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Chapter 1: Introduction 
Sustainability has become a word that cannot be ignored in the built environment. The 
awareness about the need for energy saving and efficiency measures is a fact of life for 
citizens, municipalities, provinces and housing corporations. Many activities are executed to 
make the built environment more energy efficient and sustainable. However, when looking 
at the ambitious national and regional goals according to the climate, the efforts are 
insufficient to meet the goals. Many municipalities intend to become energy-neutral in the 
coming 40 years. For Eindhoven the goal is clear. The city wants to become an energy 
neutral city in 2045. 

In European cities a percentage of 27 of the total final energy consumption is used by the 
residential sector (Cash, 2010). Many energy efficiency measures have been developed and, 
it is now important to invest resources and efforts into measures which can be implemented 
to support the reduction of energy use in households. Possibilities of energy efficiency 
measures are, for example, Solar PV systems, efficient heating, ventilating and air 
conditioning systems, or the use of sustainable building materials. Investment in energy 
efficiency measures is often considered not fitting in the regular budget. Therefore, creative 
financing structures are needed to ensure extra financial resources for these investments. 
The housing corporations own a large share of residential in Eindhoven; the amount of social 
housing is 43% of the total number of houses in the city. Therefore, it is important to invest 
in the refurbishment and retrofitting of the existing housing stock. If housing corporations 
can realize a more sustainable existing housing stock, they can contribute to the ambitious 
national and regional sustainable challenges. 

1.1. Problem definition 
A housing corporation is a foundation or an association that rents, sells, builds and manages 
affordable houses. It also ensures housing for elderly and disabled persons. Next to this, 
such corporations accomplish activities to ensure more livability in areas of need. In the 
Netherlands, there are 2.4 million social rent houses. The Central Government formulates 
regulations for housing corporations and monitors their activities. A rent house can be called 
social when the rent is no more than € 664.66. These are meant for households with an 
income of up to€ 34.085 for the year 2012 (Rijksoverheid, 2012). The European Commission 
(EC) requires the Netherlands to assign activities to the corporations which can be 
accomplished with financial government support. This is to ensure fair competition in the 
housing market. 

Renting affordable houses is the core business of housing corporations. In the Besluit Beheer 
Sociale Huursector (in English "decision management social rented sector"), the six tasks of 
housing corporations are regulated by law (Oost Flevolandse Woondiensten, 2011). These 
are : 

1. appropriate housing for the target group, 
2. maintaining the quality of the housing, 
3. involvement of residents in policy and management, 
4. guarantee of financial continuity, 
5. promote the livability of the districts or areas, 
6. contribute to the combination of housing and care. 
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In this Besluit Beheer Sociale Huursector (BBSH) is not considered the role of the housing 
corporations according to extracting sustainable energy in order to decrease the housing 
costs, including fixed rent and utility cost like gas, water and electricity. The corporations 
take general measures to extend the economic lifetime of houses so that the additional 
costs will be paid back. In order to ensure cost-effective housing, corporations also look at 
the housing cost. This includes energy savings which can contribute to lower utility costs to 
compensate the increasing energy prices. Housing corporations estimate their budget by 
maintaining the given quality of houses. For housing corporations, adding energy efficient 
measures means an improvement of quality. For these improvements, a rent increase may 
be requested if tenants approve the measure. Although housing corporations want to keep 
affordable houses for their target group investments must be paid back. Thus, the benefits 
of the energy investment have to be higher than the investment. The corporations recognize 
the importance of their social role, but feel the pressure of their investments due to 
legislations and restrict cash flows. To implement the energy efficiency measures, housing 
corporations need creative financing structures. Housing corporations need to think 
differently about the financial part of sustainability in order to green their existing housing 
stock according to professor J. Rotmans and A. Hal from the TU Delft (Simmons, W., 2012). 
Alternative finance- and business models are needed. 

Next to the financial part of making social houses greener, the interests of stakeholders are 
important. Only when the housing corporations and tenants are satisfied sustainable 
measures will actually be implemented. For this research the housing corporation Trudo in 
Eindhoven will be used as case. 

1.2. Research question 
As a solution to the problem the following research question needs to be answered. 

Research question: 
What financial construction can housing corporations best apply in greening their existing 

housing stock? 

To answer the research question, multiple sub questions are defined. These questions are 
connected with greening the existing housing stock of the housing corporation Trudo. 

Sub questions: 
• Which energy efficient measure has the most potential for Trudo? 

• What are the cost and benefits of an energy efficiency measure? 
• What kind of financial constructions can Trudo use? 

• What are the risks of these financial constructions? 
• What kind of theory can be used to calculate the best financial construction? 
• What criteria are decisive for choosing a financial construction? 
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1.3. Research boundaries 
This research will be done in a limited timeframe, this results in well defined boundaries of 
the research to ensure that the research question will be answered. One boundary is the 
existing housing stock. As mentioned before, the existing housing stock of housing 
corporations is large in the city of Eindhoven, the amount of social housing is 43% of the 
total number of houses in the city. Therefore, a great effect can be achieved by greening the 
existing housing stock. 

The other boundary of this research project is the housing corporation Trudo. Therefore, 
data, choice of financial models and choices for certain interventions strategies will be 
investigated only for this housing corporation in the city of Eindhoven. Due to this 
specification of one housing corporation, this research will involve specific parts that are 
only valid for Trudo. However since other housing corporations are not completely different 
from this one, the result of this research can be used as a starting point for other housing 
corporations in the Netherlands. 

1.4. Expected results 
As result of the research an advice will be given on the model with the most profit and 
satisfaction that housing corporations can best apply when greening their existing housing 
stock. Multiple financial constructions based on a selection of one energy efficiency measure 
will be elaborated, according to a research method, in one financial model. With a financial 
model, the necessary results of the research will be reached step by step. A housing type can 
be implemented in the model and the model will calculate which financial constructions for 
greening the existing housing stock gives the most profit. The modelling results are 
presented with graphs and tables. With this, a ranking can be made from a pessimistic 
construction to an optimistic construction. With the outcome of the models, an advice about 
the best financial construction and suggestions about greening the existing social housing 
stock of housing corporations can be presented. Because of the chosen approach of this 
research, by making a financial model, this research will also provide a tool for housing 
corporations in making decisions in sustainable redevelopment. 
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Chapter 2: Research design 

2.1. Research model 
This research project will provide an advice on financial level to housing corporations for 
greening their existing housing stock. For this research a financial model based on the cost 
benefit analysis will be constructed . This process can be seen in the picture below. 

Teat case 

Figure 1: Process of making the financial model 

The input for this research is the problem definition as mentioned before. The first part of 
the research will consist of a selection of one energy efficiency measure. For this energy 
efficiency measure, several financial constructions will be elaborated and be the input for 
the financial model. Several housing types of Trudo will function as test case. The housing 
types will be calculated and ranked on basis of the total costs and benefits. 

As result of the research the best financial construction for the housing corporation will be 
presented . The data needed for the financial models model will come from literature and 
the housing corporation Trudo. The financial model supports the decision-making for a 
housing corporation about the best financial construction that can be used for investing in 
an energy efficiency measure. 

2.2. Methodological justification 
This project is the graduation project on a Technical University, therefore this project needs 
a methodological justification. This means that the research explores what it aims to explore 
and that it is relied on facts. A research model which will be used during this research will 
help to make the graduation report methodological justified. The whole project will be 
guidance by a graduation committee. This committee will to a larger extend ensures that the 
project is methodological justified. Before the start of the project, the subject and research 
plan has to be judged by the committee. This was done during meetings with the 
graduations committee and the company and at the first presentation of the research 
proposal. 
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2.3. Reading guide 
This research consists of three main parts. First a contextual design and a decision about the 
energy efficiency measure will be outlined. In the second part the model based on the cost 
benefit analysis will be made. And the third part consists of a conclusion and evaluation. 

The outline of the research can be found in the figure below. 
~ 

_cc;i_n~e'!lual orlentatl!Jn and 
decision abo.ut energy 

effic
0

len'cv·measure . 

Chapter 5: 
Chapter 314: Selection of 

L~erature study energy 
measures 

Figure 2: Outline of research report. 

Chapter6: 
Selection of 

financial 
conslructions 

Chapter8: 

Chapter8: Construction of 
financial 

models based 
onCBA 

Resuhs models 

Chapter8: 
Test case 

Chapter 9/10: 
Conclusion and 

e'laluation 

In the first part of the research after the introduction, the literature study which follows 
from the problem statement will be described. What is sustainability, what kind of 
organization is Trudo and different sustainable measures will be explained in this part. At the 
end of this part, a selection wil l1 be made for the energy measure that has most potential to 
be implemented in the existing housing stock of Trudo. 

The second part, construction of the model based on cost benefit analysis (CBA), consists at 
first of a selection of the financial constructions. Options to finance the sustainable 
measures for social homes to green their existing housing stock will be explained. These 
finance options will function as input for the CBA model. With this model the financial 
constructions will be ranked based on the total costs and benefits. A sensitivity analysis will 
also be part of this section. At the end of this section, the result of the models will be 
presented with corresponding tables and graphs. 

The last part consists of the conclusion and evaluation of results, model and research . The 
product and process of this research are evaluated . According to this, recommendations for 
further research are elaborated. 
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Part 1: Contextual orientation and decision about energy efficiency measure 
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Chapter 3: Sustainability 

3.1. Definition sustainability 
The word 'sustainability' is a widely-used concept in our society. However, when asking 
about the meaning of the word, there are multiple answers. The word has several meanings; 
in the dictionary the word sustainability means (Van Dale 2012) : 

1. Competent, intended to remain for a long period, reliability 
2. Long, persistent, durability 
3. Aggravate the environment as little as possible, for example to use as little energy 

and raw materials as possible. 

Another explanation is given in the encyclopedia . Here the description of sustainability is: 
reliability, modesty, durability, determination, resistance, consistency and stability (encyclo 
2012). Putting the word 'sustainable' in context can give more clarity. For instance, 
'sustainable development', 'sustainable business' and 'sustainable buildings'. However, even 
in context, multiple explanations of the word are possible. Therefore, a useful definition 
must specify explicitly the context as well as the temporal and spatial scales being 
considered. For this research, the focus will be on sustainable development in the built 
environment. There are many definitions of sustainable development; the most commonly 
cited definition is an intangible ideal drawn from the United Nations (UN) World Commission 
on Environment and Development's 1987 Brundtland Report: 

"Development that meets the needs of the present without compromising the ability of 
future generations to meet their own needs." (Oxford, 1987). 

The UN World Summit on Social Development showed support for the concept by stating 
that "economic development, social development and environmental protection are 
interdependent and mutually reinforcing components" (Wedding, Brown, 2007). In short, 
these components are People, Planet and Profit, 
known as the triple P. During the World Summit of project 

2005, the word 'Profit' was replaced by 'Prosperity'. 
In this research, sustainability will be used in the 
context of sustainable building. For sustainable 
building, a fourth P will be added - Project. With prosperity 

this component, the spatial quality will be related 
to the other three qualities. This environment-
Tetrahedron is developed by prof. ir. C.A.J. people 

Duijvestein. Within this broadening of the 
sustainable building concept, centers of excellence planet 

can be chosen to prevent the umbrella term, which Figure 3: Tetrahedron (Duijvestein, 2006) 

includes all kinds of possibilities. 

Within the sustainable building sector, sustainability will be used in this research in terms of 
sustainable energy use. This means the energy demand will be efficient and renewable 
sources will be used as much as possible. Renewable energy is generated from wind, 
waterpower, sun, heat pumps and the use of biomass. 
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3.2. Objectives and policies of sustainability 
3.2.1. National objectives/policy 
Sustainability is an important subject on the political agenda. Both the European Union and 
the Netherlands have set ambitious goals for energy savings and sustainability. The EU wants 
to reduce greenhouse gases emissions by 2020 by at least 20%, in comparison to the 1990 
level (Energieraad 2011). The national goals are presented in the "Schoon en Zuinig" (Clean 
and Efficient) policy program. Greenhouse emissions have to be reduced by 30% by 2020 
compared to the 1990 level; the annual energy efficiency improvement has to increase to 2% 
and the use of renewable sources has to be 20% of the total energy consumption by 2020 
(Dril 2009). The goals must result in a low C02 economy in 2050. The effects of the policy 
program are substantial. However, with the current instruments, the results show that the 
targets have not been reached. The target for the renewable share will increase from the 
current 4% to 5-15% instead of 20%. To ensure these ambitious goals the government 
stimulates sustainable energy technology innovations. However, the efforts and investments 
are not yet enough. 

There are many advantages of renewable energy in contrast to fossil fuels . Firstly, there is no 
emission of C02 or other substances when using renewable energy sources. Secondly, there 
is less dependency of the few small countries that produce oil and gas, and on the high price 
of fossil fuels. Another financial issue is that the energy prices will only increase in the 
future. Because of the scarcity of fossil fuels, internal problems in the OPEC-countries1 (war), 
and larger requests due to the attendance of countries such as India, China and Brasil, 
energy prices will only increase. This dependence ultimately makes the Netherlands more 
vulnerable. The last advantage of renewable energy sources is that these sources will not run 
out. As said earlier, the contribution of renewable energy in the Netherlands is now only 4% 
of the total energy use. To let this amount grow to 20% it must be done in an economical 
responsible manner. Hasty introduction of renewable energy sources could lead to 
unnecessarily high costs, according to the Energy Report of 2011. 

For sustainable energy to compete in the long term (2050 and thereafter) against gray 
energy, innovation is necessary. Therefore, the government encourages research about new 
energy sources research with the Stimuleringsregeling Hernieuwbare Energie, (SDE+) and 
the topsectorenaanpak (top sector approach). To be the leader in development of 
sustainable energy technologies is preferred for the Dutch competitive market situation. As 
mentioned before, this will create less dependency on other countries and on fluctuations of 
the market for fossil fuels. In addition, innovative sustainable energy technologies can be 
exported . 

3.2.2. Objectives/policy of sustainability for Eindhoven 
The city of Eindhoven has for years had an active climate policy. In early 2008 the 
municipality of Eindhoven unanimously agreed with the Sustainability and Climate Policy. 
This decision opened possibilities for many projects around sustainability. The municipality 
has three pillars in the field of quality of buildings, climate and sustainable entrepreneurship 
for the years 2008 till 2012. These three pillars are intertwined and have the common 
objective of making Eindhoven a durable climate city. The Implementation Program Climate 

1 
Organization of the Petroleum Exporting Countries (OPEC) an intergovernmental organization of 12 oil-producing countries. 
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policy of 2009-2012 reports the way in which to ensure energy neutrality of the municipality. 
Energy neutrality means, for the municipality of 
Eindhoven, that the total energy demand of 
dwellings, and companies will be generated 
sustainably with parish boundaries. Eindhoven will 
reach this energy neutral goal at the earliest in 2035 
and at the latest in 2045. In order to achieve energy 
neutrality Eindhoven, collaboration must occur with 
inhabitants, businesses and knowledge institutions 
that fit within the Eindhoven Brainport2

. The method 
of the Trias Energetica3 will be used by the 
municipality of Eindhoven to reach energy-neutrality. 

I 
I I I f 1 z 

/ 

Figure 4: Trias Energetica 

Saving energy and self generating of sustainable energy are the prominent principles of 
Eindhoven in reaching the goal energy neutral. These are the first two steps in the Trias 
Energetica. It is important to invest intensively in both principles; it seems impossible to 
reach energy neutrality when focusing on only one principle. Step three of the Trias 
Energetica will be used as a resource during the process of reaching an energy neutral city. 
However, on moment of energy neutrality, maximum energy is saved and remaining energy 
demand will be generated sustainable. From that point onwards, there will be no need for 
fossil fuels or for the compensation of C02 . 

Per sector, there will be invested efforts to reduce energy use. For the sector residents in 
Eindhoven, the ambition is to realize 1,500 new housing estates per annum. When making 
these houses energy efficient, it will provide an important contribution to the climate policy. 
In addition to the new houses, a focus of the municipality is on existing housing stock. With 
more than 95,000 dwellings in the city of Eindhoven, the existing housing stock has a large 
share in the total energy use. In this category, a major effect on the intended energy and 
environmental gains can be achieved. In the table below the energy use per sector in 
Eindhoven can be seen. 

Basis/reference Use of Use of Gas {m3
} C02 emission in Percentage C02 

2006 electricity natural gas metric ton emission 
{KWh) 

Own 25,000,000 5,000,000 23,000 2.1% 
organization 
Dwellings 318,000,000 165,000,000 473,500 42.3% 
Remaining 757,000,000 109,000,000 623,000 55.6% 
connections 

Total 1,100,000,000 279,000,000 1,119,500 100% 
Table 1: Energy use in Eindhoven split up in three parts. Source: Gemeente Eindhoven (2008) 

The energy use of dwellings is large, but the energy savings potential within this sector is 
also substantial. In order to realize the ambitions goals, the municipality of Eindhoven has 
made performance agreements with housing corporations. This has been done because 

2 
Brain port Eindhoven, a title that stands for to the position that the region Eindhoven and Southeast Brabant have in the field of high 

technology and knowledge industry in the Netherlands. 
3 

Trias Energetica is a model which describes in three logic consecutive steps how to arrive at a sustainable energy supply. 
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housing corporations can contribute substantially in sustainability, by making their existing 
housing stock greener. 

In this regard there are many advantages for tenants. In addition to a greener environment, 
the decrease in energy costs and the contribution of the quality and comfort of the housing. 
However the advantages, implementing energy saving measures is not simple. Investments 
are needed and the knowledge about investment ways. 

3.2.3. Energy labels for dwelling 
To assess the energy efficiency of a dwelling, there 
is nowadays an instrument. The energy label, also 
called the Energy Performance Label (EPA), shows 
how efficient a house or building is. All of the details 
about the efficiency of the house are included in 
this label, as well as the energy savings of the 
heating installations. This information is important 
because an energy efficient house Can en SU re lower Figure S: Energy labels . (source: Haulezvastgoed, 

energy costs and higher residential comfort. The energy labels can have values between A 
and G. Label A is the most energy efficient and G the least energy efficient. An energy label is 
valid for up to 10 years. 

The Energy Index (El) is the basis for the energy label. The El is based the following features : 

• the insulation value of the roof, fai;:ade, walls, windows and floors, 

• the energy use of installations for heating, ventilation and warm water. 

When the El is, for example, 1.12, the building will receive the label 'B'. The lower the El, the 
better is the energy performance. In appendix 1 all the values of the El with corresponding 
labels can be seen. 

Since January 2008, the energy label for Dutch house owners selling or renting their homes is 
obliged. Individuals who sell or rent their house must be able to extend an energy label to 
the next house owner or tenant. For housing corporations, the label was obligated as of 
January 2009. In the social rent sector the energy label is part of the 
woningwaarderingsstelsel (property valuation system) . This is a system that calculates the 
dwelling on basis of performance points. The maximum rent price is dependent on the 
woningwaarderingsstelsel. Therefore, when the energy label increases, the housing 
corporations are able to increase the rent prices as well. 

3.3. Conclusion 
The definition of sustainability has several explanations. Sustainability in this research will 
focus on the building sector. Within this context, sustainability will be used in terms of 
sustainable energy use. This means the energy demand will be efficient and renewable 
sources will be used as much as possible. The national and regional goals according to 
sustainability are ambitious. To reach these goals it is needed to make the building sector 
more sustainable. The share of housing corporations is more than 30% of the total Dutch 
housing stock. In the existing housing category, a major effect on the intended energy and 
environmental gains can be achieved. 
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Chapter 4: Trudo 

4.1. Organization 
Trudo is a housing corporation in Eindhoven. For this research, Trudo will be used as case 
study. Trudo is social operator in affordable rental- and private housing. Trudo does not 
focus only on the primary target groups of the public housing policy; their aim is also to 
serve households with an income of up to €40,000,-. Within this group, Trudo focuses on a 
limited number of defined customers. These are: 

• starters in the private housing market, 

• special clients (people who can only live in combination with some form of care, help 
or guidance) 

• households with cumulated arrears, 
• starting entrepreneurs from the creative industry. 

Over more than ten years, Trudo has aimed to be 'different'. Operating from its core values -
daring, innovative and binding - it offers different solutions to improve the living 
environment in Brain port. The vision of Trudo is based on a Top 10 of criteria. 

1. Customers with an income up to €40,000,-
2. Cheap business space 
3. Stunning projects 
4. Benefit, choice freedom and certainty 
5. Housing support for special customers 
6. Urban renewal 
7. Livability 
8. Involvement in the community 
9. Involvement of stakeholders 
10. Guts, innovation and binding 

Trudo is one of the housing corporations in Eindhoven. The total rental stock of Trudo is 
almost 7000 units, these includes rooms and garages. The taible below shows a picture of the 
rental stock of Trudo as of December 2010. 

Type Number Percentage 

Single-family dwelling 3,731 53.6 
Multi-storey dwelling 1,967 28.2 
Total dwellings 5,698 81.8 

Rooms 287 4.1 
Garages 421 6.0 
Others: business premises, sheds and parking places 559 8.0 

Total rental units 6,965 100.00 
Table 2: Rental stock by type. Source: Annual report Trudo 2010 

In addition to the rent housing stock, Trudo has a concept to buy propert. Slimmer Kopen@ 
(Smart Buying) is a concept of Trudo that gives tenants with low incomes the option to buy a 
house. The client buys a house or an apartment and benefits from a deduction of the market 
price. In exchange for this discount, Trudo stipulates the first right of buying, with the 
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agreement that the provided discount and the pre-agreed proportion of the value 
development is in benefit of Trudo. For existing tenants of Trudo, it is possible to sell one's 
house according to the Slimmer kopen@ concept, and then the rented house becomes 
private housing. 

4.2. Objectives/policy for sustainability 
4.2.1. What is sustainability in the case of Trudo? 
Trudo has been criticized many times, by for example, the INK-audit and visitation4

, that it 
invests too little in the sustainability of its buildings. In this context, sustainability means the 
implementation of energy-saving measures. Partly, this criticism is undeserved. In new 
developments, Trudo invested strongly; for example, in heat and cold storage installations in 
the Light Tower and Trudo installed the largest sunroof in the Netherlands on the Clock 
Building. Next to this, the corporation invested in the sustainable renovation of existing 
buildings; however, this is an area where greater effort can be achieved. Therefore, the 
criticism is partly true, as the corporation until recently did not have a policy on 
sustainability. The first important step was to define sustainability. Within this concept, 
Trudo distinguishes five themes. 

• dearness: Trudo wants to contribute in sustainability through creating buildings that 
people are emotionally attached to and, therefore, willing to invest in, 

• accommodation capacity: realize buildings that can easily be adjusted in time, so 
thattheylastlonge~ 

• energy performance, 

• (Oz-emission, 

• sustainable product development 

Sustainability for Trudo in further research will be in the context of better energy 
performance of buildings and decreasing C02-emission, because this research is about 
greening the buildings. 

4.2.2. Sustainability goals 
Within this energy performance theme, we can distinguish between new and existing 
buildings. Trudo wants to be one of the leaders in energy performance for new buildings. 
However, they only want to implement proven technology because they want to be able to 
ensure the expectations of clients. When it comes to the energy performance of Truda's 
existing stock, it certainly does not appear to be chosen a leadership position. Fifty-four 
percent of the houses of Trudo have an Energy label E or lower (Trudo 2011a). Therefore, 
greening these houses is a major challenge. The graph below illustrates the percentage of 
the labels of the total existing housing stock of Trudo can be seen (Trudo 2012). There are 
almost no dwellings with the label A. In appendix 2, the housing stock of Trudo per housing 
type with corresponding energy label can be seen. 

•INK-audit and visitation are institutions which control the quality. 
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Label types of Trudo's existing housing 
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Figure 6: Percentage of the labels ofTrudo's existing housing stock (Trudo 2012) 

The current regulatory process is as follows: Corporations invest, the client receives the 
profit and society is thankful. Therefore, Trudo does not opt for large and expensive 
improvement of its dwellings, simply because this would require large, unprofitable 
investments. But this way of thinking leads to heated debate. In a discussion hosted by 
Trudo, one question was around the large investments of sustainable measures. The 
majority of attendees (including employees of Trudo, government of Eindhoven and other 
corporations) did agree with the greening of the existing stock, despite its apparent 
unprofitability. Trudo desires to green its housing stock not only by insulation, but also 
through the use of renewable energy. They want to improve investments in sustainable 
energy so that the dependency of fossil fuels decreases and there is better control of the 
energy costs and thus the housing cost. 

The core business of housing corporations is to offer low-cost housing. Due to the increasing 
energy prices, low-cost housing does not only involve the rent price but also the secondary 
costs and thus the cost of energy. In fact, reaching the goal of sustainable housing also 
includes reducing energy costs. The energy costs can be influenced in two ways; by reducing 
the energy use of the building or by reducing the cost price of the energy. Trudo is searching 
for a creative and feasible financial model with which to green its housing stock. This would 
ultimately allow Trudo to continue offering low-cost housing. 

4.3. Conclusion 
The foundation of Trudo is one of the housing corporations in Eindhoven and is a social 
operator in affordable rental- and private housing. Trudo wants to increase its investments 
in sustainability, especially in respect to its existing housing stock. It defined sustainability, 
in which energy performance and C02-emission were taken into account. For the purpose of 
this research, that definition of sustainability was applied. When it comes to the energy 
performance of Trude's existing stock, it certainly does not appear to be chosen a leadership 
position. Fifty-four percent of the houses of Trudo have an Energy label E or lower (Trudo 
2011a). Therefore, greening these houses is a major challenge. Trudo is searching for a 
creative and feasible financial model with which to green its housing stock. This would 
ultimately allow Trudo to continue offering low-cost housing. 
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Chapter 5: Energy efficiency measure 

5.1. Introduction 
There are many kinds of energy efficiency measures. Housing corporations need to make a 
decision about the kind of measures they want to implement. In this chapter the efficiency 
measure that Trudo will implement is unpacked. A division will be made between technical 
installation measures and constructional measures. Technical measures increase efficiency in 
the way a building will be heated, gains its warm water or will be ventilated. Examples of 
these measures are Solar PV panels, high efficiency boilers or heat pumps. In this research 
these measures will be called energy efficiency measures, because the energy that will be 
used is used efficient and clean. Constructional energy measures are adjustments of the 
building itself; for example, insulations or double glazing units. These adjustments will be 
called energy saving measures because these measures save energy. 

The energy saving and upgrading of the energy labels is limited when only implementing 
constructional energy measures. However these measures are important to ensure less 
energy use. The investments of the energy saving measures are much lower than the 
investments for the energy efficiency measures and therefore easier to implement. Trudo 
has the policy to implement the energy saving measures over a long period of time. It is not 
sustainable to implement new glazing or a new roof when the existing window frame or roof 
is still in good condition. Therefore, energy saving measures will be implemented when the 
technical lifetime of the existing materials is completed . Trudo knows how to invest and 
obtain the funds to insulate a dwelling and to green a house in a constructional manner. This 
requires less investments then implementation of technical sustainable installations. The 
interesting question is what kind of renewable energy sources by the house but also 
extracted from somewhere else is financial feasible and what will be the financial 
construction. The choice of energy saving measure will be explained below. 

5.2. Solar PV panels 
The energy efficiency measures involve the use of renewable energy sources. In the 
Netherlands, the most important and most promising renewable energy sources are wind 
energy, sun energy, bio mass energy and geothermal heat. Therefore, in this chapter the 
focus will be on renewable energy sources. When looking at the advantages and 
disadvantages of the different energy efficiency measures, see appendix A3.5., solar PV 
panels seems to have the most potential for Trudo in Eindhoven. PV solar panels are also the 
preference of Trudo, due to the positive future prospects. Therefore Trudo has chosen to 
see on what financial way they can use PV solar panels for greening their existing housing 
stock. The energy efficiency measure of solar PV panels is explained below, the way other 
measures work are mentioned in appendix 3. 

Solar PV panels 

Solar energy is energy from sunlight. The radiation will be converted into power. The official 
term for solar energy technology is PV, coming from 'photovoltaic'. Solar panels convert 
sunlight direct into electricity. A solar panel system consists mostly of: 

• one or more PV cells, 
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• one supporting structure, 

• an inverter which converts the parallel 
flow from the panel into alternating 
current . 

In the Netherlands most systems are attached to 
the electricity power network. At the moment 
the solar panels generate more power than is 
used, the system send the surplus back to the 
electricity power network. And the electricity 
meter responds to that with a negative amount. 
The amount of energy that can be extracted is 
dependent on the available solar irradiation. The 
PV cells can be applied almost everywhere, 

~·, r\' 1· ..... :~ 

• 

' 
II ••• • 

Figure 7: Solar panel. Source: enmax (2012) 

however there are circumstances in which more power will be extracted. Circumstances that 
can influence the amount of power are; the orientation of a sloped roof, building and trees 
nearby. The maintenance of PV cells is little, but the cells must stay clean. The life cycle of a 
PV cell is long, at least 25 till 30 years. 

There are two ways to place PV cells. Direct on a house, to give energy to the house whereas 
the extra energy can be returned to the energy company. There is no approval needed from 
the government for placing solar PV panels direct on the house. Installing PV panels on a 
small roof can be done in one day. The Second way, by constructing a PV park of a lot of PV 
cells elsewhere and extract the power which can be used for a whole area. For constructing 
these areas there are legislations such as the zoning plan. 

The use of solar energy seems to have the best future prospects because of the increasing 
efficiency and decreasing costs. Up till now there is a minor use of solar panels due to the 
current law and regulatory process, mainly on the area of self-supply. The cost for a PV 
system is mostly driven by the initial up-front investment of capital expenditures. But the 
cost of PV systems has been going down for decades and is still in the future . Additional 
costs during the lifetime of a PV system are relatively low. The price for a PV panel July 2011 
was 70% lower than the price 10 years ago. The figure in appendix 4 illustrates that 
remarkable price decline. These investment prices of PV systems will only decrease in the 
future . The next figure shows the evolution of the capital costs of Solar PV systems in the 
future. The system prices could go down by 36-51% by 2020. 

7 

6 

3 

2 

€fWp Q 

0 

8 
.... M .... . .., (D ,.._ 

"' 8 8 Cl c> 8 8 0 8 0 0 0 

"' "' "' N "' "' "' "' N 

Graph 1: Evolution of the PV system price in Europe (EPIA, 2011). 
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5.3. Conclusion 
Looking at the future prospects, Trudo has chosen for solar PV panels to green their existing 
housing stock. Trudo is interested to see what kind of financial construction they can use for 
implementing PV solar panels. The financial constructions for this kind of energy efficiency 
measure will be taken into account and elaborated further in this research . 
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Part 2: Model based on Cost Benefit Analysis 
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Chapter 6: Financial constructions 

6.1. Introduction of the financial model 
The multiple financial constructions contain different investment and payback possibilities of 
PV solar panels. These constructions will be ranked on basis of total costs in the financial 
model. 

Before designing the financial model, a choice of focus of the financial constructions has to 
be made. A distinction between two issues can be made: 

1. In what way will housing corporations obtain the necessary funds for the 
investments? 

2. What will be the result of the investments for the corporate income? 

I will first deal with question one, in which the corporations are looking for a way to fund 
their investments. Do they have internally generated funds, such as savings? Or do they 
need external funds, such as loans or subsidies. Taken into account the research question5

, 

the ways in which Trudo will obtain the necessary funds for the investments of the energy 
efficiency measure is substantial in this case. In addition to this, the question of the possible 
repayments and restrictions of the funds needs to be addressed. Furthermore, the way in 
which the investments will be charged out to the tenants is part of the first problem 
statement. 

The second question, concerning the result of the investments, is also important in this 
situation. The corporations react to the growing pressure of government and society to 
reach higher sustainability targets. One benefit for the corporation is that the social 
responsible image of Trudo will increase. Moreover, the price for electricity is increasing, 
which will cause a higher demand for energy efficient dwellings. As stated in paragraph 4.1. 
affordable housing is important for corporations. This concerns the whole housing cost, 
including the utility costs. In the Netherlands social dwellings are labelled according to their 
energy performance. The energy efficiency measures will result in better energy 
performance and quality of the house and therefore the value of the house rises. Therefore, 
the investments will not only ensure more future customers, they will also lead to more 
satisfied customers. These are positive changes when implementing the measure. In 
addition, it is important to take into account that there will be negative results when not 
implementing the measure. This is due to the growing social demand for sustainability, 
which will lead to a lesser image and less satisfied clients when not implementing 
sustainable measures. Next to the social benefits of the investment, it is important to take 
into account the financial results. The measure might lead to an increase of rental income, 
future savings on replacements or maintenance. Therefore, the results of the investment for 
the income of the corporation are necessary to take into account. 

For this research the financial model will focus on obtaining funds for the energy efficiency 
measures, the way it will be paid back and what the conditions are for external funds . In 
addition, the result of the investments will be taken into account in the model. Therefore, 

' What financial construction with the most profit con housing corporations {Trudo) best apply in greening their existing housing stock? 
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the following calculations are important; deprival value and net present value calculations of 
the investments, maintenance costs and rental income. 

6.2. Possible funds for investing in energy efficiency measures of housing 
corporations 

There are multiple ways to obtain funds for the investments of energy efficiency measures. 
For a housing corporation these include external and internal funds, and other financial 
constructions to obtain funds. A selection of financial constructions is made from the 
inventory of the financing forms of Arcadis acting upon instructions from AgentschapNL6 and 
currently most used investment methods concerning energy efficiency measure. 
AgentschapNL has assigned to this Arcadis report to help the market in their search for new 
organization- and financing constructions. This report can be used as basis for the financial 
model, as it gives a good overview of financing constructions and their revenue model. 
When it is not possible to find the values of a financial construction, more references are 
used to obtain a reliable picture of the costs and benefits. The focus of the constructions of 
AgentschapNL is to be as less as possible dependent on subsidies. According to the selection 
of financing constructions, these are deliberated with Trudo. In this paragraph these 
different funds and constructions for investing in solar PV panels will be explained with 
corresponding calculation examples. At the end a selection of the constructions will be 
made, which will be used for the financial model. 

6.2.1. Possible internal corporate funding for investing in energy efficiency measures 
Share of equity capital (EV) from a private limited company (BV), cooperative society (CV), 
partnership (VOF) or a cooperative. Dependent on the legal form of the company, investors 
can be responsible, or not. They also have power to control the project. However, internal 
funds are not preferred by Trudo. Rather, they prefer external financing. This preference 
comes from the reason that energy efficiency measures enable the opportunity for 
alternative ways of financing, not only loans, which could be more interesting. In addition, 
money can be handed out only once and housing corporations need their internal funds to 
invest in their six core tasks mentioned in chapter one, They want a financing construction 
which takes away the high initial cost for the user and Trudo self. Despite this preference for 
external financing, internal investment constructions will be taken into account in the 
financial model. This is to examine whether it is feasible and perhaps more profitable than 
external financing. 

6.2.2. Possible external funds for investing in energy efficiency measures 
6.2.2.1. Loan constructions 
There are several loan options for financing energy efficiency measures. In this paragraph 
these constructions will be explained. 

There are several ways to receive money for investments in energy efficiency measures: 
• Through a loan: the financer, institutional investor or bank lends an amount of 

money to the operator and receives in return a fixed or variable interest. The 
financer does not have, in principle, power to control and liability. 

6 
AgentschapNL is part of the ministry of Economic, Agriculture and Innovation. 
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o Some banks have special Green Loans when the loan will be used for an 
investment in an energy efficiency measure. This means when investing in an 
energy efficiency measure, the bank lends money with lower interest. 
However, the Green Loans are decreasing due to legislations and the crisis, 
therefore it is not sure if the Green Loans are available in the future; this 
makes the use of Green loans not reliable . Therefore, these loans will be left 
out of the financial model. 

• Via investment funds : the investor puts in his equity shares and receives if possible 
profit remittance. The investor can buy shares or bonds and receives in return 
dividend or interest. The investor does not have the power to control and has no 
liability. 

For housing corporations there are some possibilities and obligations when it comes to 
attracting money via the finance market. The Waarborgfonds Socia le Woningbouw (WSW) is 
founded with financial government assistance and is to guarantee loans of the corporations 
via the financial market. This gives financers more security, which ensures lower interest for 
the housing corporation. The WSW guarantees not all investments for housing corporations. 
The only activities that WSW guarantees are activities according to the Diensten van 
Algemeen Economisch Belang (DAEB). Energy efficiency measures are not included in this 
guarantee. 

The percentages that banks and investors normally charge for interest are divers. Therefore, 
multiple resources are found to investigate a percentage for the financial model. In appendix 
5, several percentages and specifications are listed. As mentioned before the interest 
percentage of a green loan will not be implemented in the model because it is not sure if it is 
available over a long period. However, to see the changes of interest for lending money from 
banks it is good to take this percentage into consideration . 

The interest rate for the financial model comes from an interview with the financial 
department of Trudo on the subject of lending money for an energy efficiency measure. This 
department told that the percentage for these kind of investments will be 4,5%. The 
financial department told that they recently set a loan and lend money against a percentage 
of 4% for 40 years. The curve for lending money for 10 years and 40 years is very narrow, 
therefore the percentage of lending money for 10 years is almost the same as for 40 
years.The interest is among others dependent on the risks of the project for the investor. As 
standard interest that will be used in this research the interest percentage of the financial 
department of Trudo, 4,5%, because this is the most recently percentage of Trudo self. 
Trude's pay off constructions for loans is mostly to pay off the whole sum of money at the 
end of the loan period; this construction will also be used in the financial model. 

6.2.2.2. Subsidies 
The government encourages the development and application of sustainable energy with 
several subsidy schemes and governmental programs. Next to this every municipality has its 
own regulations. A few examples of subsidies at the moment are described below. 

• Stimulation Sustainable Energy production (in Dutch: SDE) 
This regulation provides an operating fee for the production of renewable energy. 

• Regulation green projects 
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This regulation stimulates projects that have a positive influence on the environment. 
The government stimulates these projects by making the investments more 
attractive. 

• Energy Research Subsidy program and Unique Changes 
This regulation gives subsidy to the most innovative projects which contribute to the 
governmental policy. 

The subsidies are dependent on the governmental climate and the economic status. The 
government is an institution that changes with parliamentary elections, which are held every 
four year, at least. Therefore, governmental programs change as often. A financial model for 
energy efficiency measures which is dependent on subsidies which are constantly changing 
and the uncertainty of the available subsidies is a model that cannot be trusted. Therefore, it 
is not preferred to implement subsidies in Trudos' policy. 

6.2.2.3. Leasing 
With leasing the lessor finances the sustainable measure and allows for a pre-agreed period 
and for a fixed fee available to the lessee. There are two forms to lease: 

• Financial leasing: the lessor is legal owner. The economic property (insurance, 
maintenance) belongs to the lessee. The risk for the lessor is more than normal 
economic depreciation, for example due to poor maintenance. 

• Operational leasing: the lessor remains in control of the economic property and is 
responsible for the maintenance. The lessee will only get the advantages of the 
measure. 

In both cases the cash flows are illustrated in the following figure: 

lessor 

Finances the project Monthly lease payment 

Trudo 

Invests in project 

Energy Efficiency 
project 

Monthly increase 

of rent price 

Decrease of energy costs 

Figure 8: Cash flow scheme of a lease construction for an energy efficiency measure 

Financial leasing 

Tenants 

An example of a financial leasing is ABN AMRO (bank) Lease. Their target group is large-, 
middle-, and small businesses and nonprofit organizations but no individual citizens. This 
form of financing of ANB AMRO is only available for large projects, investments above 
€500,000.-. There will be advantages for larger investments from €1,000,000.-, because the 
extra cost for administration and leasehold will be the relatively lower for large projects. The 
bank gives 100% financing of a solar energy project for the period of 85% of the economic 
lifetime. The monthly lease price for the lessee {Trudo) is based on the lifetime of a solar 
panel. The economic property (insurance, maintenance) belongs in this case to the lessee. 
The yearly lease payment will be 75% of the investment cost spread over 10 years plus 
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interest over the lease payment. After 10 years the lessee can buy the panel for the salvage 
value of 25%. 

Operational leasing 
An example of operational leasing is Bloom Energy. This organization is a project developer 
for solar energy. They lease solar panels on bases of operational leasing; Bloom Energy 
remains owner of the economic property and is responsible for investing, installing and the 
maintenance of the PV panels on the roof of the lessee. The lessee will only get the 
advantages of the measure. Of course cooperation of tenants is needed when installing solar 
energy on their houses. In the table below the cost and benefits for the lessee are presented 
for a solar project on the roof of a large company. 

Lessee Cost and benefits year 1 - 10 Cost and benefits year 11 - 25 

Yearly lease payment (for 10 year) €3,500.00*10 years 

Yearly decrease of energy cost (8500 kWh*€0.23) = (8500 kWh*€0.23 * 0.8) = 
€1,955.00*10 years €1564.00*15 years 

Pay off panel after 10 years of -0,25 *€32,937 .00 = 
~~% salvag_e va~ue -€8.!234.00 

Total - €23,684.00 €23,460.00 

Table 3: Example of the cost and benefits for the lessee for the case of Bloom Energy, (Arca dis, 2011) 

After the lease period of 10 years, the lessee has the opportunity to buy the solar PV system. 
The assumptions for the price of a PV system at that moment are the same as for financial 
leasing, which are 25% of the investment cost. The guarantee for the system that Bloom 
Energy gives is 25 years. Therefore, for year 10 till 25, the lessee will only get the revenues 
and has no payments anymore. The most solar panels have the guarantee of 80% of the 
power for the years 12 till 25. In this time the cost of the first 10 years can be paid back and 
profit can be made when electricity prices increase. 

The cooperative aims on large institutions such as housing corporations. Therefore, these 
numbers are for large buildings that can extract 8500 kWh, households with 15m2 solar 
panels can extract in best case approximately 1800 kWh. Therefore, in the table below, the 
calculations for one household are presented. But these numbers are only representative 
when using operational leasing for more houses of one housing corporation. These values 
are estimations; the real decrease of energy cost is depending on the revenues of the panel 
and thus the orientation and location. However, the lessor has the opportunity to choose 
the most optimal roof of a company for the panels. 

Lessee Cost and benefits year 1 - 10 Cost and benefits year 11 - 25 

Yearly lease payment (for 10 year) -€741.00*10 year 

Yearly decrease of energy cost (1800 kWh*€0.23) = (1800 kWh*€0.23 * 0.8} = 
€414.00*10 years €331.20*15 years 

Pay off panel after 10 years of -0,25*€6975.00 = -€1, 743.00 
25% salvage value 

- . .. .. ,. .. _ 
----··~ - ------·- -

Total - €5,013.00 €4,968.00 

Table 4: Example of the cost and benefits for the lessee for the case of Bloom Energy calculated for 1 household 
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There are more examples operational leasing, for example Lochem Energie. The benefits are 
not yet clear. However, the costs are more or less the same as for Bloom Energy, which 
presumes more or less the same benefits. 

Lease contract with an energy company 
Another way to lease a sustainable measure is to agree an energy business model I lease 
contract with an energy company. This means an agreement over a contract of several years 
with an energy company. That company will invest in the energy efficiency measure but in 
return this company will deliver the energy. Energy companies are searching for contracts to 
bind people or institutions as client for a longer period. In this case there is no freedom of 
energy choice. An example of this kind of contract is Greenchoice. The Energy Company and 
solar PV-panel maker 'De Zonnefabriek' have constructed a financial model to implement 
solar panels on houses without any investment cost for the homeowner. Greenchoice will be 
the owner of the panels in this construction and the homeowner pays for twenty years a 
fixed price for the solar energy. The picture below presents the cash flows of this financial 
construction. In this case, Trudo is not part of the cash flows and will when choosing for this 
construction only encourages tenants for choosing solar panels. 

~ Lessor ) l ~ ............... 
--~~---'~~~~ 

Placing solar panels 
on houses of tenants 

Figure 9: Cash flow scheme of a lease contract for an energy efficiency measure 

Tenants 

If the customer moves during the period of the contract than there are 3 options. Firstly, the 
customer buys the PV-installation of Greenchoice against the value of the panel at that 
moment. Secondly, the new owner of the house takes over the contract. Thirdly, the 
customer chooses to move the whole PV panel to its new house, but need to pay for all the 
cost of that operation. 

In the previous construction Greenchoice will be owner of the Panel for the whole contract 
period. Yellow Step, a daughter of Greenchoice, has a model in which the homeowner will 
become owner of the panels after 15 years; this model is based on subsidies. ZonVast has 
the same model that is not based on subsidies, and then you will be owner of the PV panels 
after 20 years. The fixed electricity price that ZonVast uses is €0.23, this is approximately the 
current price for grey electricity. The price will be fixed for 20 years and therefore the 
advantage will come with a future increase in electricity prices. In the table below an 
example calculation has been made. 
Members Cost 

Payment in 2013 for grey electricity 1000 kWh* €0.27 =€270.00 

Payment with in 2013 with ZonVast 1000 kWh * €0.23 =€230.00 

Total advantage year 2013 €40.00 

Table 5: Cost with normal electricity prices and with ZonVast with increasing electricy prices 
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The calculation is based on a large solar panel power which produces 1.950 kWh. They 
estimate that the tenant uses half of this electricity; the rest will be resupplied to the 
electricity grid without getting something in return . This electricity is a benefit of ZonVast 
which will invest in the solar panel. Therefore, the tenants had the advantage of 1,000 kWh 
against the fixed electricity price, the rest of the electricity that the tenants uses, will be 
against the normal electricity price. However, when the circumstances of the panel are not 
optimal, the advantage will be lower. This is due to the fact that ZonVast has regulated that 
in case of a lower revenue of the panel the same price must be paid as when the panel will 
produce optimal revenue. The remark that has to be made for this construction is that it is 
only possible for flat roofs and sloped roofs orientated South or Southwest/Southeast. 

6.2.3. Other financial constructions to invest in energy efficiency measures 
6.2.3.1. Central purchase of sustainable energy 
Housing corporations can cooperate to organize a central purchase of energy and maybe 
more than that to self generate green energy on a larger scale. In the last example housing 
corporations create a local sustainable energy company. The energy market hardly show 
differences in price for green and gray energy. The advantages of central purchase can 
(partly) be passed on to the tenants. The option to operate as an energy producer and 
supplier is now explored by 22 housing corporations in the Netherlands (NOS, 2012). They 
explore the possibility to buy solar panels on a large scale for their rent houses which are in 
total 360.000 dwellings. When buying solar panels on large scale, prices will decrease. 

This construction of central purchase is similar to invest with internal funds or loans and take 
into account the advantage of increase in scale. Therefore, this construction will not be 
implemented in the financial model, but the advantages of scale, especially the cost price, 
will be taken into account when changing variables in the model. 

6.2.3 .2. Financial participation 
Other than the organization of a central purchase; there is opportunity to participate in an 
energy project. Many renewable energy projects, such as wind turbine parks have problems 
to create sufficient local support. It is important to involve the community of the large 
renewable energy project in an early stage. This can be done by stimulating the surrounding 
and local parties to participate in the project. This means an active participation of third 
parties in a project commissioned by a cooperative. A cooperative does not intend to make 
profit; they operate on a way to achieve an optimal operation of a business based on 
common interest of members. 

There are two ways for a client to participate: 
• involvement in the development of the project (participation in spatial decision 

making process), 

• financial participation . 

In this situation it is important to finance the project of Trudo, therefore the financial 
participation will be explained . Third parties who can participate in a renewable energy 
project of a corporation are: 

• tenants of Trudo, 
• direct surroundings of the project, 
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• other inhabitants of the municipality, 

• local interested parties, 

• current operators of renewable energy projects elsewhere, which cannot realize 
renewable energy project on their freehold due to regional policy. 

Financial participation consists of two forms: 
• the participants take part in risks and control, 

• the participants take part in little risks and no or limited control. 
Participation without power of control is rather new and mainly focused on the community. 
More citizens' participation is a perceptible trend. It involves financial participation with 
much small participation, in which the participant has no or very tittle risk. Financial 
participation comes through several forms of financing, such as participation in a 
cooperative or invests in bonds. In the case of a risky financial participation, participation is 
possible as welt before as after the development of the renewable resource park. The last 
possibility ensures only risks from the output of the renewable energy source, electricity 
price and unexpectedly maintenance. 

There is no ideal model for financial participation according to a research of AgentschapNL. 
Every situation is unique by the difference of initiation parties, revenues of the renewable 
energy source, social and physical features. A disadvantage of financial participation is that a 
project with many participants with control can slow down the decision-making process. 

An example of an Energy cooperative is Zonvogel, active in the Netherlands. They have a 
board and individuals and large parties such as housing corporations can become the 
members of the cooperative. Members pay a yearly contribution and may buy a share, 
which the cooperative uses to invest in solar projects. The organizational structure and cash 
flows for a solar project of a cooperative is illustrated below. 

Board of the 
cooperative 

Cooperative 

Invests in project 

Solar projects 

Figure 10: Organizational structure of a cooperative as the Zonvogel 

Contribution and share 
Members 

I 
I ,----------------... I 
I 1 ' I 

1--l Trudo :~--1 

: : Monthly increase 

of rent price 

Decrease of energy costs 

In the case of Trudo, the tenant can directly become a member of the cooperative; in this 
case Trudo does not have to be involved. They can help coordinate the initiative for the 
tenants but are not a party in this structure. However, in this case individuals wil l become a 
member and cooperatives are interesting in large parties. Therefore, it is more interesting 
that Trudo will become a party in this organizational structure which enables the 
opportunity for the relevant tenants of Trudo to become a member. 

An example for a participation project is 'boer zoekt buur', this cooperative ensures 
installation of solar PV cells on the roof of a farmer and participants and the farmer self can 
buy a share which ensures electricity for 25 years, the corresponding calculation model is 
presented below. 
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Members Cost Benefits 

Share €3000.00 800 kWh I share 

Lifetime 25 year* 800 kWh= 20,000 
kWh * €0,22 = €4,400.00 

Replacement inverter Divided by all participants= 
2 x €1000.00 

Table 6: Cost and benefits for members of the cooperative 'boer zoekt buur', (Arcadis, 2011) 

Another example for a participation project is 'Morgen Groene Energie', this cooperative 
from Noord-Brabant, decides where energy comes from and how sustainable energy can be 
generated within the region. This cooperative has clients which pay contribution and in 
exchange the clients get a discount on the local grey electricity price. The cooperative gives 
with this discount a part of the revenues to the client and the cooperative uses the rest of 
the revenues for new project of energy efficiency measures. In this case Trudo will not be 
part of the construction and can only encourage tenants to become member of this 
cooperative. 
Members Cost Benefits 

Contribution (yearly) 12*€0,50 = €6,00 

Discount on electricity price €0,0025 

Table 7: Cost and benefits for members of the cooperative morgen groene energie, (Morgen Groene Energie, 2012) 

6.2.3.3. Adoption of Energy efficiency measure 
As privately owned or as a company it is possible to adopt solar panels. The client buys the 
solar panel which will be installed elsewhere on roofs of large commercial properties. With 
the revenues of the panel, the client earns money and therefore the adoption costs back. 
An example of adoption of solar panels is 'Zonnepark Nederland', it is an initiative of 4 New 
Energy Solar Systems. 'Zonnepark Nederland' installs solar panels on roofs of companies, 
institutions and governmental parties and private individuals can adopt 3 till 20 solar panels. 
The revenues of the extracted power will be deducted of the electricity bill, as of the panel is 
installed on the private individuals own house. In the figure below the cash flow scheme is 
presented . 

Once an investment for adoption 

< +yearly insurance costs ( Trudo ) 

....._~~=-r~~~/ ~~~~..,....-~~--' 

Cooperative 

Invests in project 

Solar projects 
elsewhere Part of the revenues of panel 

Figure 11: Cash flow scheme of an adopt ion of a solar panel 

Monthly increase 
of rent 

Tenants that 
adopt a panel 

In the case of Trudo, individual tenants can become a client or Trudo can become a client of 
the cooperative. In the example, Trudo will ensure the investment of the adoption and the 
revenues which will be recharged to the tenants with lower energy cost and an increase of 
the rent price. 

30 I P a g e 



An example of the cost and revenues of adopting one solar panel can be seen below. As 
mentioned before clients have to adopt minimal 3 till maximum 20 solar panels. 

Members Cost Benefits 

Investment - €500.00 (incl) 

Yearly share for insurance -€15.00 

Average revenues (per year) 197 kWh * €0.23 = €45.31 

Total in 25 years -€875.00 €1132,75 

Table 8: Cost and benefits for clients of 'Zonnepark Nederland' (4 New Energy, 2012) 

6.3. Possibilities of controlling the finance of energy efficiency measures 
6.3.l. Housing cost guarantee 
The guarantee that the total housing cost, consist of the fixed rent and utility costs (gas, 
water, electricity) will not increase more than the normal inflation. This will result in the 
possibility for housing corporations to increase the fixed rent, which will be compensated 
with a lower energy bill and thus lower utility costs, so the overall cost will remain more or 
less the same. This principle is applied by the housing corporation 'Wonen Midden Brabant' 
from Tilburg (Blom, M., Leurs, B., Moorman, S., 2001). Subsidies are necessary to make this 
principle profitable. 

6.3.2. Green lease 
This Green Lease principle is a way through which the stakeholders will improve the 
sustainability of the building and describes how they will have to take responsibility. 

The application of Green Lease can be a solution for the split incentive problem7
. A Green 

Lease contract can include concrete agreements about the division of cost, savings and 
revenues of the sustainability of the real estate. An ultimate Green Lease includes the follow 
features and parts: 

• a performance contract in which agreements are determined about the sustainable 
use and exploitation of the building, 

• agreements about the mutually responsibility, aimed to gain energy savings and 
environmental objectives, 

• agreements about the division in proportion of the cost, benefits and risks for the 
guaranteed of the sustainable use and sustainable exploitation, 

• there has to be a mutual stimulus. As well the tenant and the letter are responsible 
for efficient use of materials and resources, with as result lower cost for both parties. 

A joint agreement of letter and tenant is essential for the final result of the Green Lease. The 
figure below illustrates the differences between the traditional rent contract and the Green 
Lease. 

7 Split incentive is that the letter pays the investment of the energy efficiency measure and the tenant has the advantage of efficiency 

energy and thus money. 
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Figure 12: Traditional rent contract versus Green lease 

6.3.3. Value capturing with value creation 

CSR 
objectives 
ttnant 

Green Luse 

Rent 

Value capturing can contribute to realize a balance between the cost and benefits of a 
sustainable redevelopment. The method is used to include parties who take advantage of 
the measures into the cost calculation . These parties should contribute to the sustainable 
measure. With value creation, possible negative financial result can be justified by the social 
result of the investment. This can mainly be used by a housing corporation and municipality. 

6.4. Conclusion financial constructions 
In this paragraph the different funds and constructions for investing in solar PV panels are 
explained with corresponding calculation examples. These examples will be used as 
reference and further elaborated in the financial model in chapter 8. As mentioned in this 
paragraph central purchase will not be used in the model. One other construction will be 
added, this is a composition of internal fund and loan, because this is a common 
construction . An overview of the financial constructions which will be part of the financial 
model can be seen in appendix 6. Appendix 7 discusses ways to control the finance of energy 
efficiency measures. The values of the costs and benefits of the financial constructions will 
be used as basis for the model. These values are very simple and standard . The financial 
model will simulate the future prospects, such as increasing electricity prices, according to 
standards which will be set in chapter 8. In this case better results of the constructions can 
be calculated . 
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Chapter 7: Research Methodology 

7.1. Methodology for financial model 
There are several options to model the finance of a sustainable project. In this paragraph 
several methods that are related to this research are described. 

7 .1.1. Cost benefit analysis 
In a cost-benefit analysis (CBA), the economic advantages and disadvantages of a project 
over a longer period will be quantified and mapped. The extent in which projects contribute 
to the aims of development are called benefits and make use of scarce resources, called 
costs. Methods to determine, analyse and assess the relevant benefits and costs of a project 
ex ante (in advance) are known as project appraisal or cost-benefit analysis8 (Kuyenhoven, 
Mennes, 1985). This method compares systematically all the benefits, the factors that 
contribute to a project and the costs of a project. This makes it possible to indicate projects 
that show a reasonable surplus of benefits over costs, defined as net benefits. Therefore, the 
method compares projects and it shows if a project is effective and has a surplus value. The 
CBA offers objective information, which can be used as tool for decision making. 
There are a few distinctions in choosing the right type of cost-benefit analysis. The first is the 
point of view; is it a private or national point of view. For the national analysis it is about the 
advantages and disadvantages for society in general. Social benefits are also taken in 
account in the national cost and benefits analysis. For the private point of view it is about 
the advantages and disadvantages of the business itself. Secondly the values of the project 
are different for society and the project promoters as well as the resources for the national 
and private point of view. Within the analysis with a national point of view distinction in an 
economic and social cost-benefit analysis can be made. 

An advantage of CBA is that it provides a starting point from which to begin evaluation a 
project. It provides quantitative data to back up qualitative arguments. The analysis is useful 
because it allows comparisons to be made between investments or projects. However, there 
are a few limitations of CBA. The first is the difficulty to represent all impacts of a project 
into terms where people are able to make reliable tradeoffs against money. Therefore, it 
might not be possible to include all the criteria which are deemed important in evaluation. 
Next to this the values of the benefits and costs are dependent on the available information. 
For example the benefits and costs in the future are unknown. However, this advantage is 
not only applicable for CBA but also to most other decision-making methods. The third 
disadvantage of the analysis is that the results can be very sensitive to the choice of the 
discount rate. The choice of the rate can radically change the outcome of analysis and is 
therefore very controversial. The last limitation is that the analysis does not generally take 
account of the interactions between different impacts. 

7.1.2 . Cost effectiveness analysis 
This analysis makes an assessment of the costs of alternative options which all achieve the 
same objective. The costs needed do not include purely financial ones, such as the use of 
assets owned by the spending body. When benefits cannot be properly quantified, cost 
benefit analysis reduces to cost-effectiveness analysis. This analysis achieves given objectives 

8 
The expression project evaluation usually refers to the ex post analysis of project performance 
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at minimal cost . The analysis is often used in areas of human activity as in the field of health 
services. 

7 .1.3. Net present value 
The net present value (NPV) represents the sum of the present values of the cash flows, 
incoming and outgoing. With a formula the NPV can be calculated . 

NPV = F [1 I (1 + r)] N 

(So urce: Kokke, 2007) 

r = Effective interest rate per interest period 
N =Number of compounding periods (e .g., years) 
NPV = Present sum of money; the equivalent value of one or more cash flows at the present 
time reference point 
F = Future sum of money; the equivalent value of one or more cash flows at a future time 
reference point 

A project is profitable and accepted if the NPV is equal or larger than zero, and rejected 
otherwise. 

Bradshaw, Connelly, Cook, Goldstein, and Pauly use NPV with life-cycle costing: This 
technique allows to consider building's performance over time and to translate current and 
future expenditures into today's money. Traditional costing methods generally do not 
capture the benefits of greening. Life-cycle costs do systematically take into account long
term costs of building operation and maintenance to provide a more accurate picture of the 
total costs. This provides a more complete understanding of the economics of green 
housing. The methodology only focus on the building itself. The costs are divided in four 
categories : initial costs, interest expenses, annual operating costs and future replacement 
costs (Bradshaw, W., Connelly. E. F., Cook, M ., Goldstein, J., Pauly, J., 2005). 

7.1.4. Internal rate of return 
Internal rate of return (IRR) is defined as the interest yield by an investment project over its 
useful life. This can be simpl ified to the yield of a project. IRR solves for the interest rate that 
equates the equivalent worth of an alternative's cash inflows (receipts or savings) to the 
equivalent worth of cash outflows (expenditures). The formula for the IRR is presented 
below. 

Internal rate of return= Investment required I Net annual cash flow 
NPV = Cn ( 1 / (l+i)") 

NPVn = C(O)+ C(l)/(l+i) + C(2)/(l+i)2 + ... + C(n)/(l+i)" 

C =series of cash flows 
n =year 
i =interest 
NPV =present worth 

If i' >IRR, the alternative is acceptable 
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7.1.5. Real option analysis 
The real option model is a way to weigh investments decisions. With this method several 
possibilities of choices at different moments can be taken in account. This may include the 
expansion of a project, the postponement of an investment or to involve a partner. These 
options will assign different financial values. The NPV is not the optimal basis to decide on 
investment because the option of invest postponement is not included. Real option theory is 
often cited as superior to the NPV method. The real option theory adds the postponement 
criterion to the NPV, the project is rescheduled to a moment when circumstances to invest 
have improved. Although a project can be rejected when using the NPV, it can still get a 
positive value after using the real option analysis. 

7.2. Conclusion about the choice of method for financial model 
There are a few interesting financial models which can be used for choosing the right finance 
possibility. Within this research the possibilities how to finance an energy efficiency measure 
is significant and at this moment it is not important to know the perfect time to invest in the 
measure. This can be elaborated by the housing corporation at a later stage. Therefore, real 
options method is not relevant in this stage of the research. 

To ensure the feasibility of the energy efficiency measure also the benefits of the investment 
have to be taken into account. Therefore, CBA will be the tool for making the decision model 
about the kind of energy efficiency measure and the financial construction. The figure below 
represents the possible benefits for the housing corporations when investing in a PV panel. 
This is done on base of the paradigm earning mechanisms of Builddesk (Wevers, B., 2010). 

---- - - -------------------

Investment 1n energy efficiency measure 

• Rent increase 
• Lettablllty 

• Direct flnanclal 
return 

Figure 13: Return of an energy efficiency measure 

•Market value real 
estate 

• Indirect financial 
return 

• Low-costing 
affordability ratio 
• C02 reduction 

• Social return 

In the figure the benefits are distinguished in three categories : the direct, indirect and social 
return. The direct financial return is the constant payment of exploitation of the real estate 
while the indirect financial return is only a return which comes available after sell ing the real 
estate. The direct financial return will be implemented as input in the financial model; the 
indirect financial return will be taken into account after the financial model. The direct and 
indirect financial return will be decisive for the housing corporation to invest in an energy 
efficiency measure. Housing corporations work from a social point of view. From this point 
they want to invest in energy efficiency measures. However, the social benefits can only be 
obtained when the measure is financially feasible. The social return will be looked at after 
the decision of the kind of investment possibility and energy efficiency measure. For 
calculating the cost and benefits a financial method must be used. 
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Investments need funds in order to receive a return in the future, this is part of capital 
budgeting. Capital budgeting is simply 'investment decision making' and describes how 
managers plan significant outlays on projects that have long-term implications such as the 
purchase of new equipment and the introduction of new products (Seal, W., Garrison, R. H., 
Noreen, E. W., 2009) . 

There are five types of business decisions that require capital budgeting analysis. 
1. Cost reduction decisions. Should new equipment be purchased to reduce costs? 
2. Expansion decisions. Should a new plant, warehouse, or other facility be acquired to 

increase capacity and sales? 
3. Equipment selection decision. Which of several available machines would be the 

most cost effective to purchase? 
4. Lease or buy decision. Should new equipment be leased or purchased? 
5. Equipment replacement decisions. Should old equipment be replaced now or later? 

The selection of financial construction that will be used is a lease or buy decision case. This 
decision is crucial for the financial model for greening the existing housing stock of Trudo. 

Within each capital budgeting decisions, two distinctions can be made: 
• preference decisions: related to selection of several competing courses of action. The 

choice of which measure to use is a preference choice, 

• screening decisions: related to whether a proposed project meets a preset standard 
of acceptance. For example a company only accepts projects which promise a return 
of 20% on the investment. 

Within this research the kind of financial construction is the key decision and therefore this 
research is about preference decisions. It is not about whether a project will have a 
minimum return on the investment, it is about ranking several financial constructions. 

To make a preference decision, the internal rate of return method or the NPV method can 
be used. These are two approaches that will be used for capital budgeting decisions by 
means of discounted cash flows (DCF) . DCF means to make all future cash flows, incomes 
and outcomes of an investment to a present value. If the IRR and NPV are in conflict, it is 
best to use the NPV method, which is more reliable. 

Internal rate of return method 
The internal rate of return will be used when a decision of projects is based on a fixed 
minimum IRR promised by a project. Any project whose internal rate of return in less than 
the cost of capital is rejected. When using the IRR method for a preference decision the rule 
is: the higher the internal rate of return, the more desirable the project. 

Net present value method 
The NPV method is used to reject projects which have a negative NPV unless other factors 
dictate its acceptance. If the NPV is used for preference decision making, the NPV of one 
project can sometimes not directly be compared to another project. Because projects can 
have the same NPV output but differs in the amount of investment. Therefore, for the 
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financial model it is necessary to have the same amount of investment or revenues of the 
panel for every financial construction, so the NPV's can be compared. 

In this case, the decision of a project is about the feasibility of a project and no minimum is 
IRR which is desirable by a project is established. Therefore, the NPV will be used to reject 
projects which have a negative NPV unless other factors dictate its acceptance. 

The next picture shows the financial model for this research. 

Financial model 

Capital budgeting decllion 
Cost Benefit 

~ 
l ease or buy deos1on the 

--ii 
Discounted 1---i Net Present 

Analysis selection of the kind of Cash Flow Value 
financial construction 

-

Figure 14: Outline of the financial model 
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Chapter 8: Cost Benefit Analysis for constructing the financial model 

8.1. Introduction of the Cost Benefit Analysis 
To select the financial construction to invest in PV solar panels, a financial model will be 
made. As mentioned in the previous chapter, the financial model will be based on the CBA. 
This method is very well applicable to the selection of a financial construction of an energy 
efficiency measure, as it includes the benefits as well as the costs of the measurement. The 
economic advantages and disadvantages of a project will be quantified and mapped. This 
analysis is therefore useful as a decision making tool for the energy efficiency measure as 
well as the corresponding financial plan. 

To refer to the explanation in the previous chapter of the CBA method the right type of 
analysis must be chosen . A distinction can be made between the private and national point 
of view. The private point of view takes costs and benefits of the business itself in 
consideration and the national analysis takes cost and benefits of a project for the whole 
society9 into account (Kuyenhoven, A., Mennes, l.B.M., 1985). A housing corporation works 
from a social point of view, emphasizing wider interests; it ensures affordable housing, 
contributes to the livability of the areas and to the housing and care facilities. These tasks 
are regulated by law and can be found in the BBSH (Oost Flevolandse Woondiensten, 2011). 
The reduction of electricity and C02 is not explicitly part of the BBSH. However, it could 
ensure affordable housing despite current and future increase in electricity prices. Therefore 
investing in energy efficiency measures enables housing corporations to fulfil their social 
tasks. However, from conversations with Trudo it can be concluded that the financial factor 
is essential within this decision. Therefore, the choice of funds is viewed from a business 
perspective and the decision will be based on the financial outlook. Without a working 
business model the ambition of the corporations to implement energy efficiency measures 
and therefore to help the national goals to reduce C0 2 emission cannot be upheld. Therefore 
the type of analysis that has been chosen is that of a private party. 

The private point of view consists mostly out of two parts, the profitability analysis and the 
financial plan (from which sources project costs are being financed). These two questions are 
prominent in the decision of investing in energy efficiency measures. 

The steps for the CBA are formed according to Kuyenhoven, A., Mennes, l.B.M. (1985) steps 
for a financial CBA. This list is completed with a qualitative risk analysis and scenarios 
analysis to give a reliable advice to the housing corporation. After the problem analysis is 
known, the steps of the CBA are as follows. 

Steps of Cost Benefits Analysis 

1. Definition investment project and financial model 
2. Identify costs 
3. Identify benefits 
4. Quantify the costs and benefits 
5. Discount the costs and benefits to present time period 

9 The whole society within this context means that wider interests than those of the project promoters alone are involved. 
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6. The cases: Assess what financial construction is most profitable 
7. Perform sensitivity analysis 
8. Qualitative risk analysis 
9. Variant analysis I scenarios 

These steps will be followed in order to make the financial model that will function as a 
decision tool for housing corporations to green their existing housing stock. 

8.2. Definition investment project and financial model 
The feasibility of the financial investment of an energy efficiency measure and the way to 
invest are the main questions for housing corporations nowadays. The decision that is most 
important for the financial model is: 

• Lease or buy decision: the selection of the kind of financial construction 

Trudo has set a policy when implementing an energy efficiency measure. All tenants of 
Trudo will be asked if they want to have green energy from solar panels with the financing 
constructions that has the best NPV. Therefore individuals can choose if they want green 
energy. In this case, it is possible that one tenant in one street chooses solar panels. 
Therefore the financial model is able to calculate the NPV for one single house. However, 
Trudo will implement solar panels for all the individual tenants at once. For example they 
implement solar panels on 40% of the total housing stock. Due to this fact, the advantage of 
increase in scale is present. How this is implemented in the model will be explained in the 
specifications. 

Specifications of the financial model: 
• as mentioned in chapter 5, the energy efficiency measure that will be used in the 

model is solar PV panels, 
• for the Lease or buy decision, the financial constructions explained in chapter 6 will 

be included in the financial model. An overview of the cost and revenues of the 
financial constructions can be viewed in appendix 8 and 9. As mentioned in chapter 
4, there are two financial constructions in which Trudo is not a party: lease contract 
with an energy company, and financial participation with fixed discount. Therefore it 
is not possible to calculate a NPV for Trudo. The cash flows of these constructions will 
be included in the financial excel model, 

• the benefits of the different constructions come from the revenues of the PV panel. 
These differ for the several financial constructions, which makes it hard to compare. 
To make a reliable comparison between the financial constructions, revenues from 
the panel have to be equal for all the constructions, so that the NPV's can be 
compared. On basis of these revenues, corresponding costs for the whole period will 
be calculated for each construction. These are the revenues applicable when placing 
the panels on a roof of a single tenant's house. In this situation it could happen that 
for the financial construction of, for example adopting a solar panel, you have to 
adopt 2.2 panels to have the same revenues as placing it on your own roof, which is 
not possible, but needed for a reliable comparison, 

• the advantages of increase in scale when investing in solar panels is not influenced by 
increasing the parameter 'amount of houses' in the financial model. Several financial 
constructions have already represented the advantages of increase in scale in their 
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costs and benefits values. Appendix 9 shows a list of financial constructions from 
which can be deducted whether the advantages are already included for that specific 
construction. The financial constructions for which the scale effect is not 
implemented in the model are investments from internal funds and loans. The price 
per individual panel will decrease when buying large amounts of solar panels. Trudo 
expects it is able to accomplish a lower price per individual solar panel when a 
demand is made for 40% of their housing stock. However, Trudo is interested to 
know whether there is a successful business model for investments for internal funds 
and loans, regardless of the positive effects of increase in scale. In addition, the price 
effects for scaling up are hard to estimate. Therefore, the advantage of scaling up will 
not be included in the model. However, later in this research, model variables will be 
changed and some scenarios will be constructed . In these scenarios also estimations 
of scale effects can be implemented, 

• the values used in the leasing constructions are only representative for large projects. 
These values are valid since it is policy of housing corporations to invest in large 
quantities. For what conditions the values of the lease constructions are valid can be 
seen in appendix 9. These constructions and the lease contract construction are only 
applicable to houses oriented to the South, South West and South East, as can be 
concluded from this appendix, 

• no taxes are involved in the financial model. The taxes are not primarily important in 
this stage of the research. The importance for the housing corporation Trudo is to see 
what the different financial constructions are and how the variables influence these 
constructions. 

Technical specifications of the PV solar panel: 

• the power of the PV panels per square meter is in accordance with the standard of 
AgentschapNL, 2011, which is 130 Wp/m2

, 

• time period of the financial model is 25 years, the lifetime of a solar panel, 

• the efficiency of the PV panel is integrated in the calculation of the yield of a PV 
panel. Calculation of the revenues of the panel beneath represents the yield of a 
solar panel (Siderea, 2010). 

Cases 

Yield (kWh) = Radiation on the panel surface (kWh/m2
) * (orientation factor -

obstruction loss) * PV power (kWp) * Performance Ratio 

The radiation on the panel surface is dependent on the location. This also applies to 
the performance ratio. For Eindhoven these values are fixed . The radiation on the 
panel surface for Eindhoven is 1039 and the average performance ratio 0,83 (Siderea, 
2010). The orientation factor per direction can be found in appendix 14. 

To calculate which financial construction is most feasible, five standard housing types of 
Trudo can be chosen in the excel model. These standard housing types are selected in such a 
way that they comprise a cross section of the total housing stock of Trudo. This is important 
as the corporation wants to know whether an investment is feasible for the main share of 
their houses. The housing types will be called complex (of buildings), which consist of similar 
housing types from the same construction year with the same energy label and orientation. 
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These complexes of Trudo will be standardized by the example dweUings of AgentschapNL, 
appendix 15 includes details about the example dwellings. The five housing types are: 

• small singly family houses (row housing), 

• single family houses (row housing), 

• staircase entrance flat, 

• gallery entrance flat, 

• staircase entrance dwelling 

A roof's orientation to the sun is important to take into account for the revenues of a panel. 
The orientation of houses for PV panels consists of four directions. These directions are East 
West (EW), South West (SW), South East (SE) and South (S). The orientation SW and SE have 
the same revenues. If we combine the five housing types with the three different 
orientations, we will get 15 different complexes which can be calculated with the financial 
excel model. For the cases in this research not all these cases will be showed. The housing 
types: staircase entrance flat, gallery entrance flat and staircase entrance dwelling, all have 
flat roofs which can install the same standard surface of PV panels according to the example 
dwellings of AgentschapNL. Due to this, the amount of complex cases that will be elaborated 
in this research is nine. In this surface for PV panels, obstacles on a roof and amount of 
surface roof around a PV cell that needs to be free, is taken into account. 

In the table below the explanation of the housing complexes can be seen. 
Complex Street Type of housing Year Energy Orientation 

label of the roof 
1 Johannesburg-/ Small single family < 19SO E EW 

Bloemfonteinstraat house 
2 Small single family NE/SW 

house 
3 Small single family s 

house 
4 Botter-/ Loggerstraat Single family house 1970-1990 c EW 
5 Vivaldistraat Single family house 1950-1970 E NE/SW 
6 Single family house s 
7 I Wouter 1 

Staircase entrance 1980 c EW 
I Hollemanplein 1 dwelling 

8 Van Thienenlaan Staircase entrance flat 1960 D SW 
9 IBC winkelcentrum Gallery entrance flat 1970 D s 

Woensel (Koning 
Arthurlaan) 

Table 9: Descnpt1on of the nine standard complexes 

From the example dwellings of AgentschapNL, the small pre-war single family houses should 
have a surface of 15m2 for PV panels . Trudo estimated that these small houses can 
accommodate only 12m2 of PV cells. The use of electricity is also standardized per dwelling 
for the model. Appendix 10 gives the exact numbers of the use of electricity that will be in 
the model. A description, pictures and more details about the housing types can be found in 
appendix 16 till 18. 

Now the definition and specifications of the financial excel model are clear, the next step of 
the CBA will be elaborated . 
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8.3. Identifying costs 
For a CBA all the substantial costs have to be taken into consideration to make a good solid 
decision. Below all the costs are listed that are substantial for energy efficiency measures. 

Costs 

• Investments costs 

• Installation costs 

• Replacement inverter 

• Interest 

Table 10: List of the substantial costs 

These costs will differ for the several financial constructions. The costs will be explained 
beneath . 

Investment costs 
In principle, the NEN10 2631 can be followed for the description of the investment costs. 
According to the NEN 2631, the investment costs consist of all kinds of costs. This means; the 
costs for the whole process of installation and additional costs in order for the PV panel to 
be used. All associated costs must be considered . These are for example, structural facilities, 
charges for installation, license, losses of interest etc. 

Installation costs 
The costs for installing the energy efficiency measure includes working hours and material 
that are needed to install the energy efficiency measure, such as safety devices or installing 
equipment. The installations costs are part of the investment costs and therefore will be 
included in these costs. 

Replacement inverter 
Solar PV panels need almost no maintenance; the rain is most of the times enough to ensure 
clean panels. The only maintenance that is substantial to take into account in the financial 
model is the replacement of the inverter. 

Interest 
The interest costs are dependent on the financial construction of the energy efficiency 
measure. When the housing corporation uses internal fund, there will be no interest. But 
when the housing corporation uses a loan, there will be interest costs. 

8.4. Identifying benefits 
Next to the costs, all potential substantial benefits have to be listed and taken into 
consideration to make a good solid decision. The benefits are from the viewpoint of the 
corporation . The direct benefits are taken into account in the financial model. The indirect 

IO NEN norms are composed by the Nederlands Normalisatie lnstituut (in English: Dutch Normalization Institution) 
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benefits will be taken into account after the financial model. Below all the benefits are listed 
which are substantial for an energy efficiency measure. 

Benefits 

• No additional maintenance costs because of energy efficiency measure 

• Rent increase 

• Salvage value 

• Lettability 

Table 11: List of the substantial benefits 

No additional maintenance costs because of energy efficiency measure 
For constructional energy saving measures certain costs can be avoided. For example, 
additional installation costs when placing double glass are avoided as these costs are already 
included in general maintenance costs. This is due to the calculated costs of replacement 
and painting of window frames that has to be done every several years. However, for a 
technical energy efficiency measure as solar panels, there are no avoided maintenance costs. 
Therefore this benefit does not have to be taken into account in the model. 

Rent increase 
As mentioned before we look at the benefits for the corporation. Annual energy cost savings 
are not listed in this table because these are benefits for a tenant when implementing an 
energy efficiency measure. However the reduced energy costs for a tenant allow for an 
increase in rent. The rent increase comes from the housing cost guarantee, mentioned in 
paragraph 6.3.1. 

Salvage value 
The lifetime of a solar panel is 25 years, after that there is no salvage value. The only salvage 
value is the inverter that needs to be replaced every 10 years and will be 5 years old in the 
year 25. 

Lettability 
Due to the low number of social houses, the crisis, and people who stay in social houses 
while they can afford a more expensive house, ensures that the demand on the Dutch social 
housing market outnumbers the supply of houses. When someone moves out of a social 
dwelling, many people are willing to become the new tenant. They cannot choose a house, 
but need to respond on the few houses that come available. This ensures that a tenant 
cannot choose for a house with lower energy costs instead of a house without energy 
efficiency measure, but for any available social house. Therefore it is not possible to quantify 
the lettability. 

8.5. Quantify the costs and benefits 
All the costs and benefits need to be quantified, this may be hard for all the benefits and 
costs. In the case which it is hard to quantify a cost or benefit, further preparatory work is 
necessary. 
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Costs 
Investment costs 

The investment costs per solar panel differ because of the quality of the panels. An increase 
of quality means a better performance and therefore more revenues. In appendix 19 the 
prices of different panels from different sources are presented . The price of a panel is 
presented in €/Wp, this means the amount of money that one Wp power costs. For the 
financial model€ 3.50 per Wp will be used. 

Installation costs 
As mentioned before, the installation costs will be included in the investment price of a 
panel. But an example of the value of these costs can be given. From the interview with van 
den Hoff, the installation of solar panels on a normal sized dwelling can be done in one day 
by two people who will costs approximately€ 765.00, but this is a rough estimation. 

Replacement inverter 
The only maintenance that is needed is the replacement of the inverter. The lifetime of a 
good inverter is approximately 12 years with a price of€ 1,150.-, but most references use 
the standard of 10 years and a cost price of€ 1,000.-. The last cost price and lifetime will be 
used in the financial model. Due to inflation the costs of an inverter will increase, although 
due to future prospects on increasing technology and decreasing prices, the price of € 
1,000.- will be approximately the net price for an inverter in year 10 and 20. 

Interest 
The financial constructions which include interest costs are loan and financial leasing. The 
interest rate is 4.5% as been mentioned in chapter 6. Some financial constructions have no 
interest but a lease payment per year. Every financial construction has own restriction about 
payments. The values of the constructions are presented in appendix 8. 

Benefits 
Rent increase 
The rent increase comes from the housing cost guarantee, mentioned in paragraph 6.3.1 . 
There is no fixed way to select the percentage of rent increase due to the decreasing energy 
costs. In a pilot of Trudo about constructional energy efficiency measures, a rent increase of 
70% of the average reduction of energy costs was set. This percentage will also be used in 
this research. A side note about this percentage is: 
The average net rent is relatively low. As a result of the rent increase, the rent seems to 
become too high for tenants. 

The percentage of 70% is according to Trudo a good starting point. They have set this 
percentage as standard in their policy. Domein, another housing corporation in the region of 
Eindhoven, recently agreed with her customer council also a rent increase of 70% of the 
average reduction of energy costs due to energy efficiency measures. 

The rent increase is based on the reduction of energy costs. These are dependent on the 
revenues of the panels. This formula is already explained in paragraph 8.2. 

Salvage value 
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As mentioned before, after the lifetime of a solar panel there is no salvage value. The only 
salvage value is the inverter that needs to be replaced every 10 years and will be 5 years old 
in the year 25, this is€ 1,000.- I 2 = € 500.-. This value is too little and the costs and risks are 
too high when replacing this inverter to take this benefit into account. 

8.6. Discount the costs and benefits to present time period 
The model will be made in a way it will function as a decision tool. A housing type can be 
implemented in the model and the model will calculate what financial construction for 
greening the existing housing stock gives the best NPV. 

On the first sheet of the financial excel model, the parameter 'housing type' must be filled 
in . The housing types come from the housing corporation and are standardized with the 
example dwellings of AgentschapNL. Appendix 20 gives an explanation of the complex input 
on the first sheet. With filling in the parameters on the first sheet, the model will calculate 
automatically what financial construction is the most profitable. 

To ensure the calculation of the most profitable financial construction, the costs and benefits 
that are identified and quantified in the previous steps will be implemented and structured 
in the excel sheet. As mentioned before, to calculate which financial construction is most 
profitable, the DCF method, which calculates the future cash flows to a present value, will be 
used. The cash flows of all financial constructions are presented in one sheet of the model. 
For the inflows in the future, the future prospect of electricity prices is needed, as this 
influences the benefits for the tenants and housing corporation . 

Future prospect of electricity prices 
For the financial model the growth trend in electricity prices have to be taken into account. 
The EPIA (European Photovoltaic Industry Association, 2011) report presents the future 
prospect for the electricity prices. The assumptions are based on historical growth rates and 
are therefore rather conservative. The retail electricity prices refer to the prices paid by 
consumers. 

CAGR CAGR Forecast 
2000- 2008 · CAGR 
2007 2010 2011 -2020 

France 0 % 1.8% 5.4 % 

Germany 3 .6% 5.2% 3 % 

Ita ly ? ?% 1 6% 3% 

Spai n 1 l% J'.' $% 5 % 

United Kingdom ? 5% 2.5% 2 % 

EU 27 ? 6% ;> 9% 3% 

Table 12 Yearly retail electricity prices increase (EPIA 2011) 

In the table can be seen that the electricity prices in Europe will increase with 3% per year. 
This percentage differs per country in Europe. With the electricity prices of previous years, 
appendix 12, the forecasted percentage of increase can be calculated. In appendix 13 this 
energy price increase has been calculated for the years 2012 - 2040. With the average mean 
of previous years and the knowledge of the EPIA report, 4% increase of the electricity prices 
in the Netherlands is very reliable. 
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Discount rate 
With the cash flows, the next formula will be used to discount the costs and benefits to 
present time period: 

The discount rate (r) depends primarily on the characteristics of the project and business. 
The discount rate reflects the time value of money. This means that investors or companies 
rather have cash immediately instead of having to wait and therefore have to be 
compensated by paying the delay. Next to this the rate reflects the extra return investors or 
shareholders demand because they want to be compensated for the risk that the cash flow 
might not materialize after all. Trudo is a non-profit organization, the discount rate that 
housing corporation uses for its investments is 5%. This percentage is coming from the social 
activities that Trudo undertakes. Truda's activities are according to the DAEB activities. As 
mentioned before the activity of investing in energy efficiency measure is not guaranteed by 
the WSW. WSW guarantees only DAEB activities. Therefore the interest on a loan for an 
energy efficiency measure will not have a lower percentage than the market interest. But 
this has no influence on the discount rate as housing corporations do not have to make 
profit. 

8.7. The cases: Assess what financial construction is most profitable 
8.7.1. The NPV's of the cases 
With the financial excel model, the NPV's of all the financial constructions for the nine 
complexes of Trudo can be calculated. For each complex, the NPV of the financial 
constructions will be presented below. The graphs and values of the NPV's per complex can 
be seen in appendix 21 till 27. 

The NPV's of the 9 cases 
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A remark has to be made for this graph. Looking at this graph it might seem that the NPV's 
for 'boer zoekt buur' and adoptions of PV cells increase due to the difference in orientation. 
However, this is not the case. These constructions search for a roof with optimal orientation 
and have a fixed amount for costs, benefits and thus also NPV. But as the NPV's per complex 
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have to be compared, the benefits per financial construction are equal. And the benefits to 
place solar panels on the tenants' own roof increases when the orientation is better. 
Therefore the remark is that for the financial constructions 'boer zoekt buur' and adoption, 
this graph must be interpreted only per complex. Between the other financial constructions, 
the complexes can be compared. For operational leasing the graph shows that in the case of 
a sloped roof orientated EW, the NPV is zero. This construction is not applicable for sloped 
roofs orientated EW, so the NPV is not zero but is not possible to calculate. 

For every complex the best financial construction according to the graphs is adoption of a PV 
panel. A cooperative places solar panels on a large commercial property and tenants get a 
fixed part of the revenues from the panels. The graph shows for the five upper financial 
constructions of the legend, a negative NPV and hence it is not profitable to use this 
construction at this moment. This result is very remarkable. The question is, how can it be 
more beneficial to place solar panels elsewhere than on your own roof, when this roof has 
the optimal orientation? In this case the dwellings orientated S, should have a better NPV 
than the constructions adoption and 'boer zoekt buur'. The reference of boer zoekt buur 
2012, confirms this thesis. A remark has to be made, that for the constructions internal 
funds, loan and financial leasing, the advantage of scale is not implemented in the cost price 
of the model, due to choices made with Trudo. This scale effect can decrease the cost price 
for these financial constructions and thus influence the NPV positive. Therefore another step 
in this research will be, constructing the scenario, in which this cost price can be changed. 
Another remark can be made about the constructions 'boer zoekt buur' and adoption. The 
costs for transport of the energy are not included in the model. These costs will decrease the 
NPV of these two constructions. 

It is good to have in mind that the housing corporations only increase the rent with 70% due 
to the lower energy costs. Therefore Trudo will not receive 30% of the revenues from the 
panel, which is determined for the NPV. To see what the difference for all the financing 
constructions if they will get all the benefits, the next graph has been made. 

The NPV's of the 9 cases with 100% increase of rent 
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Graph 3: overview of the NPV's per complex per financial construction with 100% of increase of rent 
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The conclusion about the financial construction with the highest NPV for each complex 
remains the same in this situation, with the same remarks about the model. However, there 
are more financial constructions with a positive NPV. Next to these seven financial 
constructions, there are two financial constructions in which Trudo will not be a party, and 
thus no NPV can be calculated, but can be taken into account when choosing a financial 
construction. The cash flow graphs for the lease contract construction and financial 
participation with fixed discount can be seen in appendix 30. Between these two 
constructions, the lease contract is for all complexes more profitable. However, this is not 
applicable for all roofs because of the restriction in the financial construction . The 
cooperative does not install PV panels on houses with a sloped roof which is orientated EW. 

8. 7 .2. Indirect financial return 
Next to the direct financial return, the indirect financial return can be taken into account 
when choosing a financial construction. The indirect financial return of the investment is a 
return which comes available after selling the real estate. This financial return consists of the 
increase of market value of the real estate. To refer to the energy label explained in 
paragraph 3.2.3. This label is based on the energy index which is based on six features. One 
of the features includes the energy costs, an energy efficiency measure will reduce the 
energy bill and therefore this will increase the energy label. This results in an increase of the 
energy label which ensures an increase of the value of the building. Research of the 
University of Maastricht and Ti Iburg (University of Tilburg, 2011) shows, that the selling price 
of a house with a green label (label A, B and C) increases with 3 percent compared to a 
house with equivalent characteristics with a red label (label D till G). The selling price is 
representative for the value of the building. The research shows that the energy bill is an 
important value for the consumer. 

The value of a dwelling and the energy label is hard to indicate because it can only be 
determined per specific building. Besides, standards for the increase of a dwelling due to an 
energy efficiency measure are hard to find . However, according to a meeting of Trudo with a 
real estate broker, a standard estimation can be made for the increase of the real estate 
value in comparison to the cost savings of the utility costs. As a general rule the estimation is 
calculated from percentages of increase of the building value, from previous years, which 
implemented energy efficiency measures. The general rule comes from investigation of an 
average ground-dwelling in a tolerable neighbourhood. The conclusion of the research was: 

For an costs saving of €50.- per month on the energy costs due to the energy efficiency 
measure, the real estate value increases with €7500,-

It is good to have in mind that this general rule is by estimate. The actual increase of real 
estate value is very much dependent on the location and size of the building. For example, 
the energy use does not influence a real estate value of a building in a less popular 
neighbourhood much. However, this estimation can be used to calculate the indirect 
financial return for the 9 cases of Trudo. But the remark about the actual real estate value 
increase must be taken into account, especially for a housing corporation, because most 
social dwellings are situated in neighbourhoods which are less popular. The rule is only 
applicable for financial constructions which install the PV panels on the tenant's house. The 
benefits from energy costs are for every construction per case the same, because these 
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benefits are equalized to compare the NPV's. However, for every housing type the benefits 
are different due to the roof size of the dwelling and orientation. 

The results of increase of real estate value are: 
Housing type Approximately cost Real estate value 

savings per month of the increase 
energy costs in year 1 

Flat house EW €20.- €2.950,-

Flat house S €24.- €3.600,-

Small single family house EW €24.- €3.600,-

Small single family house orientated S €29.- €4.325,-

Single family house EW €29.- €4.425,-

Single family house S €36.- €5.400,-

Table 13: increase of real estate due to energy efficiency measure 

As mentioned before a higher energy label can increase the real estate value. The effects of 
the real estate value do not apply to financial constructions that place PV panels elsewhere. 
However, for Trudo the decrease in energy costs for the tenant are more important than the 
increase of real estate value. Therefore, the higher the benefits for a tenant the more 
preferable the construction is for Trudo. 

It is now important to see, for each financial construction, what influences the NPV most and 
what will be the best financial construction for Trudo for every case. The financial model will 
be investigated in next steps of this research. 

8.8. Sensitivity analysis 
Decisions about the future are characterized by probabilities and uncertainties, which are 
risks. These are caused by, for example, lack of precise knowledge regarding future 
economic situation, future business conditions, technological developments and so on. Risks 
need to be reduced as much as possible; however, this is always hard when it comes to 
future prospects. It is therefore necessary to determine to what degree changes in an 
estimate would affect a capital investment decision. This is called how sensitive a given 
investment is to changes in particular factors that are not known with certainty. A sensitivity 
analysis is a technique of analysing how changes in an individual project variable affect a 
project's overall net present value. 

8.8.1. Sensitivity analysis of 4 main variables of the model 
For the sensitivity analysis, 1 case will be used to calculate the sensitivity of all the variables 
in the model. For each financial construction the sensitivity of the variables will be 
calculated, according to this, model variables will be tested on their sensitivity. The case will 
be single family row housing orientated to the south. The NPV for this case has been 
calculated. For the sensitivity, the change needed in each variable to make the NPV zero will 
be calculated. This method indicates which the key variables of the project are. The formula 
for the sensitivity of each variable is: 

Sensitivity percentage= 100 x {NPV/variable} 
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First the four main variables that influence the financial constructions will be calculated to 
see which variable is the most sensitive . Later the variables which influence these main 
variables will be investigated on their sensitivity. In the graph below an example of one 
financial construction of one case is shown. 
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The sensitivity is the largest for the variable with the smallest percentage. A positive 
percentage indicates that the variable must increase this much, to make the NPV zero . 
According to this, a negative percentage indicates obviously that the variable must decrease 
to make the NPV zero . In the case of a sensitivity percentage of smaller than 10%, the 
sensitivity is high. The NPV of internal fund is most sensitive for variations in the initial 
investment and less sensitive for cash flow out. The following graph presents the sensitivity 
of the four main variables of all the financial constructions. 

Sensitivity of the four main variables of the model for single family 
house orientated S 
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Graph 5: Sensitivity of the four main variables for S orientation of the financial excel model 

The graph shows, that the net present value is sensitive for different variables in each 
financial construction, in appendix 31 the sensitivity table with values can be seen . tt is 
remarkable that the NPV is not, for any construction, most sensitive to variations in the 
discount rate . To know what the result for the sensitivity will be when changing the 
orientation, the case of single family houses orientated EW will also be calculated. This graph 
is presented in graph 6. 
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Sensitivity of the four main variables of the model for a single family 
house orientated EW 
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For this case and the case that includes houses orientated to the S the difference between 
the sensitivity of the variables per constructions show the same picture. The same variables 
are most and least sensitive. However, this graph shows that the degree of sensitivity of the 
variables changes, when the parameter orientation changes. This is only for the financial 
constructions which install solar panels on the roof of tenants' houses; these are the five 
upper constructions in the graph. The sensitivity for the orientation EW decreases for these 
five constructions. Thus the NPV is less sensitive for variations in the variables in the case EW 
than in the case of a house orientated to the S. 

Now the sensitivity of the main variables is clear, the effects of changing the variables which 
influence these main variables will be investigated for the case, row housing orientated S. 

8.8.2. Sensitivity discount rate 
The discount rate is more or less fixed for the housing corporation. The results of the 
sensitivity of the main variables show that the NPV is the least or second last sensitive on 
changes of the discount rate. Therefore, the discount rate does not influence the NPV that 
much. However it is interesting to see what the results will be when changing the discount 
rate. 

The table in appendix 31 shows how much the discount rate per financial construction must 
change to make the NPV zero. For the internal fund, the discount rate must decrease 27% to 
make the NPV zero, which is approximately 3.6% instead of 5%. When the discount rate 
decreases, the present values for cash flow out and benefits from rent will increase and thus 
become more valuable. With a discount rate of less than 3.6%, the NPV is feasible for 
internal fund. This construction is also applicable for the other financial constructions. For 
most of these constructions the discount rate has to change a lot to make the NPV feasible. 
As can be seen in graph 7, loan is the only construction for which the NPV increases due to 
an increasing discount rate. This is due to the fact that the loan will be paid off at the end of 
the 25 years and a higher discount rate ensures that this future costs becomes less valuable. 
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Changes of NPV due to discount rate 
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Graph 7: Changes of the NPV per financial construction due to the discount rate, for the case single family house orientated S. 

8.8.3. Sensitivity benefits from rent 
It is relevant to examine the effects of the benefits from rent because it is plausible that the 
electricity prices and the power per m2 will have other values than is estimated in the model. 
Graph 5 is shows, for every financial construction, how sensitive the NPV is for the benefits 
from rent. This variable is influenced by other variables. Variables that can be changed in the 
future and influence the benefits from rent are: 

• electricity price, 

• increase of rent due to decreasing energy costs for tenant, 

• yield of the panels. 

Electricity price 
The future price of electricity will increase. However, the percentage of increase, due to the 
fact that it is a future prospects, remains estimation. 
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Graph 8: Changes of the NPV per financial construction due to the electricity prices, for the case single family house orientated S-. ---

Due to yearly increase of electricity prices, the NPV for all constructions increases as well. 
Adoption of PV cells and financial participation 'boer zoekt buur' will have a positive NPV 
from 3.5% increase of electricity prices per year. The other constructions have a positive NPV 
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from an increase of approximately 5% per year and operation leasing from more than 5.5% 
increase per year. To relate this number with the estimation of the model, the 4% increase, 
the percentage must increase with 1.5% to have a positive NPV for all constructions. 

Increase of rent due to decreasing energy costs for tenant 
Trudo will ask a rent increase for the investment in solar PV panels . This rent increase is 
dependent on the lower energy costs for the tenant . This percentage is in accordance with 
their policy, which is 70% of lower energy costs will become the more price for the rent . 
However, due to the fact that most of the NPV's are negative and this percentage is 
relatively low, it is good to examine the changes in the NPV when changing this rent increase 
percentage. The graph below shows these changes . 
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Graph 9: Changes of the NPV per financial construction due to the rent, for the case single family house orientated S. 

The constructions 'boer zoekt buur' and adoption of PV cells was already positive from a 
percentage of 65% of the lower energy costs as increase on the rent . The other 
constructions will become positive from a percentage of approximately 77% up to 85%. Due 
to the fact that Trudo does not want to increase the rent with more than 70%, these 
constructions do not fit their current policy. 

Yield of the panels 
The yield of the panels is for instance dependent on the power per m2 of the panels. This 
variable also influences the costs, because more Wp means a higher price. The costs may not 
be changed to see the influence of the yield . That is why this power variable will not be 
changed. The yield is also dependent on the performance ratio, coming from the formula to 
calculate the yield . This ratio is dependent on the quality of the panels and the radiation. The 
revenues of the panels could be less than prospected and the technology of the panels is still 
increasing, that is why it is interesting to see what change of yield does to the N PV's. 
Therefore this performance ratio which is 0,83 m2/kWp in the model, will be changed . As can 
be seen in graph 10, the change of yield influences the NPV's of internal fund, loan, financial 
leasing and operation leasing constructions much. These constructions become positive 
from a performance ratio higher than 0,9 m2/kWp. This number is only 0.07 m2/kWp higher 
than the performance ratio now. To ensure this number, PV panel technology must increase. 
The quality of the PV panel cannot be chosen in the operation leasing construction, 
therefore in this case this yield cannot be influenced by Truda's choice of a PV panel. 
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Changes of NPV due to the yield of the panels 
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Graph 10: Changes of the NPV per financial construction due to the yield, for the case single family house orientated S. 

8.8.4. Sensitivity cash flow out 
The cash flow out needs to be investigated because it is plausible that costs will change in 
the future. Graph 5 shows for every financing construction, how sensitive the NPV is for the 
cash flow out. Some of the constructions are most sensitive to this variable. The cash flow 
out is influenced by other variables. Variables that influence the cash flow out are : 

• replacement of inverter, 

• Wp/f. of a PV panel. 

• interest, 
• payment each year for operational leasing and adoption. 

Replacement of inverter 
The inverter technology is still improving, as is PV panel technology. Therefore, the lifetime 
of the inverter can increase in the future. Also just as the PV panel prices, the prices of the 
inverter are decreasing. Therefore, future changes of the inverter prices are very likely and 
thus interesting to examine. For the replacement of the inverter only the changes of price 
will be taken into account. 
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Graph 11: Changes of the NPV per financial construction due, for the case single family house orientated 5. 
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The inverter price must decrease below €400.00 to make the NPV of the 4 upper 
constructions of the legend positive. This is more than half the price it is estimated now. The 
graph shows also that the inverter price does not change the lowest two constructions of the 
legend. Because these cannot be influenced by the corporation, since an external company 
buys these inverters and places them on an external roof. 

Wp/€ of a PV panel 
The cost price influences the cash flow out and the initial investment. The cost price 
influences these main variables differently for every construction. For example, cash flow 
out of internal fund is not influenced by the Wp/€, because this price is only integrated in 
the initial investment. But changes of the cost price do influence cash flow out for the 
construction loan. However, the influence of the cost price on the NPV will be calculated 
once, for both initial value as cash flow out, later in paragraph 8.8.5. 

Interest 
The NPV's of the constructions loan and financial leasing are dependent on the interest. 
Interest rates change due to the economic status; it is therefore interesting to discover the 
results of changing the interest rate. The graph below shows that the NPV of loan becomes 
positive between the 3.5 and 4%. The interest has to decrease more to make financial 
leasing feasible. 
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Graph 12: Changes of the NPV per financial construction due, for the case single family house orientated 5. 

Payment each year for leasing and adoption 
For operation leasing, the lease payment is fixed; that is why it will not be investigated on 
the effects of changing the payment variable. The construction of adoption has fixed 
agreements about the yearly payments. This construction is relatively new and thus the 
actual results will be known in the future. It is therefore less likely that the cash flow out will 
change much in the near future and a possible change is hard to quantify. The NPV of 
adoption is already positive. When the payment will decrease, the NPV will only become 
more positive. Therefore, the effects of changes to the payment each year for adoption will 
not be examined. 
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8.8.5. Sensitivity initial investment 
It is relevant to examine the effects of initial investment because the Wp price will decrease 
in the future. Graph 5 shows how sensitive the NPV is for the initial investment. There are 
three constructions which are not influenced by the NPV because these constructions don't 
have an initial investment. The initial investment is influenced by other variables. These 
variables are: 

• Wp/€ for a PV panel, 
• initial payment for adoption. 

Wp/C for a PV panel 
Future prices for PV panels will decrease with 5% per year (Keijzer. K., 2008). The prices for 
solar energy will be as much as grey energy, also called grid parity, between 2015 and 2020. 
It might be worthwhile to wait with the investment until the panel prices are lower. The 
graph below shows the changes of the NPV due to changes of the PV panel prices. 
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Graph 13: Changes of the NPV per financial construction due to cost price of a PV panel, for the case single family house orientated 5. 

The NPV's of the first 4 constructions in the legend are directly influenced much by the cost 
price. From a PV price lower than €3.00, all these constructions are feasible . This price can 
be accomplished, not only by waiting for them to decline, but also through large-scale 
buying of panels. Operation leasing, 'boer zoekt buur' and adoptions of PV cells have fixed 
agreements about yearly payments and initial costs which ensure that the cost price does 
not directly influence these constructions. 

Initial payment for adoption 
The construction of adoption has fixed agreements about the initial payment as for the 
yearly payment. This construction is relatively new and thus the actual results will be known 
in the future. It is therefore less likely that the initial payment will change much in the near 
future . The NPV of adoption is positive, when the initial payment will decrease, the NPV will 
only be more positive. Therefore, the effects of changes of the initial payment for adoption 
will not be examined . 
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8.8.6. Conclusion sensitivity 
The conclusions about the sensitivity of the 4 main variables are: 

• the NPV of each financial construction shows different sensitivity to variations in the 
variables, 

• the sensitivity of five constructions change when the orientation changes. These are 
construction in which solar panels will be installed on the roof of tenants' dwellings, 

• in the case of these five first constructions, the NPV is more sensitive for the 
variables in case of orientation S then EW. Although there is a different degree of 
sensitivity in both cases, the variables that influences the NPV the most and the least 
remains the same. 

Conclusions about the sensitivity of the other variables are: 
• a decrease of the discount rate changes the NPV's of all financial constructions 

positive except for the construction loan, 
• all financial constructions have a positive NPV from a 5.5% increase of electricity 

price per year, 
• the percentage of rent increase due to lower energy costs, must be set to 85% to 

make all NPV's positive. When a housing corporation chooses a construction 
which is negative it could change their policy so this construction is feasible, 

• an increase of yield influences the NPV's of internal fund, loan and financial 
leasing positive. These constructions become positive from a performance ratio 
higher than 0.9 m2/kWp. To ensure this number, PV panel technology must 
increase. The NPV of operation leasing, 'boer zoekt buur' and adoption can 
increase due to the yield increase. However, external parties in these 
constructions buy the panels. Therefore, corporations are not able to influence 
the quality of the panels and thus the revenues due to yield increase, 

• the inverter price must decrease with half the price it is estimated now, to make 
the NPV's of the financial constructions positive, which is relatively high. This 
value has a small influence on the NPV's. The value could be reached in the 
future, because inverter prices are decreasing and the lifetime increases due to 
the technology, 

• the NPV's of the constructions loan and financial leasing are dependent on the 
interest. The NPV of loan becomes positive from 3.9%, for financial leasing the 
interest has to decrease more, 

• from a PV price lower than €3.00, internal fund, loan and financial leasing are 
feasible. The NPV's of operational leasing, 'boer zoekt buur' and adoption are not 
influenced by a change of cost price. 

8.9. Qualitative risk analysis 
There are several risks a housing corporation has to take into account when investing in an 
energy efficiency measure. Each financial construction has its own risks. Therefore, it is 
necessary that the choice of financial construction will not only be based on the highest NPV 
but risks will also be taken into account. There are three kinds of general risks, which are the 
same for all the financial constructions, when investing in an energy efficiency measure that 
can be distinguished. These are listed in table 15. 
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Risk 
Financial risks 

legal risks 

Technical risks 

Explanation 
Risks of debtors (tenants) 
which not pay 

Several involved parties which 
can change over time, 
changing owner etc 

These are risks of Technical 
failures of the energy 
efficiency measure which are 
not included in the guarantee. 
Technical failures can involve : 
Lower lifetime of energy 
efficiency measure than is 
estimated 
Lower performance of energy 
efficiency measure than is 
estimated 

Table 14: Overview of three types of general risks 

Ways to reduce 
In general there are ways to reduce these risks. 
The financial risks involve the payment of the 
tenants to the housing corporation . For this 
payment housing corporations have already 
agreements and rules to reduce this risk. 

The legal risks can be managed when making a 
mutual agreement. In this agreement is 
registered what will happen when for example 
the resident of the building changes because of 
the Slimmer Kopen@ concept of Trudo. 

The third risk can partly be covered by only 
implementing proven technology. The technical 
risks can be kept as low as possible, according 
to the goals referring to sustainability of Trudo, 
they only want to implement proven 
technology. The technical risks of lower 
performance are modeled with the sensitivity 
analysis in the previous paragraph . 

As mentioned before, the risks are different for each financial construction. Below per risk is 
mentioned for which construction it is applicable. 

Financial risks 
The financial risks of having tenants which not pay are applicable for every financial 
construction in which Trudo is a party. 

Legal risks 
The legal risks of changing of homeowners are applicable to several constructions. This is a 
risk that Trudo certainly has and needs to cover. Trudo has the option for tenants to buy 
their dwelling with the concept of Slimmer Kopen@. When the tenant wants to buy the 
dwelling, on which recently a PV panel is installed, the tenant has the advantage of the panel 
which Trudo bought. This is also applicable when a tenant moves. This construction is not 
positive for Trudo. There are three possibilities: 

• firstly, the customer buys the PV-installation of Greenchoice against the value of the 
panel at that moment, 

• secondly, the new owner of the house takes over the contract, 
• thirdly, the customer chooses to move the whole PV panel to its new house, but 

need to pay for all the cost of that operation . 
Trudo chooses the second option; this method will be used for the constructions that install 
panels on the tenant's dwelling. 
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Technical risks 
The technical risks are applicable for internal fund, loan, '25% internal funds, 75% loan' and 
financial leasing because in these cases Trudo chooses the panels self. The risks are as 
follows: 

• strong improvement of technology, while the 'old' panel is not yet paid back, 

• replacement of inverter: it could happen that within a few years these components 
are not available anymore. A solution could be to buy these components in advance, 
although this makes the initial payment higher. 

Technical risks can partly be shifted to the supplier, however when solar panels are from 
outside Europe or the supplier is not active anymore, this technique cannot be applied and 
the loss in money is for Trudo. 

Other risks 
The risk that is applicable to all financial constructions is the risk that energy prices will not 
increase enough or not at all . So investments cannot be paid back. The other risks t hat need 
to be mentioned per construction are reported in table 16. 

Financial construction Risk 
Financial participation 'boer zoekt buur' • Bankruptcy of the farmer (roof owner) 

Adoption of PV panels • The initial adoption cost will not be paid back 

• Bankruptcy of the owner of the roof 

Constructions in which Trudo is not involved: 
Lease contract with energy company • Lease contract of 20 years 

Financial participation with fixed • No substantial risks, membership can be ended 
discount when the tenant wants or moves. 

Table 15: Overview of risks per financial construction 

8.10. Variant I scenarios 
In this paragraph variants of the model will be created. Every financial construction reacts 
differently to changes in the variables. Three scenarios will be constructed which consist of 
different values of some variables. The variables, for which it is plausible that they will 
change in the future, are chosen for the scenarios. Also the effects of changing cost price for 
the constructions which did not have the scale effect implemented can be viewed. Other 
variables, such as discount rate and increase of rent are more or less fixed or chosen as 
policy by Trudo. The table below presents the scenarios. 

Variable Scenario l Scenario 2 Scenario 3 
Worst Medium Best 

Cost price 4.50 Wp/€ 3.50 Wp/€ 2.50 Wp/€ 

Yield of the panels 0,80 0,83 0,86 
(performance ratio) 

Increase of electricity price 2% 4% 6% 

Inverter price €1200.00 €1000.00 €800.00 
Table 16: Values of the scenarios 
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These scenarios will be the input for the same case used in the sensitivity analysis, single 
family house orientated to the south. Graph 14 shows the variations in the NPV due to the 
different scenarios. 
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Graph 14: NPV's of the scenarios for the case single family house orientated S 

The sensitivity analysis showed us that not many variables influence the constructions 
operational leasing, 'boer zoekt buur' and adoption directly. This graph confirms this 
reasoning. The NPV's of the first four constructions change a lot due to the changing 
variables in the scenarios. In these cases Trudo has influence on the quality and price of the 
panels. These cases did not yet have the positive scale effects implemented in the model. 
This scale effect can already cause a lower cost price. Remarkable is that for the best 
scenario, the first four constructions in the graph have a more positive NPV than the last two 
constructions. While these last two constructions were already positive in the medium case 
according to the model. 

The scenarios are based on a house orientated S, while a house orientated EW can show 
different results. Therefore also the scenarios for the case orientated EW will be calculated. 
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Graph 15: NPV's of the scenarios for the case single family house orientated EW 
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This graph shows also that the variables of the scenarios influence the four first 
constructions the most. However in this case the NPV's of inside fund, loan, combination of 
loan and inside fund, and financial leasing, are not more positive in the best case than the 
last the constructions 'boer zoekt buur' and adoption . 
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To be certain about the argument that the first four constructions in the graph have a more 
positive NPV than the last two, small single family house and houses with a flat roof are also 
calculated. These graphs show the same picture as the above graphs. This is a remarkable 
observation that is important for the decision of financial construction. The best case with 
decreasing prices and increasing electricity prices is very plausible. The PV-guide 
(AgentschapNL, 2010b) confirms that the price of €1.55 per Wp could already be achieved 
from 2016. So it is important to take the evaluation of prices into account for the financial 
constructions. 
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Part 3: Conclusion 
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Chapter 9: Conclusion and advice 

9.1. Conclusion 
The model results will be reviewed and used to answer the main research question 

Research question: 
What financial construction can housing corporations best apply in greening their existing 

housing stock? 

To answer the research question, multiple sub questions are defined in chapter 1. These 
questions are answered during the research. The last sub question will be elaborated below, 
because this is the introduction to the main research question. 

What criteria are decisive for choosing a financial construction? 
The criteria that are decisive for Trudo to choose a financial construction for investing in 
solar PV panels are listed below: 

• choice depends on a positive NPV, 
• it is not necessary for Trudo to make profit, 
• low internal investment, 
• tenants have to cooperate otherwise the implementation of the measure is not possible. 

To answer the main research question, the characteristics of the financial constructions 
according to these criteria, are summed up. This is listed in appendix 32 and 33. 

9.2. Answering the research question 
Results of the model show that the financial constructions 'boer zoekt buur' and adoption 
are the only feasible constructions according to the standards of the financial model. This 
result is very remarkable, because according to the reference of boer zoekt buur, it is always 
more beneficial to place solar panels on your own roof, if this roof has the optimal 
orientation. A remark has to be made, that for the constructions internal funds, loan and 
financial leasing, the advantage of scale is not implemented in the cost price of the model, 
due to choices made with Trudo. Another remark can be made about the constructions 'boer 
zoekt buur' and adoption. The costs for transport of the energy are not included in the 
model. These costs will decrease the NPV of these two constructions. The risk analysis for 
these two financial constructions shows that the risk for Trudo is bankruptcy of the roof 
owner, due to which revenues are reduced to zero. A disadvantage is the high initial 
investment of this construction. The advantage of these constructions is that the panels will 
not be placed on the tenant's houses, which can ensure more approval of tenants. This 
approval is necessary, otherwise Trudo cannot green their existing housing stock. However, 
from the sensitivity analysis it became clear that 'boer zoekt buur' and adoption are not 
easily influenced by variations of variables. Because of this observation and the remarks 
about the model, scenarios are constructed. This is done in a way that the resu lts of the 
variations of the variables which are likely to change in the future can be observed well. 
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From the scenarios a remarkable observation can be made. In the best case, the four 
constructions which include internal funds, loan and financial leasing have a more positive 
NPV than 'boer zoekt buur' and adopting in the case of orientation S. This is a remarkable 
observation that is important for the decision of financial construction. The best case with 
decreasing price per PV panel and increasing electricity prices is very plausible. The PV-guide 
(AgentschapNL, 2010b) confirms that the price of €1.55 per Wp could already be achieved in 
2016. So it is important to take this evaluation of prices into account for the financial 
constructions. It could be more worthwhile that Trudo invests and installs panels on tenants' 
houses orientated S and SW/SE . Therefore the conclusion about the best financial 
construction for houses orientated Sand SW/SE is complex. 

The conclusion for dwellings orientated S and SW/SE can be given as follows. The model 
results show that if Trudo decides to invest in solar panels on very short terms, they could 
best choose for a construction with a cooperative. This can be 'boer zoekt buur' or adoption . 
However from references, remarks on the model and the scenario analysis, it became clear 
that it is more profitable that Trudo invest in solar panels on their own houses. In this case 
Trudo can postpone the investment of an energy efficiency measure until the panel prices 
ensure a positive NPV. The delay does not have to take very long, as prices will decrease and 
due to the scale advantage Trudo can accomplish already lower prices for PV panels. The 
panel prices have to decrease till €3.00 to make the investment feasible. From the panel 
prices lower than €2.60, the constructions in which Trudo invests self, have a more positive 
NPV than 'boer zoekt buur' or adoption. In this situation, the construction loan has the most 
positive NPV. It needs low internal investment funds over the years, and ensures no initial 
investment. Only technical risks are involved and Trudo can choose the quality of the panels. 

For the cases orientated EW the previous observation about the difference between the 
scenarios is not applicable, the NPV of 'boer zoekt buur' and adopting is more positive in 
every scenario than all the other financial constructions. From these cases and the NPV's can 
be concluded that solar panels on houses orientated EW is not feasible in most cases and 
has little feasibility in the best case. Financial constructions which install panels on tenants' 
houses already have the restriction of installing these panels only on Sand SW/SE orientated 
houses. In the best case scenario, the NPV is positive but the margins are too small. An 
advice for the EW dwellings of the housing stock of Trudo can be given. If Trudo wants to 
green their whole stock, use for EW orientation a financial construction which installs solar 
panels elsewhere. For the dwellings of Trudo which are orientated EW, the financial 
construction adoption and 'boer zoekt buur' can be chosen. For these cases Trudo has to 
investigate several offers from cooperatives in the neighbourhood of Eindhoven to make the 
best choice. Trudo can select a cooperative which only installs panels on financially healthy 
companies. This reduces the risk of bankruptcy. 

However there is also the possibility to use a financial construction in which Trudo does not 
have to be a party. They can encourage tenants to participate in a financial construction. The 
construction lease contract with an energy company has a lot of advantages. In this case 
Trudo does not have to invest at all. The fixed energy costs for a longer period gives certainty 
for tenants. However they do need to agree with a fixed contract of energy supplier and the 
construction is only applicable for S and SW/SE orientated dwellings. The revenues from 
lease contract are nearly half the other financial constructions but Trudo does not have any 
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administration costs and extra work because the external party will handle all the financial 
issues. 

Advice for trudo 
To conclude, if Trudo is willing to delay the decision of investing in an energy efficiency 
measure, the construction loan can be chosen for dwellings orientated S or SW/SE. From 
references, remarks on the model and the scenario analysis, it is more profitable that Trudo 
invest in solar panels on their tenants' houses. The panel prices have to decrease till €3.00 to 
make the investment feasible. From the panel prices lower than €2.60, the constructions in 
which Trudo invests self, have a more positive NPV than 'boer zoekt buur' or adoption. In 
this case the construction loan fits the criteria of Trudo best for these dwellings. This result 
comes from optimal NPV and optimal revenues for the tenants. Trudo needs to take into 
account when making the decision of financial construction, which criteria is more important 
to them. Because lease contract has many advantages for Trudo, as it involves no investment 
or administration work. However the criteria, the amount of revenues, and thus the lower 
housing costs for tenants are less. Trudo can only implement it when tenants cooperate. 
However this lease contract construction has a benefit for tenants. They will have the 
certainty of fixed energy costs over a longer period of time. Trudo must consider this when 
choosing a financial construction. Another advice for the EW dwellings of the housing stock 
of Trudo can be given. If Trudo wants to green their whole stock, use for EW orientation a 
financial construction which installs solar panels elsewhere. For the dwellings of Trudo which 
are orientated EW, the financial construction adoption and 'boer zoekt buur' can be chosen. 

Truda's indirect and social return of the investment 
With the investment in solar PV panels, Trudo can contribute to the core business of housing 
corporations, which is offering low-cost housing. Next to this, greening their existing housing 
stock contributes to the sustainable goals of Trudo and Eindhoven because it ensures less 
C02-emmission. The increase of energy label of the dwelling of Trudo due to the 
implementation of solar panels is hard to indicate because it can only be determined per 
specific building. There has been presented a general rule for the increase of value of a 
dwelling due to the energy efficiency measure. However the actual increase of real estate 
value is very much dependent on location and size of the building. A financial construction 
which places PV panels elsewhere, does not influence the real estate value. For Trudo the 
decrease in energy costs for the tenant are more important than the increase of real estate 
value. To conclude, the energy efficiency measure ensures most likely a higher real estate 
value and increasing energy labels of the housing stock. Nevertheless, this does not 
influence the choice of financial construction for Trudo much. 

Results for tenants 
The benefits from the revenues are equal for all the financial constructions for which a NPV 
can be calculated. This is done to compare the NPV's. The results of tenants, who participate 
in the project, are lower housing costs. The first year the energy cost will decrease with 
€70.00 - €130.00 per year, dependent on the household and type of dwelling. Th is number 
will only rise due to increasing electricity prices, until the lifetime of the panel. For the 
construction lease contract, the revenues are less but the tenant has the advantage of fixed 
energy costs for a longer period, which gives certainty. A remark is that these are standard 
numbers and will differ in every situation and for every dwelling. 
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Chapter 10: Evaluation 

10.1. Product 
The product that is made during this research according to the CBA is the financial excel 
model and the advice for Trudo about the kind of financial construction they can best use for 
implementing PV solar panels on their existing housing stock. The model needs to function 
as a decision tool for Trudo. The most important value for Trudo is that the model creates 
insight about how the costs and benefits influence the financial constructions. The advice, 
which combines the model results with other parts of the research, such as risks, makes the 
results of this research complete and useful in practice. The model always consists of 
uncertainties about future prospects and the actual prices that can be agreed with the 
parties of the financial constructions. Despite this observation, the research functions as a 
good basis for housing corporations in making decisions about investing in solar PV panels. 

10.2. Recommendations for further research 
This research can be seen as basis for further research . The financial model which is 
designed can be extended or adjusted in further research. Recommendations for the 
financial model or further research are: 
• Other energy efficiency measures can be implemented in the model. The model will fit 

this way more corporations, because every corporation has its own most potential 
energy efficiency measure. New data have to be found for other measures. Different 
measures will have other financial constructions; this part needs to be elaborated. The 
costs and benefits need to be observed because these are different per energy efficiency 
measure, 

• the model can also be extended with more housing types. Other corporations may have 
other housing types that are not yet included in the model; this can be adjusted, so it will 
fit all corporations. These housing types have to be standardized by the example 
dwellings of AgentschapNL, 

• to choose for more financial constructions in a period of time, the model can be adjusted 
in a way that financial constructions can be merged. For example, for the first 10 years 
one construction is best and for the other 15 years another construction can have the 
best NPV, 

• with more knowledge about the different costs of the financial constructions, the model 
can be adjusted to a more complete model. For example, transport costs for energy 
could be implemented, so the difference between these costs for solar panels on 
tenants' houses and energy extracted from solar panels elsewhere can be implemented 
in the model, 

• the value of time can be inserted in the model. This can be done with the real option 
method. With this method the best time to invest can be examined, 

• next to financial part, in further research there can be more focus on non economical 
costs and benefits. For example, benefits as C02 reduction, low affordability ratio and the 
image of Trudo. These non economical benefits have to be quantified in a way they can 
be compared. 
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Appendix 1: 

Table of energy levels for houses. 
Energy class Energy performance Energy Index (El) 

B 
c 
D 

0,71-1,05 
1,06-1,30 
1,31-1,60 
1,61-2,00 
2,01-2,40 

Table Al: Energy Index with corresponding energy label. (Energieindex, 2011) 

Appendix 2: Housing stock of Trudo 

Type of dwelling 

Small single Family house 
< 1950. 

Single Family house < 1950 

Single Family house 1950-1970 • 

Single Family house 1970-1990 • 

Single Family house> 1990 

Patio house > 1990 

Upstairs-/downstairs dwelling 

Duplex dwelling 

Staircase entrance flat years 60 • 

Staircase entrance dwelling 
years 80 • 

Gallery entrance flat years 70 • 

Apartment> 1990 

Room 

Else 

Total 

• Selected for the test case 
Table A2: Total housing stock ofTrudo 

Energy label 

A B c 
10 95 

1 
14 

106 339 
6 119 122 

20 
49 
35 
4 

178 347 

20 
5 153 241 

10 
6 

11 586 1277 
0% 8% 17% 

D 

587 

35 
193 
158 
1 

101 
92 
151 
90 

351 
90 
26 
3 
1875 
24% 

Total 

E F G 

658 331 173 1854 24% 

47 57 41 181 2% 
538 533 123 1401 18% 
9 9 1 622 8% 

1 249 3% 
20 0% 

73 10 10 243 3% 
59 16 202 3% 
474 314 69 1012 13% 
29 16 12 672 9% 

206 47 2 626 8% 
14 3 506 7% 

14 21 6 77 1% 
1 2 2 14 0% 
2121 1357 438 7665 100% 
28% 18% 6% 100% 
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Appendix 3: Energy efficiency measures 
A3.1. Wind 

According to the government wind energy is one of the most promising renewable energy 
sources. There are two kinds of wind energy possibilities; offshore wind and onshore wind . 
The offshore wind energy is more interesting in the long term because of its high costs at the 
moment. Therefore, now only the possibility of onshore wind will be described. There are 
two ways in which to extract electricity from wind: from a wind turbine that is connected to 
the house or from a wind turbine cluster. Approval is needed from the government to place 
a wind turbine directly on the house. When constructing a wind turbine cluster, the zoning 
plan and legislations have to be taken into account. 

The investment costs for a wind turbine cluster are substantial. They are approximately 
€150,000.- per MW. Therefore, it is essential to have an investor to build a wind turbine 
cluster. At this moment it is not always possible to exploit a wind turbine cluster profitably. 
As such, the government has several incentive regulations in place . The consumer receives 
no notice of the high cost price when he/she buys green electricity from his/her energy 
supplier. Wind power is at the moment still more expensive than grey power, but the extra 
cost of sustainable energy is subsidized by the government. In addition energy prices are 
rising and the prognosis is that they will continue to increase in the future. 

The amount of electricity that can be generated from wind turbines is dependent on : 
• Design of the turbine 
• Height of the turbine 
• Length of the propeller blades 
• Wind speed 
• Location of the wind turbine 

The design and height of the turbine and the length of the propeller blades can be adjusted . 
The location cannot be adjusted in the case of Trudo, because for Trudo the location is 
Eindhoven. There are a few characteristics which make one location better than another for 
a wind turbine. The wind is stronger on the coast of Holland than further inland. In areas 
with fewer obstacles such as trees or buildings, the wind is also stronger. Height turbines are 
a better choice in areas with many obstacles or further inland. The wind map of the 
Netherlands shows potentially windy locations, and can be used by policy developers at the 
provincial and municipal levels, to help them planning wind energy projects. The wind map 
of the Netherlands shows that Eindhoven is situated in an area with the lowest wind speed, 
which indicates that Eindhoven is not a high potential area for a wind turbine park. At 
present there is no wind turbine park in the area surrounding Eindhoven because of the low 
wind speed. In addition the municipality of Eindhoven has problems adapting the wind 
turbines in the current urban environment. 

The electricity use per household in the Netherlands is at an average of 3,400 kWh per year. 
A small wind turbine park of 10 MW generates yearly 21,900 MWh; this is electricity for 
more than 6,000 households. These are figures for normal standards; it is questionable if 
these figures represent Eindhoven because here the wind speed is weak. 
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A3.2. Sustainable biomass 
Biomass is one of the two renewable energy sources that seem to have the most potential in 
the Netherlands. There are many kind of biomass energy. Biomass can be used as raw 
material for the production of renewable electricity, green gas, renewable warmth and as 
bio fuel for transport. Important is that the biomass is indeed sustainable, which means in 
this context that it will not compete with the production of food crop. 

Biomass energy is energy which is generated from organic material, for instance wood, 
bearing wood, kitchen and garden waste, fibres or vegetable and animal fat. Net Bio-mass 
does not produces COi-emission. During the grow vegetation and trees absorb C02. 

Combustion, attenuation or gasification are techniques to generate biomass energy. 
Through combustion, attenuation or gasification of this organic material, as much C02 is 
released as corrupted in nature. A disadvantage of biomass is the large area required per 
energy-unit . 

In Eindhoven sustainable biomass is generated from trimmings. The large bio-energy power 
plant in the district Meerhoven in Eindhoven gives electricity to thousands of households. 
The power plant is similar to a modern woodstove (warmth) to which a generator is 
attached (power). 

A3.3. Solar water heater 
Solar water heaters use the energy of the sun on a 
sustainable manner to warm up the water for households. 
Solar thermal energy is used for domestic water heating, 
swimming pool heating or industrial water heating. Certain 
solar water heat systems can warm up the house in 
combination with a low-temperature delivery system 
(floor- or wall heating). 

Solar water heaters work on basis of solar collectors on the 
roof. The liquid that is floating through the collectors will 
warm up because of the sunlight. This collector liquid will 
warm Up the tap water in an accumulator in the attic Or Figure 15: Solar water heater, source : 

elsewhere in the house. On days when the sunlight is too .__ho_u_se_do_ct_er_12_01_2
_l _____ __, 

little, the water from the accumulator will warm up on its way to the tap due to a reheating 
(central heating, geyser). The installation of a solar water heater needs low maintenance. 
The roof can be sloped or flat, if it is sloped it is important that it is south orientated for 
optimum solar irradiation. Also near buildings or trees can ensure less solar irradiation. 
There is an approval needed from the government for placing a solar water heater. 

Nowadays the share of solar water heaters is 100,000 in the Netherlands (agentschapNL 
2011c). At an estimate 10% of the newly built houses have a solar water heater. A household 
can moderate the use of natural gas with an average of 150 - 200 m3 per year. However the 
cost price is € 2,500 for the existing houses, which means that the payback time is 
approximately 25 years. The technical working life of a solar water heater is about the same. 
With subsidy the payback time can be reduced . The solar water heaters have more 
advantage for new macro scale development projects. 
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A3.4. Heat Pumps 
A heat pump will increase the sustainable 
warmth of the environment to a usable 
temperature level. The heath is extracted 
from the environment, soil, water, air or 
waste heat. The most promising way in the 
Netherlands is to extract the heath from 
soil. For turning up the heat pump a limited 
quantity of primary energy is required. The 
heat pump uses pumps and compressors to 
move refrigerant fluid around a 
thermodynamic cycle in order to "pump" 
heat against its natural flow from hot to 
cold, for the purpose of transferring heat 
into a building from the large thermal 

Figure 16: Operation of a heat pump, source issoenergy (2011) 

reservoir contained within the nearby ground. Other heat pump systems extract warmth 
from the outside air with a special collector. An advantage of a ground source heat pump is 
that it can be reversed in summertime and operate to cool t he air by transferring heat from 
the building to the ground. 

Nowadays there are two kinds of heat pumps 

• Electrical (compression) heat pump, this is a mechanical device which requires sound 
insulation. This kind of pumps is available in all kinds of capacities, supplementary 
heating in a dwelling or for collective systems. 

• Gas (absorption) heat pump, with this system the compressor will be directly driven 
by a gas engine, or through an absorption process with a burner-generator 
combination. These kinds of systems are very quiet, this principle can be compared 
to gas camping fridge. At the moment these gas heat pumps are only available since 
45 kW, suitable for at least ten dwellings. Smaller systems for one dwelling are in the 
stage of field experiment (AgentschapNL, 2011b). 

From the total used sustainable energy nowadays a small 4% consists out of heat pumps. 
The largest share of heat pumps is used in the non-residential buildings. For turning up the 
heat pump a limited quantity of primary energy is required. The end result when using the 
sustainable warmth of the environment, the heat pump can moderate the use of energy 
with 30-50% in relation to direct electrical heater. The investment costs are dependent on 
the project size and application of the system. Per dwelling the cost for a heat pump is 2,000 
- 5,000 Euros excluding subsidies, installation cost and taxes (AgentschapNL, 2011b). The 
disadvantage of ground source heat pumps is their high initial capital cost, but this is 
typically recouped within five to ten years as a result of lower energy use. The maintenance 
costs are also high because special expertise is needed. 

A3.5. Advantages and Disadvantages of the energy efficiency measures: 
There are several options of energy efficiency measures. To choose an energy efficiency 
measure which will be most potential, the important advantages and disadvantages that 
apply to Trudo have to be taken into account. 
Advantages of the measures: 
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• Wind energy: - no advantage in contrast with other measures. 

• Bio mass: - Eindhoven has experience with bio mass. 
• Solar PV panels: - Increasing efficiency and decreasing costs. - The panel needs low 

maintenance. 
• Solar water heaters: - The installation system needs low maintenance. 
• Heat pumps: Although the high initial capital cost, the heat pumps will be paid back 

within five to ten years as a result of lower energy use. 
Disadvantages of the measures : 

• Wind energy: - Substantial investment cost for a turbine cluster. Hard to exploit a 
wind turbine cluster profitable. - Lowest wind speed in Eindhoven thus low revenues 
- Legislations when constructing a wind park or wind turbine by the house. 

• Bio mass: - Area in the surrounding needed - important that is indeed sustainable 
and does not compete with the production of food crop. 

• Solar PV panels: - Legislations when constructing a PV cell park (Zoning plan). 
Location and orientation are important with PV cells. 

• Solar water heaters: - Long payback time, are only feasible with subsidy. - Location 
and orientation are important, if the roof is sloped it is important that it is south 
orientated - There is an approval needed from the government for placing a solar 
water heater. 

• Heat pumps: - Ground nearby needs to be available - high initial costs - high 
maintenance costs 

78 I P age 



Appendix 4: Evolution of the average PV module in Europe 
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Graph Al: Evolution of the average PV module price in Europe (EPIA, 2011). 
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Appendix 5: Specification of interest percentage for a loan of an energy 
efficiency measure 

Market Interest Source 

value percentage 

loans (%) 

1 4,5 Interview with financial department of Trudo 

2 5.9 Dutch calculation for lending money from zonnepanelen 2012) 

Table A3: Several interest percentages for a loan or an energy efficiency measure 

Green Interest Source 

loans percentage 

(%) 

3 5.5 Green loan from a bank 

4 5.5 Green loan according to Greenloans.nl 

Table A4: Several interest percentages ror a loan or an energy efficiency measure 

Specification of 1 
From an interview with the financial department of Trudo on the subject of lending money 
for an energy efficiency measure, they told that the percentage for this kind of investment 
will be 4,5%. The financial department told that they recently set a loan and lend money 
against a percentage of 4% for 40 years. The curve for lending money for 10 years and 40 

years is very narrow, therefore the percentage of lending money for 10 years is almost the 
same as for 40 years. 

Specification of 2 
On the website of zonnepanelen.de, an explanation of the interest percentage for a loan for 
a solar panel is described. The percentage they give on their website is 5,9 % on base of a 
mortgage loan. This loan is provided with a doctorial deed in which the real estate is 
committed as security for the loan. 
Source: zonnepanelen (2012). Lenen or betalen? Retrieved April 22, 2012 . [online) http://zonnepanelen.de 

Specification of 3 
The percentage that Energy guard gives for a green loan by for example the ABN Bank is 5.5 
% for a period of 15 years. 
Source: Energyguard (2012). financiering. Retrieved April 22, 2012. [Online) http://www.egmenergyguard.nl 

hlt.Jl:IJ.www.esmenergygua rd .ol/flnanclerlng 

Specification of 4 
The percentage that Green Loans present at their website is 5,5% for a period of 15 years. 
Source : Greenloans (2012) . Hoeveel kost duurzaam?. Retrieved April 22, 2012. [Online) http://www.greenloans.nl 
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Appendix 6: Financial constructions 

Rnotidol Investment Maintenance ,.,,._ hrtlls~ ... 
~ costs COl\S Trildo Tlfllflt 

Trudo Trudo Once by Trudo and x x 

lnt....t funds 
cost must be 
reclaimed by 
tenants 

Institutional Trudo Monthly or yearly x x 

Loans 
investor (bank), interest payment. 
investment 
fund 

Institutional Institutional Monthly or yearly x x 

75% lo-, ZS% investor (bank), investor (bank), interest payment. 

Internal funds investment investment 
fund and Trudo fund and Trudo 

Lessor Trudo Monthly or yearly x x 
Flnandll leeslnl payment by Trudo 

Operatlonll Lessor Lessor Monthly or yearly x x 

lullng payment by Trudo 

Lease Clllftll8Ct Energy Energy Monthly or yearly x 
with •11811V company company payment by Trudo 
comnanv 
Flnancllll Energy Energy Contribution x 
partlcljlatlon cooperative cooperative 

with .. 
discount 
FIMnclal Energy Energy Share x x 
participation cooperative cooperative 

'lloer z.oekt buur' 
Adoption of Energy Energy Adoption costs, x x 
1M11Yeffldencv · cooperative cooperative once 

measure 
Table AS: overview of financial constructions 

Appendix 7: Possibilities of controlling the finance of energy efficiency 
measures 

Th/nfll wllkh con Pal'.tles Involved 
be pan of the lxplanatlon /lllandal Trudo Tenant 
consttuct/on 

Green lease 
Agreement about the use and goals of the energy 

x x 
efficiency measure 

Houslna cost 
rent vs. secondary cost will remain the same x x 

auarantee 
value capt11rln1 possible not feasible investment can be justify by the x wldl value uutlon social need of the investment 

Table A6: Overview of poss1b1ht1es to control the finance 

Qdler 

Investor 

Investor 

Bank 

Organization 

Energy 
company 

Energy 

cooperative 

Farmer, 
energy 

cooperative 

Energy 
cooperative 

Other 
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Appendix 8: Cost of the financial constructions 

Financial Replaciement Pay off panel after Yearly Y-lv 

constructions 
lnvestmellt costs inverter Interest Payoff loan Yearly payment 

10years contribution share for 

" Insurance 

Internal funds 
investment of a €1.000 .00 twice in 
solar panel 25 years 

€1.000 .00 twice in 4,50% tota l investment cost at 
Loans 25 years the end of the period 

75" loans, 25" 25% of investment €1.000.00 twice in 4,50% 75% of investment cost 
Internal funds of a solar panel 25 years at the end of the period 

Flnanclal leaslng 
€1.000.00 twice in 75% of investment cost / 25% of investment 
25 years 10 years +interest of 4,5% cost of a panel 

Operallonal leasing 
with 15m2 of surface for PV 25% of investment 
panels the cost are €800.00 cost of a panel 

Lease contract with 
energy company 
Financial €6.00 
participation with 
fixed discount 
Financial €3.000.00 €1.000.00 twice, 
partlc:lpatlon 'boer divided by all 
zoetct buur' participants 

Adoption of energy adoption cost of €15.00 

efficiency measure one panels €500.00 per panel 

Table A7 : 0Verv1ew of the cost per financial construction 
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Appendix 9: Revenues and validation of values of the financial constructions 

All'el'8P. reveaues Fixed Fixed Rescrldlons ... the ...... Advaatapaf 
Depe11de11ton Rnancial constNt:tlons Revemms of paMl for lnyestment electrlclty sclllelndudecl 

(kWh) price discount valcl 
In values sullsldles 

Internal funds dependent on orientation of house 

~ dependent on orientation of house 

75" loans, 25" lntamal dependent on orientation of house 
funds 

Financial leastna dependent on orientation of house Minimum investment of €500,000.- Financed partly by x 
green investments 

dependent on orientation of house Minimum of 8500 kWh per year Financed partly by 

Operational leallni and not for sloped roofs orientated x green loans 
EW 

Lease contract with €0.26 Not for sloped roofs orientated EW 
_,..,comganv x 

Flnandll participation €0.0025 
wtth fixed discount x 

Flnencial participation 800 

'boer zoekt buw' x 

Adoption of energy 197 
x 

musure 
Table AS: overview of the revenues per financial construction 
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Appendix 10: Use of electricity 

Average use of electricity per household (kWh) 
2000 - 2011 in the Netherlands ::c 

::: 
~ 3,600 f I I 
:f i:~88 Cjf I I I I I I u -
u 
Qj 

Qi -0 
Qj 

"' ::> Years 

Graph A2 : Average use of electricity per household (Senternovem, 2011) 

Senternovem gives the average use of electricity per household of the previous years. CBS 
databank has the numbers for the average use of electricity per housing type for the year 
2010. This average has been calculated from the numbers of 4 large cities in the 
Netherlands. 

Senternovem, 2011 numbers for the average use of electricity per household: 
Year I Average energy 

use (kWh) 

2009 3558 

2010 3430 

2011 3480 
Table A9: Average energy use (Senternovem, 2011) 

CBS databank numbers for the average use of electricity per housing type: 
Year Average energy use Average energy use Average energy use 

(kWh) for row (kWh) for row housing (kWh) for an apartment 
housing in the middle on a corner 

2010 3137.5 I 3475 2262.5 

Table AlO: Average energy use per household (CBS, 2010) 

For this research it is necessary to calculate with the average use of electricity per housing 
type. In table ?(senternovem) the average use of 2010 and 2011 does not differ very much. 
Therefore the number of average energy use for row housing in the middle from 2010, with 
some increase from the year 2011 and a percentage increase for the row housing on a 
corner, can be used as standard in this research. The average for row housing as well as 
apartments is presented in the table below. This average energy use is the same as the 
research about energy efficiency measure commissioned by Trudo in 2011 (MDO, 2011). 

Housing type Average energy use (kWh) 

Row housing 3200 

Apartment 2320 

Table All : Average energy use per household used for this research 
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Appendix 11: Annual electricity price for households in the Netherlands 

Annual electricity price households 

0.35 
:c 0.3 :: 
~ 0.25 ........ 
~ 0.2 
~ 

~ 0.15 
- small users 2000 kWh 

., 
·~ 0.1 

- Normal users 3000 kWh 
c. 0.05 
?;' 
3~ 0 

t3 ., 
w 

Years 

Graph A3: Annual energy prices (CBS, 2012a) 

Electricity Small users Normal users 
price 2000kWh 3000kWh 

(euro/kWh) (euro/kWh) 
2003 0,17 0,16 

2004 0,18 0,17 

2005 0,19 0,18 

2006 0,20 0,19 

2007 0,23 0,21 

2008 0,23 0,22 

2009 0,30 0,27 

2010 0,28 0,25 

2011 0,29 0,25 

Table A12: Annual energy pnces (CBS, 2012a) 
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Appendix 12: Historical annual electricity prices in the Netherlands 

Historical annual electricity prices from CBS databank (CBS, 2012a Retrieved April 12) 

Small users 2000 kWh ! Normal users 3000 kWh 

Year Price Continuous Price Continuous 
growth rate• growth rate* 

1997 0,105 

1998 0,105 0 

1999 0,113 0,073427 

2000 0,128 0,124642 

2001 0,16 0,223144 

2002 0,159 -0,00627 

2003 0,174 0,164 0,030962 

2004 0,182 0,044951388 0,17 0,035932 

2005 0,197 0,079197042 0,184 0,079137 

2006 0,209 0,059130523 0,196 0,063179 

2007 0,226 0,078200747 0,213 0,083178 

2008 0,229 0,013187004 0,215 0,009346 

2009 0,301 0,273388261 0,267 0,216611 

2010 0,283 -0,061663367 0,25 -0,06579 

2011 0,288 0,017513582 0,253 0,011929 

mean 0,052040956 0,049555 
Table A13: Historical anntral electricity prices (CBS, 2012a) 

•The continuous growth rate ; ln(pt/pt-1) 

Historical annual electricity prices from Agentschap NL databank (AgenschapNL, 2012 
Retrieved April 12) 

electricity per kWh 
(euro/kWh} 

Year Price Continuous 
growth rate* 

2000 0,126 

2001 0,113 -0,1061762 

2002 0,112 -0,0141952 

2003 0,117 0,05061586 

2004 0,124 0,05632354 

2005 0,139 0,11424587 

2006 0,150 0,07436643 

2007 0,153 0,02105341 

2008 0,153 0 

2009 0,168 0,09211529 

2010 0,151 -0,1064722 

2011 0,150 -0,0050181 
mean 0,02105341 

Table A14: : Historical annual electricity prices (AgentschapNL, 2012) 

•The continuous growth rate; ln(pt/pt-1) 
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Table ? and > contain the mean of the continuous growth rates of the energy prices of two 
data sets. The prospected percentage increase of energy prices that will be used in this 
research will come from the average mean of both data sets. This is normally corrected for 
the length of the time interval. In this case the time interval is for both data sets the same, it 
is both 1 year. 

Average mean of electricity prices for normal users 

(0,049555 I 1+0,02105341I1) I 2 = 0,0356 
Thus an increase of 4% per year 

Average mean of electricity prices for small users 
{0,052040956 I 1+0,02105341I1) I 2 = o,0365 
Thus an increase of 4% per year 
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Appendix 13: Future prospects for the annual electricity price for households in 
the Netherlands with 4% increase 

Prospected annual electricity price households 

1 
:2 0.9 
3: 0.8 ~ -0 0.7 :; 
~ 0.6 
cu 0.5 u 
-~ 0.4 
> 0.3 t: 
·;: 

0.2 ... 
u cu 0.1 ;:;:; 

0 
rn l.D en N U"l 00 .-i <t ..... 
0 0 0 .-i .-i .-i N N N 
0 0 0 0 0 0 0 0 0 
N N N N N N N N N 

Years 

Graph A4: Future prospect energy prices 

Electricity Small users Normal 
price 2000 kWh users 3000 

(euro/kWh) kWh 
(euro/kWh) 

2012 0,30 0,26 
2013 0,31 0,27 
2014 0,32 0,28 
2015 0,34 0,30 
2016 0,35 0,31 
2017 0,36 0,32 
2018 0,38 0,33 
2019 0,39 0,35 
2020 0,41 0,36 
2021 0,43 0,37 
2022 0,44 0,39 
2023 0,46 0,41 
2024 0,48 0,42 
2025 0,50 0,44 

Table AlS: Future prospect energy prices 

0 rn l.D en 
rn rn rn rn 
0 0 0 0 
N N N N 

Electricity 
price 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 

2034 

2035 

2036 

2037 

2038 

2039 

2040 

- Small users 2000 kWh 

- Normal users 3000 kWh 

- Prospects for small users 
2000 kWh 

- Prospects for normal users 
3000 kWh 

Small users Normal 
2000 kWh users 3000 
(euro/kWh) kWh 

(euro/kWh) 

0,52 0,46 

0,54 0,47 

0,56 0,49 

0,58 0,51 
' 0,61 0,53 

0,63 0,55 

0,66 0,58 

0,68 0,60 

0,71 0,62 

0,74 0,65 

0,77 0,67 

0,80 0,70 

0,83 0,73 

0,86 0,76 

0,90' 0,79 
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Appendix 14: Orientation factor 

Orientation in relation to the South 
Angle of 0 1 60 90 
inclination 

20 degrees 1,08 1,01 0,94 
30 degrees 1,09 1,00 0,91 
40 degrees 1,08 0,98 0,87 

Table A 16: Orrentat1on factor 

For all the houses, the orientation factor of the 30 degrees angle of inclination will be used 
as standard input for the financial model. 
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Appendix 15: Surface roof per example dwelling of AgentschapNL 

Example dwelling I Sloped roof Flat roof 

Type of house Construction Surface Surface PV surface 
period (m2) (m2) (m2) 

1 Semi detached dwelling < 1965 64 15 

2 Semi detached dwelling 1965-1974 65 15 

3 Semi detached dwelling 1975-1991 73 15 

4 Semi detached dwelling 1992-2005 74 15 

5 Row housing < 1946 56 15 

6 Row housing 1946 -1964 57 15 

7 Row housing 1965-1974 65 15 

8 Row housing 1975 - 1991 69 15 

9 Row housing 1992-2005 71 15 

10 Maisonette < 1965 75 10 

11 Maisonette 1965-1974 79 10 

12 Maisonette 1975-1991 72 10 

13 Maisonette 1992-2005 52 10 

14 Gallery entrance flat < 1965 75 10 

15 Gallery entrance flat 1965 - 1974 89 10 

16 Gallery entrance flat 1975-1991 68 10 

17 Gallery entrance flat 1992-2005 87 10 

18 Staircase entrance flat < 1946 63 10 

19 Staircase entrance flat 1946 - 1964 72 10 

20 Staircase entrance flat 1965 - 1974 75 10 

21 Staircase entrance flat 1975-1991 82 10 

22 Staircase e ntra nee flat 1992-2005 82 10 

23 (Remaining) apartments < 1965 71 10 

24 (Remaining) apartments 1965-1974 82 10 

25 (Remaining) apartments 1975 - 1991 75 10 

26 (Remaining) apartments 1992-2005 88 10 

Table Al 7: Type of concept dwellings of AgentschapNL with corresponding PV surface from the data of the concept dwell ings 

(AgentschapNL, 2011g) 
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Appendix 16: Description of the 9 cases from 6 complexes of Trudo 

Complex Street Type of housing Number Year Average number Energy Type of roof Surface roof for Orientation 

of houses of residents label PVcells(m21 of the roof 

1 Johannesburg- I Small single family house 142 < 1950 3.0 E Sloped 12 EW 

Bloemfonteinstraat 

2 Small single family house < 1950 3.0 E Sloped 12 NE/SW 

3 Small single family house < 1950 3.0 E Sloped 12 s 
4 Botter- / Loggerstraat Single family house 36 1970 -1990 3.0 c Sloped 15 EW 

5 Vivaldistraat Single family house 90 1950 - 1970 2.8 E Sloped 15 NE/SW 

6 Single family house 1950 - 1970 2.8 E Sloped 15 s 
7 Wouter Hollemanplein Staircase entrance dwelling 94 1980 2.2 c Flat 10 EW 

8 Van Thienenlaan Staircase entrance flat 152 1960 2.2 D Flat 10 SW 

9 IBC winkelcentrum Woensel Gallery entrance flat 287 1970 2.8 D Flat 10 s 
(Koning Arthurlaan) 

Table A18: Description of the six complexes of Trudo (AgentschapNL, 2011g and MOO, 2011) 

Appendix 17: Explanation type of housing 

Type of hou~ing Determination Ground-dwelling or Surface Markel value(() W1tl1 discount of Net rent {() 

apartment (m2) Shrnmer Kopen@ (() 

Small single family house Small row houses with 2 or 3 bedrooms and a garden. Ground-dwelling 80 €167,000 €125,000 

Single family house Medium sized row housing with 3 bedrooms and a garden. Ground-dwelling 110 €146,000 - €253,00 €110,000 - €190,000 

Staircase entrance flat? Simple over locked apartment with mostly 2 bedrooms and a Apartment 80 €162,000- €65,000 - €116,000 
{portfieketageflat) balcony. €290,000 

Gallery entrance flat Apartments with elevator Apartment 82 
{galerijflat) 

Staircase entrance flat A house which is part of a living building with multiple levels, Apartment 70 €426.36 
(Portiekwoning) without an elevator. The houses are available via a closed 

central porsch. 
Table A19: Descnpt1on of the type of housing of the six complexes of Trudo (AgentschapNL 20llf, Trudo, 2012a) 
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Appendix 18: Pictures of the five housing types 

Type of Picture 
housing 
Small single 
family house 

Single family 
house 

Table A20: Pictures of the type of housing 
(http://www.trudo.ni) 

entrance flat 
(Portieketa
geflat) 

Staircase 
entrance 
dwelling 
(Portiek
woning) 
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Appendix 19: Prices modules PV panels 

Source Surface Module Installation Replacement Total costs Capacity {Wp) Price per Price per Wp 
panels (m2) costs Inverter (ind) Wp2010 2012 

AgentschapNL (2010) 15 € 7,695.00 € 7,695.00 1700 €4.52 

AgentschapNL report € 4 .29 

Saffrie, C. (2012) 15 € 6,482.00 € 768.00 € 1150per12 € 7,250.00 2500 €2.90 
years 

Hoe ik koop (2012) €4,000.00 € 1,000.00 € 1000per10 €6,000.00 1880 € 3.19 

I 
years 

Zonnepanelen expert (2012) € 4,251.00 € 4,251.00 1176 € 3.61 

Input for financial model 

I I I € 3.50 

Table A21: Prices for PV panels of several sources 

In graph ? (chapter: 3.1.3. Solar PV panels) from the EPIA report, the prices per Wp were in 2010 between the €2.22 and €5.92 and for 2011 
between the €1.85 and €5.00. To relate these numbers to the table above, the sources seem to have reliable values for the price per Wp. 

For the price of PV panels as standard in the financial model, the number will be related to the numbers in the table. The number of 
AgentschapNL is common used for calculating revenues of energv efficiency measures; however, this number is from 2010 for example 
dwellings in 2011 and is due to the increasing performance and decreasing prices of solar panels higher than the market prices in 2012. 
AgentschapNL have said in a PV system report (Keijzer. K., 2008) that the PV panel prices decrease with 5% per year, therefore the price per 
Wp of AgentschapNL minus 5%, will be the current value of solar panels according to AgentschapNL. The standard price will come from the 
average price of AgentschapN L 2012 and of the three prices of the other sources. 
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Appendix 20: Explanation complex information for financial model in excel 
PV Solar Panels for complex 1 

Complex 
I 

Energy 'Energy 
Average 

Average number of Amount Type 
] Orientated 

Surface 

description 
Name Type of housing 

Index label 
energy use 

residents in a house houses roof 
for PV 

(kWh) cells 

Johannesburg- I Small single family house 
1 before 19SO I row E 3200 3 1 sloped South 12 

Bloemfontei nstraat 
housing before 1950 

I 

The grey cells have to be filled in, and for parameters which are the grey cells with a thick line a choice have to be made from a list. The white 
cells follow automatically from the type of housing choice. 

Complex description : 
Description as named by the researcher or housing corporation for 
a complex. 

Name: 
Street name or complex name. 

Housing type : 
What kind of houses includes the complex. 

Energy Index: 
The current Energy Index of the plot type. 

Energy label: 
The current energy label of the plot type. 

Average energy use (kWh): 
The average energy use per year of this type of housing. 

Average number of residents in a house: 
The average number of residents that lives in houses of the 
complex. (source: Agentschapnl voorbeeldwoningen) 

Amount houses: 
The amount of houses which the complex consist of. 

Type roof: 
Sloped or flat roof. 

Orientated: 
The orientation of the roof. 

Surface for PV cells 
Surface of roof that is available for PV cells, (source: Agentschapnl 
voorbeeldwoningen) 
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Appendix 21: NPV's of complex 1 
PV Solar Panels for complex 1 

Average Average I 

Complex 
Name 

Type of Energy energy number of 
I 

Amount 
description housing label use residents In houses 

(kWh) a house 

Small single 
family 

Johannesburg- I house 
before 

1 Bloemfontein-
1950/ row 

E 3200 3.0 1 
straat 

housing 
before 
1950 

NPV investment 

Inside fund Loan 25% inside 
fund 75% loans 

Financial 
leasing 

Operational 
leasing 

Financial construction 

Appendix 22: NPV's of complex 2 
PV Solar Panels for complex 2 

Average 

1

1 Average I 
Complex Type of Energy energy I number of Amount I 

Name 
desaiption housing label use 

1 

residents In houses 
I (kWh) a house 

Small single 

I family 

Johannesburg- I house 
before 

2 Bloemfontein-
1950 I row 

E 3200 3.0 1 
straat 

housing 
before 
1950 

€ 1,000 NPV investm n 

€ 500 

~ 
€ 0 

~ -(500 
z ·€ 1,000 

-€ 1,500 

-€2,000 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financial construction 

Surface 
Type 

Orientat ed for PV 
roof 

cells 

slope 
d 

East/West 12 

Financial 
participation 
'boer zoekt 

buur' 

Adoption of PV 

panel 

Surface 
Type 

Orientated for PV 
roof 

cells 

slope 
d 

South/West 12 

Financial 
participation 
'boer zoekt 

buur' 

Adoption of PV 

panel 
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Appendix 23: NPV's of complex 3 
PV Solar Panels for complex 3 

Average Average 

I Complex 
Name 

Type of Energy energy I numberof Amount 
description housing label use residents in 

I 

houses 

I 
(kWh) a house 

1 Small single 

I family 

Johannesburg- I house 

3 Bloemfonteinstr 
before 

E 3200 3.0 1 
aat 

1950 /row 
housing 
before 
1950 

{ 1,000 NPV investment 

{500 

§: {0 
> ... -{500 z 

-{ 1,000 

-{ 1,500 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financial construction 

Appendix 24: NPV's of complex 4 
PV Solar Panels for complex 4 

Average Average 

Complex 
Name 

Type of Energy energy number of Amount 
description housing label use residents in houses 

(kWh) a house 
I Single 

Bolter- I family 
4 house/ c 3200 3.0 1 

Loggerstraat 
row 

,_ housing 

NPV investment 
{ 1,000 

{ 500 

co 
§: -{500 
> -{1,000 ... z 

-{ 1,500 
-{ 2,000 
-{ 2,500 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financial construction 

Surface 
Type 

Orientated for PV 
roof 

cells 

slope 
South 12 

d 

Financial 

participation 
'boer zoekt 

buur' 

Adoption of PV 
panel 

Surface 
Type 

Orientated for PV 
roof 

cells 

sloped East/West 15 

Financial 
participation 
'boer zoekt 

buur' 

Adopt ion of PV 
panel 
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Appendix 25: NPV's of complex 5 
PV Solar Panels for complex 5 

Average Average 
Complex 

Name 
Type of ' Energy energy number of Amount 

description housing label use residents in houses 
(kWh) a house 

Single 

5 Vivaldistraat 
family 

E 3200 2.8 1 
house/ row 

housing 

{ 1,000 

{ soo 

§: €0 

> -€500 
c.. 
z -{ 1,000 

-{ 1,500 

-{ 2,000 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financial construction 

Appendix 26: NPV's of complex 6 
PV Solar Panels for complex 6 

Average Average 
Complex 

Name 
Type of Energy energy number of Amount 

description 

I 

housing label use residents in houses 
(kWh) a house 

Single 
family 

6 Vivaldistraat house I E 3200 2.8 1 
row 

housing 

{ 1,000 

€500 

§: €0 
> c.. -€$00 z 

-{ 1,000 

-{ 1,500 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financial construction 

I 

Surface 
Type 

Orientated for PV 
roof 

cells 

sloped South/West lS 

Financial 
participation 
'boer zoekt 

buur' 

Adoption of PV 
panel 

Surface 
Type 

Orientated for PV 
roof 

cells 

sloped South 15 

Financial 
participation 
'boer zoekt 

buur' 

Adoption of PV 
panel 
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Appendix 27: NPV's of complex 7 
PV Solar Panels for complex 7 

Average Average 
Complex 

Name 
Type of Energy energy number of Amount 

description housing label use residents in houses 
(kWh) a house 

Wouter 
Staircase 

7 
Hollemanplein 

entrance c 2320 2.2 1 
dwelling 

( 1,000 

( 500 

§: 
(Q 

> -(500 
I>. 
z -€1,000 

-( 1,500 

-( 2,000 

Inside fund Loan 25% inside fund Financial leasing Operational 
75% loans leasing 

Financing constructions 

Appendix 28: NPV's of complex 8 

Complex 
Name 

Type of 
description housing 

Van 
Staircase 

8 entrance 
Thienenlaan 

flat 

( 1,000 

( soo 

§: 
(Q 

ii: -(500 
z -( 1,000 

-( 1,500 

-( 2,000 

Inside fund Loan 

PV Solar Panels for complex 8 

Average 

Energy energy 
label use 

(kWh) 

D 2320 

25% inside fund 

75% loans 

Average 
number of 
residents in 

a house 

2.2 

Financial 
leasing 

Amount 
houses 

1 

Operational 
leasing 

Financing constructions 

Surface 

I 

Type 
Orientated for PV 

roof 
cells 

flat East/West 10 

Financial 
participation 

'boer zoekt 
buur' 

Adoption of PV 
panel 

Surface 
Type 

Orientated for PV 
roof 

cells 

flat 
South/Wes 

10 

Financial 
participation 

'boer zoekt 
buur' 

t 

Adoption of PV 
panel 
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Appendix 29: NPV's of complex 9 
PV Solar Panels for complex 9 

Average Average 
Surface 

Complex 
Name 

Type of Energy energy number of Amount Type 
Orientated for PV 

description housing label use residents in houses roof 
cells 

(kWh) a house 

IBC 
Gallery 

winkelcentrum 
9 

Woensel (Koning 
entrance 0 2320 2.8 1 flat South 10 

Arthurlaan) 
flat 

€ 1,000 

€500 

~ €0 
> 
Q. -€500 z 

-€ 1,000 

-€1,500 

Inside fund Loan 25% inside fund Financial leasing Operational Financial Adoption of PV 
75% loans leasing participation panel 

'boer zoekt 

Financial construction 
buur' 
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Appendix 30: Total cash flow of constructions in which Trudo will not be 
involved 

PV Solar Panels Financial constructions 

Lease contract with energy company 
Financial participation with fixed 

Total cash flow discount 
(cash flow over 20 years) 

(cash flow over 25 years) 

Complex 1 Not possible because of orientation € 50.00 

Complex 2 € 1,779.83 € 50.00 

Complex3 € 1,957.81 € 50.00 

Complex4 Not possible because of orientation € 50.00 

Complex 5 € 2,224.79 € 50.00 

Complex 6 € 2,447 .26 € 50.00 

Complex 7 € 1,334 .87 -€ 5.00 

Complex8 € 1,483.19 -€ 5.00 

Complex9 € 1,631 .51 -€ 5.00 
Table A22: Overview of the cash flows for two financial construct ions 

3000 

2500 
g 

2000 
~ 
0 

1500 "" ..c. 
"' 1000 "' u 
Oi 500 0 ... 

0 

-500 

Cash flow of two financial construction 

,, 

" 

~- - ·~ ·~· 

12 3 4 5 67 8 9 

Complex 

• Lease contract with energy 
company 

• Financial participation with 
fixed discount 

Graph AS: Cash flows of two financial constructions 

In this table and graph, the cash flows for the tenants can be seen. For lease contract the 
period is 20 years and for financial participation with fixed discount the cash flow has been 
calculated for 25 years. This implies that for complex 3, the cash flow after 25 years for 
financial participation with fixed discount is€ 50.00. 
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Appendix 31: Sensitivity tables of main four variables 

Sensitivity Initial Cash flow out Benefits from I Project 
investment rent discount rate 

Internal fund -15,23% -104,91% 15,34% I -27,26% 
I 

Loan -7,61% 8,24% I 82,61% 
I 

25% internal fund and 75% loan -39,78% -11,81% 10,02% I 
Financial leasing -10,64% 11,91 % I -39,21% 

I 

Operational leasing -17,37% 21,02% I -69,54% 

Financial partipation 'hoer zoekt 7,75% 976,59% -7,14% 12,74% 

huur' 
Adoption of PV cells 18,09% 43,79% -11,28% I 27,29% 

i 

Table A23: Percentage sensitivity of the main four variables for a single family house orientated S 

Sensitivity Initial Cash flow out Benefits I Project 
investment from rent discount rate 

Internal fund -33,28% -229,26% 40,97% I -63,84% 
Loan 

-24,41% 32,30% I 114286508,24% 
25% internal fund and 75% loan -111,99% -33,24% 34,46% I 

Financial leasing 
-26,89% -100,24% 36,78% I 

Operational leasing 
-32,39% 47,92% -130,70% 

Financial partipation 'hoer zoekt 
huur' 7,57% 780,84% -6,98% 12,46% 

Adoption of PV cells 
18,09% 42,79% -11,28% i 27,29% 

Table A24: Percentage sen51t1v1ty of the main four variables for a single family house orientated EW 

101 I Pa g e 



Appendix 32: List of financial constructions with their characteristics 

Influenced Construttlon Internal/ Free 
Flnandal NPV ChangeNPV by applicable on extemal Risks choke 

con#tUCtlons orientation every hollle? Investment panel? 

Negative Due to large scale buying, increasing technology and Yes Yes High Internal Technical risks 
I 

Yes 

decreasing panel prices, NPV becomes positive. A cost price investment 
1ncernal funds 

of less than €3.00 makes the NPV positive, very plausible. 

Negative Due to large scale buying, increasing technology and Yes Yes External, Technical risks Yes 
Loans decreasing panel prices, NPV becomes positive. A cost price medium 

of less than €3.00 makes the NPV positive, very plausible. investment 

Negative Due to large scale buying, increasing technology and Yes Yes Medium Technical risks Yes 

75" loans, 25% decreasing panel prices, NPV becomes positive. A cost price investment, 
Internal funds of less than €3.00 makes the NPV positive, very plausible. Internal and 

external 

Negative Due to large scale buying, increasing technology and Yes Yes Medium Technical risks Yes 
Flnandal leasing decreasing panel prices, NPV becomes positive. A cost price investment, 

of less than €3.00 makes the NPV positive, very plausible. external 

Negative Not direct influenced by a change of cost price, yield Yes No High Technical risks Yes 
Opemional IHslng increase cannot be influenced, these are actions are very investment, 

plausible. external 

Rnanclal Positive Not direct influenced by a change of cost price, inverter No - High, internal Bankruptcy of No 
partldpatlon 'boer price, yield increase cannot be influenced, while these funds the farmer 
zoelct buur' actions are very plausible. 

Positive, Not direct influenced by a change of cost price, inverter No - High, internal Bankruptcy of No 
Adoption of energy 

Best price, yield increase cannot be influenced, while these funds owner of the 
efficiency meuure 

actions are very plausible. roof. 
Table A25 : list of the characteristics of the financial constructions 
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Appendix 33: List of financial constructions with their characteristics 

Two Constructions in which Trudo is not involved. 

tnaease Influenced ConstrudiDn lnlmmal/ Flee choice 
Financial 

Cashftow ChanpNPV real estate by appllcallle on ........ 
Risks 

... ... 
conmucdons value orientation every..,_? lnitlll 1111111 .............. 

Positive Revenues, Not direct influenced by a change No Yes No No Fixed lease No free 
I.else contract with 

over 20 years: of cost price, inverter price and contract choice panel 
lllle'IY caalpln\f 

€1500.00 - €2000.00 yield. or energy 

Fln1nclal Very small value of No higher revenues when No No Not positive No No No 

partlclpadon with lower energy costs electricity prices increases (this for all substantia l 
fixed discount for tenants increase is very plausible) houses risks 

Table A26: list of the characteristics of the financial constructions in which Trudo will not be involved. 
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ABSTRACT: 
This research investigates how housing corporations can invest in energy efficiency 
measures. There is social pressure to green the existing housing stock of a corporation. Many 
financial constructions can be used to implement solar PV panels, such as a loan, a contract 
with an energy company or adoption of panels elsewhere. With a Cost Benefit Analysis a 
model has been made to investigate which financial construction is most profitable for a 
housing corporation in Eindhoven. Taking other criteria into account, next to the financial, an 
advice is given about the best financial construction that can be used. 

Keywords: Energy efficiency measure, Housing corporation, Financial constructions, Cost 
Benefit Analysis 

INTRODUCTION 
Renting affordable houses is the core business of housing corporations. The corporations 
take general measures to extend the economic lifetime of houses so that the additional 
costs will be paid back. In order to ensure cost-effective housing, corporations also take into 
account the housing costs. This includes energy savings which can contribute to lower utility 
costs to compensate the increasing energy prices. Housing corporations estimate their 
budget by maintaining the given quality of houses. For housing corporations, adding energy 
efficient measures means an improvement of quality. For these improvements, a rent 
increase may be requested if tenants approve the measure. Although housing corporations 
want to keep affordable houses for their target group investments must be paid back. Thus, 
the benefits of the energy investment have to be higher than the investment. The 
corporations recognize the importance of their social role, but feel the pressure of their 
investments due to legislations and restrict cash flows. To implement the energy efficiency 
measures, housing corporations need creative financing structures. 

Next to the financial part of making social houses greener, the interests of stakeholders are 
important. Only when the housing corporations and tenants are satisfied sustainable 
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measures will actually be implemented. For this research the housing corporation Trudo in 
Eindhoven will be used as case. As a solution to the problem the following research question 
needs to be answered. 

Research question : 

What financial construction can housing corporations best apply in greening their existing 
housing stock? 

METHOD 
Trudo has chosen as energy efficiency measure, due to the positive future prospects and the 
potential for Eindhoven, for solar PV panels. There are multiple ways to obta,in funds for the 
investments of energy efficiency measures. A selection of financial constructions is made 
from the inventory of the financing forms of Arcadis acting upon instructions from 
AgentschapNL and currently most used investment methods concerning energy efficiency 
measure. 

• Internal funds 

• Loans 
• 75% loans, 25% internal funds 
• Financial leasing 

• Operation leasing 
• Lease contract with energy company 
• Financial participation 'boer zoekt buur' and fixed discount 
• Adoption of energy efficiency measure 

The base of the financial model is cost benefit analysis (CBA). This method is very well 
applicable to the selection of a financial construction of an energy efficiency measure, as it 
also involves benefits as well as costs of the measurement. The economic advantages and 
disadvantages of a project will be quantified and mapped. This analysis is therefore useful as 
decision making tool for the energy efficiency measure as well as the corresponding financial 
plan. 

MODEL 
The financial model will be made in a way it will function as a decision tool. To ensure the 
calculation of the most profitable financial construction, costs and benefits that are 
identified and quantified will be implemented and structured in the excel model. To 
calculate which financial construction is most profitable, the discounted cash flow method, 
which calculates the future cash flows to a present value, will be used. A housing type can be 
implemented in the model and the model will calculate what financial construction gives the 
best net present value (NPV). Graph 1 presents for the nine cases the NPV's of the 7 financial 
constructions. Next to these constructions, the cash flows of two other constructions in 
which Trudo will not be a party are calculated . Results of the model show that the financial 
constructions 'boer zoekt buur' and adoption are the only feasible constructions according 
to the standards of the financial model. This result is very remarkable, as the reference boer 
zoekt buur confirms that it is more beneficial to place solar panels on your own roof, if this 
roof has the optimal orientation. In this case the dwellings orientated S, should have a better 
NPV than the constructions adoption and 'boer zoekt buur'. A remark has to be made, that 
for the constructions internal funds, loan and financial leasing, the advantage of scale is not 
implemented in the cost price of the model, due to choices made with Trudo. This scale 
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effect can decrease the cost price for these financial constructions. Therefore also variant 
and scenarios will be constructed. Another remark can be made about the constructions 
'boer zoekt buur' and adoption. The costs for transport of the energy are not induded in the 
model. These costs will decrease the NPV of these two constructions. 

The NPV's of 9 cases 
€ 1,000 

€500 

€0 

~ -€ 500 
> 
0.. -€ 1,000 z 

-€ 1,500 

-€ 2,000 

-€ 2,500 

1 2 3 4 5 6 

Complex 
Graph 1: Overview of the NPV's per complex per financial construct ion 

7 8 9 

• Internal fund 

• Loan 

w 25% internal fund 
75% loans 

• Financial leasing 

• Operational leasing 

Financial participation 
'boer zoekt buur' 

u Adoption of energy 
saving measure 

It is necessary to determine to what degree changes in an estimate would affect a capital 
investment decision. For the variables that influence the financial constructions the 
sensitivi,ty is calculated. The sensitivity analysis showed us that not many variables influence 
the constructions operational leasing, 'boer zoekt buur' and adoption directly. For example 
from a PV price lower than €3.00, internal fund, loan and financial leasing are feasible . The 
scenarios and variants analysis confirms this reasoning. The NPV's of the constructions which 
place panels on the tenant's own roof, change a lot in the scenarios. In these cases Trudo 
has influence on the quality and price of the panels. These cases did not yet have the 
positive scale effects implemented in the model. Remarkable is that for the best scenario, 
the first four constructions have a more positive NPV than the last two constructions. 

CONCLUSION 
With the model results and the results of the sensitivity analysis, an advice for Trudo can be 
given If Trudo is willing to delay the decision of investing in an energy efficiency measure, 
the construction loan can be chosen for dwellings orientated S or SW/SE. From references, 
remarks on the model and the scenario analysis, it is more profitable that Trudo invest in 
solar panels on their tenants' houses. The panel prices have to decrease, this can be done 
due to the positive scale effects and due to decreasing prices in the future. From the panel 
prices lower than €2.60, the constructions in which Trudo invests self, have a more positive 
NPV than 'boer zoekt buur' or adoption . In this case the construction loan fits the criteria of 
Trudo best for these dwellings. This result comes from optimal NPV and optimal revenues 
for the tenants. Trudo needs to take into account when making the decision of financial 
construction, which criteria is more important to them. Because lease contract has many 
advantages for Trudo, as it involves no investment or administration work. However the 
criteria, the amount of revenues, and thus the lower housing costs for tenants are less. 
Trudo can only implement it when tenants cooperate. However this lease contract 
construction has a benefit for tenants. They will have the certainty of fixed energy costs over 
a longer period of time. Trudo must consider this when choosing a financial construction. 
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Another advice for the EW dwellings of the housing stock of Trudo can be given. Use for EW 
orientated dwellings, a financial construction which installs solar panels elsewhere. 

RECOMMENDATIONS 
This research can be seen as basis for further research. Next to this, the financial model 
which is designed can be extended or adjusted in further research. Recommendations are: 
• Other energy efficiency measures and housing types can be implemented in the model. 

The model will fit this way more corporations, 
• the value of time can be inserted in the model. This can be done with the real option 

method. With this method the best time to invest can be examined, 
• with more knowledge about the different costs of the financial constructions, the model 

can be adjusted to a more complete model. 
• next to financial part, in further research there can be more focus on non economical 

costs and benefits. For example, benefits as C02 reduction, low affordability ratio and the 
image of Trudo. 
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