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APPENDIX A – WORLD ENERGY OUTLOOK: NEW POLICIES SCENARIO 
The New Policies Scenario is based on broad policy commitments and plans that have been 
announced by countries around the world to address energy security, climate change and 
local pollution, and other pressing energy-related challenges, even where the specific 
measures to implement these commitments have yet to be announced. More specifically, 
the New Policies Scenario takes into account all policies and measures included in the 
Current Policies Scenario, as well as the following: 

 Cautious implementation of recently announced commitments and plans, including 
the Cancun Agreements. 

 Continuation of an ETS in Europe and New Zealand; introduction of CO2 pricing 
through taxes/ETS in Australia from mid-2012, in Korea from 2015 and in China from 
2020. Shadow price of carbon adopted from 2015 in Canada, Japan and the United 
States, influencing solely new investment decisions in power generation. Access to 
international offset credits is assumed for all countries participating in an ETS. 

 Phase-out of fossil-fuel consumption subsidies in all net-importing regions by 2020 
(and, as in the Current Policies Scenario, in net-exporting regions where specific 
policies have already been introduced). 

 Extension by five years of the nuclear plant lifetimes assumed in the Current Policies 
Scenario, in those countries that have confirmed their intention to continue or 
expand the use of nuclear energy, accounting for about 50% of the plants currently in 
operation. 

 Extended support for renewables-based electricity-generation technologies and 
biofuels for transport. 

 Heavy-duty vehicle fuel efficiency standards in the United States; light-commercial 
vehicle and passenger light-duty vehicle (PLDV) emissions per kilometer targets in the 
European Union; PLDV fuel efficiency standards in India and China. 

 For 2020 to 2035, additional measures that maintain the pace of the global decline in 
carbon intensity – measured as emissions per dollar of gross domestic product, in 
purchasing power parity terms – established in the period 2009 to 2020. 
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H I G H L I G H T S 

ENERGY PROJECTIONS TO 2035 

Re-energizing the global economy? 

In the New Policies Scenario, the central scenario, global energy demand increases by 40% 
between 2009 and 2035. Demand grows for all energy sources. Oil demand increases by 18% 
and is driven by transport. Coal demand, dictated largely by non-OECD countries, increases 
for around the next ten years but then stabilizes, ending around 25% higher than 2009. 
Absolute growth in natural gas demand is nearly equal to that of oil and coal combined. 
Nuclear power generation grows by more than 70%, led by China, Korea and India. Modern 
renewables grow faster than any other energy form in relative terms, but in absolute terms 
total demand is still not close to the level of any single fossil fuel in 2035. 

The focus of growth in both energy demand and supply switches away from the OECD. 
Nearly 90% of global energy demand growth is in non-OECD countries. OPEC oil production 
reaches more than half of the world total in 2035. Non-OECD countries account for more 
than 70% of global gas production in 2035, focused in the largest existing gas producers, 
such as Russia, the Caspian and Qatar. China consumes nearly 70% more energy than the 
United States in 2035, is the largest oil consumer and oil importer, and continues to 
consume nearly half of world coal production. Despite this, China’s per-capita energy 
consumption is less than half the level of the United States in 2035. 

Inter-regional trade in oil increases by around 30% and is equivalent to more than half of 
world oil consumption in 2035. Trade in natural gas nearly doubles, with gas from Russia and 
the Caspian region going increasingly to Asia. India becomes the largest coal importer by 
around 2020, but China remains the determining factor in global coal markets. The OECD 
share of inter-regional fossil fuel trade declines from 42% in 2009 to 29% in 2035 and 
becomes more focused on natural gas and oil.  

Global investment in the energy supply infrastructure of $38 trillion is required over the 
period 2011 to 2035. Two-thirds of this is needed in non-OECD countries. The power sector 
claims nearly $17 trillion of the total investment. Oil and gas combined require nearly $20 
trillion, increasing to reflect higher costs and a need for upstream investment to rise in the 
medium and long term. Coal and biofuels account for the remaining investment. 

In the New Policies Scenario, global energy-related CO2 emissions increase by 20%, following 
a trajectory consistent with a long-term rise in the average global temperature in excess of 
3.5°C. Around 45% of the emissions in 2035 are already locked-in, coming from capital stock 
which either exists now or is under construction and will still be operating in 2035. 
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APPENDIX B – HEAT AND COLD STORAGE ADDITIONAL INFORMATION 

GENERAL 
The applicability of heat and cold storage is dependent of a certain number of factors, 
namely: the soil suitability, the presence of water extraction, archeological values, 
contaminants, and the presence of other heat and cold storage systems (systems that are 
too close to each other can influence each other negatively). The application of heatpumps 
provides a number of requirements on the quality of the finishing of the building and the 
building itself, based on taking measures at the skin of the building (isolation and 
airtightness), with a comfortable indoor climate and a ZLTV (very low temperature) heating 
system. 

TECHNIC 
The technic consists of three different parts: heat, cold, and warm tap water. These parts 
each has its technical systems, which will be described in the next lines. 

 Heat: 
o Collective open source system 
o or closed source system 
o Collective ring pipe 
o Heat exchanger 
o Heatpump 
o or heatpump + High Efficiency boiler for peak load 
o Release by low-temperature release system 

 Cold: 
o Collective open source system 
o or closed source system 
o Collective ring pipe 
o Heat exchanger 
o Heatpump 
o or heatpump + High Efficiency boiler for peak load 
o Release by low-temperature release system 

 Warm tap water: 
o Heatpump 
o or heatpump + High Efficiency boiler for peak load 

The installation of a heat and cold storage system requires  in most cases the drilling of one 
or more wells, till a maximum of several hundred meters depth. Hereby, usually multiple 
aquifers and confining layers are pierced. During quality drillings the boreholes at the level of 
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the confining layers are closed so short-circuit flows between water layers that strongly 
differ in quality, will be prevented. 

One collective heatpump (electric or gas) is needed for all connected buildings where low 
temperature heating is obligatory and heat meters are installed. A central technical area is 
needed for placing heatpumps and boilers. Four to six distribution pipes are needed from 
the technical area to the connected buildings for transporting space-heat, tap water, and 
cold. Enough space should be reserved in the planning area for the heat and cold well(s) and 
for the distribution pipes. 

Heat and cold storage systems can be used for cleaning the soil in case of soil pollution. A 
heat and cold storage system pumps and injects ground water from and into the soil. This 
leads to the circulation of polluted ground water 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. 

OPEN SYSTEMS (PROVINCIE FLEVOLAND, 2012) 
In case of open systems a distinction can be made between mono-well-systems, doublet 
systems, and recirculation systems. 

One or more combinations of a heat and cold well will be used for doublet systems. A 
system consisting of one doublet, works with a combination of one cold and one heat well. 
Depending of the type of season, cold or heat will be infiltrated in the soil. Hence, a heat or 
cold water bubble arises depending on the type of season. The cold and heat wells may not 
influence each other thermally, so a minimal distance between the two wells is necessary.   

The mono well system is described in chapter Fout! Verwijzingsbron niet gevonden.. 

In recirculation systems the extracted groundwater flows in one direction compared to 
doublet systems. The groundwater will be extracted on one place, and will be infiltrated on 
another place in the soil. Recirculation systems can be carried out as doublet or mono well. 
In the winter and summer respectively a cold or heat bubble will flow away by natural 
groundwater flows. Balance in energy flows is very important: in a certain period the same 
amount of heat and cold must be infiltrated into the soil. An indication of the power per well 
is 50 to 400 kW. 
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CLOSED SYSTEMS (PROVINCIE FLEVOLAND, 2012) 
Ground heat exchangers can be realized horizontally and vertically. For both systems 
underground loops will be applied which will be filled with a liquid able to adopt and release 
energy. The liquid could be glycol, water, or even beet juice.  

The loops will be used in combination with a heat exchanger. The less deep systems can be 
applied by a cpt-technique, the deeper systems with a drill-technique. These systems will be 
realized till a maximum depth of 150 meter.  

 

(DIS)ADVANTAGES OF OPEN HEAT AND COLD STORAGE SYSTEMS 

 Advantages Disadvantages 
Mono well Relative cheap compared to doublet 

systems; 
 
Demands less space and pipes and 
hence can be used on locations with few 
space; 
 
Suitable for delivering heat and cold. 

Structure of the soil is dependent for the 
possibilities and the yield; 
 
Because of the use of one well-location 
more energy will be lost because of the 
groundwater flows, compared to doublet 
systems; 
 
By increased runoff of energy the system 
is less suitable for collective designs and 
–systems; 
 
Salinization of shallow freshwater can 
arise because of the extraction of deeper 
brackish to saline groundwater; 
 
Limited capacity compared to doublet 
systems. 

Doublet system It is also suitable for large areas, offices 
and for instance hospitals because of the 
possible large powers; 
 
In case of a good design and exploitation 
it is a robust system with a relative high 
yield (higher than mono-wells and 
recirculation systems); 
 
Extraction and infiltration in the same 
water layer has a significant effect on 
the salinization compared to 
recirculation systems; 
 
The structure of the soil is less decisive 
for the yield compared to mono-wells; 
 
Suitable for delivering heat and cold; 
 
Heat and cold does not flow off as in the 
case of flow-systems (sustainable 
exploitation of the soil possible). 

Placing doublet systems requires space 
(more compared to mono-wells) for 
preventing mutual thermal influence of 
the wells. 
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Recirculation system Relative cheap compared to doublet 
systems because of the simpler well-
construction; 
 
Suitable for the delivery of heat and 
cold. 

The effects and risks of salinization is 
relative larger because at one well only 
water will be extracted or infiltrated. 
 
Constantly heat and cold is flowing away 
leading to a loss of energy and a lower 
sustainable exploitation of the soil; 
 
The runoff of energy makes the system 
less suitable for collective designs and –
systems. 

 

The choice for horizontal or vertical strongly depends on the energy demand, the structure 
of the soil, and the available space. The soil where the loops will be placed must consist of at 
least sand, water and as little as possible clay. Under good conditions, a power of 50 watt 
per meter loop can be achieved.  

Important application areas of ground heat exchangers are housing sector, utility 
construction, and business parks. All in small-scale projects. 

 
(DIS)ADVANTAGES OF CLOSED HEAT AND COLD STORAGE SYSTEMS 

 Advantages Disadvantages 
Ground heat 
exchangers 

Relative cheap; 
 
No water permit needed; 
 
Suitable for delivering cold and heat 
(less suitable for cold delivery). 

Structure of the soil strongly determines 
the possibilities; 
 
For a certain power many loops are 
needed leading to many drills and CPT’s; 
 
Strong groundwater flows can lower the 
energetic yield; 
 
In general the system has a lower yield 
than other systems; 
 
Variation in temperature; 
 
Less suitable for large projects. 

 

PROCESS 
In the act MER 1994 (changed in 2006) the extraction/infiltration of groundwater is MER-
obligatory if 3 million m3 water will be extracted or infiltrated (see appendix C, section 15.1 
of the act MER 1994). If more than 1,5 million m3 water will be extracted or infiltrated the 
MER-assessment obligation must be used. The number of m3 that will be extracted  per year 
must be calculated in order to determinate the threshold. But making the decision to invest 
in a grid cannot be done by one party. 
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JURIDICAL 
This chapter gives a quick overview of some important subjects out of the large maze of 
juridical subjects. It is not the scope of the research, but interesting additional information. 
For open systems provincial policy and maintenance is based on the water act. For this 
technique it’s all about extraction of groundwater and its influence on the groundwater 
system. At this time, there are two important permits for open systems. The first one is an 
extraction permit for using groundwater based on the water act. The second one is a 
discharge permit to discharge blow down (Dutch: spuiwater) on the surface water or on the 
sewer based on the discharge act, during construction and maintenance of the wells. 
Besides, a construction permit (Dutch: aanlegvergunning) is sometimes needed, based on 
the land use plan (Dutch: bestemmingsplan) with the environmental management act as 
delineation for the organization (Dutch: inrichting). 

Preconditions about the systems are mostly described in the provincial environmental 
regulation (Dutch: milieuverordening), which prohibits the use of heat and cold storage in 
water extraction areas and drilling-free zones. In groundwater protection areas surrounding 
drink water extraction a prohibition is present, with the possibility for exemption. Also 
municipalities can steer the use of the soil by means of structure visions and land use plans. 
But, this is a new type of spatial planning and has only a limited interpretation. If a permit is 
needed by means of the groundwater permit, it will take 6 months procedure time. 

Finally, the buyer has usually no opportunity to arrange a contract with another energy 
provider for the confinement of heat.  
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APPENDIX C – BIOMASS POWER PLANT ADDITIONAL INFORMATION 

SYSTEM DESCRIPTION 
The biomass power plant consists of a combustion chamber where CO2-neutral wood will be 
converted into flue gasses which produce high pressure steam. The generated steam drives 
a turbine which generates green electricity with a maximal yield. The steam will then be 
used for the required heating. Hence, the use of natural gas will be saved. The installation is 
characterized by a very high yield and a minimal maintenance cycle because it will be 
automatically cleaned during operation. This provides a plant with a maximum availability. 

Shredded wood will be transported to the dosing silo by means of moving floors and a chain 
transporter. This dosing silo supplies the wood to the combustion chamber on a dosed way. 
The combustion chamber is provided with a movable grate, pushing the wood through the 
different sections of the combustion chamber. In succession, the wood will dried, gassed, 
and burned in the combustion chamber. Through and above the grate fresh air will be 
added. On the end of the grate the ashes falls from the grate into the ash removal scraper. A 
portion of the ash falls through the (open) grate and also falls into the ash removal scraper.  

The flue gasses from the combustion chamber will be led to the water pipe boiler. Here, high 
pressure steam (60 Bar(a)) will be generated from the heat of the flue gasses. The water pipe 
boiler is provided with an evaporator, a super heater, and an economizer for optimal use of 
the heat in the flue gasses.  

The produced high pressure steam will be led through a turbine. This turbine is coupled with 
a generator that provides for generation of electricity. Hence, the pressure of the steam will 
decrease. The low pressure steam will be cooled in a condenser into water. After 
condensation the dissolved gasses will be removed from the water in a degasser and will be 
returned to the boiler. Herewith, the steam cycle is completed. 

After the flue gasses delivered its warmth to the boiler water, it will be cleaned. First, it will 
be led to a multi-cyclone. In this cyclone fly ash is removed from the flue gas. The part of the 
flue gas which is depleted of gas, will be recirculated to the combustion chamber. This is 
done in order to keep the temperature low in the combustion chamber so the brickwork will 
be protected and the production of NOx will be reduced.  

An option is that the flue gas will be led to a flue gas condenser. Here, even more heat will 
be extracted from the flue gasses, where the flue gasses also are cleaned. 

The last step in the gas cleaning is the use of an electrostatic or a fabric filter for removal of 
aerosols from the flue gas whereupon it will be released to the atmosphere. 
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TECHNIC 
The technic consists of two different parts: heat, and warm tap water. These parts each has 
its technical systems, which will be: 

 Heat: 
o Collective biomass cogeneration 
o Collective ring pipe 
o Individual heat exchanger 
o Release by high temperature release system 

 Warm tap water: 
o Collective biomass cogeneration 
o Collective ring pipe 
o Individual heat exchanger 

All components of a biomass power plant have their own spatial characteristics, inside or 
outside the buildings, including the cogeneration system, the distribution grid, and the 
delivery system. A heat distribution in the planning area is needed for distribution from the 
cogeneration system to the dwellings/buildings. The dwellings/buildings in the planning area 
will have a heat connection and no gas connection. They also get a heatmeter in order to 
measure the energy use. In the planning area enough space should be reserved for the 
realization of the distribution pipes to prevent that they influence each other.  

JURIDICAL  
This chapter gives a quick overview of some important subjects out of the large maze of 
juridical subjects. It is not the scope of the research, but interesting additional information. 
This chapter is split up in respectively national policy and local policy. 

In the national policy biomass power plants require a separate environmental permit 
according to the Environmental Management Act. Also a planning permission is required in 
case of the construction of new buildings or establishing a building for installations. This 
permission can only be granted when the environmental permit is granted.  

As described in chapter Fout! Verwijzingsbron niet gevonden. the Netherlands strives for a 
30% CO2 reduction and 20% sustainable energy in 2020. In the building act requirements are 
described according to energy efficiency. Besides the requirements on the energy 
performance coefficient (EPC), requirements are described with respect to thermal isolation 
and air permeability.  

Finally, the buyer has usually no opportunity to arrange a contract with another energy 
provider for the confinement of heat.  
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APPENDIX D – SOIL POTENTIAL MAP VIA BREDA 
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APPENDIX E – BUSINESS CASE PARAMETERS 

INFORMATION REAL ESTATE 

 

 

 

 

 

Den Hertogh
59 Appartementen
13 Stadswoningen

17 koop Appartementen varieren van 
145-172-181 m2 
€379 - € 419 - € 439 duizend euro

42 huur appartementen varieren van
101 - 143 m2 Huur: 1048 + 95 voor 112 m2
Huur: 1148 +95 voor 126 m2

Stadswoningen: 198 m2 voor €589.000

Heren van Breda
93 Appartementen
16 Hofwoningen

6 Herenhuizen
1 Ondergrondse parkeergarage (214 P)

Appartementen varieren van
70 - 101 m2 voor €800 - €950/mnd

Herenhuis 
235 m2 en 735 m3 voor €595.000 k.k.

Hofwoningen ongeveer 700 m3 €253.000 v.o.n. referentieproject 

Station Breda
150 Appartementen

20000 m2 Kantoorruimte
9000 m2 Winkelen

4 Horecagelegenheden
1 Fietsenstalling (4200 fietsen)
1 Parkeergarage (720 P)
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INFORMATION BIOMASS PLANT BREDA 
Underlying and Upper 2,5 MWe and 7,2 MWth. 

(4000 Dwellings require 5*4000 = 20 MWth. Municipal buildings require 2 MW and business 
customers as well. The total need is 20 + 2 + 2 = 24 MW. The energy company realizes a BIO-
WKK with a size of 30% of the total need. This means 24 * 0,30 = 7,2 MWth. The electricity 
demand is 2,5 MWe, which is described in the available literature.) 

Upper (smaller): 1,04 MWe and 3 MWth (2000 extra dwellings). 

Heat prices are fairly constant because of the NMDA-principle and the connection obligation 
to the city heating grid. 

It is expected that energy prices will not decline substantially (source: innoforte). 

The greatest risks occur during the development stage. During exploitation the risks will be 
much lower (source: report Ernst & Young). 

The simulation of the Biomass Plant Breda is specified according to the operating time.  
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APPENDIX F – CAUSAL LOOP DIAGRAM 
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APPENDIX G – STOCKS AND FLOWS DIAGRAMS 
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APPENDIX H – REAL OPTIONS ANALYSIS ACCORDING TO (MUN, 2002) 
 

 

 

The figure above shows a cone of uncertainty where uncertainty can depicted as increasing 
over time. Notice that risk may or may not increase over time, but uncertainty does increase 
over time. In order to attempt to forecast future cash flows while attempting to quantify 
uncertainty using simulation, a well prescribed method is to simulate thousands of cash flow 
paths over time, as shown in the figure above. Based on the simulated paths, a probability 
distribution can be constructed at each time period. The simulated pathways were 
generated using a Geometric Brownian Motion with a fixed volatility. A Geometric Brownian 
Motion is the presumably random moving of particles suspended in a fluid resulting from 
their bombardment by the fast-moving atoms or molecules in the gas or liquid. The 
mathematical model of Brownian Motion has several real-world applications. An often 
quoted example is stock market fluctuations. A Geometric Brownian Motion can be depicted 
as: 

𝛿𝑆
𝑆

=  𝜇(𝛿𝑡) +  𝜎𝜀√𝛿𝑡 

Where a percent change in the variable S (denoted 𝛿𝑆
𝑆

 ) is simply a combination of a 

deterministic part (𝜇(𝛿𝑡)) and a stochastic part (𝜎𝜀√𝛿𝑡). Here, μ is a drift term or growth 
parameter that increases at a factor of time-steps δt, while σ is the volatility parameter, 
growing at a rate of the square root of time, and ε is a simulated variable, usually following a 
normal distribution with a mean of zero and a variance of one. Note that the different types 
of Brownian Motions are widely regarded and accepted as standard assumptions necessary 
for pricing options. Brownian Motions are also widely used in predicting stock prices. 
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Notice that the volatility (σ) remains constant throughout several thousand simulations. Only 
the simulated variable (ε) changes every time. This nature of the binomial equations 
required to solve a binomial lattice, because one of the required assumptions in options 
modeling is the reliance on Brownian Motion. Although the risk or volatility measure (σ) in 
this example remains constant over time, the level of uncertainty increases over time and at 

a factor of (𝜎√𝛿𝑡). That is, the level of uncertainty grows at the square root of time and the 
more time passes, the harder it is to predict the future. This is seen in the cone of 
uncertainty, where the width of the cone increases over time.  

Based on the cone of uncertainty, which depicts uncertainty as increasing over time, the 
similarities in triangular shape between a cone of uncertainty and a binomial lattice can be 
seen clearly as shown in the figure below. In essence, a binomial lattice is simply a discrete 
simulation of the cone of uncertainty. Whereas Brownian Motion is a continuous stochastic 
simulation process, a binomial lattice is a discrete simulation process. 
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The risk-neutral probability is simply the solution for the probabilities on a binomial lattice. 
As in the binomial lattice paradigm, the time is simply the time-steps between nodes; t can 
be denoted as δt. In addition, this probability P is used in a risk-neutral world, a world where 
risks have already been accounted for. The figure above shows the risk-neutral probability 
equation.  

A risk-neutral world simply means that a certain variable is stripped of its risks. In the 
example on the next page, the certain variable is the cash flow payouts. These cash flow 
payouts can be stripped of their risks, or in common finance language, discounted of risks by 
risk-adjusting in two ways. The first method is simply to risk-adjust the cash flow payouts 
themselves. This implies the use of a discounted cash flow method, applying the appropriate 
market risk-adjusted discount rate, which is typically higher than the risk-free rate. The 
second method is to adjust the probabilities that lead to the payouts, then, using the original 
cash flows, discount them by the risk-free rate, not a marked risk-adjusted rate as risk has 
already been accounted for by the adjusted probabilities and should not be double-counted. 
This implies the use of risk-neutral probabilities in the binomial world. Both approaches yield 
the same results when applied appropriately.  
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APPENDIX I – SUMMARY 
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ABSTRACT 
The European target for renewable energy for the Netherlands is 14% in the year 2020. To 
achieve this target provinces and municipalities have high ambitions and faces many 
initiatives. Despite the ambitions and initiatives, the implementation of Sustainable Energy 
Systems (SES) fails during the feasibility stage because of the high investment costs and long 
pay-back time. To study and understand the thoughts of investors about investing in SES, it is 
important to analyze their motives, their implications, and their vision about the role of SES 
in area development. In this paper I propose a Real Options Analysis (ROA) approach to look 
at investments with a different perspective. System Dynamics (SD) is used to model the area 
development aspects and the resulting discounted cash flow and net present value. 
According to the achieved results I can approve the applicability of ROA for investments in 
SES in area development. 
 
Keywords: Sustainable Energy Systems, Area Development, Real Options Analysis, System 
Dynamics, Investing, Investors. 
 
INTRODUCTION 
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 (Praktijkleerstoel Gebiedsontwikkeling, 2011).  
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The business case must be feasible in order to implement SES in the initiated area 
development projects. Hence, financing area development projects is a real important but 
difficult 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 difficulty of making the business case feasible, 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. Therefore, 
one of the main tasks in this century, and in particular during the next few decades, will be 
to manage transition processes towards a sustainable energy system (Haas, Watson, & 
Eichhammer, 2008). 

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 (Praktijkleerstoel Gebiedsontwikkeling, 2011). Hence, 
financial control and risk management have a central position in the scheme where costs 
and revenues are coming together. 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). 

Several papers are available where actions (Praktijkleerstoel Gebiedsontwikkeling, 
2011), earning potential (van Rooy, 2011) and principles (Puylaert & Werksma, 2011) are 
described to give direction to area developments into a new reality. The current procedure 
of area developments cannot be continued anymore, but should be used to build upon for 
new development methods. It is all about the business case, so when it counts for area 
development then it also counts for SES in area development.  
 To meet the quote of building new development methods, ROA is applied to find out 
its applicability to look at Investments in Sustainable Energy Systems in Area Development 
with a different perspective. To investigate the usefulness of ROA it is applied on a business 
case in the Netherlands. In this case study, I analyze the aspects involved at the traditional 
investment methodologies for real estate, heat and cold storage systems and a bio-
cogeneration plant. The results are implemented in the ROA model to see its applicability. 
Interviews with investors led to the input for the model, and gave insight into their motives, 
implications, and their vision about the role of SES. 
 The structure of this paper is as follows. Section two provides an introduction to ROA 
and describes how the methodology actually works. Section three describes the case study 
where ROA is applied. Section four describes the results of the research, section five and six 
discusses the usefulness of ROA for making investments in SES in area development more 
attractive, and section seven describes suggestions for further analysis. 
 
METHODOLOGY 
Real Options Analysis is a logic for funding projects that maximizes learning and access to 
upside opportunities while containing costs and downside risk. Although it has considerable 
advantages over conventional approaches, the tools for using it remain scarce (McGrath & 
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MacMillan, 2000). (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. 
 The reason for applying ROA is fact that it can enable a company to improve its 
overall commercialization success rate by making deliberate, low-cost “test investments” 
that demonstrate the plausibility of technology development investments with large upside 
potential but highly uncertain chances of success. In such cases, discounted cash flow (DCF) 
analysis often suggests that a project should be disallowed. The achieved net present value 
(NPV) is a perfectly appropriate methodology and should always be used when the 
investment is certain. But what if the outcome is uncertain? Then the flaw is that when 
doing more complex DCF calculations, there is the requirement to estimate all the different 
cash inflows and outflows, which are then discounted back to their present value. In doing 
this the DCF methodology implicitly assumes that once a project is approved, all those cash 
flows automatically take place, which eliminates flexibility. By contrast, the real options view 
is that the best course of action may be to decide not to incur any of the cash flows along 
the way after approval; and this flexibility can have huge value (McGrath & MacMillan, 
2000). […]In effect, the flexibility provided by the option to discontinue the project has value 
that should be considered. The difference between NPV and ROA is that in conventional NPV 
proposals the project sponsors implicitly assume that once the project starts all investment 
steps will automatically be carried out. In fact, after any of many investment steps, the 
projects can be stopped, put on hold, redirected, or postponed. The flexibility to stop, 
postpone, redirect or put on hold further investment creates the option value (McGrath & 
MacMillan, 2000).  

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.  
 
CASE STUDY 
The case study used in this research is 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 (Gemeente Breda, 2012).. The projects used for applying ROA are the New OV-
terminal, the Heren van Breda, Den Hertogh, and the bio-cogeneration plant. In the next 
lines these projects will be described briefly according to (Gemeente Breda, 2012). 
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 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’. The 
development of the ‘Heren van Breda’ is one of many developments in the station quarter, 
consisting of 93 apartments, 16 courtyard houses, 6 townhouses, and an underground 
parking garage. 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 development of the 
‘Den Hertogh’ is one of many developments in the Drie Hoefijzers, consisting of 59 
apartments and 13 city 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 
apartments is 122 square meter. The average rental price is € 1193,- Euro. The municipality 
of Breda is planning to build a biomass plant that will provide sustainable heat for 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. These 
projects are chosen because they are provided with heat and cold storage systems. The bio-
cogeneration plant is chosen because the municipality of Breda is planning to build one. 
 
RESULTS  
The information about the different projects is implemented in the scientific model leading 
to the discounted cash flows of the apartments, offices, stores/catering, the required heat 
and cold storage systems for the different projects, and the bio-cogeneration plant. The DCF 
models lead, together with the investment costs, to the Net Present Value (NPV) of the 
project. 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 case of the bio-cogeneration plant the option to expand is the same as the 
underlying, and a smaller one. The results of the bio-cogeneration plant will not be described 
because of the negative results. 
 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. 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. 

As described at section two, in order to apply ROA uncertainty must be built into the 
model. For the real estate projects, 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. The expansion factors and the 
volatility percentages for the OV terminal, Heren van Breda, and Den Hertogh are shown in 
table 1. 
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TABLE 1 – CALCULATION OF EXPANSION FACTOR 

Project DCF Underlying DCF Upper Expansion Factor Volatility  
OV Terminal € 7.380.490,00 € 196.165,00 1,03 7.5% 
Heren van Breda € 322.646,00 € 54.393,00 1,16 12.3% 
Den Hertogh € 264.991,00 € 18.353,00 1,07 13.3% 

 
Table 2 shows the result of the applying ROA on the OV-terminal project. As can be 

seen in table 2, 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. Also the project Heren van 
Breda lead to positive results, but the project has less orange boxes above the green ones. 
The projects Den Hertogh and the bio-cogeneration plant lead to negative results. Hence, 
ROA is not attractive to apply for these projects.  

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, see table 3. 

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 4. 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. 

TABLE 2 – 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 3 – 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% 

 
 
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. The IRR for the OV-terminal, Heren van Breda, and Den Hertogh are 
respectively 6%, 4%, and 1%. These values have no correlation with the ROA methodology 
but only represent the IRR values when investing in a WKO.  

Based on interviews with different investors measures to respond to their motives are 
obtained. With respect to the Via Breda projects, when 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. 
 In case of the bio-cogeneration plant Breda, the mutual coherence and support for 
the project by all stakeholders is very important. 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.  
 

TABLE 4 – OPTION VALUE VIA BREDA PROJECTS 

Project Option Value 
OV-Terminal € 515.782,17 
Heren van Breda € 176.043,82 
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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; 
 Lay down the required revenues and give interested companies the possibility to exploit 

the SES. 
 
CONCLUSIONS 
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 fewer 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 
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, 
the research 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; 
 The option value expands the value of a project leading to a possible higher loan by the 

bank. 
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. 
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DISCUSSION 
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 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.\ 
 
RECOMMENDATIONS 
The conclusion and discussion 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. 
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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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