energy company  Start as much as possible new projects that make use of the existing 
distribution network; 

 When a project is smaller than 15.000 - 20.000 m2 it must be scaled 
up; 

 When investing in heat and cold storage systems, utility construction 
must be involved; 

 When investing in a bio-cogeneration plant, the electricity demand 
must be at least 1,5 MWe; 

 The size of the bio-cogeneration plant will be 25% - 30% of the peak 
demand; 

 Connection of a new heat grid in an existing area will lead to higher 
costs, because of the presence of existing infrastructure; 

 Long development process; 
 Requirement of sufficient connection-guarantees that will provide 

enough income; 
 Connection-guarantees lead to negotiation processes about the 

connection period which is time consuming; 
 If the development takes too much time a smaller SES must be built 

until enough connections are realized; 
 The project task must be clustered because of the heating grid; 
 Arrangements must be made according to the pipeline route (e.g. no 

trees above the route); 
 Gas connections are not allowed. 

Municipality  Time and money because of the required knowledge about a certain 
technic, achieving a loan, arranging permits, and performing research; 

 Enough customers and an exploitation foundation for the SES; 
 The involved parties must be transparent to the public/private 

parties; 
 The ground facilities must be ready on time; 
 If the municipality has a certain destination for a piece of ground the 

motive to invest has influence on the type of buyer. A municipality 
can say: ”you may not buy that piece of ground”; 

 The demand and supply of a SES must be matched; 
 If the municipality must choose between temporary facilities or 

refrain from a SES, than a temporary facility will be chosen. The 
investment motive has influence on the decision making when 
making concessions; 

 Clear agreements must be made on a regional context in case the 
project exceeds the municipality border. 
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Companies on a business park  It can happen that more than one company is interested to invest in a 
SES or in waste streams leading to time loss and extra costs; 

 Investors are specially looking for parties who are thinking about long 
depreciation periods, who are used to it, and who have experience in 
long-term thinking; 

 Having large energy users with many waste streams could lead to a 
provincial policy that only low energy users may settle in the 
neighborhood of large energy users; 

 New companies must connect to the waste stream of the large 
energy user; 

 SDE+ subsidy is a requirement; 
 Developments must fit the sustainable development of a project; 
 Large energy users only want to invest only up to the gate. Outside 

another party  must invest; 
 Realization is time consuming (e.g. permits, legal cases, research, 

business analyses and cases); 
 Companies require price- and period guarantees for a feasible 

business case. 
Bank  Underlying contracts are very important. The quality, period, and 

take-over must be well organized 
 Advisors are expensive and research takes time. Advisors could be: 

technical advisor, lawyer, tax consultant, and an accountant. 
Housing corporation  When customers disappear the business case of a SES-project can be 

unfeasible; 
 Low Temperature Heating (LTV) is a different method of heating 

(regulation, comfort, and perception); 
 The building quality and the ventilation concept must be very clear. 

 

 

4) IS REAL OPTIONS ANALYSIS WITHIN AREA DEVELOPMENT A USEFUL MODEL COMPARED 

TO TRADITIONAL CALCULATION MODELS TO LOOK AT INVESTMENTS IN SUSTAINABLE 

ENERGY SYSTEMS WITH A DIFFERENT PERSPECTIVE? 

Besides the described measures obtained from the interviews, an alternative investment 
methodology is evaluated compared to the traditional discounted cash flow methodology. 
This methodology is called ‘Real Options Analysis’ (ROA).  

In order to apply ROA three different System Dynamics (SD) models have been created. The 
first model comprises the investment costs and cash flow models of real estate exploitation 
(i.e. apartments, offices, shops/catering), the second model comprises the investment costs 
and cash flow model of a heat and cold storage system, and the third model comprises the 
investment costs and cash flow model of a bio-cogeneration system. These models are used 
for defining the underlying and upper values, and in the end evaluating the applicability of  
ROA in area development. 
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BOX 7 – REQUIREMENTS FOR APPLYING ROA 

 

 

difference between the underlying NPV and the upper investment costs are large enough 
(higher NPV and lower investment costs). In order to create the value, there must be 
uncertainty which drives project value. Uncertainty is calculated by a difference in rental 
income (vacancy) or heat and electricity yield. The different options (WKO and BIO-WKK) are 
practical realizable and enforceable, and the exploitation leads to a cash flow for a long 
period. Important for investors is the fact that they are rational in taking the decision to 
invest. Knowledge of the risks is very important.  So, as (Mun, 2002) also described, ROA 
have strategic value when it is in compliance with the subjects in Box 7. 

Besides the applicability of ROA, the simulations showed some interesting results. First, in 
order to make ROA interesting for a bio-cogeneration plant more uncertainty must be built 
into the model leading to a higher volatility percentage, and a higher cash flow must be 
created in order to achieve a higher expansion factor. Second, the results proved the way 
investment institutions act when they invest in real estate. It is well known that investments 
in different sectors and buildings will lead to lower risks, because each sector and its 
buildings lead to different results. In case that one sector is doing bad and the yield is very 
low or negative, it will be covered by the yields of another sector. Therefore, the risks will be 
relative low as well as the yields. This is proven by the results of the volatility calculation. The 
OV-Terminal, with much higher investment costs and DCF’s in different sectors, has a lower 
volatility percentage compared to the Heren van Breda and Den Hertogh. Respectively 7,5%, 
13,3% and 12,3%. Third, the results from the model also showed that ROA is applicable on 
other area development aspects, such as: soil exploitation, and real estate. But this requires 
further research. Even though, the model can be used by different stakeholders, like: project 
developers, housing corporations, energy companies and municipalities. Finally, different 
stakeholders can use ROA for the following subjects: 

 Compare the differences in cash flows; 
 Having an overview of the future perspective of expanded values; 
 In bad periods the stakeholder can postpone its investments because he knows how 

future values can be; 
 Define the option value of the project; 

i. There is uncertainty. 
ii. Uncertainty drives project value. 

iii. Management has flexibility. 
iv. Flexibility strategies are credible and executable. 
v. Management is rational in executing strategies. 
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 The option value expands the value of a project leading to a possible higher loan by 
the bank. 

In addition to the results of the ROA model, also the SD-models showed some interesting 
findings. First, the NMDA principle applied on a doublet system of a heat and cold storage 
system is less interesting when a few dwellings or utility buildings are connected. The 
payback time will be approximately 20 years in case of Den Hertogh. A shorter payback time 
can be realized when the operation of the system will be performed by the right operating 
company. Otherwise, the maintenance costs and the electricity costs will be higher. Second, 
the bio-cogeneration plant is highly dependent of the SDE+ subsidy. When the project is 
rejected from the subsidy it will lead to an unfeasible project. Third, biomass power plants 
are more riskier because it is difficult to match the financial input and output. When they do 
not match (e.g. input is more expensive and output cheaper), there is no marge leading to an 
unfeasible project. This is subject of risk management, by a financer (e.g. a bank) or an 
investor, about the business case. In contrast, a heat and cold storage system is less risky 
compared to a biomass plant. The highest risk is that of the number of connections. If a 
certain vacancy will appear in a building the SES-operator cannot achieve all revenues 
leading to an unfeasible business case. This can be solved by obligatory contracts where the 
owner of the real estate is responsible for the tenants. If there is a vacancy, the property 
owner must pay the connection costs to the SES operator in case they have agreed to. 
Raising the energy prices is not allowed because of the NMDA-principle, and is therefore 
excluded. 

SES-operators must provide the NMDA-principle because the Dutch legislation describes that 
every energy user has the right to choose an energy operator. In case of SES, the gas 
connection is omitted so energy users are obliged to take the energy from the connected 
SES. Therefore, investors are more aware to invest in SES. Analyzing the business case and 
calculate several scenarios gives insight in the feasibility of the business case and lead to the 
preparedness to invest in such system. On the other hand, this connection obligation 
guarantees the connection to the system and hence the SES-operator always achieve the 
connection revenues.  

Finally, there are several options available to influence the scientific model in order to 
achieve a higher IRR. Also called, influence factors. Chapter 9 described these influence 
factors and their level of influence. Based on simulations can be concluded that in case of 
heat and cold storage systems adding more dwellings or utility connection values will lead to 
the highest internal rate of return. By fully exploiting the heat and cold storage system a 
return of 11% will be yielded at the OV-Terminal and 16% at the Heren van Breda and Den 
Hertogh. In case of BIO-WKK’s, raising the heat operating time has the greatest influence on 
the IRR, namely, 5% yield for the BIO-WKK, and a 6% yield for the BIO-WKK (smaller).  
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10.2 DISCUSSION 
This research described the possible measures to respond to the motives of possible 
investors in SES. This is done by performing interviews with the different investors on basis 
of expert system, and applying ROA as an alternative investment methodology in case the 
traditional DCF methodology fails in making the business case feasible. Several SD-models 
are designed where the output is used as input in the ROA model. The three methodologies 
used to fulfill the research purpose have some limitations, which will be discussed in the 
next lines. 

The results from the performed interviews are added on a textual basis in this research. It 
does not mean that the method of arrangement of the results (i.e. type of investors, type of 
motives, and type of measures) also represents the degree of importance. 

The designed stocks and flows diagrams contain assumptions in terms of endogenous and 
exogenous variables. The assumptions are made because of the lack of (specific) 
information. The real estate models are based on ratios (defining the investment costs, 
operation costs, and rental income). Interviews with field experts and available literature led 
to the input of the model. The validation of the SES models is done by comparing the 
investment costs, profit, and payback time with real life projects.  

The Biomass Plant SFD is based on the connection to a heat grid. It means that the owner, 
the municipality in case of the biomass plant Breda, sells the generated heat and electricity 
to a network operator. Hence, there will be no investments for the distribution grid, the 
delivery system, and the connections for dwellings. The investment costs will be limited to 
the investment in the plant and its connection to the existing heating grid.  

The scientific models are designed according to the business cases of Via Breda. Hence, it is 
not directly applicable on other area development aspects. Per area development aspect the 
underlying and upper CF-models must be designed which will be used as input in ROA. 
Besides, in this research the ‘option to expand’ is applied. It could be that for other area 
development projects other options must/can be applied (e.g. option to choose, or option to 
contract). This must be taken into account at every project.  

This research successful applied ROA on area development projects. The methodology 
showed the potential of certain projects by switching the investment methodology by 
moving the investment costs backward. By applying ROA, the option value of each project is 
defined leading to a higher project value. But, the created option value is not the price that 
should be paid for the option. The calculation of the ‘price’ that should be paid for an option 
is not performed in this research. In the period of the economic crisis investors do not want 
to pay a certain amount of money to create a monopoly position to invest in a system by 
waiting and see if proper market conditions will arise between a predefined period. As 
alternative of the option price, the IRR is used. According to the IRR of the OV-Terminal and 
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the Heren van Breda the investors are willing to invest in an option for a project they initiate. 
Because the IRR of a project is used to judge if investors are willing to pay for an option, it is 
not clear if they would invest in practice. Based on the reaction of field experts it pays-off to 
discuss it with the described investors. Attracting external investors for a project is not 
impossible, but require negotiations. 

Therefore, I conclude that ROA in area development is an interesting methodology for 
investors who initiate a project and creating and buying their own option to have the right 
but not the obligation to invest in the expansion in a predefined period. So if I was such an 
investor, I would consider to apply ROA. In case that I am an external investor and I get the 
ability to buy an option in a certain project to have the right but not the obligation to invest 
in the expansion in a predefined period, I would be more reticent. Risk management is an 
important subject to perform in order to find out the risks of the option and the chance of 
achieving a positive result. Since risk management is time consuming and cost-intensive it is 
important to consider before performing it.  
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11. RECOMMENDATIONS 
The conclusion and discussion, described in chapter 10, showed that there are some 
limitations and delineations in this research. The delineation is made according to the 
available time and as input for the scientific models. This chapter describes the 
recommendations for further research in order to improve the obtained results.  

The obtained results about the motives, implications, and measures to respond to investors 
in SES in area development are described on a textual basis. Further research about the 
value of the different motives, implications, and measures gives insight in their importance. 
Hence, targeted responses can be given or important elements can be added to a project, in 
order to attract different investors for a certain project. By adding the values per investor in 
SD the results about their actions can be simulated by changing important parameters. 
Hence, several policy measures can be tested. In addition, it can give insight in the 
willingness of a bank to increase the amount of funding for a project when the option value 
is added. 

ROA is applied on area development in terms of an expansion with a heat and cold storage 
system for real estate projects, and the expansion of a bio-cogeneration plant to a larger  
bio-cogeneration plant, in order to move the large investments backward and make 
investments more attractive. Investing in real estate with the option to expand with a heat 
and cold storage system proved to be feasible. Investing in a bio-cogeneration plant and 
expanding it with a bio-cogeneration plant proved to be unfeasible. For further research the 
applicability of ROA on other area development projects should be evaluated, including the 
other type of options, in order to find out the possibility of pulling the high investments 
backward for other projects.  

One subject in this research is the calculation of the option value of a certain project. As 
described, the option value is not the price that should be paid for the option. Further 
research about the calculation of possible prices for an option and the height of the price 
investors are willing to pay, gives insight in the feasibility of an option and the amount of 
money that can be generated and used for other investments in the same area.  

Finally, in this research ROA is applied on a financial basis (quantitative). The methodology 
can also be used on a qualitative manner. So postponing certain investments by developing 
an area or a specific project in certain steps using the traditional DCF-methodology or ROA. 
Further research on this topic gives insight in the possibilities of phasing certain projects by 
an option and has the right but not the obligation to invest in the future, when the 
conditions are right. 
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