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Preface 

In front of you lays my final report of the graduation project of the master course 

Construction Management & Urban Development on the University of Eindhoven. During 

this graduation project I cooperated with the housing corporation Woonbedrijf in 

Eindhoven. With this thesis I will complete the master course Construction Management & 

Urban Development.  

In February this year I was given the opportunity to do my graduation in cooperation with 

Woonbedrijf in terms of an internship. Woonbedrijf has pointed out a neighborhood, the 

Airey neighborhood in Genderdal, as pilot project for sustainable issues. The task in my 

graduation project was to study this neighborhood and give and advice for applying 

sustainability measures. 

After a long search for an interesting and relevant research topic, which is interesting for 

Woonbedrijf and for the University of Eindhoven, I decided to focus on the application of 

sustainable energy techniques in residential areas. Eventually I made a decision support 

model which supports the decision of investing in a mix of sustainable energy techniques in 

residential areas. Finally, I succeeded in finishing this thesis, however, not without the help 

of others. 

First, I would like to thank Rob Bogaarts, my supervisor at Woonbedrijf, for his time and 

feedback on my research. His view on sustainability, thinking along, and critical comments 

allowed me to solve the problems I encountered during my research. Furthermore, I would 

like to thank my supervisors at the TU/e, Bauke de Vries and Erik Blokhuis, for their 

guidance, advice and critical comments on my research. 

 

Victor de Vrede 

Eindhoven, August 2012 
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Summary 

Sustainable redevelopment of the housing stock is a challenge for housing corporations in 

the Netherlands the coming years. The increasing rental prices, increasing energy prices and 

the financial crisis have a big influence on the spending of households. With sustainable 

redevelopment the energy consumption can be reduced and thereby the spending on 

energy for households.  

Woonbedrijf, the largest housing corporation in Eindhoven, has pointed out the Airey 

neighborhood in Genderdal as pilot project for sustainable measures and techniques. 

Genderdal is a residential area in the district Gestel in the south of Eindhoven. The 

neighborhood was built in 1958 and contains 238 so called Airey houses. The Airey houses 

have an average energy label of D/E and therefore there lays a potential to make a big 

improvement in the energy performance. 

In this study there is developed a decision support model which supports the decision of 

Woonbedrijf when, and in what amount, they can best invest in a mix of energy techniques 

to reach their objectives. An objective can for instance be the reduction of the energy 

consumption in 2020 with 33% or to become an energy self sufficient neighborhood in 2035. 

With the use of this model there is given an advice on investing in energy techniques for the 

Airey neighborhood in Genderdal. By making the needed input for this model generic, it can 

support the decision for investing in a mix of energy techniques in different neighborhoods 

of Woonbedrijf. 

There are developed two related models in MS Excel: one for electricity and one for warmth. 

The model maximizes the net present value of the total investments in energy techniques, 

by calculation the best combination of energy techniques varying in amount and time. The 

model uses linear programming, an optimization technique, for calculating the best possible 

solution. 

With this model different scenarios for implementing energy techniques can be run. The 

decision support model will generate the corresponding diagrams from which there can be 

made a conclusion on each scenario and there can be given an advice on the Airey 

neighborhood. In this study there is chosen to analyze three scenarios: 

 Minimal investments; Meet the minimum required energy objectives. 

 Ambitious; Quickly towards an energy neutral neighborhood. 

 Goal driven; Looking for the best results to approach/reach the objectives 

Solar PV is a proven technique for generating electricity. With installing solar PV systems on 

all the houses in the Airey neighborhood there can be generated 85% of the total electricity 

consumption in 2013. Combined with the installation of different wind turbines, the Airey 

neighborhood can go towards an energy self-sufficient neighborhood. The restrictions that 

are set for the implementation of solar PV and wind turbines determine the maximum 
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generation of electricity; therefore it is not possible to become an energy self-sufficient 

neighborhood with only applying these techniques. The expected improvement of the 

performance of the energy techniques, can presumably contribute for achieving an energy 

self-sufficient neighborhood. But as it is uncertain to forecast the future developments there 

has to be searched for another solution. This can for instance be installing a field of solar PV 

systems in the neighborhood or a larger amount of wind turbines.  

As the total potential of electricity generation of the different wind turbines is lower than 

the potential of solar PV, it is advised to first invest in solar PV and later focus on the 

investments in wind turbines. It is not recommended to apply micro-cogeneration in the 

Airey neighborhood, as the gas consumption after upgrading the thermal conditions of the 

houses isn’t much higher than the required 1.600 m³. 

As the thermal conditions of the Airey houses are bad, there can be achieved a lot by 

insulation and upgrading towards hr++ windows. This will lead to a gas reduction of 55%. 

The other 45% has to be achieved by using other techniques. The scenarios show that if 

there is installed a solar boiler on every roof, the gas demand can decrease with 75%. The 

model prefers solar boilers above upgrading, this is because solar boilers will have more 

revenues and they have a shorter payback time. But it is recommended to first lower the 

demand of warmth by upgrading the houses and then install renewable energy techniques 

like solar boilers. 

The Airey neighborhood seems too small for implementing expensive heat energy sources 

like heat and cold storage, deep geothermal energy and bio-energy. But there are needed 

more energy techniques to become an energy self-sufficient neighborhood in the future. The 

selling of warmth (or coldness) to other areas or parties could be a solution. Another 

stumbling block are the high investment costs of a heating grid and heat pumps. These high 

costs make it almost impossible for the model to take collective heat energy sources into 

account; the model calculates towards a credible solution with a high value. 

As result of the decision support model there are diagrams which show the expected 

housing and energy costs for the tenants with or without the investment in energy 

techniques. Out of these graphs there can be concluded that investments in energy 

techniques provide lower housing costs. As the core business of a housing corporation is to 

offer affordable housing, the implementation of energy techniques can be an opportunity to 

tackle this forecasted problem. 
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1. Introduction 

1.1. Problem statement 

Sustainable redevelopment of the housing stock is a challenge for the housing corporations 

in the Netherlands the coming years. A few sustainable redevelopment projects of 

residential areas are recently finished, like the Passive House Project renovation in 

Roosendaal, but sustainable redevelopment in the Netherlands is still far behind the 

sustainable redevelopment in, for instance, Germany. Nevertheless it has to be said that the 

amount of pending sustainable redevelopment projects for residential areas in the 

Netherlands is growing. 

The increasing rental prices, increasing energy prices and the financial crisis have a big 

influence on the spending of households. With sustainable redevelopment the energy 

consumption can be reduced and thereby the spending on energy for households. Not only 

the financial aspects for tenants are important, also the financial aspects for the housing 

corporation have influence on the opportunities of sustainable redevelopment. It is decisive 

for the housing corporation that they know how the sustainable redevelopment project can 

be financed. 

Problem: 

It is not clear for housing corporations how they can apply and finance renewable energy and 

energy-saving techniques in a neighborhood. 

1.2. Research goals 

- Developing a Decision Support Model which optimizes the time and amount of 

implementing energy techniques for a housing corporation. 

- Giving an advice on which Woonbedrijf can implement energy techniques for the 

Airey neighborhood in Genderdal. 

1.3. Research questions 

- Research question:  

Which combination of renewable energy and energy-saving techniques are the 

most suitable and feasible for a specific residential area? 

- Subquestions: 

 What are the characteristics of the Airey neighborhood in Genderdal? 

 Which energy techniques are suitable for existing residential areas?  

 What are the preconditions, costs and revenues of these energy techniques?  

 What is the best time and amount for investing in different energy techniques 

for a residential area? 
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Case study: Aireys in Genderdal

Combination of 
energy techniques in 

the Airey 
neighborhood

Literature Study Survey Results

Scenarios for energy 
techniques in the 

Airey neighborhood

Analysis of the Airey 
neighborhood

Study on energy 
techniques

A Decision Support 
Model for 

implementing energy 
techniques in 

residential areas

1.4. Research design 

In figure 1.1 the research design of this graduation project is put in a scheme. This 

scheme gives more insight of how this project is build up, what is investigated and what 

the results are. The scheme is divided in three categories (literature study, survey, 

results) in which the different steps are drawn as boxes. Also the part of the graduation 

project which focuses on the Airey neighborhood in Genderdal is shown. Below this 

scheme there is a short description of what is discussed in each of the boxes. 

 

 

 

 

  

 

  

 

 

 

Analysis of the Airey neighborhood 

As the Airey neighborhood in Genderdal is a returning case in this study, there is first made 

an analysis on the Airey neighborhood. With information gained from databases of housing 

corporation Woonbedrijf and meter readings of grid operator Endinet, there is made a 

quantitative analysis. The analysis of the Airey neighborhood is divided in a technical 

analysis, a social analysis and an energy analysis. 

Study on energy techniques 

There is done a literature study in the energy techniques for warmth and electricity. This is 

done according to the three steps in the Trias Energetica: reducing energy demand, use of 

renewable energy sources, and efficiency of energy use. The energy techniques are 

described on preconditions, costs, revenues and CO2 reduction. 

Combination of energy techniques in the Airey neighborhood 

Not all the energy techniques are possible to combine in a neighborhood. Therefore it is 

important that there is made an analysis of the energy techniques and the possibility of 

combining these techniques. There are techniques that are ideal to use together, but there 

are also techniques that counteract. 

figure 1.1: Scheme of research design. 
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Scenarios for energy techniques in the Airey neighborhood 

In this study there is thought of different scenarios for implementing energy techniques 

varying in amount, time and combinations. These scenarios are translated into a decision 

support model, which optimizes the net present value of the total investment by finding the 

optimum scenario for a residential area. With this model the best possible combination of 

techniques is determined for the Airey neighborhood to match the goals that Woonbedrijf 

wants to set for this neighborhood. 

A Decision Support Model for implementing energy techniques in residential areas 

The result of this graduation project is an MS Excel model which supports the decision of 

housing corporation Woonbedrijf to decide when and in what amount they can best invest 

in what mix of energy techniques to reach their objectives. One of these objectives can for 

instance be an energy self sufficient neighborhood in 2035. With this decision support model 

there can be given an advice on investing in energy techniques in the Airey neighborhood. By 

making the needed input for this model generic, this model can also support the decision for 

investing in a mix of energy techniques in other neighborhoods of Woonbedrijf. 
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2. Analysis of the Airey neighborhood in Genderdal 

Genderdal is a residential area in the district Gestel in the south of Eindhoven (NL). A 

neighborhood of 238 dwellings so called Airey houses in Genderdal (built in 1958) is assigned 

as pilot project for sustainable measures and techniques in Eindhoven. Woonbedrijf and the 

City of Eindhoven want to try out different sustainable measures and techniques in this 

neighborhood. An important aspect of this pilot project is the participation of the tenants in 

the process of implementing sustainability. Woonbedrijf wants the tenants themselves to 

decide if and what sustainable measures there have to be applied in their neighborhood.  

The analysis of the neighborhood is split in three parts: in the technical analysis the 

technical characteristics of the Aireys are described, in the social analysis the type of tenants 

and their properties are described, in the energy analysis the energy features of the 

neighborhood are described. 

2.1. Technical analysis 

In the reconstruction period after the Second World War there are build a lot of so called 

Airey houses in England and the Netherlands. The advantage of these houses was that they 

could be build very fast and that the steel that 

is needed for the frame could be taken from 

the frames of military vehicles. In the 

Netherlands the Airey houses are built with 

the Nemavo-Airey-system, also the Airey 

houses in Genderdal are build with this system. 

In figure 2.1 the Airey houses in Genderdal are 

shown. The Neighborhood has a spacious 

urban layout, a wide street profile and large 

gardens. 

Technical features 

The Airey houses have a frame that is made of concrete and steel. The facades are build up 

outside in as followed: concrete tiles (617 x 369 x 40 mm), frame of concrete and steel 

within a cavity, wood wool cement plating (35 mm), plastering (240mm) and the interior and 

exterior cladding is concrete and wood fiber plates. The window frames and roof trusses are 

made of steel. The roof is made of wood and has a bitumen covering. There are two types of 

houses in the Airey neighborhood, type 100 and type 90. They only vary in size: type 90 has a 

surface of 59 m² and type 100 has a surface of 67 m². The floor plans, facades and typology 

can be found in appendix A. The Airey houses have natural ventilation. 

 
  

figure 2.1: Airey houses in Genderdal. 
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Rental Prices 

The validation of immovable property act of 

the Airey houses ranges between €123.000 

and €177.000. With an average of € 135.000 

the value of the houses is relative low 

compared with the other dwellings in the 

housing stock of Woonbedrijf (average of 

€182.500). Like the relatively low value of the 

houses they also have a relative low rental 

price with an average of € 375. Because of 

these low prices the houses are very attractive 

for people with a low income. The rental prices 

per house are shown in figure 2.2. 

2.2. Social analysis 

The Airey neighborhood is a mono-functional area with only housing. Because of the low 

rents the houses are very popular among starters, single-parent families and immigrants. 

There is no vacancy, when a dwelling becomes vacant there are more than enough people 

who would like to rent it. 

Households 

Residents of the neighborhood are mostly retired Philips employees, starters, single-parent 

families and immigrants. SmartAgent, a research company that divides customers in target 

groups, has made a scan of Eindhoven. They concluded that the residents in the Airey 

neighborhood want to be informed, want to be heard, and want to get presented ideas to 

participate in projects.  An overview of the research by SmartAgent can be found in appendix 

B. 

77% of the households are one-person household, 23% are two-person households. The age 

of the residents is shown in figure 2.3. The duration of residence is shown in figure 2.4, the 

average residence in 2011 was 15 years. 

 

figure 2.2: Rental prices of dwellings. 

figure 2.3: Age of tenants figure 2.4: Duration of residence. 
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Housing costs 

The mean income of the households is € 18.500. The total costs of housing are the rental 

price plus the costs of energy consumption. In average the rental price is € 375 and the 

average costs of energy is € 145. This results in average total housing costs of € 520. Energy 

costs cover about 30% of the housing costs and the rents cover 70%.  

2.3. Energy analysis 

As the implementation of different energy techniques in the area is an essential topic in this 

research, the energy features are described. The building physics of the Aireys, the energy 

labels and the energy consumption is described in this paragraph. 

Building physics 

The Rc-value of the houses is 0,22/0,36/0,15 m² K/W (roof/facade/floor). These are low Rc-

values, there is a lot to win with the insulation of roof, facade and floor. For comparison: 

new buildings have an Rc-value of 3,50-4,00 m² K/W, this is considered as a good insulated 

building.  

The windows of the Airey houses are fitted with doubled glass with a U-value of 3,30 W/m² K 

(including frame). This is considered as a good U-value for windows, but there is still 

something to win here, for instance by upgrading towards HR++ glass with a U-value of 1,80 

W/m² K (including frame). 

There are three types of boilers in use in the Airey houses: HR100, HR107 and VR. These are 

High Efficiency (HR) and Improved Efficiency (VR) boilers, which result in a more efficient use 

of the gas consumption then normal boilers. There is still potential by installing a more 

efficient HRe boiler, which is even more efficient than HR and VR boilers. 

Energy consumption 

The average energy consumption in the Netherlands is 1.617 m³ gas and 3.480 kWh of 

electricity. (Agentschap NL, 2011) Of the gas consumption in average 73% is used for 

warming up the house, 23% for hot water supply and 4% for cooking. (www.energie.nl, 

2012) The households in the Airey neighborhood have an average energy consumption is 

1.250 m³ gas and 2.500 kWh a year, this is below the national average but there is still 

enough potential to reduce the energy consumption because of the poorly insulated houses. 

This energy consumption results in an energy bill of approximately € 1.745 a year, this is € 

145 per month.  

There are two types of houses in the Airey neighborhood: type 90 and type 100. As the 

energy demand of between houses and corner houses can differ because of the difference in 

surface area of the facades, the Airey neighborhood is divided in four types. In table 2.1 the 

average energy consumption and target rent for these different types is shown 
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Type Amount Target rent Electricity 

p.m.) 

Gas 
Type 90 (between) 139 € 391 194 kWh 94 m³ 
Type 90 (corner) 53 € 399 230 kWh 129 m³ 
Type 100 (between) 34 € 357 247 kWh 97 m³ 
Type 100 (corner) 12 € 399 178 kWh 129 m³ 
 

The total gas and electricity consumption of the 238 households is respectively 596.714 kWh 

and 297.660 m³ a year. This results in a total energy consumption of 12,6 TJ and a CO2 

emission of 792 tonnes. In figure 2.5 the total energy consumption (in GJ) of each household 

is shown. As expected the energy consumption of the corner houses is bigger than the 

between houses. 

 

Energy labels 

Since 1998 the energy-index is the indicator of the energy performance of buildings and 

dwellings in the Netherlands. How better the construction, energetic and technical 

installation features how better the score of the energy-index and the matching energy 

label. A is the best score and G is the worst score. The Aireys have an average energy label of 

D/E and therefore there lays a potential to make a big improvement in the energy 

performance. In figure 2.6 the energy labels for the different houses are shown. 

2.4. Objectives in Energy reduction 

The Dutch government has made a covenant with Aedes and Woonbond, the association of 

housing corporations and association of tenants. In this covenant they agree that the total 

housing stock of the corporations will have an average energy label of B  (energy index of 

1,25). Housing corporations have to ensure that the energy consumption will decrease 33% 

in the existing housing stock towards 2018. (Convenant Energiebesparing corporatiesector, 

2012) 

Below the objectives for sustainable energy on different levels, which have effect on the 

Airey neighborhood, are discussed. 

figure 2.5: Total energy consumption. figure 2.6: Energy labels 

table 2.1: Energy demand and target rent per type of dwelling per month. 
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Objectives city of Eindhoven 

An important objective of the city of Eindhoven looking at the implementation of sustainable 

energy, is that they want to become an energy neutral city in 2035. This means that the 

amount of energy that is used in Eindhoven will be smaller than the energy that is generated 

in a sustainable way.  

Objectives housing corporation Woonbedrijf 

Woonbedrijf has documented their sustainable goals in a strategic document 

(Strategiedocument; duurzaamheid bij Woonbedrijf). In this document the policy on different 

sustainable themes, including energy, is described. Woonbedrijf wants to reduce the energy 

consumption of their tenants with investments in energy techniques. This can lead to lower 

expected total housing costs (rents and energy costs) for the tenants. To make it possible for 

a housing corporation to benefit from this reduction in energy costs (i.e. to benefit from 

their investment in energy techniques) it is required that the tenants pay their rents and 

energy costs to the housing corporation. 

Woonbedrijf wants to achieve the implementation of sustainable energy techniques by 

letting the tenants choose for sustainability, they have a client driven policy. They consider 

the tenants’ awareness of the need of sustainability in their neighborhood as important. On 

the level of CO2 reduction and on the level of total housing costs.  

Objectives Airey neighborhood  

The objectives for the Airey neighborhood match the objectives of the city of Eindhoven and 

Woonbedrijf. The goals for the Airey neighborhood are:  

 All the Airey houses have an energy label of at least B in 2020.  

 With the implementation of energy techniques the energy demand has to be 

decreased by 33% over the period of 2008-2020. This results in a decrease of 417 m³ 

of gas and 836 kWh of electricity per house. In total this will be a reduction of 99.167 

m³ and 198.888 kWh for the total Airey neighborhood. 

 Realizing of new apartment buildings with an EPC (Energy Performance Coefficient) 

of at least 0,4 in 2014. 

 The energy demand in the Airey neighborhood will be compensated by the 

sustainable generation of energy in 2035, this will result in an energy self-sufficient 

neighborhood.   
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3. Feasible energy techniques in the Airey neighborhood for electricity 

For the electricity techniques there is chosen for the market proven energy techniques solar 

PV and wind energy. Solar PV is the most applied renewable energy technique for generating 

electricity for houses. Wind energy is a proven technique in coastal areas, but is not that 

much applied in neighborhoods. There are a lot of new developments of wind turbines and 

the share of wind energy in neighborhoods has big potential in the future. Also micro-

generation is a technique which generates electricity in the own neighborhood. With the 

heating up of the house by burning gas, there is generated electricity besides the generation 

of warmth. 

3.1. General information energy techniques for electricity 

The electricity network that is present in neighborhoods belongs to grid operator Endinet. 

The electricity generated by renewable energy systems, like solar PV and wind turbines, can 

be distributed over this grid. If there is chosen to install a field of solar PV panels or field of 

wind turbines there has to be taken into account that there is needed a new electricity grid. 

In this study it is assumed that the existing grid has enough capacity to distribute the energy 

that is generated by the new techniques. Besides this it is assumed that the overproduction 

of electricity is taken back by the grid operator for the same costs as that it is sold to the 

households. 

3.2. Solar PV 

There is more than enough solar irradiation available to satisfy the world’s energy demand. 

On average, each square meter of land on Earth is exposed to enough sunlight to generate 

1.700 kWh of energy every year using the currently available technology. The total energy 

that reaches the Earth’s surface could meet existing global energy needs 10.000 times over. 

(EPIA, 2012) 

Solar PV is becoming more affordable and it is close to “grid parity”. Grid parity is reached if 

the price of energy produced by solar PV cells is the same as or cheaper than the production 

of energy with fossil fuels. If grid parity is reached, it is expected that the demand of solar PV 

cells will increase and therefore the price of solar PV will decrease. The expectation is that 

this will result in an increasing attractiveness of solar PV. 

Preconditions of solar PV 

The implementation of solar PV on a roof has the following preconditions: 

 Roof type: solar panels can best be placed on a sloping roof. A flat roof needs an 

extra support structure and a curved roof needs more expertise. Also the 

construction of the roof has to be strong enough to carry the solar PV system. 

 Roof covering: a solar PV system can be put on all roof coverings, but the support 

structure differs for each covering. Roofs that contain asbestos aren’t suitable for 

solar panels, due to the needed perforation of the roof. 
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 Roof pitch & Orientation: in figure 3.1 the maximum possible yield of solar PV 

systems is shown, dependant to roof pitch and orientation.  

 
 

 

 Irradiation: the generation of electricity is dependent on the amount of sun hours. 
(Eindhoven: 1.450-1.500 hours). Shadow of surrounding (growing) trees or buildings 
can influence the solar irradiation. 

 Snow and wind pressure: extreme snow and wind pressure can damage the solar 
panels. (Wind pressure in Eindhoven: 4,0-4,5 m/s on an altitude of 10 meters) 

 Licensing: in the Netherlands the installation of solar panels needs a license if, 
- The building is a monument or is part of a monumental area. 
- The building has a flat roof and the distance between panel and roof edge is 

smaller than the height of the panel. 
- The panel is not installed on the roof surface. 
- The panel is not directly installed on the roof. 
- The slope of the panel differs from the slope of the roof. 
- The installation for the storage of heated water or electricity isn’t part of the 

panel. 
- The installation is standing outside the building.  
 (www.allesoverzonnepanelen.nl, 2012) 

Generation of electricity by solar PV 

In the solar community the energy a solar power unit can generate is expressed in Watt peak 

(Wp). The capacity of a solar PV system with optimal orientation in Eindhoven has to be 

multiplied with a performance ratio of 0,83 to get the generated electricity. (Siderea, 2012) 

The energy that is generated by a solar PV system leads to a decrease in energy that has to 

be generated with the combustion of fossil fuels. Therefore solar PV panels can have a big 

influence on the CO2 reduction in a neighborhood. 

An installation of 15 m² with a capacity of 2.730 Wp generates 2.265 kWh, if the positioning 

and orientation is ideal. The generation of 1 kWh of solar PV energy has a CO2 emission of 

0,05 kg, this is in contrast with the 0,43 kg of CO2 that is emitted with the generation of 

electricity by fossil fuels. A solar PV system of 15 m² will  reduce the annual CO2 emission 

with 860 kg. 

figure 3.1: Percent share of the maximum possible yield in dependence of the orientation and roof pitch 
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The potential of Solar PV in the Airey neighborhood is dependent on the slope and 

orientation of the roof. In figure 3.2 the percentage of maximum yield in dependence on the 

slope and orientation is shown. The “worst” oriented roofs have a percentage of 91%, which 

results in a production of 2.061 kWh a year. This is still acceptable when the maximum 

production of the solar PV panels is 2.265 kWh. 

In figure 3.3 the need or overproduction of electricity for the households is shown if there 

will be installed a 15 m² 2.730 Wp solar PV system on the southern side of each roof. 

 

 

 

 

 

 

 

 

The performance of the PV systems decreases during the year. The first five years the solar 

panels have a performance of 100%, but after 20 years this performance has decreased 

towards 85%. In table 3.1 the performance of solar PV systems related to the lifetime is 

shown. 

Lifetime (y) Performance 
1-5 100% 
6-8 95% 
9-11 92% 
12-20 90% 
21 88% 
22-25 85% 
table 3.1: Performance of solar PV systems relating to the lifetime. 

Electricity reduction by solar PV 

The households that have an overproduction of electricity can send this back into the grid, so 

other households can use this electricity. In the ideal situation, where all houses have a solar 

PV system of 2.730 Wp and there is no energy loss, solar PV can generate 502.331 kWh in 

the first year. This means that 84,5% of the currently used electricity can be generated 

locally with this renewable energy technique. After installation of 15 m² solar PV on every 

house there is only 92.230 kWh left that is needed from the grid or from other electricity 

techniques. In figure 3.3 the electricity that is needed after installation of 15 m² solar PV on 

each house is shown. 

figure 3.2: Percent share of the maximum possible 

yield in dependence of orientation and roof pitch. 

figure 3.3: Electricity needed from the grid after 

installation of 15 m² solar PV. 
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Financing of solar PV in the Airey neighborhood 

The total investment costs of a 15 m² solar PV system (including installation and taxes) are 

€7.765. (Agentschap NL, 2011) The operating & maintenance (O&M) costs are € 0.031 per 

kWh, for an installation of 2.730 this results in maintenance costs of €57 a year. (Advokaat, 

2011) The installation of a solar PV system on every roof in the Airey neighborhood in 2013 

will cost € 1.894.272. The annual maintenance costs are € 13.906 in the first year. The 

lifetime of a solar PV system is assumed at 25 years, but after 15 years the converter has to 

be replaced. The costs of a new inverter are 8,0% of the total investment costs. 

3.3. Wind Energy 

There are a lot of new developments, which make wind energy more feasible for residential 

areas. Most of the existing conventional wind turbines are financially only feasible in areas 

where there is more than 5,5 m/s of wind pressure. (Milieu Centraal, 2012) Besides this the 

large wind turbines generate much more electricity than little wind turbines, because the 

electricity generation increases in square with the diameter of the rotor. In terms of costs 

per kWh of the electricity: large wind turbine generate electricity for €0,088 per kWh, little 

wind turbines generate electricity for €0,30 per kWh. Therefore the application of large wind 

turbines at places where the wind is stronger (at coastal areas), is much more efficient. Large 

wind turbines have a height of circa 150 m, this means that they are too big to be installed in 

residential areas and bring a lot of shadow and noise nuisance. In this study we will only 

focus on little (new) wind turbines, as big wind turbines are not suitable for residential areas. 

New developments in wind energy 

As discussed above there are a lot of developments in generating electricity out of wind 

turbines. Maybe these developments are not applicable in the first coming years but have 

the potential to be applied in 5 or 10 years. With these developments it is more feasible to 

make use of wind energy in residential areas, where the wind is less strong than in coastal 

areas. Below three new wind energy techniques are discussed. More information about 

these techniques can be found on the websites of the related companies. 

IRWES can be implemented on a flat roof of 6x6 m². This system needs an investment of 

€50.000 and has a payback time of 12 years. One system generates 25.000 kWh a year. In a 

residential area the implementation of this system on an apartment building can generate a 

lot of energy for a neighborhood. The calculations are made on the average wind speed in 

the Netherlands and the installation on a building of 10 meters in height. (IRWES, 2012) 

A donQi installation is a wind turbine of 2 by 1 meters. It costs €5.000 per installation and 

has an energy production of 1.400 kWh with wind speed of 4,5 m/s and a lifetime of a 

minimum of 15 years. The donQi installation can be installed in groups on an open field, or 

on the roof of a house. (donQi, 2012) 

Another new wind energy system is the Skystream. A Skystream 3.7 is a small windmill and 

has a diameter of 3,7 m and a height of 15 meter and generates 400 kWh a year with a wind 
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speed of 5,4 m/s. A wind speed of 3,6 m/s is sufficient enough for installing a Skystream 

financial feasible. There is an investment needed of €11.000 per wind turbine and it has a 

payback time of 20 years. (Windenergy, 2012) In Eindhoven there is a wind speed of 4,0 – 4,5 

m/s, this results in a energy generation of 300 kWh a month and 3.600 kWh a year. 

Generation of electricity by wind 

With generation of wind energy by wind turbines there is no CO2 emission. However a wind 

turbine has only environmental winnings when the CO2 emission that is reduced during the 

generation of energy is less than the CO2 that is emitted by producing the wind turbine. 

Research shows that the environmental benefits are strongly depending on the location and 

positioning of the wind turbine. Only on a good location conventional wind turbines 

generate more energy than there was needed to build them.  

Potential for the Airey neighborhood 

In Eindhoven the wind speed is 4,0 - 4,5 m/s (on an altitude of 10 meters), this means that 

the application of conventional wind turbines in the Airey neighborhood would not be 

feasible. Conventional wind turbines need wind speed of at least 5,5 m/s. Also the height of 

the Airey houses would not be enough for little wind turbines to generate enough electricity, 

conventional little wind turbines need a height of at least 20 meters. In this study it is 

assumed that the installation of the described new techniques are feasible for implementing 

in the Airey neighborhood.  

The new developments of wind energy techniques can be implemented in a later stadium in 

the Airey neighborhood. The combination of solar PV energy and wind energy can result in 

an electricity self supplying neighborhood. More about the potential of these techniques in 

the Airey neighborhood can be found in chapter 7. 

3.4. Micro-cogeneration 

On larger scale cogeneration can be applied by using for example bio-energy power plants.. 

Cogeneration can also be applied on house level, this with the installation of a HRe boiler 

(HRe = High Efficiency electricity), this is called micro-cogeneration. A HRe boiler is a combi 

boiler on gas that also generates electricity with an integrated hot air engine. The HRe boiler 

generates electricity when the boiler fires on. This reduces the electricity that is needed 

from the grid. The over generation of electricity can be delivered back into the grid.  

Preconditions of micro-cogeneration 

The profitability of a HRe boiler is dependent on the annual gas consumption. If a house is 

good insulated or there is a little household it is not profitable (environmentally and 

financially) to install a HRe boiler. A micro-cogeneration is profitable with a gas consumption 

of 1.600 m³ or more. (Milieu Centraal, 2012) 
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Energy efficient 

A HRe boiler uses in average 240 m³ more gas than a normal boiler (HE 107), because of the 

hot air engine that generates electricity. The energy generation with this HRe boiler is 2.300 

kWh per year (with an annual gas consumption of 1.650 m³). In total this results in a CO2 

reduction of 850 kg a year. (Milieu Centraal, 2012) 

Financing of micro-cogeneration 

The investment costs of a HRe boiler are € 16.125. (AgentschapNL, 2012) Micro-

cogeneration is profitable with a gas consumption of more than 1.600 m³ a year. In figure 3.4 

the houses that produce more than 1.600 m³ gas a year are colored in shades of purple. The 

houses marked with yellow have a gas consumption of less than 1.600 m³ and in these 

dwellings the installation of a HRe boiler is not profitable. It shows that there are not that 

much houses in the Airey neighborhood where the upgrading from VR or HR towards a HRe 

boiler is profitable. In figure 3.5 the gas consumption after insulation and upgrading the glass 

towards HR++ is shown. This picture shows that there are only five houses where the 

implementation of a HRe boiler is profitable. 

 

 

3.5. Conclusion 

Solar PV is a proven, more and more applied technique for generating electricity in 

neighborhoods. The development of solar PV is still going strong and the technique will 

develop towards a technique with higher revenues and lower costs. In the current situation 

only solar PV isn’t enough to make neighborhoods totally self-sufficient for electricity.  

The application of wind turbines in residential areas lags behind the application of solar PV 

systems. But there are several wind turbines in development, in this study we focus on 

Skystream, donQi and IRWES. With the combination of solar PV and wind turbines almost 

the total energy demand can be generated by sustainable energy sources.  

Next to these techniques, micro-cogeneration is taken into account in this study. This is a 

combi boiler that generates electricity when the boiler heats up water. Micro-cogeneration 

is only profitable if there is a gas consumption of at least 1.600 m². Therefore it is a doubtful 

figure 3.4: Potential dwellings for micro-

cogeneration before upgrading the houses. 

figure 3.5: Potential dwellings for micro-

cogeneration after upgrading the houses. 
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technique, certainly when there will be applied energy techniques for warmth which will 

decrease the gas consumption.  
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4. Feasible energy techniques in a residential area for warmth 

According to the Trias Energetica concept there are three steps to implement sustainable 

energy. First reduce the demand of energy, secondly use sustainable sources and thirdly 

produce and use fossil energy efficient. In this chapter the energy techniques for the 

reduction of the gas consumption and generating of warmth, that can be implemented in a 

residential area, are described according to the Trias Energetica: energy-saving techniques, 

renewable energy techniques and energy-efficient techniques.  

The first step in the Trias Energetica concept is to reduce the demand for energy. Energy-

saving measures for the existing housing stock are the insulation of floors, walls and roofs 

and the upgrading of the windows. These modifications of the houses are the basis for 

applying sustainable redevelopment in a residential area. Therefore these modifications will 

be the minimum for each house that will be renovated. 

The second step in the Trias Energetica is the implementation of renewable energy sources. 

As fossil fuels are running out and the use of these fossil fuels produce a lot of CO2 emission 

the demand for renewable energy sources is growing. Renewable energy sources are 

sources that are inexhaustible like solar energy, wind energy, water energy, tidal energy and 

biomass energy. In this research only market proven techniques, which can be applied in a 

neighborhood, are described. New uncertain renewable energy techniques (RETs) have a 

high risk, so these are not taken into account. The market proven techniques which are 

selected are solar thermal, heat and cold storage, deep geothermal energy and biomass.  

The third step in the Trias Energetica is energy efficiency in the use of fossil fuels. In the build 

environment this is possible by cogeneration and micro-cogeneration. With cogeneration 

the energy that is used to warm up water also is used to generate electricity. As this energy 

techniques uses gas to generate electricity besides warmth, this technique is already 

described in the previous chapter. 

The techniques are described on the following characteristics: a short description of the 

technique, preconditions for implementing the technique, the costs and benefits of the 

technique, the potential and financing in the Airey neighborhood. 

4.1. General information energy techniques for warmth 

In this chapter different kinds of energy sources for warmth are discussed. For the most 

energy techniques the warmth that is generated in the energy sources has to be distributed 

towards the houses. This will be done on similar ways. The warmth will be produced in an 

energy source and distributed over a heating grid towards the houses. There are needed 

heat pumps in the houses to transfer the warmth of the heating grid into the heat system in 

the house. This heating system will warm up the houses. 



 

30 | Page               Master Thesis: A Decision Support Model for Implementing Energy Techniques in Residential Areas. 
 

Distribution of warmth 

The warmth that is produced in a renewable energy source has to be distributed towards the 

houses. As there is no distribution grid for warmth in most of the existing neighborhoods this 

has to be installed before a collective renewable energy source for warmth can be applied. 

There are different energy sources, with different temperatures of water that is produced. 

The higher the temperature that is generated, the more expensive the costs for the heating 

grid is because there has to be used more insulation for the grid. In this study the costs of 

the distribution grid (or heating grid) and the heat pumps needed in the houses are 

standardized for all the different techniques. In table 4.1 the average costs, based on 

numbers received of a reference project of Brabant Water, that are needed for a heating 

grid and heat pumps are shown. There has to be noted that the reference project consists of 

124 apartments and 53 shops. As this study focuses on dwellings there is decided that these 

costs are multiplied with 1,5, as the costs for the heating grid will be much higher than a 

heating grid for apartments. 

Distribution of warmth Costs per connection 
Heat pumps € 8.000 
Heating grid € 7.500 
table 4.1: Costs of distribution of warmth (based on numbers of a reference project of Brabant Water) 

Heat pumps 

Heat pumps are necessary to increase the warmth of the heating grid towards the warmth 

that is needed for the heating system in the house. A heat pump needs electricity for the 

warming up of this water towards the needed temperature. The need of electricity depends 

on the type of heat pump and the temperature of the water in the heating grid and the 

temperature of the water needed in the house. The electricity that is needed can be 

calculated by the Coefficient of Performance (COP). For the heat pumps in this study there is 

calculated with a COP of 5. In this study it is assumed that there is needed 4 MWh of warmth 

out of the heating grid and 1 MWh of electricity out of the electricity grid to generate 5 

MWh of warmth in the heating system.   

Replacement of heat pumps 

Heat pumps are needed to transform the temperature in the heating grid towards the 

needed temperature in the heating system of the house. The heat pumps have to be 

replaced after 25 years and the costs of the heat pumps are calculated with the costs in table 

4.1 plus inflation. 

Heating systems 

There are two types of heating systems in houses: high and low temperature systems. High 

temperature systems are systems with conventional relative little radiators on the wall. 

These systems need high temperature water to warm up the house (70 degrees Celsius or 

higher). Low temperature systems mostly have floor heating (or wall heating) and there is 

needed a lower temperature water to warm up the house (maximum of 50 degrees Celsius). 
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The type of heating system in a house is important for the choice of energy techniques for 

warmth. An energy technique that generates low temperature water can’t be connected 

with a high temperature system, unless the high temperature system is replaced by a low 

temperature system. The costs of changing a high temperature system into a low 

temperature system is assumed at € 3.500. (vloerverwarminginfo, 2012) 

4.2. Upgrading the energy conditions 

Insulation of a house can reduce the gas consumption (or warmth consumption) of a 

household, and therefore there lays an opportunity to save a lot of energy. Next to the 

insulation of the roof, walls and floor there can also be saved a lot of energy by upgrading 

the windows.  

Energy-saving of insulation & upgrading windows 

The insulation of a roof  of 74 m²  (and 57 m² atticspace) lowers the gas consumption of an 

average household with 325 m³, this results in 4,39 m³ per m² roofsurface. In percentages 

this means that the gas consumption that is used for warming up the house lowers with 0,36 

% per m² applied roof insulation. The insulation of a facade of 40 m² reduces the gas 

consumption with 320 m³, this results in 8,00 m³ per m² facade. In  percentages this means 

that the gas consumption that is used for warming up the house lowers with 0,66 % per m² 

applied facade insulation.  The insulation of a floor of 57 m² lowers the gas consumption of 

an average household with 325 m³, this results in 5,70 m³ per m². This means that the gas 

consumption that is used for the central heating lowers with 0,47 % per m² applied floor 

insulation. (Mileucentraal, 2011)  

The improvement of the windows towards HR++ glass will lead to an estimated decrease in 

gas consumption of 10 m³ per m² window. In percentage this means that the gas 

consumption that is used for warming up the house lowers with 1,91 % per m² upgrading 

from double glass towards HR++. (Milieucentraal, 2011)  

Costs of insulation & upgrading windows 

The costs for roof, facade and floor insulation are respectively €65, €121 and €29 per m² 

insulation. The upgrading of double glass towards HR++ glass costs €168 per m² glass. 

(Agentschap NL, 2011) 

Improvement of Airey neighborhood 

The thermal resistance of a construction is described with a Rc value (m² K/W). The Rc value 

of the Airey houses is 0,22/0,36/0,15 m² K/W (roof/facade/floor). If the total house will be 

insulated as described above the Rc value will become 4,0/4,0/3,3 m² K/W. The thermal 

resistance of a window is described with a U-value. The U-value (window and frame) of the 

double glazed windows of the Airey houses is 3,30 W/m² K. With the upgrading of the 

windows towards HR++ glass (including frame) the U-value will reach 1,8 W/m² K. 
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Gas reduction in Airey neighborhood 

Insulation of roof, facade, floor and upgrading of the windows towards HR++ glass for all the 

houses will lead to a gas reduction of 158.327 m³ a year that is used for heating. In terms of 

the reduction of the CO2 emission this is 284 tonnes. The required gas for the Airey 

neighborhood after upgrading the houses with insulation and windows will be in total 

219.498 m³. This means that there is only needed 37% of the total gas/warmth that is 

consumed at the moment for the Airey houses in Genderdal, after this optimal upgrading of 

the thermal conditions of all the houses. This intervention will reduce the energy costs and 

thereby the total housing costs for the tenants. 

In figure 4.2 the expected gas consumption after insulation of roofs, facades, floors and 

upgrading of the windows towards HR++ glass of all the houses is shown and as comparison 

the gas consumption at this moment, without insulation,  is shown next to it. (figure 4.1) 

 

 

Financing of insulation in Airey neighborhood 

There are four types of houses in the Airey neighborhood. Because of the different sizes the 

insulation of roof, facade, floor and upgrading of the windows differ in costs per type. In this 

study the standardized costs of Agentschap NL is used, these include all costs that are 

needed to upgrade the houses. The optimal upgrading per type of dwelling costs €11.244 

(type A), €12.059 (type B), €16.541 (type C) or €16.704 (type D) per house. The investment 

costs for upgrading all the 238 Airey houses in 2012 will result in € 3.125.000. When there is 

chosen to invest in all the houses in 2012, with an increasing electricity price, the investment 

will be paid back in 2024. 

4.3. Solar boilers 

Out of the inexhaustible energy of the sun there can be generated electricity and warmth. 

Electricity can be generated with solar PV systems, warmth can be generated by for instance 

solar boilers. There are different types of solar boilers, they differ in the amount of water 

and the water circuit they heat up: only tap water, only water for warming up the house or a 

combination. In this study we focus on solar boilers for heating up the house and the tap 

figure 4.2: Expected needed gas after upgrading 

the Airey houses. 

figure 4.1: Gas consumption of households before 

upgrading. 
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water, as this has the most effect on the total CO2 reduction. For solar boilers that are placed 

on the roof there isn’t needed a distribution grid, but this also means that overproduction of 

warmth is lost is this case. If there is chosen for solar boiler combined with a distribution 

grid, the overproduction for a house can be shared with extra needed warmth for other 

houses. 

Preconditions of solar boilers 

The preconditions for putting solar thermal panels on a roof are almost similar to the 

preconditions of solar PV panels. The amount of warmth that is generated by solar thermal 

panels is not that strongly dependent on the slope and orientation, as it is for solar PV 

panels. The most important preconditions for the solar boilers are: 

 It is required that the roofs have to be orientated between southwest and southeast, 

and have a slope between 22 and 60 degrees. 

 There needs to be enough space to place a boiler under the roof. 

 There has to be enough space on the roof, the combination of a solar boiler with 

solar PV is doubtful. 

Costs of solar boilers 

For an average household a solar boiler that heats up the house and the tap water consists 

of two collectors and has a total size of 5,4 m². The costs for this type of solar boiler 

including installation is € 4.554. (Agentschap NL, 2011) The annual maintenance costs for a 

solar boiler are €10 per year. The lifetime of a solar boiler is 25 years.  (Milieu Centraal, 

2012) 

Generation of warmth leads to gas reduction 

A solar boiler generates an average of 1,3 kWh of warmth per square meter per day. 

(Technisch Weekblad, 2011) For an installation size of 5,4 m² this means that there is an 

annual generation of 2.562 kWh of warmth. This amounts to 291 m³ gas that can be reduced 

by implementing a solar boiler of 5,4 m². This results in a decrease in CO2 emission of 524 kg 

per solar boiler a year.  

With the production of a solar boiler there is made use of fossil fuels, but the savings in the 

generation of energy is bigger. In one year a solar boiler generates the same energy that is 

needed to produce the solar boiler.  

In figure 4.3 the need of m³ gas after installation of solar thermal systems on every roof in 

the neighborhood is shown (without upgrading the insulation of the houses and the glass 

towards HR++ glass). In figure 4.4 the amount of m³ gas that is needed after installation of 

solar thermal systems on every roof in the neighborhood, after insulation of roof, facade, 

floor and the upgrading towards HR++ glass is shown. 
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4.4. Heat and cold storage (HCS) 

The energy generated out of the soil can be divided into geothermal energy (energy from 

deep underground) and heat and cold storage (use of heat or cold in the shallow 

subsurface). By using these sources of energy, buildings are heated and cooled in a 

sustainable way. In this paragraph we focus on heat and cold storage in the soil. In the next 

paragraph deep geothermal energy will be discussed. There are two types of heat and cold 

storage: open systems and closed systems.  

Open systems 

Open systems use the available groundwater as storage for warmth and coldness. The 

system has two types of wells (a warm and a cold) and a heat exchanger. During winter the 

warm groundwater is pumped up for heating up the buildings, with a heat exchanger the 

water in the central heating system then will be heated up. The heated up water in the 

central heating system will be heated up with a heat pump towards the required 

temperature. The cooled down water in the heat and cold storage system will be infiltrated 

in the cold well, so it can be used to cool down the building during summer in the same way. 

Open systems are mostly applied in large developments, commercial buildings and business 

parks. As there is made use of the groundwater in an open system, it is possible to combine 

the heat and cold storage with other themes like remediation, water level management and 

(drink) water extraction. A disadvantage of an open system is that the ground water level is 

influenced, so there could be fluctuations in the water level. An open system also requires a 

provincial license.  

Closed systems 

A closed system works in the same way as an open system. The difference is that in a closed 

system, there is pumped around a mixture of water and anti-frost (mostly glycol) in a closed 

figure 4.3: Gas demand after installing solar 

boilers without upgrading the insulation and 

windows. 

figure 4.4: Gas demand after installing solar 

boilers with upgrading the insulation and 

windows. 
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pipe work. This means that the volume of the cooling liquid determines the capacity of the 

system. 

Due to investment costs and possible energy savings, closed systems are mostly applied in 

small developments like a single house or a few houses. As there is needed a lot of pipe 

work, the investment costs in bigger projects are relatively high. Besides the costs there is 

not always enough space for this large pipe work. The turning point lays at 25 m³ per hour. 

Above this rate it is more attractive to choose for an open system, in terms of houses this 

turning point lays at 60 houses. (Milieu Centraal, 2012) 

The combination with other themes (like remediation, water level management, water 

extraction) is not possible with a closed system. There is no license needed for the 

installation of a closed system. 

Preconditions of heat and cold storage 

For implementing a heat and cold storage the soil has to meet a lot of preconditions. There 

has to be done a broad investigation on the condition and characteristics of the soil. The 

following topics are important to take into account with this investigation:  

 Presence of an aquiferous layer 
 Ground water flow rate 
 Transmissivity aquiferous layer 
 Thermal features of the soil 
 Natural soil temperature 

 Redox limit 
 Floor Space Index 
 Fresh/Brackish border 
 Pollution 
 National policy 
 Provincial policy 

 
According to a research on behalf of the City of Eindhoven in 2008, the potential of heat and 

cold storage in Eindhoven is discussed. In appendix C the results of this research are shown 

in a map. This research shows that the Airey neighborhood is qualified as a potential area to 

apply open and closed systems. The temperature of the ground water is about 11-12 

degrees Celsius and the soil is qualified as “high” for applying a heat and cold storage 

system. As the city of Eindhoven already did an investigation for the potential of heat and 

cold storage in the soil, this will not be discussed in depth in this thesis. (potentiekaart KWO, 

Eindhoven) 

Besides these conditions of the soil there are also other preconditions that have to be met to 

make the implementation of heat and cold storage possible: 

 The cold and warmth demand have to be in equilibrium. If there is needed more 

warmth in the winter than cooling in the summer, the wells can’t stay in equilibrium 
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and there has to be disposed a lot of cold during the summer. With providing cooling 

for other buildings in the area during the summer, this difference in demand can be 

captured. 

 Presence of a high temperature system in the houses. If the houses have a low 

temperature system, there have to be done some adjustments in the houses. 

 There is needed a construction site of 10 by 20 meters for drillings and installation of 

the wells. 

Storage of heat and cold leads to lower gas consumption 

Heat and cold storage systems differ a lot in capacity, depending on the amount of buildings 

or households that have to be accommodated by the system. Also the location and 

conditions of the soil are important factors for the costs and capacity of these systems. 

Therefore it is hard to find standardized numbers of heat and cold storage systems. 

For individual applications in new buildings prices should be considered between € 9.000 

and € 20.000. The capacity of the plant is than at a level from 10 kWth. Project prices from 

ten to forty homes are considerably lower and in some cases well below € 10.000. 

(AgentschapNL, 2010) In major renovation projects with individual heat pumps, the 

installation costs are between € 10.000 and € 15.000. Typically, this involves smaller homes 

with a reduced capacity (4 to 10 kWth per system). Payback periods of heat pump systems 

are often longer than 10 years. In the case of a moderate heat pump system the payback 

time is not improved yet. However, this situation changes because of the fall of heat pumps 

prices and improvements in the systems. (AgentschapNL, 2010) 

Costs of collective heat and cold storage systems can be divided in the costs of a doublet, 

costs of a technical room. The costs of the heating grid and heat pumps and eventual 

modifications in the heating system. In table 4.2 the costs and other numbers based on a 

reference project of Brabant Water is shown. 

 Reference project (de Hovel; 

103 houses) 
Standardized per house 

Heat pumps € 800.000 € 8.000 
Heating grid € 750.000 € 7.500 
Technical room € 750.000 € 7.500 
Wells € 500.000 € 5.000 
Preparation and research € 200.000 € 2.000 
Warm well (flow rate) 120 m³/h 1,2 m³/h 
Warm well (capacity) 960 kW* 9,6 kW* 
Cold well (flow rate) 80 m³/h 0,8 m³/h 
Cold well (capacity) 640 kW* 6,4 kW* 
Operations & Maintenance € 30.000 per year € 300 per year 
table 4.2: Costs and numbers of heat and cold storage systems.    * Based on reference projects of bam-deruiter. 
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Financing of heat and cold storage 

The initial investment of a heating network is relatively high. Once the heating network is 

once in the ground, however, little maintenance is required. It can last for years. Profit or 

loss is partly dependent on which accounting method is applied. A heating network which is 

rapidly depreciated seems to be making losses. In practice, however, remains a significant 

value from the network itself and the right to supply customers connected. When the grid is 

written off and the financing expenses are met, the cost decreases. 

4.5. Deep Geothermal Energy 

Deep geothermal energy is a technique that is used a lot in Germany and Iceland. The 

geological conditions in these countries, especially in Iceland, are very positive for the 

implementation of geothermal energy. IF Technology (2011) researched the sustainable 

potential of geothermal energy for locations deeper than four kilometers for the domestic 

heating and electricity supply. The study focused on the potential energy at a depth of 5,5 

and 7,5 kilometers. Since there is currently no precise data available on the kind of rock 

formation at a certain location and depth, the energy content has been estimated by the use 

of Heat in Place. IF Technology assumed that approximately 5% of the heat in place could be 

recovered economically. In their study they conclude that there is high potential for 

geothermal energy in the Netherlands in the future. (see table 4.3) 

Application Depth Recoverable per 

year 

National final energy 

consumption 2020 

Share of geothermal 

energy Heating 5,5 

km 

228 PJ 1.048 PJ 22% 
Heating 7,5 

km 

325 PJ 1.048 PJ 31% 
Electricity 5,5 

km 

34 PJ 490 PJ 7% 
Electricity 7,5km 65 PJ 490 PJ 13% 
table 4.3: Percentage renewable energy / final energy consumption 2020 (IF Technology, 2011) 

Costs of geothermal energy systems 

The costs of geothermal energy can be divided in the drilling costs and costs of the heating 

grid. The deeper the drill, the higher are the investment costs. Table 4.4 illustrates the costs 

for drilling per kilometer. These costs for creating a heating source for deep geothermal 

energy. 

Depth of drilling Costs per km 
< 3 kilometers € 2.000.000 
> 3 kilometers € 3.500.000 
table 4.4: Costs of drilling for a deep geothermal source. 

Alfrink (2011) made three system solutions for implementing a geothermal plant in 

Eindhoven. System solution 1 is a solution for a new housing development project 

(Meerhoven), system solution 2 is a solution for an existing building stock (Rapenland & 

Kronehoef), system solution 3 is the combination of a new development area and an existing 

housing stock (Flight Forum, Meerhoven and Strijp. In table 4.5 the system solutions are 
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summarized. The data from system solution 2 will be used as a reference project in this 

study. 

 System solution 1 System solution 2  System solution 3 
Depth 2,0 km 3,0 km 4,0 km 
Costs of the plant € 8.000.000 € 12.000.000 €28.000.000 
Delta T 27 33 89 
Capacity 4,7 MWth 5,8 MWth 15,5 MWth 
Operation Hours 4000 5000 5000 
Energy production 18.855 MWh/y 28.806 MWh/y 77.690 MWh/y 

 
Potential gas reduction 2.142.613 m³ 3.273.409 m³ 8.828.409 m³ 
Number of houses 3.463 4.278 16.449 
table 4.5: Different system solutions for deep geothermal energy. 

Potential in the Airey neighborhood 

The energy that is generated, and the numbers of houses that are provided with geothermal 

heat, in the solutions above are much larger than that is needed for the Airey neighborhood. 

In the Airey neighborhood there are only 238 houses and the gas consumption is 297.660 

m³. Deep geothermal could only be feasible if it would be possible to overproduce a lot of 

warmth. Besides this there are still lots of uncertainties for using deep geothermal energy. 

The investment costs are high and there are risks that the drilling fails. 

4.6. Bio-energy 

With a biomass power plant there can be generated electricity and warmth by combustion 

of biomass with cogeneration. Cogeneration is a technique that generates electricity and 

warmth, the combined generation leads to a higher environmental efficiency. 

The market for bio-energy is developing fast. Bio-energy is energy which is generated from 

biological material (biomass). With biomass you can think of:  

 Arboriculture biomass (from public gardens and woods). 

 Forest thinning from woods. 

 Rest‐ and waste wood from the industry (e.g. from saw‐mill). 

 Vegetables‐ , fruit‐ and garden waste. 

 Agricultural residues, like straw and manure. 

 Vegetation which is especially cultivated for energy purposes (energy crops), like 

willows, poplars, hemp. 

 Sludge (sewage sludge of communal or industrial water purifications, paper sludge). 

(www.platformbioenergie.nl. 2012) 

Depending on the conversion‐technique, bio-energy can be transformed into the following 

products: electricity, heat and gaseous or liquid fuels. Transformation into bio-energy can be 

accomplished in the following ways; 

 Combustion. 
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 Gasification. 

 Fermentation. 

 Production of liquid substances. 

Preconditions of biomass 

 Bio-energy in residential areas is mostly implemented for a neighborhood of 500 till 

1.000 houses or larger. Bio-energy is mostly applied in new development areas, but 

they are also suitable in renovation projects of existing neighborhoods. 

 Important for the application of bio-energy is that there is a reliable supply of bio 

waste and it has a stable price for longer time. For a neighborhood of 500-1.000 

houses there are needed a few trucks loaded with bio waste each week. 

 The heating grid has to be made as efficient as possible. Short distances are 

recommended as the prices of a heating grid are high. 

 There is needed a technical room for the biomass cogeneration and there is needed a 
place to storage the biomass. 

 

Saving potential / Energy production 

The energy production and costs of a bio-energy power plant for green waste fermentation 

is based on the numbers out of a research done by Advokaat (2011). An installation with the 

capacity of 1.5 MW needs an investment of € 6.427.500. There are O&M Costs of € 455 per 

kW, for a source of 1,5 MW these costs are € 682.500 a year. Assuming that the operating 

hours will be 1.500 a year this installation will have a warmth generation of 2.250 MWh. 

Calculated towards the gas reduction this bio-energy plant can achieve is 255.681 m³ of gas.  

Potential for the Airey neighborhood 

The idea of producing energy out of the green waste out of the own neighborhood is very 

sustainable thinking. But the Airey neighborhood doesn’t meet the preconditions of this 

technique. The neighborhood is too small and the production of green waste is too low. 

There has to be transported lots of green waste out of other parts of Eindhoven towards this 

neighborhood every week to fulfill the demand of energy. This seems more like a task for the 

municipality in combination with a waste disposal company, than of a housing corporation. 

Therefore it is not obvious that there will be chosen for bio-energy in this neighborhood. 

4.7. Conclusion 

The energy techniques for warmth can be divided into energy-saving techniques (insulation 

and upgrading of the windows) and renewable energy techniques (solar boilers, heat and 

cold storage, deep geothermal energy and bio-energy). With the implementation of energy-

saving techniques in a residential area there can be reached a big decrease in gas/warmth 

consumption, but an energy neutral neighborhood isn’t achievable.  

Solar boilers are often applied in residential areas. These panels can be placed on the roof 

and generate warmth for tap water and heating. The warmth generation of solar boilers is, 
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even in combination with the upgrading of the thermal conditions, not enough to take care 

of all the needed warmth in a neighborhood. 

Collective heat energy sources could be a solution to make a neighborhood energy neutral in 

the future. There are some requirements for implementing these techniques. For heat & 

cold storage the cold and warmth demand has to be in equilibrium. If there is needed more 

warmth in the winter than cooling in the summer, the wells can’t stay in equilibrium and 

there has to be disposed a lot of coldness during the summer. With providing cooling for 

other buildings in the area during the summer, this difference in demand can be captured. 

Presence of a high temperature system in the houses is required for heat & cold storage. If 

the houses have a low temperature system, there have to be done some adjustments in the 

houses.  

Deep geothermal energy needs a big investment: around 4 million euro. This investment can 

only be feasible if the market area is big enough; 3.000 dwellings is required as minimum. 

Bio-energy requires several trucks of bio waste each week. This means that there has to be 

enough bio waste in and/or near the area, otherwise the implementation of a bio-energy 

installation isn’t possible. 

Next to the requirements for collective heat energy sources, there is needed a distribution 

grid to transport the warmth from the heat source towards the houses. The costs of a 

heating grid are €7.500 per connection. There are also needed heat pumps to transfer the 

warmth in the grid towards warmth in the temperature system in the houses. The costs per 

pump are €8.000. Besides these costs there is needed a lot of electricity to use these heat 

pumps. The extra investments that have to be made for implementing these collective heat 

sources are discouraging for investments in these techniques. 
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5. Combination of energy techniques 

If different energy techniques are combined in an area, it is important to know if the 

techniques not counteract. Therefore the combination of different techniques is discussed in 

this chapter. This will be an input for the decision support model, which will search for an 

optimal combination of the different energy techniques described in chapter 3 and 4. In 

table 5.1 the energy techniques that can’t be combined or have restrictions if they are 

combined are marked respectively with red and orange. The combination of techniques 

marked with green has no significant restrictions. The numbers in the table correspond with 

the numbers of the paragraphs which discusses the combinations. 
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Solar PV     5.1    

Wind Energy         

Micro-cogeneration    5.2 5.3 5.3 5.3 5.3 

Upgrading   5.2   5.5 5.5 5.5 

Solar Thermal 5.1  5.3      

Heat and Cold Storage   5.3 5.5   5.4 5.4 

Deep Geothermal   5.3 5.5  5.4  5.4 

Bio-energy   5.3 5.5  5.4 5.4  

Table 5.1: Combination of energy techniques 

5.1. Solar thermal and Solar PV 

If solar thermal cells and solar PV panels are placed on the roofs of the houses, the surface 

area of the roof is decisive for the combination of the cells and panels. If the house has a 

small roof area which is suitable for cells and panels, this combination can be doubtful. In 

this study the surface that is needed by solar PV panels and solar thermal cells is respectively 

15 m² and 6 m². 

5.2. Micro-cogeneration after upgrading thermal conditions 

Micro-cogeneration is only financial feasible if a household has a gas consumption of at least 

1.600 m³ a year. It will then generate 2.300 kWh a year along the heating up of the water 

that is needed for warming up the house and warming up the tap water. This means that the 

more gas there is needed to warm up the house, the more electricity is generated, the more 
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attractive an investment in micro-cogeneration is. The upgrading of the thermal conditions 

of a house will lead to a lower gas demand, and will lead to a lower electricity generation 

and a less attractive investment. In the Airey neighborhood there are 32 households that 

have a gas consumption of more than 1.600 m³. After the upgrading of the thermal 

conditions there are only five households that have a gas consumption of more than 1.600 

m³. 

5.3. Micro-cogeneration with renewable heat sources 

Micro-cogeneration uses the combustion of gas to generate warmth and electricity at the 

same time. If the gas consumption will be lowered because of the installation of a renewable 

heat source (like solar thermal, heat and cold storage, deep geothermal or bio-energy) the 

potential of generating electricity with micro-generation decreases. Therefore this 

combination is not possible. 

5.4. Combination of collective renewable heat sources 

To use collective renewable heat sources there is needed a distribution grid to get the heat 

that is produced towards the houses. For this distribution grid there is needed a large part of 

the total investment in collective heat sources. Another big investment is the construction of 

the heat source itself. These investment costs are not linear with the capacity of the source: 

how bigger the source, how more attractive the cost benefit ratio is. Therefore it is financial 

not attractive to combine different heat sources in an area, if this is possible. In the Airey 

neighborhood the warmth demand can be answered with the implementation of one heat 

energy source. 

5.5. Upgrading houses with collective renewable heat sources 

The implementation of collective renewable heat sources needs modifications in the 

neighborhood and in the houses. There is needed a heating grid in the neighborhood as 

described above. There also have to be installed heat pumps in the houses and in some 

cases the high temperature systems have to be replaced by low temperature systems. If 

there have to be made modifications in the houses for upgrading the thermal conditions, 

this can be combined with the installation of heat pumps and low temperature systems. This 

will lead to reduced inconvenience for the tenants during implementing these energy 

techniques. This can also be done with other energy techniques, for instance the solar 

panels can best be installed if there is maintenance or replacement of the roof. This reduces 

the total costs for a housing corporation and the inconvenience for the tenants.  
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6. A Decision Support Model 

There have been made different decision support models for studies in the sustainable 

redevelopment of individual objects. Two good examples of these decision support models 

are made by studies of Rosenfeld and Shohet (1999) and Alanne (2003). These models 

support the choice for retrofit actions for an individual object, based on a techno-economic 

comparison. There have not yet been made decision support models for the implementing 

of sustainable energy techniques in a neighborhood. As result of this study there is made a 

decision support model which supports the decision of a housing corporation in choosing for 

a mix of energy techniques. The choice is based on the energy objectives of the 

neighborhood and the model gives an advice on the best amount and time of investment in 

several energy techniques.    

There are different preconditions described for the different energy techniques in chapter 3 

and 4. These preconditions are translated into constraints and are the input of the decision 

support system. Also the objectives for the neighborhood, the amount of energy that is 

generated locally, are constraints for the decision support model. With all these constraints 

the model gives an advice on the most feasible time and amount of investment in a mix of 

energy techniques for a specific neighborhood by optimizing the net present value of these 

investments. This optimization is done with the help of linear programming (simplex 

algorithm). 

6.1. Energy parameters 

To get a good view on the costs and revenues of the future investments it is important to 

make this prediction as realistic as possible. Therefore the expectations of energy demand 

and energy prices are taken into account in this study. Both are predicted on base of the 

historical energy consumption and prices.  

In this study there is talked about energy in kWh, m³, GJ and CO2 reductions. To be able to 

make a good link between these units the conversion of these energy units is shown in table 

6.1. In the rest of this paragraph the expected energy demand and energy prices are 

discussed. 

Conversion of energy 
 m³ / kWh MJ kWh CO2 (kg) 
Gas / Warmth 1.000 m³ 35,170 MJ 8.800 kWh 1.800 kg 
Electricity 1.000 kWh 3.600 MJ 1.000 kWh 430 kg 
table 6.1: Conversion of energy. 

Energy demand 

The total annual electricity demand is simulated during the period between 2011 and 2057. 

The annual demand is calculated with the help of historical (from 1995 to 2010) electricity 

demand (in PJ) of all the dwellings in the Netherlands. The historical data was obtained from 

the CBS Database StatLine. (CBS, 2011) 
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The total demand during the starting point (2008) was determined using a dataset of the 

energy use in Eindhoven of grid operator Endinet. The sample of almost all the dwellings was 

extrapolated to the total amount of dwellings of the city. Subsequently the actual electricity 

demand of all the dwellings of Eindhoven of the year 2008 was used, together with the 

historical data of the CBS, to create the historical total demand of Eindhoven (by multiplying 

each year the deviation of the total demand of the Netherlands by the electricity demand of 

Eindhoven). This resulted in the historical electricity demand of Eindhoven and in turn this 

demand was used to create a linear function of the electricity demand development of 

Eindhoven (appendix D). The linear function was used to simulate the future electricity 

demand of the target area. This study assumes that the future demand rate is linear and 

behaves as it did in the past. The applied linear function for the future electricity demand 

behaves like the following linear function: y= -8.373.598.393 + 4.323.226x. (Marczinski, 

2011) 

The total annual gas demand of a dwelling depends, contrary to the total annual electricity 

demand, on the physical properties of a dwelling. The last 15 years annual gas consumption 

of dwellings has slowly reduced, due to improvements on insulation and installations. Since 

the study attempts to measure the effects of these improvements, the study assumes that 

the annual gas demands do not increase or decrease, but instead stay at the same level 

during the simulation period.  

Besides this prediction of the future demand for gas it is important to know what share of 

the gas is used for what purpose: in average 73% is used for warming up the house, 23% for 

hot water supply and 4% for cooking. (www.energie.nl, 2012) Upgrading of the thermal 

conditions of the houses and heat & cold storage can only be used to replace 73% of the gas 

that is needed for warming up the house. Solar boilers, deep geothermal and bio-energy can 

be used for warming up the house, but also to warm up the tap water. The only solution for 

the 4% of cooking gas to be replaced by sustainable energy source is to switch to electrical 

cooking. In this study the focus lays on the strategic choice to invest in energy techniques in 

time, therefore it will only focus on energy techniques that reduce the gas consumption for 

warming up the house and/or warming up the tap water. The gas that is needed for cooking 

is not taken into account. 

Energy prices 

The total future electricity and gas price development was predicted with the help of the 

average deviation of the annual historical electricity prices (appendix E). (CBS, 2011) Since 

the historical electricity and gas price developed more or less linearly, the study assumes 

that the price develops in the future at the same linear rate. Therefore the historical data of 

the CBS were used to create the linear function for future price development of both energy 

sources. (Marczinski, 2011) 
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Overproduction of energy back into the grid 

In this study it is assumed that the electricity or warmth that is overproduced for a 

household will be send back into the grid. The electricity supplier will pay the same price for 

this energy as that they charge the customers. For making it possible that district heating is 

implemented there has to be installed a distribution grid. This network will be financed and 

operated by the housing corporation. The existing networks for gas and electricity will 

remain property of the grid operator. It could be that there is another owner and operator 

of the heating grid, but this isn’t taken into account in this study. 

6.2. Financial parameters 

The decision support model gives an advice on when in time, in what amount and in what 

mix of energy techniques there can be invested to optimize the total net present value. To 

get a close to reality answer it is important to choose the right financial parameters. If the 

wrong financial parameters or constructions are chosen, the advice that the model gives can 

be far from reality. Therefore the financial parameters that are used in the model are 

discussed in this paragraph. 

Inflation 

The costs of investments, maintenance and operations costs and the revenues linked to the 

costs of energy prices increase in time. The increase of these costs and revenues over a year 

is the inflation. In the Netherlands the average inflation per year is 2,25%. (CBS, 2012) This 

inflation is used in the decision support model to calculate the costs and revenues over the 

years. 

Net Present Value (NPV) 

The Net Present Value is an indicator of how much value an investment or project adds to a 

company. A NPV with a positive value means that the investment has a positive result on the 

investment. A negative NPV means that the investment has a negative result. The NPV is 

calculated by discounting all the cash flows to the present value with a discount rate. By 

summing up the present values and adding the investment costs the total net present value 

can be calculated. In a formula the NPV can be shown as: 

     
  

      

 

   

     

   = the net cash flow (the amount of cash, inflow minus outflow) at time t.  

   = the initial investment in year 1 

N = total number of periods 

t = the time of the cash flow 

i = the discount rate 
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Discount rate 

The discount rate is the rate of return that could be earned on an investment in the financial 

markets with similar risk. The discount rate is essential in calculating the NPV of an 

investment, choosing for a different discount rate can lead to a deviating result.  The 

discount rate for residential building is 6,0 – 7,0. (ROZ/IPD Vastgoedjaarindex, 2007) The 

investments that are done by Woonbedrijf are calculated with a discount rate of 5,25 %, this 

discount rate is used for the investments in this study.  

Investment rate 

To give insight in the payment of the investment, the investment costs over the different 

years is divided over the (average) lifetime. As there has to be calculated with a loan over 

the years there needs to be an investment rate to calculate the costs as part of the 

investment over the years. In this study there is used an investment rate of 4,0%, this rate is 

used by Woonbedrijf in other investment calculations. 

6.3. Linear Programming: Simplex algorithm 

Linear programming (LP) is an important cornerstone in the optimization theory. Many 

realistic problems can be formulated by means of linear mathematical models. The simplex 

method is an algorithmic approach and is the principal method used today in solving 

complex linear programming problems. Computer programs are written to handle these 

large problems using the simplex method. It is an iterative method that was developed by 

George Dantzig in 1947. Since the development of the simplex algorithm, LP has been used 

to solve optimization problems in industries as diverse as banking, education, forestry, 

petroleum, and trucking.  This shows that LP is a commonly used tool and applied by a lot of 

companies for optimizing the value of investments. 

A linear programming problem (LP) consists of three parts: 

1) In any linear programming problem, the decision maker wants to maximize (usually 

revenue or profit) or minimize (usually costs) some function of the decision variables. 

The function to be maximized or minimized is called the objective function. The 

coefficient of a variable in the objective function is the variable’s objective function 

coefficient.  

2) A set of constraints (each of which must be a linear inequality) that restrict the 

values that may be assumed by the decision variables. A constraint in an LP is binding 

if the left-hand side and the right-hand side are equal when the values of the 

variables in the optimal solution are substituted into the constraint. The coefficient 

of a variable in a constraint is a technological coefficient. 

3) To complete the formulation of a linear programming problem, the following 

question must be answered for each decision variable: Can the decision variable 

assume nonnegative values, or is the decision variable allowed to assume both 

positive and negative values? The sign restrictions, which specify for each decision 
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variable    either (1) variable    must be nonnegative     ≥0; or (2) variable    

may be positive, zero, or negative     is unrestricted in sign. 

(Winston and Venkataramanan, 2002) 

A point is simply a specification of the values of each decision variable. The feasible region of 

an LP consists of all points satisfying the LP’s constraints and sign restrictions. Any point in 

the feasible region that has the largest z-value of all points in the feasible region (for a max 

problem) is an optimal solution to the LP. An LP may have no optimal solution, one optimal 

solution, or an infinite number of optimal solutions. (Nabli, 2009) 

Simplex algorithm 

Above the linear programming and the simplex algorithm is explained in general, in this part 

the simplex algorithm will be explained more in detail. This can give more insight in how the 

simplex algorithm optimizes the net present value of the investments in the decision support 

model. It is not necessary to know exactly how it works to use the decision support model, 

but it will give more knowledge of the optimization method that is used. 

The description of the Simplex Method is a combination of essential features and some 

degrees of freedom. Briefly, the simplex method consists of the following steps: 

 Adding slack variables to the LP. This is done for two reasons: (1) Equalities are easier 

to deal with than inequalities; for instance, multiplying both sides of an inequality by 

a negative number reverses the direction of the inequality, whereas equalities do not 

have this problem; (2) All the inequalities together become the statement that “every 

variable is nonnegative.” This makes no variable more important than another. 

 Putting the equations into a tableau. This is to make manipulation easier. Chvátal 

prefers using “dictionaries,” which keep the equations as equations, where the basic 

variables (BV’s) are written as a function of the nonbasic variables. (Chvátal, 1983) 

 Choosing a column to put a pivot in. It is actually all right to choose any column of a 

tableau which has a negative number in the bottom row. However, cycling (visiting a 

corner point more than once) is possible if the column is not chosen with care. A rule 

which decides which column to choose (among two or more possibilities) is called a 

tie-breaker rule. The tie-breaker rule is to choose the column which has the most 

negative number in its column, and if two columns both have the most negative 

number, choose the one further to the left. This rule is called the Largest Coefficient 

Rule. Another tie-breaker rule, called the Least Subscript Rule, also known as Bland’s 

Rule, chooses the column furthest to the left, regardless of how big the entries in the 

bottom row are. The Least Coefficient Rule can cause cycling; Bland’s Rule prevents 

cycling. (Bland, 1977) 

 Choosing a row to put a pivot in. The only requirement for choosing a row is that we 

choose a row so that when we turn a specific entry into a pivot, that all the entries in 

the right hand side column are nonnegative, so that the point represented by the 

tableau is still feasible. This is also why the smallest ratio is chosen. Once again, if 
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there are two or more rows which work, then the tie-breaking rule needs to be used 

to specify which one becomes the pivot row. If two rows have the same minimum 

ratio, the right hand side column will have a zero in it after pivoting, a situation 

known as degeneracy. When degeneracy is present, it means: (1) That corner point 

satisfies more than n of the inequalities in the original LP with equality, and (2) In the 

next iteration, P may not go up at all. 

 The row operations used to turn an entry into a pivot. The values of the variables can 

be read off quickly from a tableau if there is a pivot in every row; otherwise, a system 

of linear equations needs to be solved to determine the values. When turning an 

entry into a pivot, another pivot will be destroyed, but the specific row operations 

mentioned will prevent any other pivots from being destroyed.  

(Heckman, 2006) 

For examples of the simplex algorithm you can consult the paper of C.C. Heckman of the 

Arizona State University (Department of Mathematics and Statistics). In his paper there are 

given several examples of the mathematical optimization of different linear equations. 

Solver function in Excel 

The decision support model, that is the result of this study, uses the simplex algorithm to 

optimize (maximize) the net present value of the investments in different energy techniques 

for electricity and for warmth. The simplex algorithm can be used in MS Excel by using an 

add-in: the solver function. This function enables the implementation of the simplex 

algorithm in the decision support model. With this solver function the amount and time of 

investments in a mix of energy techniques are calculated by meeting the goals and 

maximizing the net present value of the total investments. 

6.4. Optimizing Net Present Value of investments 

To choose for the optimal time and amount of an investment, it is necessary to know what 

the value of the investment is for the housing corporation. The present value of the cash 

flows is calculated for the investments with the NPV as discussed in paragraph 5.2. By 

optimizing the total NPV of all the investments the most ideal time and amount of 

investments can be calculated for energy techniques in a neighborhood. The optimal factors 

for investments are approached by using the simplex algorithm: 

1) The objective function for the decisions support models will be the total NPV of all 

investments. The NPV has to be maximized. 

2) The constraints are in general the objectives for the share of energy generation in the 

own neighborhood over the years and the maximum amount of installations per 

energy technique per year. 

3) The sign restrictions are, for the investment of all techniques on each investment 

time, that the numbers are nonnegative. This prevents that the decision support 

model optimizes the investment with a negative number of energy systems. 
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The objective function, constraints and sign restrictions for the decision support models are 

described in detail in the chapters that discuss the models for warmth and electricity in 

detail. (chapter 7 & 8)  

6.5. Financing of the investment 

In this study it is assumed that the reduction of the energy costs for the tenants will be used 

to finance the investment in the sustainable energy techniques. To make this possible it is 

necessary that the tenants don’t pay their energy bills with an energy supplier, but 

(in)directly with the housing corporation. There has to be thought of a construction that 

makes this possible. An opportunity could be to involve an Energy Service Company (ESCO) 

to arrange this. This ESCO could be related with the housing corporation or be an 

independent third party. 

For the decision support model it is assumed that the investment costs in energy techniques 

for the housing corporation can be balanced with the reduction in energy costs of the 

tenants. The investment is uniformly divided over the years increased with an investment 

rent, the investment is summed with the reduction in energy costs. The total of the expected 

rental prices plus this result will be the new minimum total rental price that the housing 

corporation needs to finance the investments without making losses. The decision support 

model produces a graphical representation of this, more about this in the next chapters 

where the models will be described in detail. 

Energy Service Company 

An energy service company (ESCO) is a company that offers comprehensive energy 

conservation services to customers with a guarantee of reduced costs. In return, the 

customers offer a portion of their energy saving gains, which are determined based on the 

energy performance of the project. In this way, the customers are able to use the future 

energy-saving benefits for plant and equipment upgrades and a reduction in the current 

operating costs with less or no technical and financial risk; simultaneously, the ESCOs may 

receive corresponding returns that are competitive with other businesses. In addition to the 

energy cost savings that have been the sole focus under the current ESCO framework, the 

implementation of energy conservation activities may result in considerable environmental 

benefits, such as the reduction of CO2 emissions. From an environmental economics 

viewpoint, it is necessary and feasible to include such environmental benefits in an economic 

assessment framework. To realize this, one possible measure is to make full use of well-

developed frameworks that originally focused on environmental performances. (Hongbo et 

al, 2011) 

If a housing corporation will offer an ESCO for its tenants, it is important that this will be a 

third party. In figure 6.1 this construction is shown in a scheme. First the housing 

corporation will do an investment to set up an ESCO. This ESCO will make sure that the 

energy techniques will be installed, maintained and financed. After implementation of the 
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energy techniques the tenant will pay the housing corporation for housing and the ESCO for 

their energy.  

  

Housing 

corporation 
ESCO 

tenants 

€ 

€ 
energy housing 

figure 6.1: Construction with ESCO for a housing corporation to offer energy and housing for its tenants. 

€ 
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7. Decision Support Model for Electricity 

The decision support model for implementing electricity techniques maximizes the net 

present value of the total investments by meeting constraints and approaching/meeting the 

goals for electricity generation in the own neighborhood. In this chapter the different parts 

of the model for electricity are described.  

7.1. Input for the model of electricity techniques 

The input that is needed for the model is divided in general information of the 

neighborhood, general financial information, information of the energy techniques, 

investment restrictions and objectives for local energy generation. The required input cells 

are marked red. The (adjustable) parameters that are used to run the model are marked 

yellow. The other cells cannot be changed; otherwise the model won’t run correctly. 

General information of the neighborhood 

To make the model easy applicable for different neighborhoods there is chosen to reduce 

the input of information of the neighborhood towards some basic numbers about number of 

houses, target rents and electricity demand.   

The total number of houses and the average electricity demand are needed to calculate the 

total electricity demand for the neighborhood. Average target rents and average electricity 

demands per house type are given as input for calculating the expected total housing and 

electricity costs in comparison with the total costs after investments in electricity techniques 

that generate electricity local. In figure 7.1 the interface of the input fields of the model is 

shown, the data that is shown is the data of the Airey neighborhood. 

 

 

 

 

 

 

 

 

General financial information 

The financial parameters that are used are an inflation of 2,25%, a discount rate of 5,25%, an 

increase of the rents of 2,0% and a investment rate of 4,0%. These parameters are used in 

other investment projects of Woonbedrijf. The financial parameters are input for different 

figure 7.1: General information of the neighborhood in model for electricity. 
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financial calculations in the model like the costs and revenues over the years, the net 

present value and the target rents and the loan for the investments. The interface in the 

model for financial information is shown in figure 7.2. 

 

 

 

 

Information of the energy techniques 

Solar PV panels, different wind turbines and micro-cogeneration are taken into account to 

approach/meet the goals that are set for the local electricity generation in the 

neighborhood. The most parameters of these techniques like investment costs, O&M costs, 

generation of electricity and lifetime are derived from the information that is gained in the 

literature study towards energy techniques. In figure 7.3 the interface of the information of 

the energy techniques is shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

figure 7.2: General financial information in the model. 

figure 7.3: General information neighborhood in model for electricity. 
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In the model there are marked a few cells red, they need information that is project based 

and need to be filled to get a good result for the neighborhood:  

 The average performance of the solar PV systems according to the orientation and 

roof pitch of the houses. 

 The number of apartment blocks with a flat roof, this is a restriction for the number 

of possible IRWES wind turbines.  

 The presence of heat energy sources (like solar boilers, heat and cold storage, deep 

geothermal and bio-energy) means a no-go for micro-cogeneration, this choice can 

be filled in a dropdown box.  

 The amount of households that have a gas demand of more than 1.600 m³ a year 

before or after upgrading of the energy condition of the houses. Only then the micro-

cogeneration is financial feasible. This input can be entered by choosing YES/NO in 

the dropdown box next to the cell with the question “PRESENCE OF A HEAT ENERGY 

SOURCE?”. 

Investment restrictions 

The amount of energy techniques which is invested per investment year, and in total, can be 

restricted. It is for instance possible to say that there can be placed a maximum solar PV on 

50% of the roofs in the year 2013, or that there can’t be placed more than 10 donQi’s (a type 

of wind turbine) in year 2018, or that there can’t be placed IRWES system in year 2013, etc. 

In figure 7.4 the interface of the model is shown. In the orange fields the investment 

restrictions can be inserted. The green fields are the decision variables, these fields will be 

optimized/calculated by the decision support model. 

 

 

 

 

 

 

 

 

 

 

 

figure 7.4: General information neighborhood in model for electricity. 
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The investment years are 2013, 2018, 2023, 2028 and 2033. There is chosen for only these 

five years to make it easier to overview the model and to reduce the number of input cells. 

These investment restrictions will be further described as constraints in the explanation of 

the Solver function in the next paragraph. 

Objectives for local electricity generation 

Important input for the model are the objectives for 

the electricity that is generated in the own 

neighborhood. The objective that can be entered is the 

amount of the electricity demand that is generated in 

the own neighborhood in different years. These years 

are 2015, 2020, 2025, 2030 and 2035. There is chosen 

for these five years because 2020 and 2035 are 

marked by the Dutch government and the city of 

Eindhoven as target years for reduction of generation 

of energy. The goal for 2020 is an energy reduction of 

33% according to the Dutch government and in 2035 

the city of Eindhoven says to go towards an energy 

self-sufficient city. There is chosen for only these five 

years to make it easier to overview the model and to 

reduce the number of input cells. The objectives will 

be further described as constraints in the explanation 

of the Solver function in the next paragraph. In figure 

7.5 the input fields for the objectives in the model are 

shown. 

7.2. Operating of the model of electricity 

After the input is entered, the model will maximize the net present value of the total 

investments with the Solver function in MS Excel. This function is a mathematical model for 

optimizing linear programming problems with the simplex algorithm. This simplex algorithm 

is described in chapter 6, in this chapter only the application of the Solver method in the 

model is described. 

Object function 

The object function is the cell in the MS Excel model that will be optimized, in this case 

maximized. In the decision support model this is the total net present value of all the 

investments for electricity. For each investment year there is calculated a net present value 

for the amount of investment in each energy technique. The investment for each energy 

technique over the investment years is calculated towards one net present value for this 

specific technique. The sum of all these net present values is the total net present value of 

all the investments. 

figure 7.5: Input fields for the 

objectives in the model. 
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Constraints 

The investment restrictions and objectives for local electricity generation are the constraints 

for the solver function. The model contains the following adjustable constraints: 

                                                  

                                                  

                                                  

                                                  

                                                  

                                                               

                                                               

                                                               

                                                               

                                                               

                                                        

                               

Sign restrictions 

The total net present value is optimized by optimizing the decision variables. These decision 

variables are the % or numbers of investment per technique per investment year. In the 

Solver function there can be given sign restrictions for these decision variables. These sign 

restrictions can be that the decision variables are assumed as nonnegative values, or that 

the decision variables are allowed to have a positive or negative value. 

In the Solver function of the model the decision variables are restricted to be non-negative. 

This by the obvious reason that it is only possible to install a non-negative amount of energy 

techniques. There is a sign restriction        for the decision variables. 

There are decision variables that are expressed in percentages (solar PV) and there are 

decision variables that are expressed in number of installations (wind turbines and micro-

cogeneration) in the decision support model. As the number of installation can only be an 

integer, these decision variables are restricted as an integer in the model. 

Optimizing the net present value by meeting/approaching the constraints and restrictions 

With the information given as input and given as constraints and restrictions, the total 

investment in energy techniques for electricity will be maximized by optimizing the object 

function. The maximum possible net present value will be found by the model by running 

the Solver function. After the model has found the best mix of investments in energy 
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techniques, varying in amount and time of investment, the Solver function will report if it 

was possible to optimize the object function and if all the constraints could be met. If the 

Solver function reports that not all the constraints could be met, this means that not all the 

objectives could be answered. The model has then calculated the best possible decision 

variables to approach the objectives. 

7.3. Outcome for electricity generation 

Outcome of the model are diagrams that present the balance of the investments in total and 

per investment year, the percentages of the electricity that is generated local and the 

expected total cost for housing and energy and the expected new total costs if the 

investments will be done. This outcome is based on the optimized amount and time of 

investment in different energy techniques by the Solver function. So these diagrams show 

what the influence of these decision variables is for these different topics.  

Optimized implementation of energy techniques per investment year 

The model calculates the best amount and time of investing in different energy techniques 

with optimizing the net present value of the total investments. In figure 7.6 the optimized 

implementation of the different energy techniques is shown per investment year. These are 

only the number of installations, the investment costs or energy production isn’t shown in 

this diagram. So the difference between the energy techniques can seem larger than it is in 

terms of investment costs or energy production. 

  

figure 7.6: Optimized implementation of energy techniques for electricity per investment year. 
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Percentage of total electricity generation 

The different energy techniques for electricity produce an amount of electricity that can be 

converted towards a percentage of the total electricity generation. For each energy 

technique this is shown per year in a diagram. (see figure 7.7) This diagram is directly related 

to figure (7.6), but in this diagram the relation in terms of percentage of the energy 

production is shown. It shows the total electricity generation with local renewable energy 

techniques in colors versus the electricity that is needed from an energy supplier in grey. 

These results approach the objectives for renewable energy techniques given as input for 

the neighborhood. 

 

 

 

 

 

 

 

 

 

 

 

Balance course of investments 

The revenues out of the investments due to the reduction of electricity costs, that is needed 

from the energy supplier minus the total costs for the implementation of the energy 

techniques, result in a balance course for each investment. As result there is given a balance 

course of the total investment, and of each energy technique, for electricity. (see figure 7.8) 

This diagram shows when the total investments have a positive result in the balance. In the 

diagram the result is negative till 2030, this implies that the total investment is paid back 

after 2030, this is a very long time. This can be explained by the new investment opportunity 

every 5 years. So the investment in each year is paid back in about 10 years, but the total of 

all investments isn’t. Therefore the model also shows the balance course per investment 

year, these diagrams show when an investment is paid back. (see figure 7.9 for the balance 

course of the investment year 2018)  

figure 7.7: Diagram with percentages of total electricity generation. 
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Expected monthly total rental and energy costs 

An essential aspect of investments in energy techniques is that the tenants won’t have an 

increase of their total housing costs (rents & energy costs) with the implementation of these 

techniques. And to be able to get the support of the tenants in these investments it is 

important that they get aware of the reduction in housing costs there can be reached by 

investing in energy techniques. Therefore there is made a diagram out of the results of the 

decision support model, which shows what the expected monthly total housing costs are per 

type of house in an area with these investments versus the total housing costs without these 

figure 7.8: Diagram with balance course of the total investments for electricity. 

figure 7.9: Diagram with balance course of the investments for electricity in 2018. 
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investments. In figure 7.10 these costs per month are shown till 2035. Purple are the 

expected target rents, dark grey the costs for electricity and light grey the costs for gas. The 

red line are the total housing costs if there is invested in energy techniques according to the 

result of the model, the dashed green line is a linear derivative of these costs. The 

investments are spread over 25 years.  

The diagram shows per type of house what the difference between the total housing costs 

can be if there is invested in energy techniques versus no investment. With this result it is 

assumed that a housing corporation is allowed to (direct or indirect) supply energy towards 

their tenants and is allowed to charge their tenants for this. An option to make this possible 

can be the construction of an energy service company (ESCO). 

 

 

 

  

figure 7.10: Diagram with the expected total monthly housing costs. 
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8. Decision Support Model for Warmth 

The decision support model for implementing energy techniques for warmth maximizes the 

net present value of the total investments by meeting constraints and approaching/meeting 

the goals for gas reduction and warmth generation in the own neighborhood. In this chapter 

the different parts of the model for warmth are described.  

8.1. Input for the model of energy techniques for warmth 

The input that is needed for the model is divided in general information of the 

neighborhood, general financial information, information of the energy techniques, 

investment restrictions and objectives for gas reduction. The required input cells are marked 

red. The (adjustable) parameters that are used to run the model are marked yellow. The 

other cells cannot be changed, otherwise the model won’t run correctly. 

General information of the neighborhood 

To make the model easily applicable for different neighborhoods there is chosen to reduce 

the input of information of the neighborhood towards some basic numbers like number of 

houses, target rents and warmth/gas demand.  

The total number of houses and the average gas demand are needed as input to calculate 

the total gas/warmth demand for the neighborhood. Average target rents and average gas 

demands per house type are asked as input so the expected total housing and gas costs can 

be calculated with and without investments in energy techniques. In figure 8.1 the interface 

of the general information of the neighborhood in the model is shown. 

 

  
figure 8.1: General information of the neighborhood in model for warmth. 
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General financial information 

The financial parameters that are used are an inflation of 2,25%, a discount rate of 5,25%, an 

increase of the rents of 2,0% and a investment rate of 4,0%. These parameters are used in 

other investment projects of Woonbedrijf. The financial parameters are the input for 

different financial calculations in the model like the costs and revenues over the years, the 

net present value and the target rents and the loan for the investments. Figure 8.2 shows 

the interface in the model of the general financial information. This information is linked 

with the financial information of the model for electricity. 

 

 

Information of the energy techniques 

Upgrading of the energy conditions, installation of solar boilers, heat & cold storage, deep 

geothermal energy and bio-energy are taken into account to approach/meet the goals that 

are set for the gas reduction in the neighborhood. The most parameters of these techniques 

like investment costs, O&M costs, generation of warmth (and/or reduction of gas demand) 

and lifetime are derived from the information that is gained in the literature study on energy 

techniques. Also the costs that are needed for the distribution of warmth for district heating 

like the construction of a heating grid and installation of heat pumps are taken into account. 

There is needed project based input to get a good result for the neighborhood. The required 

cells as input for the model are marked red (see figure 8.3):  

 The average costs of insulating roof, facades and floor of a house in the 

neighborhood, and its related reduction of gas demand. The costs and revenues in 

the model are based on the improvement of the Rc value of 0,22/0,36/0,15 m² K/W 

(roof/facade/floor) towards 4,0/4,0/3,3 m² K/W and an improvement of the U-value 

of window and frame of 3,30 W/m² K towards 1,8 W/m² K. With this upgrading there 

can be reached a reduction of 73% in the gas demand for heating up the house. 

 As the installation of solar PV cells is essential in going towards an energy self 

sufficient neighborhood, the roofs are presumably invested with solar PV cells. 

Therefore it is significant to know if there is enough roof area for implementing solar 

boilers (5,2 m²) next to solar PV cells (15m²). This input can be entered by choosing 

YES/NO in the dropdown box next to the cell with the question “ENOUGH ROOF 

AREA FOR SOLAR BOILERS NEXT TO SOLAR CELLS?”. 

 An important constraint for the Heat & Cold Storage is that there is equilibrium in 

cold and warmth demand. If there is no equilibrium the cold and warm well will 

become unbalanced and the wells won’t be useful after a few years. As houses need 

a lot more warmth then cooling, there is needed a purchaser for cooling in the 

figure 8.2: General financial information in model for warmth. 
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neighborhood. Therefore it is asked if there are or aren’t buildings in the 

neighborhood that need (a lot of) cooling. This input can be entered by choosing 

YES/NO in the dropdown box next to the cell with the question “BUILDINGS IN 

NEIGHBORHOOD WITH COOLING DEMAND?”. 

 The costs for drilling the source of deep geothermal energy are very high and this 

source generates a lot of warmth. This means that there is needed a large warmth 

demand, so the neighborhood/market area has to be big enough to fulfill this 

demand. If a neighborhood is bigger than around 3.000 houses, the warmth demand 

is big enough for implementing a deep geothermal energy source. This input can be 

entered by choosing YES/NO in the dropdown box next to the cell with the question 

“MARKET LANGER THAN 3000 HOUSES (OVERPRODUCTION)?”. 

 Bio-energy by green waste fermentation is used for heating up the water for 

households. If you want to supply the whole neighborhood with a bio-energy source, 

there is needed green waste from out of other areas (a few trucks a week). So bio-

energy can only be applied if it the supply of green waste is large enough. This input 

can be entered by choosing YES/NO in the dropdown box next to the cell with the 

question “MUCH GREEN WASTE IN NEIGHBORHOOD AND OTHER AREAS?”. 
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Investment restrictions 

The amount of investments in energy techniques per investment year and in total can be 

restricted. It is for instance possible to restrict the upgraded houses with a maximum of 50% 

of the total neighborhood in the year 2013, or the amount of solar boilers on more than 40% 

of the roofs in 2018, etc. The investment years are 2013, 2018, 2023, 2028 and 2033. There 

is chosen for only these five years to make it easier to overview the model and to reduce the 

figure 8.4: Investment restrictions in the model for warmth. 

figure 8.3: General information neighborhood in model for warmth. 
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number of input cells. These investment restrictions will be further described as constraints 

in the explanation of the Solver function in the next paragraph. The interface for inserting 

these investment restrictions are shown in figure 8.4. 

Objectives for gas reduction 

Important input for the model are the 

objectives for gas that has to be reduced 

in the own neighborhood. The objectives 

that can be entered are the percentages 

of gas that has to be reduced by 

implementing energy techniques. In the 

model there are only taken into account 

energy techniques that reduce gas that is 

needed for heating or tap water, gas that 

is needed for cooking isn’t taken into 

account. There can be entered objectives 

for the gas reduction for heating and for 

tap water (see figure 8.5). This because 

there are energy techniques that only 

reduce the gas that is needed for heating 

and there are energy techniques that 

reduce the gas that is needed for heating 

and tap water. 

The  objective years are 2015, 2020, 2025, 2030 and 2035. There is chosen for these five 

years because 2020 and 2035 are marked by the Dutch government and the city of 

Eindhoven as target years for reduction of generation of energy. The goal for 2020 is an 

energy reduction of 33% according to the Dutch government and in 2035 the city of 

Eindhoven says to go towards an energy self-sufficient city. There is chosen for only these 

five years to make it easier to overview the model and to reduce the number of input cells. 

The objectives will be further described as constraints in the explanation of the Solver 

function in the next paragraph. 

8.2. Operating of the model of warmth 

After the input is entered, the model will maximize the net present value of the total 

investments with the Solver function in MS Excel. This function is a mathematical model for 

optimizing linear programming problems with the simplex algorithm. This simplex algorithm 

is described in chapter 6, in this chapter only the application of the Solver method in the 

model is discussed. 

 

figure 8.5: Objectives in the model for warmth. 
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Object function 

The object function is the cell in the MS Excel model that will be optimized, in this case 

maximized. In the decision support model this is the total net present value of all the 

investments for warmth generation and gas reduction. For each investment year there is 

calculated a net present value for the amount of investments in each energy technique. The 

investment in each energy technique over the investment years are calculated towards one 

net present value for this specific technique. The sum of all these net present values is the 

total net present value of all the investments. 

Constraints 

The investment restrictions and objectives for local warmth generation / gas reduction are 

the constraints for the solver function. The model contains the following adjustable 

constraints: 
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Sign restrictions 

The total net present value is optimized by optimizing the decision variables. These decision 

variables are the % of investment per technique per investment year. In the Solver function 

there can be given sign restrictions for these decision variables. These sign restrictions can 

be that the decision variables are assumed as nonnegative values, or that the decision 

variables are allowed to have a positive or negative value. 

In the Solver function of the model the decision variables are restricted to be non-negative. 

This by the obvious reason that it is only possible to install a non-negative amount of energy 

techniques. There is a sign restriction        for the decision variables. 

Optimizing the net present value by meeting/approaching the constraints and restrictions 

With the information given as input and given as constraints and restrictions, the total 

investment in energy techniques for warmth will be maximized by optimizing the object 

function. The maximum possible net present value will be found by the model by running 

the Solver function. After the model has found the best mix of investments in energy 

techniques, varying in amount and time of investment, the Solver function will report if it 

was possible to optimize the object function and if all the constraints could be met. If the 

Solver function reports that not all the constraints could be met, this means that not all the 

objectives could be answered. The model has then calculated the best possible decision 

variables to approach the objectives. 

8.3. Outcome for warmth generation and gas reduction 

Outcome of the model are diagrams that present the balance of the investments in total and 

per investment year, the percentage of the warmth that is generated local (or gas that is 

reduced) and the expected total cost for housing and energy and the expected new total 

costs if the investments will be done. This outcome is based on the optimized amount and 

time of investment in different energy techniques by the Solver function. So these diagrams 

show what the influence of these decision variables is for these different topics.  

Optimized implementation of energy techniques per investment year 

The model calculates the best amount and time of investing in different energy techniques 

with optimizing the net present value of the total investments. In figure 8.6 the optimized 

implementation of the different energy techniques is shown per investment year. These are 

the percentages of households in the neighborhood where the energy techniques are 

implemented. These are percentages based on the number of installations, so the 

investment costs or energy production/reduction isn’t shown in this diagram. These results 

can be found in other diagrams generated by the model. 
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Percentage of total gas reduction by investing in energy techniques 

The different energy techniques reduce the gas demand which can be converted towards a 

percentage of the total gas that is needed from the energy supplier. For each energy 

technique this is optimized by the decision support model, this is shown per year in a 

diagram. (see figure 8.7) This diagram shows the total gas reduction achieved by the energy 

techniques (in colors) versus the gas that is still needed from an energy supplier (in grey). 

These results approach the objectives for renewable energy techniques given as input for 

the neighborhood.  

There is made a distinction in gas that is needed for heating, for tap water and for cooking. 

As this study only focuses on energy techniques that reduce the gas that is needed for 

heating and tap water, the reached gas reduction is divided in reduced gas for heating and 

reduced gas for tap water. To get insight in how much gas there is still needed for which 

purpose and how many warmth there will be generated (or gas will be reduced) by which 

technique, there will be generated a diagram which shows how many gas and warmth there 

is needed for which purpose after investing in the energy techniques as calculated by the 

model. This diagram can be found in figure 8.8. 

figure 8.6: Diagram with percentages of total gas reduction. 
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figure 8.7: Diagram with percentages of total gas reduction. 

figure 8.8: Diagram with gas and warmth demands per purpose. 
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Balance course of investments 

The revenues out of the investments, due to the reduction of gas costs that is needed from 

the energy supplier minus the total costs for the implementation of the energy techniques, 

result in a balance course for each investment. As result there is given a balance course of 

the total investment, and of each energy technique, for gas/warmth. (see figure 8.9) This 

diagram shows when the total investments have a positive result in the balance. In the 

diagram the result is negative till 2032. This implies that the total investment is paid back 

after 2032, this is a very long time. This can be explained by the new investment opportunity 

every 5 years. The investment in each year is paid back in about 14 years, but the total of all 

investments isn’t. Therefore the model also shows the balance course per investment year, 

these diagrams show when an investment is paid back. (see figure 8.10 for the diagram of 

the investments in 2013)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

figure 8.9: Diagram with balance course of the total investment for warmth. 

figure 8.10: Diagram with balance course of the investment for warmth in 2013. 



 

Master Thesis: A Decision Support Model for Implementing Energy Techniques in Residential Areas.               Page | 71 
 

Expected monthly total rental and energy costs 

An essential aspect of investments in energy techniques is that the tenants won’t have an 

increase of their total housing costs (rents & energy costs) with the implementation of these 

techniques. To be able to get the support of the tenants in these investments it is important 

that they get aware of the reduction in housing costs which can be reached by investing in 

energy techniques. Therefore there is made a diagram out of the results of the decision 

support model, which shows what the new expected monthly total housing costs are per 

type of house after these investments versus the total housing costs without these 

investments. In figure 8.11 these costs per month are shown for a type of house in the Airey 

neighborhood (in total there can be generated four diagrams for four type of houses). Purple 

are the expected target rents, dark grey the costs for electricity and light grey the costs for 

gas. The red line are the total housing costs if there is invested according to the result of the 

model, the dashed green line is a linear derivative of these costs. The investments are spread 

over 25 years.  

The diagram shows per type of house what the difference between the total housing costs 

can be, if there is invested in energy techniques versus doing no investment. With this result 

it is assumed that a housing corporation is allowed to (direct or indirect) supply energy 

towards their tenants and is allowed to charge their tenants for this. An option to make this 

possible can be the construction of an energy service company (ESCO). 

 

 
figure 8.11: Diagram with the expected total monthly housing costs. 
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9. Scenarios for energy techniques in the Airey neighborhood 

The decision support models for electricity and warmth are used to support the decision of 

Woonbedrijf to invest in energy techniques. Some data of the Airey neighborhood is needed 

as input to let the model run and generate an advice for the Airey neighborhood. This input 

is discussed in chapter 7 and 8. Another important input are the objectives for the 

neighborhood in percentages of energy generation/reduction in the own neighborhood. 

The decision support model shows the optimized amount of investments to meet the 

constraints and approach the objectives for energy generation/reduction in the 

neighborhood. With this model different scenarios for implementing energy techniques can 

be run. The decision support model will then generate the corresponding diagrams from 

which there can be made a conclusion on the scenario. In this chapter there is chosen to 

analyze three scenarios for the Airey neighborhood: 

 Minimal investments; Meet the minimum required energy objectives. 

 Ambitious; Quickly towards an energy neutral neighborhood. 

 Goal driven; Looking for the best results to approach/reach the objectives 

9.1. Scenario 1: Minimal investments 

The first scenario that is discussed is a scenario where the minimum required energy 

objectives are met with a minimized investment. These objectives are described in 

paragraph 2.4 and are based on the covenant between the Dutch government and the 

housing corporations. In this covenant there is agreed that there has to be an energy 

reduction of 33% in gas and electricity demand in 2020. 

Parameters for scenario 1 

The project based parameters are discussed in the previous chapters and can be found in 

figure 7.3 and figure 8.3, these parameters are marked in red. As the costs of heat energy 

sources are very high, and this scenario wants to minimize the total investment costs, there 

is chosen to not take into account heat energy sources in this scenario. This means that heat 

& cold storage, deep geothermal energy and bio-energy aren’t considered as possible energy 

technique for this area. The absence of heat energy sources mean that micro-cogeneration 

can be considered as possible energy technique for the area. 

Constraints for scenario 1 

For the different energy techniques there are given some constraints: there are set up 

maxima for the amount of investments in energy techniques per investment year. Table 9.1 

show the constraints for implementing the different techniques per investment year. 
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2013 50% 0 0 0 5 50% 50% - - - 

2018 50% 1 10 10 5 50% 50% - - - 

2023 50% 2 20 20 5 50% 50% - - - 

2028 50% 2 20 20 5 50% 50% - - - 

2033 50% 2 20 20 5 50% 50% - - - 

Total 100% 3 50 40 5 100% 100% - - - 

 

Objectives for scenario 1 

As the only objective in the covenant is an energy reduction of 33% in 2020, the objectives 

for all the years from 2020 is a reduction of 33% for electricity, gas for heating and gas for 

tap water. These are the minimum energy reductions; the model can still calculate a higher 

energy reduction by optimizing the total net present value of the investments. The 

objectives can be found in table 9.2. 

 Electricity generation in 

own neighborhood 

Gas reduction 

(heating) 

Gas reduction 

(tap water) 

2015 33% 33% 33% 

2020 33% 33% 33% 

2025 33% 33% 33% 

2030 33% 33% 33% 

2035 33% 33% 33% 

 

 

 

  

table 9.1: Constraints of investing in energy techniques per investment year for scenario 1. 

table 9.2: Objectives of energy generation/reduction per year for scenario 1. 
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Optimized investments for scenario 1 

Table 9.3 shows the implementation of the energy techniques that is optimized by the 

model. The optimized total NPV for electricity investments is € 1.401.508 and the optimized 

total NPV for warmth investments is € 171.229.  
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2013 41,6% 0 0 0 0 29% 50% - - - 

2018 2,9% 0 10 0 0 0% 0% - - - 

2023 0% 0 14 0 0 0% 50% - - - 

2028 5,5% 1 6 20 0 0% 0% - - - 

2033 50% 2 20 20 0 0% 0% - - - 

Total 100% 3 50 40 0 29% 100% - - - 

 

Investments in electricity techniques for scenario 1 

Figure 9.1 on the next page shows how much electricity there is generated by which energy 

techniques after the optimized implementation of the energy techniques. Out of this 

diagram can be concluded that the most energy will be generated by solar PV installations. It 

is also noticeable that the amount of electricity that will be produced by the energy 

techniques till 2027 is around the objective of 33%, in the period from 2028 till 2032 around 

45% and after 2032 around 90% of the total needed electricity. Also the investments in the 

different wind turbines are calculated as far as possible in time. As the model optimizes the 

NPV of the total investments, there can be concluded that the later there will be made an 

investment, the higher the NPV will be. This can be explained by the faster increase of the 

future energy costs (and electricity consumption) against the inflation. Besides this it can be 

seen that the implementation of micro-cogeneration isn’t chosen; out of this can be 

concluded that micro-cogeneration has a lower NPV than the other energy techniques. For 

the other energy techniques the maximum possible amount of installations will be installed. 

(see the total row in table 9.3) 

 

table 9.3: Optimized implementation of energy techniques per investment year for scenario 1. 
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In figure 9.2 the total balance course of the investments in electricity techniques is shown. 

The negative peaks in the balance course can be explained by the big investments that have 

to be done in these years. The balance courses per year can be found in appendix F, these 

diagrams show that the total investments per investment year are paid back in: 10 years 

(2013), 9 years (2018), 8 years (2023), 8 years (2028) and 9 years (2033). The difference in 

years can be explained by the different mix of energy techniques. 

 figure 9.2: Balance course of total investments for electricity for scenario 1 

figure 9.1: Percentages of total electricity generation for scenario 1 
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Investments in warmth techniques for scenario 1 

For this scenario only the upgrading of the energy conditions of the houses and the 

implementation of solar boilers is taken into account. In table 9.3 there can be seen that 

100% of Aireys will have solar boilers and that in total 29% of the houses have to be 

upgraded to reach a highest possible NPV for the investment in warmth techniques with 

approaching the objectives. Figure 9.3 shows that the objective will be reached after 2023, 

the period before the objectives will be approached with 27%. The investment in upgrading 

29% of the houses will lead to a gas reduction of 18% for the whole neighborhood. If all the 

houses in the Airey neighborhood have a solar boiler this will reduce the total gas demand 

with 21%. 

 

Figure 9.4 shows the total balance course of the investments in energy techniques for 

warmth. This shows that the total of the investments will be paid back after 2030. In 

appendix F the balance courses of the two years of investment are shown. Out of these 

diagrams there can be concluded that the investments are paid back in: 15 years (2013) and 

13 years (2023). This difference can be explained by the longer payback time of upgrading 

the thermal conditions in comparison with the payback time of solar boilers.  

figure 9.3: Percentages of total warmth generation and gas reduction for scenario 1 
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In figure 9.5 the expected monthly rental and energy costs for dwelling type A are shown. In 

appendix G the diagrams for all the types of dwellings in the Airey neighborhood can be 

found. Out of these diagrams there can be concluded that the total expected costs decrease 

near to the € 80 in 2013 towards € 200 in 2035. Out of a scenario that is based on minimal 

investments; there can be concluded that there is big potential in reducing the total housing 

costs in the future by investing in sustainable energy techniques. 

figure 9.5: Expected monthly total housing costs per type of dwelling for scenario 1 

figure 9.4: Balance course of total investments for warmth for scenario 1 
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9.2. Scenario 2: Ambitious 

The second scenario that is discussed is a scenario where the model will optimize the 

investments to come quickly towards an energy neutral neighborhood. This means that the 

objectives in the model have to be as high as possible, and that all the energy techniques 

should be taken into account. This may give an unrealistic result, but can show what kind of 

techniques is preferred by the model. 

Parameters for scenario 2 

The project based parameters are discussed in the previous chapters and can be found in 

figure 7.3 and figure 8.3, these parameters are marked in red. As this scenario is based on 

the quickest way towards an energy neutral neighborhood, all the heat energy sources are 

taken into account. This means that micro-cogeneration is not taken into account in the 

calculation. 

Constraints for scenario 2 

For the different energy techniques there are given some constraints; there are set up 

maxima for the amount of investments in energy techniques per investment year. There is 

no restriction for the techniques in this scenario, the only constraint is that it is not possible 

to invest in micro-cogeneration. Table 9.4 shows the constraints for the different techniques. 
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2013 100% 0 0 0 0 100% 100% 100% 100% 100% 

2018 100% 3 50 40 0 100% 100% 100% 100% 100% 

2023 100% 3 50 40 0 100% 100% 100% 100% 100% 

2028 100% 3 50 40 0 100% 100% 100% 100% 100% 

2033 100% 3 50 40 0 100% 100% 100% 100% 100% 

Total 100% 3 50 40 0 100% 100% 100% 100% 100% 

10.  

Objectives for scenario 2 

As this scenario wants to go as quick as possible towards an energy self-sufficient 

neighborhood the objectives are set on 100% for electricity and gas. These objectives can be 

found in table 9.5 on the next page. 

 

table 9.4: Constraints of investing in energy techniques per investment year for scenario 2. 
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 Electricity generation in 

own neighborhood 

Gas reduction 

(heating) 

Gas reduction 

(tap water) 

2015 100% 100% 100% 

2020 100% 100% 100% 

2025 100% 100% 100% 

2030 100% 100% 100% 

2035 100% 100% 100% 

11.  

Optimized investments for scenario 2 

Table 9.6 shows the implementation of the energy techniques that is optimized by the 

model. The optimized total NPV for electricity investments is € 1.182.948 and the optimized 

total NPV for warmth investments is € 14.657.311. 
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2013 100% 0 0 0 0 0% 100% 0% 18% 0% 

2018 0% 3 0 40 0 0% 0% 0% 0% 0% 

2023 0% 0 50 0 0 100% 0% 100% 82% 0% 

2028 0% 0 0 0 0 0% 0% 0% 0% 0% 

2033 0% 0 0 0 0 0% 0% 0% 0% 0% 

Total 100% 3 50 40 0 100% 100% 100% 100% 0% 

12.  

Investments in electricity techniques for scenario 2 

Figure 9.6 on the next page shows how much electricity there will be generated with each 

energy technique. As it is assumed that wind turbines can only be implemented from the 

year 2018, the energy generation till 2017 is only done by solar PV installations and is around 

80% of the total needed electricity. In 2018 there is invested maximum into IRWES and 

Skystream. In 2023 there is invested in the maximum of donQi’s. These investments lead to a 

sustainable energy production around the 100%, as given as objective. 

table 9.5: Objectives of energy generation/reduction per year for scenario 2. 

table 9.6: Optimized implementation of energy techniques per investment year for scenario 2. 
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The balance course of the total investments for electricity is shown in figure 9.7. This shows 

that the total investment is paid back after 11 years. The payback time per investment year 

can be derived from balance courses per investment years, these balance courses can be 

found in appendix H. The payback times per investment year are: 10 years (2013), 8 years 

(2018) and 8 years (2023).  

 

figure 9.6: Percentages of total electricity generation for scenario 2 

figure 9.7: Balance course of total investments for electricity for scenario 2 
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Investments in warmth techniques for scenario 2 

The percentage of warmth that is generated by the different energy techniques is shown in 

figure 9.8. From 2013 till 2022 100% of the total needed warmth is generated by solar 

boilers and geothermal energy.  In 2023 the model has calculated that all the houses will 

receive warmth from heat & cold storage, deep geothermal solar boilers and that all the 

houses are upgraded. This will be a very large investment with very much warmth 

production. The total warmth (over)production is almost 650%. This could only we done if 

there is enough possibility for overproduction. With the optimization of the NPV of the total 

investments for warmth techniques, there are no investments in bio-energy. Apparently are 

the investments in bio-energy installation financially not as attractive as the investment in 

the other energy techniques. The maximum (100%) investment in the other techniques can 

be explained by the optimization (maximization) of the NPV. As all these techniques are 

profitable after some years, they will have a positive NPV. Therefore all these techniques are 

calculated on their maximum, as there are no restrictions given in this scenario. 

 

The large investments in the different energy techniques have big influence on the balance 

course of the total investments. In figure 9.9 the large negative peak in the balance course 

can be seen. Due to the investments in the different expensive techniques, there has to be 

done an investment of €30.000.000 in 2023. In appendix G the balance courses per 

investment year are shown. Out of these diagrams there can be concluded that the payback 

time of the investment years is: 20 years (2013) and 26 years (2023). The calculated 

investments with this major ambition will lead to an enormous overproduction of warmth, 

but leads to an unprofitable investment. This can be explained by the enormous costs of a 

distribution grid that has to be installed for these heat energy sources.  

figure 9.8: Percentages of total warmth generation for scenario 2 
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The big investments and the long payback time lead to a big increase of the total housing 

costs, this is shown in figure 9.10. It can be concluded that the investment of large heat 

energy sources like heat & cold storage and deep geothermal, have a negative influence on 

the total housing costs for the Airey neighborhood. Especially when there is invested in a 

combination of these heat energy sources. 

 

figure 9.9: Balance course of total investments for warmth for scenario 2 

figure 9.10: Total housing costs for scenario 2 
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9.3. Scenario 3: Goal driven 

The third scenario that is discussed is a scenario where the objectives lead to the best 

investments in energy techniques for the Airey neighborhood. The objectives are described 

in paragraph 2.4 and are based on the covenant between the Dutch government and the 

housing corporations, the objectives of the city of Eindhoven and the objectives of housing 

corporation Woonbedrijf. This scenario can be seen as an advice for Woonbedrijf how they 

can best invest in a mix of energy techniques in the Airey neighborhood to meet their 

objectives. 

Parameters for scenario 3 

The project based parameters are discussed in the previous chapters and can be found in 

figure 7.3 and figure 8.3, these parameters are marked in red. As the costs of heat energy 

sources are very high, especially for a neighborhood with 238 houses, and this scenario 

wants to minimize the total investment costs there is chosen to not taken into account heat 

energy sources in this scenario. This means that there is not taken into account heat & cold 

storage, deep geothermal energy and bio-energy but that micro-cogeneration is taken into 

account in the calculation. 

Constraints for scenario 3 

For the different energy techniques there are given some constraints: there are set up 

maxima for the amount of investments in energy techniques per investment year. These 

maxima per year are set up because it is unrealistic that all the investments in a technique 

will be done in one year. It is more realistic when this is done stepwise. In table 9.7 these 

constraints are shown for the different techniques. 
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2013 50% 0 0 0 5 50% 50% - - - 

2018 50% 1 20 20 5 50% 50% - - - 

2023 50% 2 20 20 5 50% 50% - - - 

2028 50% 2 20 20 5 50% 50% - - - 

2033 50% 2 20 20 5 50% 50% - - - 

Total 100% 3 50 40 5 100% 100% - - - 

10.  table 9.7: Constraints of investing in energy techniques per investment year for scenario 3. 
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Objectives for scenario 3 

The objectives are an important input for this scenario. The first objective is the objective 

out of the covenant: an energy reduction of 33% in 2020. The objective of the city of 

Eindhoven is to be self-sufficient in 2035. Woonbedrijf wants to fulfill this objective in the 

Airey neighborhood. For the objective years between 2020 and 2035, there is chosen to 

increase the objective stepwise. The objectives can be found in table 9.8. 

 Electricity generation in 

own neighborhood 

Gas reduction 

(heating) 

Gas reduction 

(tap water) 

2015 0% 0% 0% 

2020 33% 33% 33% 

2025 50% 50% 50% 

2030 80% 80% 80% 

2035 100% 100% 100% 

11.  

Optimized investments for scenario 3 

Table 9.9 shows the implementation of the energy techniques that is optimized by the 

model. This outcome will be the advice for Woonbedrijf in what year they can best invest in 

what mix of energy techniques to get a maximal NPV. The optimized total NPV for electricity 

investments is €1.404.986 and the optimized total NPV for warmth investments is €540.826.  
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2013 0% 0 0 0 5 0% 50% - - - 

2018 27% 1 0 20 0 29% 0% - - - 

2023 3% 2 20 20 0 7% 50% - - - 

2028 44% 0 20 0 0 50% 0% - - - 

2033 26% 0 10 0 0 13% 0% - - - 

Total 100% 3 50 40 5 100% 100% - - - 

12.  

table 9.8: Objectives of energy generation/reduction per year for scenario 3. 

table 9.9: Optimized implementation of energy techniques per investment year for scenario 3. 
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Investments in electricity techniques for scenario 3 

Figure 9.11 shows how much electricity there will be generated by which energy techniques 

after the optimization of implementation by the model. Out of this diagram there can be 

concluded that the biggest amount of energy that is generated locally is generated by solar 

PV systems (maximum of 60%). In the first five years only micro-cogeneration is installed, 

this because the objective till 2017 is set on 0%. Micro-cogeneration only has a little share in 

the total energy production as there are only five houses profitable with the implementation 

of this technique. If the maximum possible wind turbines are installed, they will have a share 

of 30% of the total energy consumption. 

 

The balance course of the total investments for electricity is shown in figure 9.12. This shows 

that the total investment is paid back after 21 years. From year 2034 there will only be made 

profit, and there are no big investments needed anymore. With this diagram, investments in 

energy techniques in this neighborhood seem unprofitable. But this long negative balance 

course can be explained by the new investments every five year. Therefore the model 

generates balance courses per investment year, these can be found in appendix J. The 

payback times per investment year are: 16 years (2013), 9 years (2018), 8 years (2023), 9 

years (2028) and 9 years (2033).  The payback time in 2013 is much longer, because micro-

cogeneration has a longer payback time than the other techniques. The small differences in 

payback time between the other investment years can be explained by the different payback 

times of the energy techniques. So a different mix of techniques can lead to a differing 

payback time of the total investment in a year. 

figure 9.11: Percentages of total electricity generation for scenario 3 



 

Master Thesis: A Decision Support Model for Implementing Energy Techniques in Residential Areas.               Page | 87 
 

 

 

Investments in warmth techniques for scenario 3 

The percentage of warmth that is generated by the different energy techniques is shown in 

figure 9.13. Just like the diagram of electricity this diagram shows that the model follows the 

objectives: the energy production of the energy techniques is close to the objectives. In this 

scenario only solar boilers and upgrading are applied. It can be seen that solar boilers can 

cover 25% of the total needed warmth. The upgrading of the thermal conditions can reduce 

the gas consumption with 55%. So with only solar boilers and upgrading the objectives 

figure 9.12: Balance course of total investments for electricity for scenario 3 

figure 9.13: Percentages of total warmth generation for scenario 3 
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cannot be reached. So there has to be implied another energy technique for warmth to 

reach a energy self-sufficient neighborhood in 2035.  

The balance course of the total investments for warmth is shown in figure 9.14. This shows 

that the total investment is paid back after 28 years. With this diagram, investments in 

energy techniques in this neighborhood seem unprofitable. But this long negative balance 

course can be explained by the new investments every five year. Therefore the model 

generates balance courses per investment year, these can be found in appendix J. The 

payback times per investment year are: 14 years (2013), 15 years (2018), 13 years (2023), 15 

years (2028) and 15 years (2033). These differences can be explained by the shorter payback 

time of solar PV in comparison with upgrading of the thermal conditions. 

 
 
In figure 9.15 the expected monthly rental and energy costs for dwelling type A are shown. 

In appendix G the diagrams for all the types of dwellings in the Airey neighborhood can be 

found. The green dotted line (a derivative of the red line) in this diagram shows the possible 

total housing costs (rents and energy costs) for the tenants when there is invested in the 

energy techniques as optimized by the model. In the first years there is just a little decrease 

in total costs, but after five years the difference between the housing costs, with and 

without these investments, will increase. The red line is in the first five years almost the 

same as the total housing costs without an investment. This is because the first objective in 

2015 is set on 0%. Therefore the model doesn’t calculate many investments in the energy 

techniques in the first years, this results in a small reduction in the total housing costs in the 

first years. Setting the objective in 2015 towards for instance 20% can give a more positive 

diagram as result. 

 

figure 9.14: Balance course of total investments for warmth for scenario 3 
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9.4. Conclusion on the models out of the scenarios 

The running of different scenarios gives more insight in the behavior of the model and helps 

to make conclusions on the models for electricity and warmth. In this paragraph the 

conclusions out of the models is discussed. 

Goal approaching model 

In the different scenarios there can be seen that the model approaches the given objectives 

as close as possible. If there is chosen to set the goal for local generated electricity in 2025 

on 50,0% (scenario 3), the model finds a solution with a minimized amount of energy 

techniques which meet the objectives. Apparently it is financially the most attractive to 

follow the given objectives closely.  

The results of scenario 1, where the objectives for every investment year are 33%, show that 

this does not apply for all the inputs. For electricity there is advised to minimize the 

investments in solar PV and wind turbines in the first investment years, but in the last years 

it is calculated to invest more in solar PV and different wind turbines. With this calculation 

the objectives for energy generation will be exceeded. The investments that lay further in 

the future increase the NPV of the total investment. This could be explained by the larger 

increase of the total electricity costs (and its corresponding revenues) in comparison with 

the increase of the total costs. 

figure 9.15: Expected total housing costs for scenario 3 
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Model for electricity 

The scenarios show that the most electricity generation is done by solar PV systems. This is 

calculated by the model because there are given restrictions on the investments in the 

different wind turbines. This is also the reason why there is only invested in solar PV systems 

in 2013, and afterwards in a combination with wind turbines. The installation of wind 

turbines is restricted in the year 2013 because they are still in development and we only 

want to install proven techniques in the neighborhood.  

Micro-cogeneration is only calculated in scenario 3. In scenario 2 it is restricted to calculate 

because of the presence of heat energy sources; in scenario 1 the model prefers the other 

energy techniques. While the cost and benefits of micro-cogeneration are less attractive 

than the results for the other techniques. 

Model for warmth 

The size of the Airey neighborhood (238 houses) is not suitable for all energy techniques for 

warmth. Collective heat energy sources like heat and cold storage, deep geothermal energy 

and bio-energy are financially feasible in larger areas.  

Therefore there is only calculated with solar boilers and upgrading of the thermal conditions 

in scenario 1 and 2. These scenarios show that upgrading can reduce the gas consumption 

with 55% and solar boilers with 25%. The model prefers the implementation of solar boilers 

above the upgrading of the houses, this is due to higher NPV of solar boilers. The model only 

chooses to maximize the amount of houses that are upgraded when the maximum of solar 

boilers is installed and the objectives aren’t yet met.  

In scenario 2 the model is allowed to take energy heat sources into account in the 

optimization of the implementation of energy techniques; the goal is set on 100% for every 

year. The outcome shows that all the techniques are calculated maximum, excluding bio-

energy. Bio-energy is financially less attractive than the other techniques; this is attributable 

to the high O&M costs of bio-energy. The implementation of the heat energy sources, and 

the related investment costs, causes an increase of the total housing costs (see figure 9.10). 

This is due to the high investment costs of the heat energy sources. Also the high investment 

costs of a required heating grid and heat pumps contribute 
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10.  Advice on energy techniques in the Airey neighborhood 

In the previous chapter different scenarios for the implementation of energy techniques in 

the Airey neighborhood are discussed. In this chapter there is formulated an advice on how 

housing corporation Woonbedrijf can best invest in these energy techniques, based on the 

findings out of running these scenarios.  

Energy techniques for electricity 

Solar PV is a proven technique for generating electricity. With installing solar PV systems on 

all the houses in the Airey neighborhood there can be generated 85% of the total electricity 

consumption in 2013. Combined with the installation of different wind turbines, the Airey 

neighborhood can go towards an energy self-sufficient neighborhood. The restrictions that 

are set for implementation of solar PV and wind turbines determine the maximum 

generation of electricity; therefore it is not possible become an energy self-sufficient 

neighborhood with only applying these techniques. Even if micro-cogeneration is applied at 

the five possible houses, this can’t be reached. The expected improvement of the 

performance of the energy techniques, can presumably contribute for achieving an energy 

self-sufficient neighborhood. But as it is uncertain to forecast the future developments there 

has to be searched for another solution. This can for instance be installing a field of solar PV 

systems in the neighborhood or a larger amount of wind turbines.  

As the total potential of electricity generation of the different wind turbines is lower than 

the potential of solar PV, it is advised to first install solar PV and later focus on the 

investments in wind turbines. It is not recommended to apply micro-cogeneration in the 

Airey neighborhood, as the gas consumption after upgrading the thermal conditions of the 

houses isn’t much higher than the required 1.600 m³. It is only feasible to apply micro-

cogeneration in five houses, so its contribution for an energy self-sufficient neighborhood is 

limited. 

Energy techniques for warmth 

It is recommended to reduce the gas demand for the households as first. As the thermal 

conditions of the Airey houses are bad, there can be achieved a lot by insulation and 

upgrading towards hr++ windows. This will lead to a gas reduction of 55%. The other 45% 

has to be achieved by using other techniques. The scenarios show that if there are installed 

solar boilers on all the roofs the gas demand can decrease towards 75%. Scenario 1 prefers 

solar boilers above upgrading, this is because solar boilers will have more revenues and have 

a shorter payback time. But it is recommended to first lower the demand of warmth by 

upgrading the houses and then install renewable energy techniques. 

The Airey neighborhood seems too small for implementing expensive heat energy sources 

like heat and cold storage, deep geothermal energy and bio-energy. But there are needed 

more energy techniques to become an energy self-sufficient neighborhood. Therefore there 

has to be searched for another solution or construction to make it possible to implement 
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one of these techniques, or maybe to use other energy techniques. The selling of warmth (or 

coldness) to other areas or parties could be a solution. Another stumbling block are the high 

investment costs of a heating grid and heat pumps. These high costs make it almost 

impossible for the model to take collective heat energy sources into account; the model 

calculates towards a credible solution with a high value. 
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11.  Conclusion and Discussion 

The decision support model that is made during this study can support housing corporation 

Woonbedrijf in the decision to invest in different energy techniques in their housing stock. In 

this study the characteristics of the Airey neighborhood are given as input for this model and 

out of the results of the model there is given an advice for investing in energy techniques in 

the Airey neighborhood. 

The decision support model optimizes the investment in a mix of energy techniques. The 

results are diagrams based on these optimized investments. These diagrams show:  

 Percentages of renewable energy sources or reduction of fossil fuels for the 

neighborhood in time after the optimized investments. 

 Balance courses of the optimized investments in energy techniques. 

 Expected total housing costs (rents plus energy costs) in time after the optimized 

investments in energy techniques. 

In this chapter there will be reflected on the decision support model, there is given a 

conclusion on the working of the model and the limitations/assumptions of the model are 

discussed. 

11.1. Conclusion 

With running different scenarios in the decision support model there is achieved more 

insight in the behavior of the model. This along with conclusions out of other parts of this 

study has led to the conclusions below. 

Investments in energy techniques provide lower housing costs 

As result of the decision support model there are diagrams which show the expected 

housing and energy costs for the tenants with or without the investment in energy 

techniques (see figure 9.15). The growth of the rents are based on an increase of the rents of 

2,0 % a year, the energy demand and costs are based on a linear derivative of the historical 

numbers. The new prices for rents and energy costs are based on the influence of the 

investments in the energy techniques when the investment costs are spread over 25 years 

with a investment rate of 4,0%. Out of these graphs there can be concluded that 

investments in energy techniques provide lower housing costs. As the core business of a 

housing corporation is to offer affordable housing, the implementation of energy techniques 

can be an opportunity to tackle this forecasted problem. 

Setting up the objectives 

The model has the tendency to approach the objectives that are given: it calculates towards 

a result with an energy generation around the given objective. Therefore the model won’t 

calculate many investments in the first investment year, if there are only set objectives from 

2020. Therefore it is recommended to set goals for 2015, so there can be started with 
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implementation of energy techniques in the near future. The user of the model has to keep 

in mind that the objectives that are given as input are crucial for the outcome of the model. 

Distribution of warmth 

For the distribution of warmth that is generated by energy heat sources there is needed a 

heating grid. The installation of a heating grid needs a big investment: the costs for a heating 

grid are €7.500 per house. The warmth that is distributed over this grid has to be converted 

towards the needed temperature in the houses; therefore there are needed heat pumps. 

The costs of these heat pumps are €8.000 per house. Besides these high costs there is also 

needed electricity for the application of these pumps, in average this is 1.200 kWh a year. 

This leads to high investment costs for a heating grid and indirectly in the heat energy 

sources. There is also needed a lot of electricity for the conversion of the warmth in the 

heating grid towards the required temperature in the house. This will influence the total 

electricity demand in the neighborhood and hereby the percentage of the total demand that 

is generated with renewable energy techniques. The implementation, if possible, of extra 

energy techniques for electricity could be a solution. 

Market area of heat energy sources 

Heat energy sources like heat and cold storage, deep geothermal energy and bio-energy 

bring along large investments and large warmth production. With the warmth production of 

these heat energy sources, there is needed a large market area: 500 households for bio-

energy and heat & cold storage, 3.000 households for deep geothermal energy. This means 

that there has to be searched for possibilities in overproduction towards neighboring areas 

or selling warmth/coldness to other consumers. 

11.2. Discussion 

The advice that is given by the model is based on numbers and calculations that are found by 

studying literature and the use of other information sources. In some of the calculations or 

information there are done assumptions or some factors aren’t taken into account. Most of 

the assumptions and the omission of some factors are discussed in this paragraph. 

Energy Service Company 

The diagram with the expected total housing costs (see figure 9.15) shows what the 

influence of the investment in energy techniques can be on the total housing costs for the 

tenants. This is only possible if a housing corporation is allowed to supply energy for their 

tenants next to their core business of housing. Without the possibility to supply energy to 

their tenants, the investment will only have an influence of the total costs of the tenants. 

The housing corporation will only pay for the investment and the financial revenues of these 

investments will directly go to the tenants.  

There has to be made a construction which will make sure that the revenues of the 

investments will go to the housing corporation and indirectly go to the tenants. A possibility 
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could be the set up of an Energy Service Company (ESCO): an independent party that 

operates and maintains the energy sources and supplies the energy. 

Besides the need of a construction, to make it possible for a housing corporation to supply 

energy towards their tenants and to get paid for this delivery, it is also important that this 

construction is legally allowed and that it is allowed for a housing corporation to commit 

their tenants to purchase energy from this ESCO. In this study there isn’t done research in 

these requirements; it is assumed that it is legally possible for a housing corporation to do 

this.  

Costs of an ESCO 

As discussed above there is needed an ESCO, or a comparable construction, that invests in 

the energy techniques and supplies energy for the neighborhood. The costs that are needed 

for this ESCO are not taken into account in the model. The only costs that are taken into 

account are the standing costs of energy supplier. Even if the neighborhood doesn’t need 

any gas or electricity from the energy supplier, there is still calculated with the same 

standing costs for the total neighborhood. This was chosen as the grid will be used for 

delivering back into the grid. 

Subsidies aren’t taken into account 

The Dutch and European government had, have and will have different subsidies for 

implementing sustainability and sustainable energy. The past has shown that the continued 

existence of these subsidies is uncertain. It is not wise to make an investment relying on 

subsidies. Therefore subsidies are not taken into account in this study; subsidies can be seen 

as additional investment possibilities. If there will be subsidies for implementing energy heat 

sources, this could mean that the attractiveness for a housing corporation to invest in these 

techniques will increase. It would financially be more attractive to invest in these 

techniques, which will lead to more self-sufficient neighborhood.  

Improvement of performance of energy techniques 

The costs and revenues of the energy techniques will change in the future. Solar PV cells will 

for instance have a better performance per m² and the price will approximately reduce. This 

improvement of performance and reduction on costs isn’t taken into account in this study 

and model. Most likely the improvement of the techniques and the decrease of the 

investment costs of the energy techniques will have a positive effect on the attractiveness of 

investing in renewable energy techniques. So therefore the foresight out of the model can 

be seen as “worst” scenario; with improvement of techniques and decrease of costs the 

results could even be more positive. 

Gas needed for cooking 

The production of warmth and reduction of gas consumption by investing in energy 

techniques for warmth, leads only to a reduction in gas that is needed for heating (73%) and 

tap water (23%). Adjustments that are needed to reduce the gas that is needed for cooking 
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(4%), e.g. induction or electric cooking, are not taken into account in this model. As the gas 

that is needed for cooking is a fraction of the total gas consumption, this will not lead to an 

unrealistic result. An advice on improving this model can be to insert the possibility to invest 

in these adjustments. 
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Appendix A 

Typology, floorplans and facades of the Airey houses.  

Type 90 in blue shades, type 100 in orange. 

 

Floorplan type 00220S000090 (type 90) 
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Floorplan type 00220T000090 (type 90)  

  

 

 

 

 

 

 

 

 

 

 

 

Floorplan type 00220T00090v (type 90)  
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Facades type 90 (front/back) 
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Floorplan type 00220T000100 (type 100) 

 

 

 

 

 

 

 

 

 

 

 

Facades type 100 (front/back) 
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Appendix B 

SmartAgent model and SmartAgent research in Eindhoven.  
  



 

104 | Page               Master Thesis: A Decision Support Model for Implementing Energy Techniques in Residential Areas. 
 

Appendix C 

Potential for open Heat and Cold Storage in the city of Eindhoven. 
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Appendix D 
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*Black data is the historical data; red is predicted data using the average annual deviation of 

historical data. The calculation were done using the linear function: y= -8.373.598.393 + 

4.323.226x. These data are used to calculate the electricity demand growth in percentages 

per year.   
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Appendix E 
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*Black data is actual historical data; red data is predicted data using the average annual 

deviation of historical data. The calculations regarding to consumption <2500 kWh were 

done using the linear function: y= -25,420285 + 0,012785x. The calculations regarding to the 

consumption >2500 kWh were done using the linear function: y = -21,723428 + 0,01092x. 
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*Black data is actual historical data; red data is predicted data using the average annual 

deviation of historical data. The calculations regarding to the consumption < 1250 m³ were 

done using the linear function: y = -70,1603 + 0,0353x. The calculations regarding to the 

consumption > 1250 m² were done by using the linear function: y = -31,3389 + 0,0159x.  
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Appendix F 

Balance courses per investment year for scenario 1: minimal investments 
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Appendix G 

Expected monthly rental and energy costs for scenario 1: minimal investments 
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Appendix H 

Balance courses per investment year for scenario 2: ambitious 
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Appendix I 

Expected monthly rental and energy costs for scenario 2: ambitious 
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Appendix J 

Balance courses per investment year for scenario 3: goal driven 
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Appendix K 

Expected monthly rental and energy costs for scenario 3: goal driven 
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