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1. Introduction of PV systems in owner occupied housing 
In the first chapter the subject of solar energy, and more specific PV systems, is introduced. 
This chapter answers the question why it is important to research how people who want to 
buy a house react if the former owner installed a PV system. Secondly, it is briefly described 
what methods will be used throughout the research.  
 
1.1 PV systems in owner occupied housing 
The increasing global wealth and population lead to an equal increase in energy use. Due to 
limited fossil resources and reputed climate effects, energy efficiency has become a 
challenging present-day problem.  
 
In march 2007, the European Union has set three goals for 2020(SEC, 2010). These goals are 
also referred to as the 20-20-20 goals: 

 20% reduction in primary energy use compared to forecasts. 

 20% reduction of greenhouse gas emissions compared to the level of 1990. 

 20% of the EU energy consumption must be generated from renewable resources. 
 
On a smaller scale the municipality of Eindhoven has set the goal, among other Dutch cities, 
to become energy neutral between 2035 and 2045. This means that within city borders an 
equal amount of energy is used and sustainably generated.(Europese Unie, 2010; KENWiB, 
2012) 
 
Since the built environment has a large share in energy use, all sorts of measures that 
increase energy efficiency have been invented for buildings. A problem however is that the 
building stock is not being renewed as fast. Energy efficiency in the built environment is 
therefore focusing on both the design of new energy efficient buildings and on the 
improvement of energy efficiency in the existing stock. (AgentschapNLa, 2012)   
 
Photovoltaic systems(PV systems) are an energy saving solution that is easy to integrate with 
this existing building stock. PV systems generate electric current from energy of the sun in a 
way it can be used in the socket(EPIA, 2010). Other add-on measurements such as isolation 
or condensing boilers only limit energy use. Photovoltaic cells can change buildings from 
energy users into energy producers. Therefore it is not surprising that Photovoltaic cells are 
broadly deployed in the built environment. That is, the growth of deployment is large. The 
energy produced by PV cells, as share of the total Dutch energy use, including transport, 
industry and households, is only 0,038%.  But it has to be said that the Netherlands are far 
behind other countries in Europe: when ranking European PV generation as a part of the 
total use they take a seventeenth place. Germany and Spain, for example, generate 0,75% of 
total use.  However, the Dutch growth in PV power generated is not low: 64% growth in from 
2010 to 2011.(CBSb, 2012) and 138% from 2011 to 2012(Cobouw, 2013). The European 
Renewable Energy Council expects PV generation percentages for Europe to be 1,3% in 2020 
and 11% in 2050 of(EREC, 2010). 
 
To stimulate commercial deployment there are two important drivers(Kwok, 2007): research 
and policy. The market for Photovoltaic systems is an international market. However, policy 
consisting of energy laws and subsidies, does differ between countries. In the Netherlands 
owner occupied dwellings and rental dwellings have a large benefit over other distributed PV 
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generation. This benefit is not of technical but of political nature. Due to legislation, energy 
prices and taxes are much higher for households than for large-scale consumers. Therefore 
balancing, that is deducting PV generation from the electricity bill, results in larger savings 
for households than for other energy users(Energiebedrijvenvergelijken, 2013). The problem 
for rental dwellings then is the “split incentive” between the landlord being the investor, and 
the tenant that is not investing but is indeed saving the energy. This can be omitted by 
special contracts or by direct delivery of the landlord to the grid. However, if a housing 
association delivers to the grid he receives about 6 cents per kWh, while tenants pay 0,23 
cents per KWh.(Bird, 2012; Kluin, 2008)  
 
Owner occupied dwellings, on the contrary, do not have these problems as the investor is 
the same entity that is balancing the bill. Therefore saving energy is most lucrative and easy 
for households with an owner occupied dwelling. These circumstances have resulted in 60% 
of the Dutch PV power being generated on roofs of owner occupied dwellings(CBSc, 2012). 
 
The influence of a PV system has on the market position of a dwelling is however unknown. 
Researching this has practical relevance for the following reasons: 

 Because little is known about the value effect of PV cells installed on owner occupied 
dwellings, risk averse investing is only possible if the investor is expecting to stay in 
the dwelling during the payback period. More knowledge about the value once 
installed could change this situation. 

 The expected lifespan of PV panels is at least 25 years(Natuur&Milieu, 2013). It is 
thus very likely that dwellings with a PV system will enter the market. But so far it is 
unknown how buyers, sellers and realtors should deal with this new dwelling 
attribute. 

 There could be differences between groups of dwelling buyers and their appreciation 
of PV. Mapping these differences will help to estimate how, where or by who the 
deployment of PV is mostly appreciated. 

 
1.2 Problem 
The amount of installed photovoltaic systems on owner occupied dwellings is growing in the 
Netherlands. Sormani(2011) researched the preferences of dwelling owners when investing 
in PV panels on their roof. But the effect the presence of a PV system will have, once the 
dwelling is being offered on the dwelling market, is still unknown. This gap of knowledge 
should be filled to let dwelling owners considering to invest in PV make better decisions 
about remaining value and to help actors in the dwelling market deal with dwellings with a 
PV system in a proper way. The difference in appreciation of PV systems in different 
circumstances, locations or by different groups is also important to establish, since  this 
could help dwelling owners develop specific strategies to give their dwelling a better market 
position by investing in a PV system. 
 
1.3 Problem owners 
There are six problem owners: 

 Dwelling owners that want to know what the effect of a PV system on the market 
position of their dwelling will be.  
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 Buyers of a new dwelling with the possibility to choose for a dwelling with a PV 
system installed. They want to know how these systems are appreciated in the 
market and how they could sell the dwelling again later. 

 Realtors need to have knowledge of the dwelling market and PV is a dwelling 
attribute that is present more and more.  

 Companies that are involved in installing PV systems on owner occupied dwellings 
need to know the market effect because, if positive, they can use this as an extra 
argument to buy their products. 

 Energy companies that have to redefine their role in a changing energy market with 
more distributed generation. 

 Governments, since legislation plays an important role in the energy market and 
sustainability initiatives. 

 
1.4 Main research question 
What is the behavior of dwelling buyers regarding installed PV systems?  
 

1.5 Sub questions 
-What are the main attributes that influence the appreciation of PV systems? 
-What other dwelling attributes influence the appreciation of dwellings? 
-What methods can be used to estimate preferences regarding PV panels on dwellings? 
-What are the preferences for PV panels installed on owner occupied dwellings? 
-What beneficial strategies can be derived from the preferences found? 

1.6 Goal 
Gaining insight in the behavior of dwelling buyers regarding crystalline photovoltaic 
systems(PV systems) attached to dwellings by the former owner. 
 
1.7 Research methodology 
Since there is almost no market data of dwellings with PV panels, a revealed preference 
experiment is not possible. Therefore a stated preference method is used. This means that 
true behavior is not observed, but respondents are asked to indicate how they would 
behave in a hypothetical situation. This will be done by two sub methods of stated 
preference: direct surveying and indirect surveying. Direct surveying means directly asking 
respondents what their preferences are concerning a certain subject. Indirect surveying asks 
respondents questions and derives the preferences form the answers given. There are 
different types of indirect surveying. Discrete choice analysis(DCA) is the method of choice.  
 
DCA starts with analyzing the important attributes and it’s levels. Secondly hypothetical 
products(dwellings in this case) with variations of these attribute levels are presented to 
respondents.  Respondents are asked to repeatedly make a choice between options or to 
choose ’none of them’.  
 
The advantages of Discrete Choice Analysis are(Breidert, 2006): 

 The ability to monitor individual-  and interaction effects of attributes. 

 The ability to uncover hidden drivers that may be unknown to respondents. 

 It mimics true dwelling market behavior. 

 It is easy for respondents. 
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A more extended elaboration on the theory behind the discrete choice methodology can be 
found in chapter 4. 
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2. PV systems in the Netherlands  
In order to introduce the subject of Photovoltaic systems on owner occupied dwellings in the 
Netherlands, the concept is placed in perspective. This chapter first comprises the position 
of owner occupied photovoltaic deployment in the Netherlands now and in the future. 
Secondly the technical functioning of PV panels will be gone over. Lastly some practical 
matters are discussed, such as the connection to the grid and operating life of PV systems.   
 
2.1.1 Present situation 
The Dutch use of energy consisting of the accumulative energetic values of all fuels; mostly 
oil, coal and gas; used in industry, transport and households was 3248*1015 joule or 3248 
petajoule in 2011. The use in 2011 was low compared to 2009 and 2010, when the use was 
3266 petajoule and 3492 petajoule, respectively. A warm winter has been mentioned as 
most important explanation. 4,3% of the energy used in 2011 was renewable(CBSa, 2012). 
Because energy is lost in the production process of energy, the energy end use is lower than 
the energy of combustion. End-use in 2011 was 2165 petajoule(CBSb, 2012).  
 
In 2011 the use of electrical energy was 121,8 billion kWh. This is the equivalent of 438,48 
petajoule. (CBSa, 2012) It is important to keep in mind that to produce this 438,48 petajoule. 
Actually more energy is used. For example, a modern combined cycle power plant which 
uses both steam and combustion gasses to drive generators has an electrical efficiency of 
58%. This means that 58% of the lower heating value of the fuel is converted into electrical 
energy. Through losses on the electricity grid on average 35% of this heating value is left 
when coming out of the socket. (Hermans, 2008) Distributed generation such as PV panels 
on owner occupied housing omit the loss of energy from power plant to socket(USDEnergy, 
2007). Energieonderzoek Centrum Nederland estimated that Electrical energy generation  
takes account of about 25% of all energy use(Rabou, 2006). The CBS estimated 20%.(CBSa, 
2012) and founded this with figures unlike ECN. Therefore 20% will be used(432PJ/2165PJ).  
 
If a larger share of energy will be generated in a sustainable way, it is not unlikely that for 
heating and transporting which are now fueled by energy carriers as gas and petrol will then 
be fueled by energy carriers as electricity, batteries or hydrogen. The share of electricity in 
total energy use of 20% could increase then.(Hermans, 2008) 
 
In table 2.1 it can be seen that about three-quarter of renewable energy is produced by 
biomass. Biomass, such as the burning of wood to warm-up houses, is only renewable and 
CO2-neutral if the organic mass that is used is regrown. 
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ENDUSE OF RENEWABLE ENERGY(CBSb, 2012)               
  1990 1995 2000 2005 2006 2007 2008 2009 2010 2011 2011 

Unit of measurement PJ 
         

% of total renewable 

Waterpower 0,3 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 0,4 

Wind 0,2 1,1 2,7 7,3 9,1 11,4 14,1 16,1 16,2 17,0 18,4 

Solar energy 0,1 0,2 0,5 0,9 0,9 1,0 1,0 1,1 1,2 1,4 1,5 

    SOLAR ELECTRICITY 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,2 0,2 0,3 0,30 

    (in petajoule) 0,00 0,00 0,03 0,12 0,13 0,13 0,14 0,17 0,22 0,32 - 

    Solar warmth 0,1 0,2 0,4 0,8 0,8 0,8 0,9 0,9 1,0 1,0 1,1 

Geothermal - 0,0 0,2 0,6 0,8 1,1 1,6 1,9 2,4 2,8 3 

Heatpumps - 0,0 0,1 0,4 0,6 0,9 1,2 1,6 1,9 2,3 2,5 

Biomass(not CO2 neutral) 20,3 22,3 25,6 42,0 45,4 53,8 58,1 66,9 64,2 68,8 74,2 

           
  

Type of carrier 
          

  

Electricity 2,9 5,2 10,3 26,8 28,3 26,4 33,2 38,7 42,2 43,0 46,5 

Warmth 18,0 18,9 19,0 24,7 27,2 29,1 31,2 33,7 34,6 36,6 39,5 

Transport - - - 0,1 1,8 13,0 12,0 15,6 9,6 13,0 14 

Total renewable energy use 20,9 24,1 29,4 51,6 57,3 68,5 76,4 88,1 86,4 92,6 100 

           
  

Calculation of renewable energy 
          

  

Total energy enduse 1819 2035 2140 2230 2164 2170 2196 2102 2306 2165   

Share of renewable energy(%) 1,1 1,2 1,4 2,3 2,6 3,2 3,5 4,2 3,7 4,3   

Table 2.1 Enduse of renewable energy in the Netherlands from 1990 to 2011.(CBSb, 2012) 

 
Table 2.1 also shows the share of energy generated with photovoltaic panels is 0,39% of 
renewable energy and 0,016% of all energy demand in the Netherlands. How important is 
the role PV panels play, when on every 6250 joule used in the Netherlands, only one is 
generated by this technology? The answer is not as disappointing as it seems. First of all, the 
Netherlands are behind with renewable energy in general, but also with PV deployment 
(ECN, 2012). PV technology is indeed promising as in other countries the energy generation 
with PV technology is much higher. In Table 2.2A, 2.2B and 2.2C, it can be seen that the 
Netherlands is nowhere in the top ten when the maximal installed power potential per 
inhabitant is compared. Watt peak(Wp) is an objective measure to rate the power of PV 
systems independent from their location. The Netherlands take the seventeenth place here 
with only 1/35 of the installation power of Germany, ranked number one. Also the fact that 
0,016% of all used energy is generated through PV in the Netherlands as discussed before is 
a nothing compared to the 0.75% generated by frontrunners Germany and Spain. But the 
Dutch growth rate of PV power generated in 2011 is 64%. This is by far the largest growth of 
all renewable energy types in the Netherlands. New figures published in April 2013 showed 
an ever bigger growth in PV energy generation in 2012 of 138%, when compared to 
2011(Cobouw, 2013)  
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COMPARATIVE PV FIGURES OF      
TOP 10  EU COUNTRIES A     
Share of PV in total use PV energy 2011(PJ) Total consumption(PJ) PV energy/total consumption(%) 

1. Germany 68,40 9131 0,749% 

2. Spain 28,48 5242 0,749% 

3. Italy 38,63 1075 0,737% 

4. Czech Republic 7,62 6670 0,709% 

5. Belgium 4,62 1529 0,302% 

6. Malta 0,06 798 0,300% 

7. Slovakia 1,44 487 0,296% 

8. Greece 1,96 764 0,245% 

9. Portugal 0,95 6006 0,125% 

10. Bulgaria 0,43 1172 0,117% 

17. Netherlands 0,36 2306 0,016% 

Figure 2.2A Top 10 PV energy as share of total consumption(CBSb, 2012). 

 
COMPARATIVE PV FIGURES  
OF        

COMPARATIVE PV FIGURES 
OF  

TOP 10  EU COUNTRIES B       TOP 10  EU COUNTRIES C 

Change in energy produced PV energy 2010(PJ) PV energy 2011(PJ) change(%)   PV power/ inhabitant Wp/inh 

1. Bulgaria 0,05 0,43 700% 
 

1. Germany 304,3 

2. United Kingdom 0,12 0,93 680% 
 

2. Italy 210,5 

3. Italy 6,86 38,63 463% 
 

3. Czech Republic 186,0 

4. Slovenia 0,05 0,22 362% 
 

4. Belgium 165,5 

5. Greece 0,51 1,96 283% 
 

5. Spain 91,3 

6. Czech Republic 2,22 7,62 244%   6. Slovakia 89,8 

7. Hungary 0,00 0,01 230%   7. Luxembourg 59,90 

8. Malta 0,02 0,06 207% 
 

8. Greece 55,8 

9. France 2,44 6,48 166% 
 

9. Slovenia 44,1 

10. Slovakia 0,61 1,44 135% 
 

10. France 43,5 

18. Netherlands 0,22 0,36 67%   17.  Netherlands 8,6 

Figure 2.2B  Top 10 PV energy growth(CBSb, 2012)            Figure 2.2C Top 10 PV power/inh 

 
2.1.2Future prospective 
What are the expectations for the future? The European Renewable energy council 
researched scenarios for energy generation in Europe. In figure 2.3 their expectation is 
displayed for 2020, 2030 and 2050. They expect a lot of potential for solar energy in general 
and for PV technology in specific: they forecast that 11% of all energy used in Europe will be 
generated through PV technology in 2050(EREC, 2010).  
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Figure 2.3. European energy expectations for 2020 to 2050 with PV as percentage of the total(EREC, 2010) 

 
But how much potential is there in PV placement on roofs? In the Netherlands the average 
electricity use has been around 120 billion kWh(CBSa, 2012), which is an average continuous 
power use of about 13,7 GW(432 PJ/year). This is only the electricity use which is 20% of the 
total energy use and, as mentioned before, may increase in the near future.  If we take an 
efficiency rate of 25%, a surface of 493,2 km2 is needed to generate this power. How much 
roof do we have to cover up with panels? Of course this is difficult to estimate: sloppy 
estimates state around 400 km2(facades excluded). About a quarter of this space is on owner 
occupied dwellings.   
This means however that all roofs can cover 81% of Dutch electricity use and 16% of all 
energy use.  But there may be roofs that have other functions such as a roof garden, parking 
space or walking routes, or are in shadow positions. Besides, huge storage systems are 
needed because of the fluctuating use and generation over day, night, summer and winter. 
Therefore it should be concluded that PV technology can not cover all our energy needs, but 
definitely a large part.  
 
2.2  Photovoltaic technology 
Almost all energy that is used on earth is solar energy. The energy in biomass, oil and most 
wind all descend from energy from the sun. There are roughly three ways however to use 
the energy of the sun directly(Hermans, 2008; Sormani, 2011): 

 Solar collectors that collect the heat of the sun for heating purposes or the 
acquirement of hot water.   

 Concentrated solar power that concentrates solar power at one point to generate 
electricity with the resulting high temperatures. 

 Photovoltaic cells(PV cells). Photons from the sun loosen electrons from their former 
place and generate electric current. 

 
This thesis is about PV systems because they are the type most applied on owner occupied 
dwellings. The best explanation for this is that PV systems are relatively easy add-on systems 
that can be deployed on a small scale. Meanwhile, concentrated solar energy needs a large 
scale and at least a subtropical climate to perform well. Solar collectors in turn have a higher 
efficiency, especially for low temperature heating, but need to be integrated in the entire 
building and its installations and are thus more suitable for newly built dwellings(EREC, 
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Figure 2.4  Schematic functioning of a crystalline PV cell. 

2010). Also, solar collectors are more efficient on a larger scale such as in multifamily 
dwellings(Hermans, 2008; Numan, 2008). Another interesting attribute of PV systems is that 
the technology itself is still developing very fast. Efficiency rates and durability are increasing 
and costs are still decreasing with high velocity. 
  
There are several types of photovoltaic cells: 90% of all photovoltaic cells are crystalline 
silicon cells(EPIA, 2011), and this percentage is even higher on owner occupied dwellings. 
Therefore this thesis is about crystalline silicon cells. The other types of cells are not applied 
since the technique is at the start-up phase, because the technique is too advanced for mass 
production or because the availability of the raw materials needed is limited. Luckily 
crystalline silicon technique has one of the highest efficiencies, it is cheap, relatively simple 
and there is enough raw material to produce it. Two other types that are worth mentioning: 
1. Multilayer concentrator cells with efficiencies above 30%.(Hermans, 2008)  These are used 
in space and on the Nuna solar cars but are too expensive for mass production. 2. 
PhotoVoltaicThermal-system. This type utilizes the part of solar energy that cannot be used 
for photovoltaic generation of electricity for the production of heat which lead to high 
efficiency rates.  
 
How does a crystalline silicon cell 
work? Photons that have 1,1 
electronvolt(eV) energy or more 
free electrons from the silicon. 
This creates free negative 
electrons and positive “electron-
holes”. Each pair is worth 1 eV. If 
the photon carries more energy 
then this surplus is converted into 
heat. To use the potential energy, 
the electron and the hole must 
be separated before the can 
recombine. This happens in the cell through a border that can be crossed by electrons, but 
stops the positive “holes”. This border arises at the border of two types of silicon. One type 
with a small amount of phosphor and one type with a small amount of boron. Phosphor is 
quite similar to silicon, but has one electron more in the outer sphere that is not needed for 
the bonding and can move freely. The silicon gets extra negative electrons and becomes “N-
type”. However the N-type silicon stays neutral because of the positive load of the fixed 
phosphor atoms. With the other silicon, with added boron, the reverse happens: electrons 
fix onto the boron and the positive holes can move freely. The silicon becomes “P-type”. At 
the border of P and N, the holes and electrons merge again. This results in the fact that at 
the border there are no more moving charges, only the fixed B- and P+ are left. Therefore an 
electric field arises at the border and the merging of electrons and holes comes to an end. 
When new photons loosen electrons and “holes” these pairs are split by the electric field. 
Now there is a voltage difference between the front and the rear of the cell. Electric current 
can flow now.(Hermans, 2008) 
 
There are monocrystalline- and polycrystalline cells. The difference can be found in the 
structure of the crystals. Monocrystalline is black colored and polycrystalline is blue colored. 
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Efficiencies and prices used to differ but recently became quite similar due to technological 
developments. Multicrytalline is still most common, but monocrystalline is increasing in 
popularity especially because people appreciate the black color. 
 

 
Figure 2.5 Monocrystalline-(front) and polycrystalline(back) PV panels(wenzhousolar, 2011) 

 
2.3 Practical issues regarding PV systems 
The status quo of crystalline photovoltaic deployment has now been elaborated. There are 
some practical issues regarding PV systems. These issues are very relevant when valuing PV 
system and when there are used in real life and will consequently be discussed now. 
 

2.3.1 Stand-alone systems  
Solar panels can be stand alone or grid connected. They use batteries to store the energy 
surplus generated and use these batteries when more energy is used than generated. 
Because of the irregular sun radiation over the years, the high maintenance needed for the 
batteries and the energy loss of about 85% in the batteries, stand-alone generation is rarely 
used in owner occupied housing in the Netherlands.(Isoleads, 2012) Stand-alone systems 
may however be suitable for rural areas where connection to the grid is impossible or very 
expensive and energy use is low or not continuous, such as holiday homes or stalls 0,2% of 
all PV power generated in the Netherlands in 2011 is generated by stand-alone 
systems.(CBSb, 2012) 
 
2.3.2 Grid connected systems 
Grid connected PV systems are more efficient and most common in the Netherlands. 
Therefore grid connected PV cells are the topic of this thesis. Grid connected means that the 
surplus of electric power generated can flow to the grid and that in case of a deficit the grid 
can deliver extra power. The surplus can be balanced with the deficit. By article 31c of the 
Dutch energy law the maximum of balancing is 5000 kWh. The average household in the 
Netherlands uses 3.312 kWh per year. 5000 kWh corresponds with an average electricity use 
of a household of 5 people(5.114 kWh) (NIBUD, 2012). Because there are quite some electric 
companies that allow unlimited balancing for households and because 5000 kWh needs 
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about 5882 Wp or about 40 m2 of panels with 15% efficiency, it is assumed that all 
generated PV power can be balanced. In other words: per year more energy is used than 
generated. 
 
2.3.3 Deliver power to the grid 
If the generation exceeds the energy use, surplus is sold to the electric company of choice. 
The price that this company pays depends on the electric company. Some use a fixed 
amount, some use a percentage of their own price without energy-tax and VAT. At the 
beginning of 2013 prices varied from “€0,0588” till “€0,09 + first 1000kWh of delivery at full 
tariff including taxes”. Or it varied from “70% of the delivery tariff excluding all taxes” till “ 
100% of the delivery tariff excluding taxes but including VAT” 
 
2.3.4 Peak and off-peak 
The peak/off peak issue does actually exist of two parts. On one side there is the problem 
that PV panels only generate energy during the day and mostly in summer, whereas the use 
of energy is not in line with this. This is not a problem yet because in 2013 PV energy is a 
small part of the total. But in the future this problem is likely to be a large challenge to solve. 
Owner occupied dwellings can always balance and deliver to the grid. The electricity 
company pays a market price for the energy and sells it in the market place. However in the 
Dutch system the energy delivered to the grid by retail investors in PV systems on owner 
occupied buildings is thrown on the same pile as “grey electricity” by the electricity 
companies. This means that the production of renewable energy does not compete with 
“grey energy”, but in case of oversupply the market prices of all energy decreases.  Dutch 
politicians are discussing to change this policy and shift to the German system where 
renewable energy does compete with green energy, but a definitive decision has not been 
made yet. (Desmet, 2012; Rijksoverheid, 2010) Technical solutions for the chronological 
discrepancy on the long term are the storage of renewable energy and smart grids. Smart 
grids are actually smart energy users and producers that adjust production and consumption 
of energy. The grid is not smart but the connected entities are. An example is that a 
computer automatically starts charging an electric car if there is a surplus on the grid caused 
by temporary strong solar power.(Lund, 2012) 
 
The second issue regarding peak and off peak is the possibilities that electricity companies 
offer to choose between a “peak/off-peak” and “constant” contract. Off peak is during night 
time and in weekends. It depends on the electricity provider how is dealt with peak/off-
peak. The grid manager only measures, the way these figures are handled depend on the 
provider. However in most common patterns of energy use and generation constant 
measurement and thus constant charging is financially most attractive.(Edinet, 2013) 
 
2.3.5 Solar inverter 
A solar panel delivers direct current(DC). Because the grid delivers and need altering 
current(AC) an inverter is needed that transfers DC to AC. Inverters have a efficiency 
between 93% and 97%. In general the efficiency is better above 1000W capacity. The legal 
guarantee on inverters is five years. The durability is estimated at about 15 years by 
resellers. AgentschapNL estimates the durability at ten years. This means that the inverter is 
the weakest link of a total PV system with the shortest life period.  A broken inverter can be 
replaced by another type. Inverters on the Dutch market are mapped by Stichting 
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Monitoring Zonnestroom. On average the prices of inverters decrease per Watt peak if the 
total amount of Watt peak increases   
Their prices from July 2012 are displayed in table 2.6. The average price decreased with 6% 
over the last six months (StichtingMonitoringZonnestroom, 2012).  
  

INVERTERBPRICES     

  total per Wp 

average  €             1.267   €           0,51  

lowest  €                 500   €           0,25  
highest  €             2.716   €           0,87  

Table 2.6 Inverter Prices 
 
2.3.6 Watt peak 
Watt peak or Wp is an objective measure to rate the power of PV cells independent from 
their location. Watt peak is the amount of Watt generated if 1000W/m2 falls on 1 m2. In the 
Netherlands the average continuous generation over day and night, winter and summer will 
be on average 110W/ m2(Hermans, 2008). AgentschapNL has compared some successful PV 
projects and the mean kWh/kWp of the eight projects with data available is 
875(AgentschapNLb, 2012). AgentschapNL itself uses a value of 850 kWh/kWp for the 
Netherlands(AgentschapNLa, 2012). The latter will be used since the eight cases may be a bit 
biased because of the small population and the possible bias caused by location: on the 
island of Texel the amount of radiation in W/m2 is  about 9% higher than in the Enschede 
area. The assumption of 850 kWh/kWp results in an average continuous yield of 0,097 
W/Wp. The amount of Watt peaks in one of the most important attributes of a PV system. 
 
2.3.7 Efficiency of panels 
The efficiency of solar panels has been increasing a lot and still is. The crystalline panels that 
are on the Dutch market now have an efficiency rate between 12% and 20,4%. Average is 
14,2% (StichtingMonitoringZonnestroom, 2012). These rates can be seen as the upper bound 
since older panels have lower efficiencies. This gives information about the space in m2 
needed per Watt peak.     
 
2.3.8 Prices of PV systems 
The prices per Watt peak of crystalline PV panels that were on the Dutch market in July of 
2012 is displayed in table 2.7 (StichtingMonitoringZonnestroom, 2012).  The average seems 
to be representative. The average prices in July 2012 compared to October 2011 were about 
28% lower per Watt peak. Panels that were on the market at both dates decreased with 7% 
on average. This suggests that newly introduced panels were relatively low priced. 
 

PANELBPRICES   

  okt-11 jul-12 

Average  €          2,24   €       1,61  

Lowest  €          1,11   €       0,95  
Highest  €          4,67   €       6,69  

Table 2.7 Panel prices per  
Wattpeak 
 
Packages are complete PV systems offered on the market. This is consists of wiring, 
fastening, panels and inverter. The Stichting Monitoring Zonnestroom also did research the 
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prices of entire packages excluding installation costs. They distinguished between systems 
from 0-1000 Wp and 1000-5000Wp (table 2.6). Flat roofs appear to be more expensive 
because of the more advanced fastening to pitch it at 30 to 45 degrees. The advantage of a 
package is that one can be sure that parts are compatible with each other. In general it 
seemed that packages are cheaper than the sum of the parts. The general installation costs 
were estimated at €0,50/Wp for systems below 1000Wp and €0,40/Wp for systems between 
1000-5000Wp.  
 

PACKAGE PRICES/WP FOR 0-1000WP   PACKAGE PRICES/WP FOR 1000-5000WP 

  flatroof pitched roof 
 

  flatroof pitched roof 

Average  €           2,05   €                    2,14  
 

Average  €              1,70   €              1,67  
Lowest  €           1,66   €                    1,56  

 
Lowest  €              1,21   €              1,17  

Highest  €           3,28   €                    3,62  
 

Highest  €              5,79   €              4,44  

Table 2.8 Package Prices for two power classes. 

 
Packages are offered by PV panel suppliers. There are also initiatives off all kinds of 
institutions to unite homeowners to buy solar cells. After the subscription period they put up 
the order for tender. This may lead to a lower prices, well considered suppliers and a 
stronger collective consumer position. Because technology develops fast and these 
initiatives cost time, these initiatives are sometimes lagged in price en technology. 
 

2.3.9 Durability and decreasing efficiency 
Because PV technology has not been in mass production for long, it is unknown what the 
durability of PV panels will be. The fact that there are no moving parts is usually good for 
durability. AgentschapNL estimates life periods of solar panels at least 20 years but longer 
periods of 40 years are not impossible. However it is very well possible that it is more 
profitable to renew panels for cheaper and better ones before that time.  
 
The efficiency of solar panels decreases over usage time. Most resellers guarantee 90% of 
initial power after ten years and 80% of initial power after 25 years. 
 
2.3.10 Warranty 
The warranties that are usually offered by suppliers are very similar between them. They are 
however in no way forced by law. The Dutch law only demands solar panels to perform in a 
way that could be reasonably demanded. 
The common warranty offered by almost all suppliers: 

 Ten year product warranty on panels. 

 After ten years a linear output of 90% of initial power(Wp) is guaranteed. 

 After 25 years a linear output of 80% of initial power(Wp) is guaranteed. 

 Five years product warranty on inverters. 
 Three year warranty on assembly on roof. 
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3. Method choice  
This chapter elaborates on the process of choosing the method that will be conducted to 
estimate the opinion of dwelling buyers about PV systems on an owner occupied dwellings 
they are considering to buy. 
 
There are only two research cases with limited relevance regarding the value effect on 
dwellings of PV systems. There has been a research in the United States, but this research is 
not based on transactions, but on valuations from before the credit crisis and thus the found 
premiums are not realistic anymore. However premiums of around 10% were found(Farhar, 
2006). 
 
Secondly through directly asking (Kets, 2006) researched the acceptable earning back 
periods for PV systems. The results are an average acceptance of 4 years. This means that 
people want to pay four times the yearly energy savings for a PV system. 
 
Because houses with PV systems have rarely been sold on the market, it is impossible to use 
market data. Instead a survey has to be conducted. This can be done by directly asking, or 
indirectly asking. Directly asking could be asking a question like: ”How much would you be 
willing to pay extra for a dwelling with a PV system that saves you €600 per year?”. Indirectly 
asking can be done by several methods. Discrete choice modeling is one of them. 
 

Direct surveying as used by Kets (2006) has some drawbacks(Breidert, 2006): 

 People are likely to overvalue because of prestige reasons or undervalue in attempt 
to keep prices low. 

 Directly asking opinions for unfamiliar products( such as PV systems) is cognitively 
challenging for respondents. 

 Research has showed that directly asking leads to unstable answers that can change 
abruptly without any particular reason. 

 Direct surveying is limited in the measurement of trade-off effects. 
 
Because of the above reasons not only a direct survey but also an indirect survey is 
conducted. Indirect data gathering has two suitable sub-methods; discrete choice 
measurement and conjoint measurement. Both methods construct hypothetical options 
with varying attributes and present these options to respondents in order to gather 
information about preferences. In a discrete choice experiment(DCE) respondents choose 
one option out of a selection of options. In conjoint measurement(CM) instead of choosing 
options, options are ranked or rated. And where conjoint measurement has its roots in 
marketing, analysis is purely mathematical(J. Louviere, Timmermans, H., 2010; Visser, 2006) 
and is called conjoint analysis(CA). The analysis of discrete choice measurement is called 
discrete choice analysis (DCA), the analysis relies more on micro-economic theory. Results 
have not proved to differ in accuracy between both alternatives but DCA has more 
possibilities (Breidert, 2006; Louviere, 1994). 
 
In Table 3.1 four articles from the literature are listed that researched dwelling preferences 
through indirect surveying. 
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LITERATURE     

Reference Type Choice set 

Louviere & Timmermans 
1990 

CA ranking profiles + rating profiles 

Timmermans & Noortwijk 
1995 

DCE 1,2, non of the above 

Earnhart 1998 DCE 1,2, non of the above 

Banfi 2005 DCE Status quo, extra energy efficiency 

Table 3.1 Related research using indirect surveying.  

 
Which sub-method of indirect surveying should be chosen? Discrete Choice or Conjoint? 
Freeman(1991) argues that ranking is not appropriate regarding house buyers because it 
does not mimic true behavior of really choosing one dwelling. In the literature there are 
relatively more successful applications of DCE on dwelling choice(see table 3.1). Therefore a 
DCE is chosen for this research.  
 
Thus the opinion of dwelling buyers regarding PV systems is surveyed through a Discrete 
choice experiment and some direct questions(Figure 3.2).  
 
 
 
 
 

 
Figure 3.2 The process of choosing the methodology of researching dwelling buyers’ behavior regarding 
dwellings with a PV system. Options that were not chosen are made transparent.  
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4. The design of the discrete choice experiment  
In this chapter it is described what theory underlies a discrete choice experiment. It answers 
the question how it is possible to derive conclusions from the choice of respondents 
between alternatives. Secondly the theory is applied on this case and the design of the 
experiment is made and explained. 
 
4.1 The theory underlying discrete choice. 
The underlying theory of Discrete choice modeling is the random utility theory(RUT). RUT 
assumes that all individuals when they are able to choose between alternatives, for example 
a house with a PV system and a house without a PV system, will always choose the 
alternative with the highest utility(1). 

                       (1)  

Where     is the utility of the chosen alternative and     are the other alternatives in the 

choice set that individual   can choose. 
RUT assumes that the utility of a certain alternative exists of a systematic part that is 
explainable and a random part that is not explainable.(Hensher et al., 2005) 

                     (2) 

In equation (2)    is the unobserved utility that an individual   perceives from alternative 
 .    is the systematic, explainable component and    is the random component. Because of 
the random component, the probability that an individual will choose a certain alternative 
can be calculated, but the exact choice cannot be calculated. 
The systematic component can be modeled as the sum of part- worth utilities that depend 
on the different attributes and their levels.  

                                       ∑           (3) 

Equation (3) states that the systematic utility    of an alternative exists of the sum of part- 
worth utilities.      is the value of attribute level   of alternative   that is in the choice set of 
respondent  .    is a parameter that indicates the contribution of attribute   on the utility 
of the alternative. Such an attribute could for example be the presence of a PV system. 
 
With NLOGIT software it is possible to make estimations of   . With these estimates the 
probability   that alternative   will be chosen from choice set   can be predicted. This 
probability is the e-power of the systematic component of   divided by the sum of the e- 
power of the systematic utility (   ) of all alternatives. 

 ( | )  
       

∑  
                

      
    

∑  
          

          (4) 

For consumer products DCE is also used to calculate willingness to pay for certain attributes 
of the product (Hensher, 2005; Breidert, 2006). This can be calculated by dividing the beta of 
the attribute of which the WTP is calculated, for example for the PV attribute, by the beta of 
a monetary attribute;       . These betas must be significant and the monetary beta must 
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belong to a linear coded      (Hensher et al., 2005). One might need to convert to the right 
unit by multiplying with a constant  (Breidert, 2006; Hensher et al., 2005). 

     
   

      
           (5)  

It is however doubtful if this method is applicable on dwellings since preferences and 
financing are much more complex for dwellings than for a product in the supermarket. 
 

4.2 Design of the discrete choice experiment. 
In the literature the stages are described to design a good experiment (Hensher et al., 2005). 
These stages are described only briefly here. 
 
 The attributes and their levels that will be varied to measure choice are discussed in 4.3. 
There are 4 attributes with 3 levels and there is 1 attribute with 2 levels. One can use a 
fractional factorial design with a statistically efficient selection of treatment combinations, in 
other words: not all possible combinations need to be presented to respondents. To be 
efficient the design must be orthogonal. Orthogonal means that the correlation between 
attributes is 0.  
 
This may seem unclear but can be made clear with an example: If one wants to measure the 
effect of color on the appreciation of cars in a choice experiment and one is varying the 
attribute “color” and “brand”, than the attributes must be uncorrelated. Because if there can 
only be chosen between a blue car from brand A and a red car from brand B then brand and 
color are fully correlated. If the respondents choose the blue car from brand A more often, 
then one cannot derive whether that was caused by the color of by the brand. 
  
This uncorrelated orthogonal design is displayed in appendix A and has 18 treatment 
combinations. This is enough to model a β0, all non-linear mean effects and two interaction 
effects. Also, 18 can be divided by 2 and 3 so that all attribute level are present an equal 
amount of times. We say the design is “balanced”. Unbalanced designs may lead to biased 
results(Hensher et al., 2005). In the correlation table(Appendix A) one can also find the 
correlations between the 18 values of the attributes. For this design the correlation of the 
product of the 2-level attribute “A” and the 3-level attributes “B” and “C” is zero. Also the 
correlation between all other attributes is zero. This means the possible interaction effects 
between attribute “A” and “B” and “A” and “C” can also be measured in an efficient way. It is 
thus possible to measure the interaction effect of an attribute with 2 levels with 2 other 
attributes with 3 levels. The attributes that are assigned to this design are discussed in 4.3. 
 
4.3  Attributes and attribute levels 
Now that the methodology has been chosen the second challenge is to estimate the 
attributes and the attribute levels. This is done in three steps.  
 

1. The attributes and the attribute levels that are used in the articles in table 3.1 are 
considered.  

2. The obtained value/choice drivers(and some relation is expected between value and 
choice, the dependent variable of the model) are compared with the most important 
Beta estimates of a hedonic pricing model of the city of Breda(Francke, 2011b).  
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Hedonic pricing models use linear regression on market data with price as dependent 
variable and dwelling attributes as independent variables. (Lusht, 2001).  

3. Bart van den Boomen, a real estate broker of the company VB&T in Eindhoven 
specialized in owner occupied dwellings in the region is consulted to test whether the 
attributes and attribute levels are logical and conform the market. After this a check 
with the scientific team at the TU/e has been done after which a last check with the 
real estate agent concludes the process. This has resulted in the following attributes 
and attribute-levels stated in table 4.1. The remaining part of this chapter gives some 
more extensive information about the selection stated in these tables. 

 
ATTRIBUTESXANDXATTRIBUTEXLEVELS   

Attribute  Attribute level  Nrbof levels  

Price  
 

€180.000  
€210.000  
€230.000 

 

                       3 

PV Yes 
 No 

 

        2 

Dwelling size  
 

100m2  
120m2  
140m2  

3  

Location  Within Ringroad  
Outside Ringroad 

Outskirts  

3  

Building period  >1990  
1945-1990 

<1945  

3    

Table 4.1. Attributes and attribute levels 

 
4.3.1  Price  
The research is limited to rowhouses with a price between €180.000 and €240.000. This is 
because the choice of a dwelling is extremely sensitive to individual budget constraints. If 
the price range is too large respondents would be unwilling to buy most hypothetical 
dwellings generated simply because the dwelling is way below or above their budget. 
Choices will be biased or worse respondents will lose their interest in the survey. 
 
The range of 180.000-240.000 is chosen for the following reasons: 

 The range is dividable in three equidistant values with rounded borders for the sake 
of cognitive challenge of respondents (Hensher et al., 2005; Breidert, 2006). 

 VB&T sense that €60.000 is the average range size of dwelling seekers in Eindhoven. 
Real estate brokers from VB&T find that the budget is mostly defined by “the amount 
that can be borrowed”. (VB&T, 2013) 

 According to Funda and the consulted real estate agent the transaction prices of 
most dwellings(about 30%)  in Eindhoven lie within this range of €180.000-
€240.000.(Funda, 2013; VB&T,2013) 
  



26 
 

It is important to note that price is an attribute that only reflects the price of the dwelling, no 
more no less. No higher dwelling quality can be associated with a higher price. However 
association by respondents of a higher quality with a higher price cannot be entirely be 
averted.(Hensher et al., 2005) 
 
4.3.2  PV 
Because the conducted research is examining the preferences regarding PV systems of 
individuals and not of specialists in the dwelling market, it makes sense to keep the PV 
attribute as simple as possible. The choice experiment will have one “PV system attribute” 
that has two attribute levels: “PV system” and “no PV system”.  
 
The properties of the PV system are listed in the table below. The aim of the estimation has 
been to define a standard system that is: 

 Feasible on every ground based owner occupied dwelling in Eindhoven.  

 Feasible for every household Eindhoven. 

 Similar to the crystalline panels that are most commonly installed at this moment. 

 As powerful(in Wattpeak) as possible within feasibility in order to get a significant 
Beta estimate. 

 
The standard PV system and its properties is described in table 4.2. Because respondents are 
no PV specialists instead of a PV system with 3000Wp, the system is presented as a system 
that saves about €600/year which is usual for a system of 3000Wp in the Dutch climate. 
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Table 4.2 The properties of the standard PV system. 

 
4.3.3 Dwelling size 
Dwelling size and number of rooms are both used as predictor for dwelling value. Since both 
attributes are highly correlated, only one should be included as attribute. The 
literature(Louviere et al., 1990; Timmermans et al., 1995; Earnhart, 1998) is using mostly 
“number of rooms” or “number of bedrooms” for indirect surveying. However the beta 
estimates of these attributes were often insignificant. In hedonic price modeling the number 
of square meters net floor space is mostly used to explain the variance of transaction prices, 
and with a significant beta value. After a discussion with the real estate agent it is chosen to 
use net floor space as size-quantity. 
  
But what range to choose? It is unknown whether there are any clusters within the 
distribution of dwelling sizes in net floor space. There is a dataset available at the University 
of Eindhoven, but this dataset is limited when the chosen type of dwellings are filtered out.  
 
Within the price range of €180.000-€240.000 about 80% of the offered dwellings is between 
100m2-140m2(Funda, 2013). These values are taken as the under- and upper bound 
attribute levels. The real estate broker considered this size range as acceptable but rather 
high. This is no problem because houses should be attractive to prevent the “no choice” 
option from being chosen to often. 
 Again for the sake of cognitive understanding of the respondent the attribute levels are 
equidistant. Hedonic research indicates a log-log relation with a beta of less than 1 between 
size and dwelling price. This means that if size increases with a percentage, price increases 
with less than that percentage.  This is the law of diminishing returns on size. This leads to 
the expectation that the effects of size on choice are nonlinear(Lusht, 2001). 

PROPERTIES OF THE STANDARD PV SYSTEM 

Attribute Value Explanation 

Age  system + inverter 
 
 

<1/2 year 
 
 

 
The system is estimated to be second hand, but without any 
age because all is fixed thus setting an age of more than 
zero would be quite random.  

Initial Wattpeak 
 
 
 
 
 
 
 
 

3000 Wp 
 
 
 
 
 
 
 
 

 
This is the maximum amount taking in account two 
constraints: 1. The smallest ground- based dwelling for sale 
in Eindhoven has a Ground space area of about 50m2(two 
floors of 100m2) In the case of a pitched roof only 50% of 
this space is efficiently suitable. After deducting 20% for 
shadows of units like chimneys only 20m2 is left. With 
present PV technology 20m2=3000Wp. 2. PV systems are 
most efficient financially if all power generated can be 
balanced. Let us assume that a ground based dwelling uses 
at least the average amount of electricity in the 
Netherlands. This means that not more than about 4000Wp 
can be installed.  
Thus constraint 1 is the limiting factor setting the power 
installed  at 3000 Wp.  

Warranty 
 
 

Standard 
 
 

 
The warranty is consistent to the ruling market standards. 
For more info about the present standards check the 
warranty part of the technical chapter 2.3.10. 
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4.3.4 Location 
Dividing locations up in neighborhoods is expected to lead to insignificant results and too 
many attribute levels. Therefore the levels for location are “within the ringroad”, “outside 
the ringroad” and “the outskirts of Eindhoven”. The ringroad is the ringroad that passes the 
Berenkuil and Beukenlaan train station. The outskirts are: 

 Nuenen 

 Son 

 Best 

 Veldhoven 

 Waalre 

 Geldrop 
 
4.3.5 Building period 
The building period of a dwelling is known to have an important impact on dwelling prices. 
This is supported by existing DCE research(Louviere et al., 1990; Timmermans et al., 1995; 
Earnhart, 1998), hedonic regression(Francke, 2011a) and the real estate broker(VB&T, 2013). 
Building period will also be assigned three attribute levels. The first attribute level is before 
1945, since 1945 is a distinct border in design and construction of dwellings. The challenge 
here is to divide the period between 1945 and 2013 in two parts. It seems that 1990 is often 
used as a second important border. It appears in market data and surveyed data(Louviere et 
al., 1990; Timmermans et al., 1995; Earnhart, 1998; Francke, 2011a) that in the Netherlands 
the effect of building-year on the price of dwellings built after 1990 is very positive 
compared to other periods. This may have to do with the introduction of the nationwide 
“Bouwbesluit” in 1992. For these reasons the attribute levels are estimated as: before 1945, 
between 1945 and 1990, and after 1990.  
 
Besides the attributes and attribute levels there is also need to mention circumstances that 
apply on all alternatives. These circumstances are important to mention because otherwise 
different respondents make different assumptions which will bias the perceived utility. 
These generic circumstances are displayed in table 4.3. 
 

DESCRIPTION 

The dwelling is in good condition regardless of the building period. 

The dwelling is a rowhouse. 

The PV system is standardized and leads to a expected yearly cut in electricity costs of €600. 

Price is without capital transfer tax and thus “kosten koper” 

No traffic-, noise- or parking problems do occur. 

The dwelling has a moderate sized garden for an  rowhouse in the Eindhoven area. 

The service level in the neighborhood is sufficient. 

Table 4.3 Generic circumstances 
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5. The conduction of the experiment 
Now that the discrete choice experiment has been designed this chapter will discuss the how 
the experiment is conducted and what it’s outcomes are. 
 
5.1 Data collection 
The 18 treatment combinations, i.e. the constructed hypothetic dwelling alternatives, are 
presented in random order in 6 choice sets of three alternatives plus a “no choice” 
alternative. On top of the 6 choice sets there are 5 direct questions about: 

 The location of the respondent 

 The amount the respondent would be willing to pay extra for the standardized PV 
system. 

 Whether the respondent had noticed PV panels in his or her neighborhood. 

 The appreciation of the aesthetics of PV. 

 The most important motive one would have if one would invest in PV. 
These questions deliver the descriptive statistics of the respondents. 
 

5.2 Pilot 
An example with print-screens of the online survey can be found in Appendix B. First a pilot-
survey has been conducted with 32 random respondents approached through social media. 
This survey was also analyzed through a MNL regression. Most respondents were students 
from the TU/e and the PV beta seemed quite high. Therefore all the questions about PV 
were postponed to the back so that in the DC experiment people would be less conscious of 
the PV attribute. Also it seemed that the attributes that were higher in the table were more 
significant. To tackle this, the questionnaire was programmed to randomly vary between 
two reverse orders of attributes in the table. This is shown in Appendix C. However, no 
significant difference was found later between the different orders later in the real 
experiment in relation with the position in the table.  
   
5.3 MNL model estimation  
The real experiment was conducted by inviting the inhabitants of 1400 rowhouses to fill in 
an online questionnaire. The rowhouses are all in the Eindhoven region and comparable 
rowhouses were sold for a price between €180.000 and €240.000. The invitation letter can 
be found in Appendix D. A total of 227 people responded which is about 16%. 
 
To create a definite model the presence of interaction effects should be checked. Two 
interaction effects are hypothesized:  

 Between the building period and the presence of PV. Since it would make sense that 
people appreciate PV panels more at the roof of a modern building than on the roof 
of a monumental building for aesthetic reasons.   

 Between the location of the dwelling and the presence of PV. Since it could be that 
there is a relation between the location of a dwelling and the appreciation of a PV 
system. 
 

The interaction effect between Building period and the appreciation of PV panels is not 
significant. NLOGIT output can be found in Appendix O. The interaction effect is highlighted 
in grey. This means that the hypothesis that PV panels are appreciated less on dwellings built 
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before 1945 and more on modern buildings, built after 1990 must be rejected. The model for 
the observable utility      is: 
 

                                           (         )                  
                (         )                                   

                        (    
 )                   (    

 )            
           (         )                        (                )  
                           (         )          

                 (         ) 
 
The coding is displayed in table 5.1. 
 

    
                          Effect coding 

(1)                     (2)     
    Linear coding 
 

Price 180.000 -1 -1   0 

  210.000 0 1   1 

  240.000 1 0   2 

PV No -1 -   0 

  Yes 1 -   1 

Size 100m2 -1 -1   0 

  120m2 0 1   1 

  140m2 1 0   2 

Location Within ringroad -1 -1   0 

  outside ringroad 0 1   1 

  Outskirts 1 0   2 

Period <1945 -1 -1   0 

  1945-1990 0 1   1 

  >1990 1 0   2 

Table 5.1 Coding of the attribute levels. 

 
The reason for this rejection can be that there are not many dwellings in Eindhoven built 
before 1945, especially in the researched segment. The dataset shows that the appreciation 
of pre-war rowhouses is lower than expected from other research in the Netherlands 
(Louviere et al., 1990; Timmermans et al., 1995; Earnhart, 1998; Francke, 2011). But it can be 
said that in the Eindhoven region the appreciation of PV systems is equal no matter when 
the dwelling was constructed. 
 

The results for the interaction between the location of the dwelling and the appreciation of 
PV panels is also not significant.  NLOGIT output can be found in Appendix P. The interaction 
effect is highlighted in grey. This means that the hypothesis that there is a relation between 
the degree of urbanization of the dwelling and the appreciation of PV panels must be 
rejected. The model for the observable utility      is: 
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The insignificance of this interaction effect is very interesting since, as turns out, there is 
indeed a relation between the appreciation of PV and the respondent’s location (Appendix E, 
F and G). But apparently there is no relation between the location of a dwelling and 
appreciation of PV on that dwelling. Only, since all respondents appreciate their own 
location best and people who live more central appreciate PV systems best, it can be 
concluded that the deployment of PV systems would be most appreciated within the 
ringroad of Eindhoven and the least in the outskirts of the city.  
 
Since the presence of the interaction effects are not proven the final model will look like 
this: 
 

                                                                    (    
 )

                  (    
 )                       (         )  

                      (                )            

                 (         )                           (    

     ) 

A model that allows for non-linear price effects has also been tested, but the effects turn out 
to be linear, i.e. an increase in price between €180.000 and €210.000 has the same negative 
effect on     as an increase from €210.000 to €240.000. Therefore, and because it is a 
requirement to be able to estimate WTP as showed in equation (5), the price attribute is 
modeled linear. The output from NLOGIT is displayed in table 5.2. 
 

MODEL ESTIMATES       

Variable Coefficient 
Standard 

error 
beta/std. 
Er. P [|Z|>z] 

β0 0,22 0,07793431 2,863 0,0042 

βprice -0,26530026 0,04702113 -5,642 0,0000 

βPV 0,30793783 0,03732345 8,251 0,0000 

βsize1 0,04169243 0,05298505 0,787 0,4314 

βsize2 0,07587486 0,05351294 1,418 0,1562 

βlocation1 0,06878243 0,05378057 -1,279 0,2009 

βlocation2 0,06396897 0,05216634 1,226 0,2201 

βperiod1 0,52107873 0,05038133 10,343 0,0000 

βperiod2 0,05575443 0,05284788 1,055 0,2914 

Figure 5.2. The MNL-regression output by NLOGIT for the final model. 

 
5.4 Interpretation of the model estimates 
Figure 5.3 allows one to read the information from figure 5.2 in an easy way with the effects 
for the omitted variables included. The values indicate that on average people prefer to 
choose a dwelling instead of not choosing. This is the β0. The extra utility that is perceived on 
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average if a dwelling has a PV panel is 0,616 surprisingly this is the largest part- worth. This 
means that of all dwelling properties the presence or absence of a PV system has the biggest 
effect on choice. The only stronger effect on choice is the preference of respondents for 
dwellings in their own neighborhood(Appendix E, F and G). This large appreciation of a PV 
system is unexpected if one thinks of the fact that installing a 3000Wp system would cost 
only somewhat between €5.000 and €7.000. The reasons for this high utility could be: 

 Socially desirable bias often seen in sustainability research(Banfi, 2005) 

 Respondents paid extra attention to the PV attribute because they expected the 
research was about this. 

 Respondents perceive risk when thinking of installing a PV system. An operative 
system indeed saving €600 per year diminishes this perceived risk and leads to higher 
perceived utility.  

 Respondents do not only value the PV system itself, but also the orientation of the 
house that apparently is suitable for installing PV. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.3 The part-worths of attribute levels. Negative 
effects are made grey. 
 
What does this high utility for the PV attribute mean? When applying by the formula: 

 ( | )  
       

∑  
                

      
    

∑  
          

          (4) 

It means if someone is in doubt between buying two houses, both without a PV system, that 
have the same observable utility, in other words: they are on average(not by the individual) 
considered equally worthy. The chances that one of the two dwellings will be bought is 
equally 50%. When one of sellers of the houses installs the standardized PV system on the 

PARTH-WORTHS OF ATTRIBUTE LEVELS       

Attribute Attribute -level 
      
Worth   

Choose Choose a dwelling + 0,223 * 

  Choose "no option" + 0,000 * 

Price €180.000  + 0,000 * 

 €210.000 - 0,265 * 

 €240.000 - 0,530 * 

PV PV present 
 

+ 0,308 * 

  PV absent   - 0,308 * 

Size 100m2   - 0,118 * 

 
120m2 

 
+ 0,076 

   140m2   + 0,042 * 

Location Within ringroad + 0,005 
 

 
Outside ringroad + 0,064 

   Outskirts   - 0,069   

Period <1945   - 0,577 * 

 1945-1990  + 0,056 
   >1990   + 0,521 * 

*Significant with 95% confidence       
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roof of the house, the chance that his house will be bought has increased to 65% for the 
dwelling with the PV system, versus 35% for the dwelling without the PV system. This is the 
average of the Eindhoven region. But regional differences are found. An inhabitant that lives 
within the ringroad will choose the dwelling with the PV system with a probability of 69%, an 
inhabitant outside the ringroad with a probability of 68% and an inhabitant of the outskirts 
with a probability of 63%.  
 
In the literature(Louviere et al., 1990; Timmermans et al., 1995; Earnhart, 1998; Francke, 
2011) MNL- regressions on dwellings prove the observed utility for dwellings built after 1990 
is the highest. However dwellings built before 1945 usually have a slightly higher observed 
utility then dwellings built between 1945 and 1990. From 5.3 it appears that there is a linear 
relation between building period and utility. Testing proves that this linear relation is indeed 
significant. Why is this the case? The reason for this could be that in the region of Eindhoven 
there are not that much dwelling built before 1945. And the few that are there are no 
rowhouses of around €200.000. So maybe people have no image of those houses and thus 
avoid choosing them. Secondly it could be that even though it is mentioned in the 
questionnaire that all dwellings are in the same state, people do still associate older 
dwellings with decay. 
 
The location attribute is not significant. But it appears that all respondents on average prefer 
their own location. Therefore no overall preference can be derived. 
 
Conform the literature(Louviere et al., 1990; Timmermans et al., 1995; Earnhart, 1998) size 
in not significant. It was included because hedonic price models and the consulted real 
estate broker claimed an important relation between size and price, but existing MNL-
regressions proved this relation as weak. The reason is that “Value is what the damned fool 
will pay for it.”. MNL- measures not “the damn fool” it’s behavior, but the average behavior. 
Therefore a large part of respondents will presumably not need 140m2 and therefore it’s 
part worth is on average small and insignificant. But it is to be expected that a large family 
will show a different part- worth for size. This explains the difference in MNL- regression and 
Hedonic price regression. 
 
The significant part worth for price is minus 0,265. The sign makes sense, because the more 
expensive a dwelling gets the less utility one will get when buying it with all other 
circumstances kept constant. This value is very low though compared to other attributes. 
There are several reasons that could explain this low value: 

 Stated preference data leads to less price sensitivity compared to true market 
behavior or revealed preference (Wardman, 1988) 

 

 Dwelling buyers have a budget that is very much related with how much they can 
borrow. Tax deductibility and attractive mortgages makes borrowing €30.000 extra 
for a more expensive house incomparable with spending €30.000 in any other 
way.(VB&T, 2013) 
 

 People associate price with quality, i.e. they expect a more expensive house have 
other hidden qualities. And maybe they also expect to be able to sell it for this higher 
price again.(Hensher et al., 2005) 
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5.5 Model fit 
MNL-regression has other rules than ordinary least squares regression(OLS-regression). It is 
consequently not possible to calculate the adjusted R2. Instead the Mc Fadden rho-square is 
used(ρ2). This value cannot be compared with R2.  

      
∑    (   )

∑    (
 

 
)

         (6) 

The function deducts a ratio of 1. The nominator of this ratio is the sum of the natural logs of 
all chances calculated by the model that the chosen alternative would indeed be chosen. 
 
The denominator is the sum of the natural logs of all chances that the alternative would 
indeed be chosen given that the chances would be even over all alternatives. 
 
Values of a very good fit in MNL-regression are between 0,2 and 0,4. (Kemperman,2000; 
Louviere, 2000). The ρ2 of this model is only 0,06. Modeling choice for dwellings is however 
quite difficult since almost all attribute levels are considered as optimal by some 
respondents. If a MNL-regression is done and the location of the respondent is known, then 
ρ2 =0,14. This makes sense since the behavior regarding the location of a dwelling in the 
choice set can be predicted much better. Let us take a look at the rho squares of other MNL 
modeling of dwellings. Earnheart (1998) reaches ρ2 =0,14, partly since he has included an 
interaction effect for income of respondents. Banfi(2005) reaches ρ2 =0,30. However he lets 
respondents choose between their own house and a sustainable, more expensive refitted 
house. Therefore this research is not comparable, since the goal of this research is the 
behavior regarding PV as a part of total dwelling market behavior. The research of Earnheart 
is very comparable since he also included information of the respondent to be able to model 
choice. He used information about the budget of the respondent. This thesis uses 
information about the location of the respondent. 
 
The ρ2 of 0,06 and 0,14 is acceptable since the model is designed to observe the overall 
behavior regarding PV which has a significant beta estimate. Not predict the exact choice of 
dwellings which is rather impossible without having extensive information about the 
individual respondent.  
 

5.6 Descriptive statistics 
The social demographics and answers on the direct questions are displayed in table 5.4.  
 
The low number of people that chose “pioneering and/or the image” as primary motive is 
notable. The motive of installing PV for the fun of the pioneering and the image was brought 
up by the company Profinergy BV, since it was often mentioned by clients. But only three 
respondents chose it as most important. Maybe it is an important motive but rarely the 
primary motive.  
 
Second it draws attention that only a low number of people are positive about the looks of 
PV. However it makes sense that PV is not considered particularly beautiful especially 
because on dwellings it is rarely integrated in the design. It is a practical add-on installation, 
thus a neutral opinion could already be considered acceptable. But that does not mean that 
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there could not be an opportunity in making PV systems that are considered beautiful by 
buyers. For example through integration in the design or through innovative shapes or skins. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5.4. Descriptive statistics 

 
The relations between the statistics in table 5.4 are interesting to look into. Does the 
perceived presence of PV in the neighborhood have any relation with the appreciation of the 
aesthetics or the primary motive to invest in PV? 
 
In table 5.5 below the “noticers” and “not-noticers” are compared in the sense of their 
aesthetic opinion about PV. It would be interesting to find that people either have a very 
positive opinion about the looks of PV until they see it in real life, or that people do not like 
the looks of PV, but adjust their opinion once they have really seen it in their neighborhood. 
It appears that the opinion on aesthetics do not really differ. A “noticer” may seem less than 
half as positive about PV aesthetics then a “not- noticer”, but when a Cramer’s V-test is used 
to test for significance. It proves the difference to be insignificant: the chance that there is a 
no positive difference at all between the groups is 16%. So it cannot be said that the opinion 
on aesthetics differs significantly between “noticers” and “non-noticers”.  
 
Table 5.5 also compares “noticers” and “not noticers” in terms of their motive to invest in 
PV. People who noticed PV do almost twice as often mention idealism as most important 
motive. This could for example imply that “Noticers” pay more attention to their 
surroundings and that this often comes with a more idealistic worldview. Or it could be that 
people see the shift to sustainability as a utopia, until they truly experience it as real and 
become idealistic. The difference in motive can also be tested with Cramers’s V-test. The 
chance there is no positive difference between the groups is 8%.  
Comparing respondents who already saw PV systems in their neighborhood and those who 
did not is interesting because this shows how people react or adjust their opinion when truly 
experiencing the product in real life. This gives valuable information about the adoption. 

CHARACTERISTICS OF RESPONDENTS % # 

Location: Within the Ringroad in Eindhoven 25% 56 

  Outside the Ringroad in Eindhoven 42% 95 

 
Outskirts of Eindhoven 33% 75 

  Other 0% 1 

Noticed PV in the neighborhood: Yes(noticer) 61% 138 

  No(not noticer) 39% 88 

  I do not know 0% 1 

Aesthetical appreciation of PV: Positive 4% 10 

 
Neutral 53% 120 

  Negative 43% 97 

Best motive if one would invest: Idealism 17% 38 

  
Diminish risks/less dependency 
energy prices 27% 62 

 
Good investment 54% 123 

  Pioneering/  The image 1% 3 
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Table 5.5 Cross- tables of people who noticed PV in their neighborhood and who did not on the one hand and 
aesthetic appreciation and motive to invest on the other hand.  
 

After mapping the characteristics of the respondents it is possible to make separate MNL-
regressions of the groups. Then it is possible to measure the appreciation of PV for these 
sub-groups. The results are stated in table 5.6 where the beta for the PV attribute, any 
particularities, and the letter of the appendix with the total NLOGIT output is displayed. Keep 
in mind that the PV variable is coded “-1” for “no PV system” and “1” for “PV system 
present”. Also omitted variables are coded “-1”. What strikes is that the PV variable is quite 
constant and always significant for all sub-groups.  
 
The only exceptions are the location of the respondent and the motive to invest of the 
respondent. The more central or urban he or she lives, the higher the appreciation of 
dwellings with a PV system. The reason for this may be that early adoption of new 
technology is part of urban lifestyle. This is valuable information for deployers of PV 
technology. 
 
The primary motive if one would invest in PV does also have a relation with the appreciation 
of a PV system on a dwelling. People with “idealism” or (to less extend) “diminish 
dependency/risks” as primary motive appreciate PV systems much more than people who 
primarily would invest in PV because it is a good investment. If an “idealist” can choose 
between two dwellings with equal observed utility(chances equally 50%) and one dwelling 
then installs a PV system, then the chance that the idealist will choose the dwelling with the 
PV system is 70%. For people with the “investment attributes” as primary motive this is 61%. 
The explanation for this could be that the investment attributes count for everyone. But an 
idealist or person that feels independent of energy prices also perceives utility from that. 
This comes on top of benefits from the investment. It is not the case that idealists do not 
save energy with their PV system.  
 
This outcome may be helpful for the marketing of PV systems. More focus on the 
independence of energy prices and the saving of the environment is likely to increase the 
utility that dwelling buyers perceive from PV. A lot of lotteries that donate to charity do the 
same thing: people buy a lottery ticket and feel good that they support charity because this 
is highlighted in many lottery commercials. On top of the utility people perceive from the 
lottery they get extra utility from supporting charity. This strategy could boost PV 
deployment since people feel good about themselves saving the environment on top of the 
investment return they get. This is an interesting thing to research further. 

COMPARISON OF MOTIVES TO INVEST IN PV OF 
RESPONDENTS  

DIVIDED BY NEIGHBORHOOD EXPERIENCE 

Idealism Risk aversion Investment Image&pion. 

"Noticers"       

20% 25% 54% 1% 

"Not noticers"     

11% 31% 56% 2% 

COMPARISON OF OPINION OF AESTHETICS OF PV  
OF 
RESPONDENTS DIVIDED BY NEIGHBORHOOD 
EXPERIENCE 

Positive Neutral Negative 

"Noticers"     

3% 53% 44% 

"Not 
noticers"     

7% 52% 41% 
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Table 5.7 Correlations between the 

 characteristics of respondents. 

 

Table 5.8 Opinion about aesthetics divided per location of  

the respondent. 

  
The interpretation of the β0 is how bad respondents want to choose a dwelling and thus 
avoid the “no choice option”. 
 
CHARACTERISTICS OF RESPONDENTS  
  

    % Βpv Other particularities Apdx 

Location:         
Within the Ringroad 
 

25% 
 

0,401 
 

Low insignificant β0, high price sensitivity, own location has high positive and 
significant β E 

Outside the Ringroad 
 

42% 
 

0,384 
 

High significant β0, high price sensitivity, own location has high positive and 
significant β F 

Outskirts 
 

33% 
 

0,267 
 

Low insignificant β0, Low price sensitivity, own location has high positive and 
significant β G 

Noticed PV in the neigborhood:     
Yes 
 

61% 
 

0,302 
 

Insignificant and low β0, lower sensitivity to price relative to "people who 
did not notice PV". H 

No 
 

39% 
 

0,321 
 

Significant and high β0, higher sensitivity to price relative to "people who did 
notice PV". I 

Aesthetical appreciation of PV:     

Positive + Neutral 57% 0,318 Significant and high β0, higher sensitivity to price relative to "Noticers". J 

Negative 43% 0,299 Insignificant and low β0, lower sensitivity to price relative to "Not Noticers". K 

best motive if one would invest:     

Idealism 17% 0,427 Very high significant β0 L 

Diminish risks 27% 0,347 Insignificant and low β0, relative more sensitivity to price. M 

Good investment 54% 0,258 Low but significant sensitivity to price and PV.  N 

Pioneering/Motive 1% - - - 

 

 

 A glance at table 5.6 makes one wonder if the characteristics are correlated, since especially 
the size and significance of β0 is repeatedly divided between sub-groups. In other words are 
there certain groups that make certain choices. Table 5.7 shows that this is not the case. 
Correlations are 0,15 max. This is for the location of the respondents and their opinion on 
the aesthetics of PV. In table 5.8 it becomes even clearer that this correlation still does not 
indicate that there are certain groups with separate characteristics and preferences. 
 

      
OPINION ABOUT AESTHETICS DIVIDED PER LOCATION 
 

Within ringroad Positive+Neutral 63% 

 
Negative 38% 

Outside ringroad Positive+Neutral 59% 

 
Negative 41% 

Outskirts Positive+Neutral 51% 

  Negative 49% 

 Table 5.6 Different MNL-sub-regressions and their particularities and direction to the Appendix for complete 
outputs coding can be found in table 5.1. 

CORRELATION BETWEEN CHARACTERISTICS  
RESPONDENTS 
 

  Location NoticedPV Aesthetics Motive 

Location 1       

NoticedPV 0,11224 1     

Aesthetics 0,145946 0,06977 1   

Motive 0,02137 0,097147 0,047236 1 
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5.7 Willingness to pay 
The alert reader may have already noticed that the willingness to pay if calculated like 
discussed before in equation (5), through dividing the betas will lead to a much too higher 
WTP than one can consider realistic. This is due to a much too low beta for the price variable 
relatively too the beta for the PV variable. Therefore the conclusion is that MNL regression 
with a dwelling choice set similar to the one used in this thesis, does not result in output that 
leads to a reliable and realistic WTP when using equation (5). 
 
In chapter 3 it was mentioned that besides calculating WTP through indirect surveying also 
direct surveying is possible. In the questionnaire after choosing between the different 
dwellings there was a question included how much people would be willing to pay extra for 
a dwelling with the standard PV system installed. The average amount was €5370. In 
frequency bar chart 6.9 the distribution is displayed. This table indicates that 22% does not 
want to pay any premium for a PV system on a dwelling. The others want to pay an expected 
amount of at least the investments costs of an entire PV system of 3000Wp: €5.000 till  
€7.000. 
 

  
 Bar chart 5.9 Frequencies of willingness to pay for the standardized 
 PV system 

  

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

0 0-2,5 2,5-5 5-10 10-15 15-20 20-25 25-30

Mentioned range respondent is WTP(x€1000) 

N
u

m
b

e
r o

f resp
o

n
d

en
ts in

 ran
ge

 



39 
 

6. Conclusions 

6.1 Appreciation of a PV system as dwelling attribute. 
The research has established a first exploration of a problem that will become increasingly 
important. The amount of energy generated with PV panels grew with 64% over 2011 and 
138% over 2012. In 2011 60% of these panels were installed on owner occupied dwellings.  
 
That does not only mean that it is inevitable that the presence of a PV system will become an 
increasingly common dwelling-attribute in the nearby future and so exploring the market 
effects should be worth wile. The effect of PV systems on the appreciation of the total 
dwelling is also interesting when one considers investing in a PV system and is not sure 
whether he or she will move away before the payback period has ended. 
 
In fact, if the effect of a PV system on the appreciation of a dwelling is both positive and 
large, this could mean that increasing the marketability of a dwelling can become one of the 
primary drivers behind PV deployment. Maybe, as a result, in the future people who are 
selling their house will install a PV system to make the dwelling more attractive for possible 
buyers. Of course the performed experiment is only a first initiative, done only for 
rowhouses in the Eindhoven region. But that does not alter the fact that appreciation of PV 
is large.  
 
To keep the experiment simple for respondents, the effect on choice was researched for a 
PV system that is feasible on the roofs of almost all rowhouses in Eindhoven and that saves 
€600 in energy costs per year. This PV system had the second largest positive effect on 
choice of a dwelling. The only effect on choice that was larger than the effect of having a PV 
system instead of not having a PV system, was the effect of a dwelling being built after 1990 
instead of before 1945.    
 
The first conclusion is that dwelling buyers really do appreciate it if the former owner 
installed a PV system. But more noteworthy dwelling buyers’ preferences have been found. 
 
6.2 Further findings 
The hypothesis that PV systems will be appreciated more on newer dwellings than on 
monumental dwellings built before 1945 has to be rejected. Yet there is a problem with the 
rowhouses built before 1945. These dwellings do not exist much in Eindhoven and their 
appreciation was very different from what comparable experiments in other cities showed. 
Therefore more research regarding this matter should be done. 
 
Secondly, it was expected that dwelling buyers who were neutral or positive about the 
external appearance of PV systems would appreciate the systems more on dwellings than 
dwelling buyers that indicated they did not like the looks of PV. It appeared, however, that 
the opinion on the looks had no significant effect on appreciation of PV systems on 
dwellings.  
 
Despite this conclusion, the fact that only 4% of all respondents like the appearance of PV 
systems does show opportunities for companies to increase the appreciation of the 
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aesthetics of PV. This could for example be done through better integration in the dwelling 
design or through innovative shapes or covers of the PV panels. 
 
Thirdly, in case people indicated that they had another primary motive than the mere 
investment earning itself back, they appreciated PV systems relatively more as a dwelling 
attribute. The explanation for this could be that the investment attributes count for 
everyone. But an idealist or a person that feels independent of energy prices, also perceives 
utility from that. This comes on top of benefits resulting from the investment; it is not the 
case that idealists do not save energy with their PV system.  
 
This outcome may be helpful for the marketing of PV systems. More focus on the 
independence of energy prices and the saving of the environment(idealism) is likely to 
increase the utility that dwelling buyers perceive from PV. This is an interesting matter to 
research further. 
 
Fourthly, for the Eindhoven region it has been found that people who live more central or 
urban appreciate PV systems much more. This could indicate that it is wise for PV projects to 
focus more on urban areas first; at least in Eindhoven. 
 

6.3 WTP 
With this design of the MNL- model it was unfortunately not possible to calculate what 
premium dwelling buyers would pay if a dwelling has a PV system. However quite some 
knowledge has been collected about the attitude of dwelling owners regarding PV 
technology. It is surprising how positive people react on the uninvited presence of a PV 
system on the roof of a dwelling one is considering to buy. The output of the discrete choice 
experiment together with the results of the direct surveying of the WTP leads to the 
conclusion that people are probably willing to pay at least the replacement value of the 
system: €5000-€7000. This is exceptional when one keeps in mind that a dwelling buyer 
wanted to buy a dwelling, not a PV system. Only 22% of all respondents did not want to pay 
anything for the system. 
 
Reasons for this high willingness to pay might be: 

 Socially desirable bias often seen in sustainability research(Banfi, 2005) 

 Respondents paid extra attention to the PV attribute because they expected the 
research was about this. 

 Respondents perceive risk when thinking of installing a PV system. An operative 
system actually saving €600 per year diminishes this perceived risk and leads to 
higher perceived utility.  

 Respondents do not only value the PV system itself, but also the orientation of the 
house that apparently is suitable for installing PV. Just like dwellings with sea view 
cost a fortune, not because of the window but because of the orientation. Parallel to 
this in the future it could be that not the presence of a PV system is valued, but the 
orientation to the sun. 

 Stated preference data leads to less price sensitivity compared to true market 
behavior or revealed preference (Wardman, 1988). 
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6.4 To conclude 
Of course this research was only a start in investigating this subject, but it seems that 
installing PV is very well possible when one is not sure if one will be moving in the near 
future.  
 
In fact, there is quite some reason to believe that the high positive influence in the DCE 
model on choice, caused by a PV system installed, may result in a very welcome incentive for 
buyers that is relatively cheap. In this stuck dwelling market, allowing sellers to be able to 
sell their dwelling quicker is very valuable.  
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7. Discussion and recommendations for further research 
 
This first research to the effect of PV systems on the dwelling market has found some 
interesting relations. However a realistic willingness to pay has not been found with this 
MNL-model. A more advanced choice experiment that also takes into account the 
demographics of the dwelling buyer and his or her financial position and mortgage- and tax 
situation may result in a more realistic WTP outcome.  
 
Another recommendation for further research is to investigate whether the relations that 
are found, such as between idealism and appreciation of PV, are causal or not. And lastly the 
research could be done in other regions and other dwelling market segments.     
 
This research has tried to map the preferences of people regarding a relatively new concept. 
This makes the research very relevant, but also means that these preferences are still 
changing and adapting. Therefore it could very well be that, due to more awareness among 
people of the possibilities and properties of PV systems, the outcomes may be quite 
different when the exact same experiment will be conducted in two year’s time. Thus I 
recommend to research home buyers appreciation of PV systems until they are ancient 
technology. 
 
But what is this research worth if it does not lead to any action? What would a policy maker 
do with it? A nice experiment project could be that a government subsidizes a total PV 
system on, let’s say a hundred, dwellings that have been for sale for a long time. Then it 
should be checked, with a control group of comparable dwellings that are also for sale, if the 
dwellings with a PV system are sold earlier and maybe also better. After the sale the seller 
can pay off the PV system if necessary. Policy makers in the Netherlands always talk about 
two important problems they want to solve:  
1. The stuck dwelling market  
2. The unsustainable way energy is generated and used.  
 
This experiment would, if successful, help to solve both problems. Hopefully the stuck 
dwelling market becomes the incentive to invest in energy saving measures. And hopefully 
smart energy saving measures such as PV technology become the incentives for dwelling 
buyers to finally get the market moving again. And hopefully these two things together will 
become the catalyst of the dwelling market and sustainable development.  
 
The investments costs of the experiment are limited. A system that saves €600 per year 
costs between €5.000 and €7.000. So the experiment would cost €500.000 plus overhead 
costs. This is a low costs project compared to other governmental projects to support 
sustainability and the dwelling market. 
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Appendices 

Appendix A 
The orthogonal design and correlation with two interaction effects 
 

OTHOGONAL DESIGN               

Treatment 
combination A B C D E AxB AxC 

1 1 1 1 1 1 1 1 
2 1 1 -1 0 -1 1 -1 
3 1 1 0 -1 0 1 0 
4 1 -1 1 0 0 -1 1 
5 1 -1 -1 -1 1 -1 -1 
6 1 -1 0 1 -1 -1 0 

7 1 0 1 -1 -1 0 1 
8 1 0 -1 1 0 0 -1 
9 1 0 0 0 1 0 0 

10 -1 1 1 1 1 -1 -1 
11 -1 1 -1 0 -1 -1 1 
12 -1 1 0 -1 0 -1 0 
13 -1 -1 1 0 0 1 -1 
14 -1 -1 -1 -1 1 1 1 
15 -1 -1 0 1 -1 1 0 
16 -1 0 1 -1 -1 0 -1 
17 -1 0 -1 1 0 0 1 

18 -1 0 0 0 1 0 0 

 
 

CORRELATION               

Treatment comination A B C D E AxB AxC 

A 1 
     

  

B 0 1 
    

  

C 0 0 1 
   

  

D 0 0 0 1 
  

  

E 0 0 0 0 1 
 

  

AB 0 0 0 0 0 1   

AC 0 0 0 0 0 0 1 
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Appendix B 
A printscreen of the choice experiment part of the questionnaire with description   
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Appendix C  
The randomly generated table orders. 
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Appendix D  
The invitation handed out to 1250 owner occupied rowhouse dwellings in the Eindhoven 
region with a value between €180.000 and €240.000 
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Appendix E  
MNL-regression of location: Inside ringroad Eindhoven  
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 04:57:01PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              336     | 

| Iterations completed                  5     | 

| Log likelihood function       -371.3296     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.26387     | 

|   Finite Sample: AIC =          2.26551     | 

| Info. Criterion: BIC =          2.36611     | 

| Info. Criterion:HQIC =          2.30462     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   336, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .03119070       .16748314      .186   .8523 

 BPV     |     .40069805       .08363830     4.791   .0000 

 BPER1   |     .41502821       .12045144     3.446   .0006 

 BPER2   |     .00763375       .11961895      .064   .9491 

 BLOCA1  |    -.75670529       .13626017    -5.553   .0000 

 BLOCA2  |    -.43032162       .12633594    -3.406   .0007 

 BSIZE1  |     .05973727       .12861088      .464   .6423 

 BSIZE2  |    -.11890153       .12101710     -.983   .3258 

 BLPRICE |    -.36051907       .10838537    -3.326   .0009 
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Appendix F  
MNL-regression of location: Outside ringroad Eindhoven. 
  
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 04:57:08PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              570     | 

| Iterations completed                  5     | 

| Log likelihood function       -683.3453     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.42928     | 

|   Finite Sample: AIC =          2.42985     | 

| Info. Criterion: BIC =          2.49790     | 

| Info. Criterion:HQIC =          2.45605     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   570, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .31893367       .12668287     2.518   .0118 

 BPV     |     .38400528       .06056000     6.341   .0000 

 BPER1   |     .68273933       .08188414     8.338   .0000 

 BPER2   |    -.10203631       .09174464    -1.112   .2661 

 BLOCA1  |    -.53361047       .09464300    -5.638   .0000 

 BLOCA2  |     .68821755       .08211043     8.382   .0000 

 BSIZE1  |     .08532285       .08896369      .959   .3375 

 BSIZE2  |     .04516394       .09069464      .498   .6185 

 BLPRICE |    -.39082303       .08064546    -4.846   .0000 
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Appendix G  
MNL-regression of location: Outskirts of Eindhoven.  
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 04:57:15PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              450     | 

| Iterations completed                  6     | 

| Log likelihood function       -528.7008     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.38978     | 

|   Finite Sample: AIC =          2.39069     | 

| Info. Criterion: BIC =          2.47197     | 

| Info. Criterion:HQIC =          2.42217     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   450, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .07011244       .13772772      .509   .6107 

 BPV     |     .26725021       .06820263     3.918   .0001 

 BPER1   |     .58241165       .09559749     6.092   .0000 

 BPER2   |     .14887492       .09986721     1.491   .1360 

 BLOCA1  |     .91233204       .09686480     9.419   .0000 

 BLOCA2  |    -.23972934       .10286206    -2.331   .0198 

 BSIZE1  |    -.02613206       .10081666     -.259   .7955 

 BSIZE2  |     .23295104       .10337757     2.253   .0242 

 BLPRICE |    -.20098777       .08893644    -2.260   .0238 
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Appendix H 
MNL-regression of respondents to which PV panels were not conspicuous in their 
neighborhood. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 12, 2013 at 05:50:10PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              534     | 

| Iterations completed                  5     | 

| Log likelihood function       -681.8070     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.58729     | 

|   Finite Sample: AIC =          2.58794     | 

| Info. Criterion: BIC =          2.65943     | 

| Info. Criterion:HQIC =          2.61552     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   534, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .35782196       .12528962     2.856   .0043 

 BPV     |     .32126035       .05959818     5.390   .0000 

 BPER1   |     .50793560       .08067887     6.296   .0000 

 BPER2   |     .03680913       .08425748      .437   .6622 

 BLOCA1  |    -.12918473       .08641488    -1.495   .1349 

 BLOCA2  |    -.01147276       .08410741     -.136   .8915 

 BSIZE1  |     .03633592       .08427377      .431   .6663 

 BSIZE2  |     .09321412       .08483075     1.099   .2718 

 BLPRICE |    -.33443651       .07418043    -4.508   .0000 
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Appendix I 
MNL-regression of respondents to which PV panels were indeed conspicuous in their 
neighborhood. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 12, 2013 at 06:08:34PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              828     | 

| Iterations completed                  5     | 

| Log likelihood function       -1071.923     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.61092     | 

|   Finite Sample: AIC =          2.61119     | 

| Info. Criterion: BIC =          2.66222     | 

| Info. Criterion:HQIC =          2.63060     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   828, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .13304504       .09976857     1.334   .1824 

 BPV     |     .30214455       .04798500     6.297   .0000 

 BPER1   |     .53161991       .06478981     8.205   .0000 

 BPER2   |     .06672798       .06806636      .980   .3269 

 BLOCA1  |    -.02725949       .06896339     -.395   .6926 

 BLOCA2  |     .11350365       .06672530     1.701   .0889 

 BSIZE1  |     .04412131       .06843332      .645   .5191 

 BSIZE2  |     .06675580       .06924029      .964   .3350 

 BLPRICE |    -.21981728       .06114699    -3.595   .0003 
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Appendix J 
MNL-regression of respondents who indicated their opinion of the aesthetics of PV is 
“positive” or “neutral”. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 13, 2013 at 07:24:30PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              780     | 

| Iterations completed                  5     | 

| Log likelihood function       -988.3940     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.55742     | 

|   Finite Sample: AIC =          2.55772     | 

| Info. Criterion: BIC =          2.61118     | 

| Info. Criterion:HQIC =          2.57810     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   780, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .33374569       .10300138     3.240   .0012 

 BPV     |     .31818536       .05026790     6.330   .0000 

 BPER1   |     .55631517       .06717552     8.282   .0000 

 BPER2   |     .05345248       .07087511      .754   .4507 

 BLOCA1  |    -.12618714       .07293348    -1.730   .0836 

 BLOCA2  |     .07534006       .06986739     1.078   .2809 

 BSIZE1  |     .05487561       .07189031      .763   .4453 

 BSIZE2  |     .05832382       .07206891      .809   .4184 

 BLPRICE |    -.37589440       .06320018    -5.948   .0000 
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Appendix K 
MNL-regression of respondents who indicated their opinion of the aesthetics of PV is 
“negative”. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 13, 2013 at 07:31:58PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              582     | 

| Iterations completed                  5     | 

| Log likelihood function       -763.3271     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.65404     | 

|   Finite Sample: AIC =          2.65459     | 

| Info. Criterion: BIC =          2.72157     | 

| Info. Criterion:HQIC =          2.68037     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   582, skipped   0 bad obs. |  

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .06856461       .11954026      .574   .5663 

 BPV     |     .29865892       .05610327     5.323   .0000 

 BPER1   |     .47561938       .07688214     6.186   .0000 

 BPER2   |     .05677110       .07997313      .710   .4778 

 BLOCA1  |     .00727537       .08009615      .091   .9276 

 BLOCA2  |     .04893297       .07890937      .620   .5352 

 BSIZE1  |     .01775863       .07912576      .224   .8224 

 BSIZE2  |     .09894310       .08044854     1.230   .2187 

 BLPRICE |    -.11817398       .07083854    -1.668   .0953 
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Appendix L  
MNL-regression of primary motive: Idealism. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 03:23:45PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              228     | 

| Iterations completed                  5     | 

| Log likelihood function       -293.3726     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.65239     | 

|   Finite Sample: AIC =          2.65601     | 

| Info. Criterion: BIC =          2.78776     | 

| Info. Criterion:HQIC =          2.70701     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   228, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .63627256       .20312633     3.132   .0017 

 BPV     |     .42696046       .09045499     4.720   .0000 

 BPER1   |     .33238465       .12009212     2.768   .0056 

 BPER2   |    -.03354134       .12554956     -.267   .7893 

 BLOCA1  |     .00588770       .12251953      .048   .9617 

 BLOCA2  |     .02178818       .12282840      .177   .8592 

 BSIZE1  |     .10263253       .12493960      .821   .4114 

 BSIZE2  |    -.07042508       .12538183     -.562   .5743 

 BLPRICE |    -.25680459       .10956986    -2.344   .0191 
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Appendix M  
MNL-regression of primary motive: Being independent of energy prices and thus diminishing 
risk. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 03:23:55PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              372     | 

| Iterations completed                  5     | 

| Log likelihood function       -478.9421     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.62334     | 

|   Finite Sample: AIC =          2.62468     | 

| Info. Criterion: BIC =          2.71816     | 

| Info. Criterion:HQIC =          2.66100     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   372, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .07702245       .14279480      .539   .5896 

 BPV     |     .34747067       .07229170     4.807   .0000 

 BPER1   |     .43362367       .09978956     4.345   .0000 

 BPER2   |     .15268031       .10260215     1.488   .1367 

 BLOCA1  |    -.03502621       .10636005     -.329   .7419 

 BLOCA2  |     .11921088       .10332010     1.154   .2486 

 BSIZE1  |     .07179473       .10238418      .701   .4832 

 BSIZE2  |    -.04573624       .10869011     -.421   .6739 

 BLPRICE |    -.35087289       .09305228    -3.771   .0002 
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Appendix N  
MNL-regression of primary motive: It is a good Investment.  
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 14, 2013 at 03:24:02PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations              744     | 

| Iterations completed                  5     | 

| Log likelihood function       -945.9138     | 

| Number of parameters                  9     | 

| Info. Criterion: AIC =          2.56697     | 

|   Finite Sample: AIC =          2.56730     | 

| Info. Criterion: BIC =          2.62276     | 

| Info. Criterion:HQIC =          2.58848     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=   744, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .20354654       .10820644     1.881   .0600 

 BPV     |     .25795767       .05094896     5.063   .0000 

 BPER1   |     .63633103       .06844167     9.297   .0000 

 BPER2   |     .04795982       .07246287      .662   .5081 

 BLOCA1  |    -.11159767       .07410116    -1.506   .1321 

 BLOCA2  |     .06437344       .07085100      .909   .3636 

 BSIZE1  |     .01723629       .07301877      .236   .8134 

 BSIZE2  |     .17465907       .07261888     2.405   .0162 

 BLPRICE |    -.23939448       .06476002    -3.697   .0002 
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Appendix O  
MNL-regression of interaction effects between “building period” and “PV”.   
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 19, 2013 at 05:29:08PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations             1362     | 

| Iterations completed                  5     | 

| Log likelihood function       -1757.386     | 

| Number of parameters                 11     | 

| Info. Criterion: AIC =          2.59675     | 

|   Finite Sample: AIC =          2.59689     | 

| Info. Criterion: BIC =          2.63888     | 

| Info. Criterion:HQIC =          2.61252     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=  1362, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .22088154       .07806963     2.829   .0047 

 BPV     |     .31312402       .03860732     8.110   .0000 

 BPER1   |     .52581996       .05088670    10.333   .0000 

 BPER2   |     .05504281       .05363575     1.026   .3048 

 BLOCA1  |    -.06889375       .05378604    -1.281   .2002 

 BLOCA2  |     .06543193       .05221350     1.253   .2101 

 BSIZE1  |     .04124847       .05299167      .778   .4363 

 BSIZE2  |     .07596285       .05351920     1.419   .1558 

 BLPRICE |    -.26511113       .04703478    -5.636   .0000 

 BINTER1 |    -.03345019       .04965516     -.674   .5005 

BINTER2 |     .01294273       .05272223      .245   .8061 
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Appendix P  
MNL-regression of interaction effects between “Location” and “PV”. 
 
+---------------------------------------------+ 

| Discrete choice and multinomial logit models| 

+---------------------------------------------+ 

Normal exit from iterations. Exit status=0. 

+---------------------------------------------+ 

| Discrete choice (multinomial logit) model   | 

| Maximum Likelihood Estimates                | 

| Model estimated: Jun 19, 2013 at 05:31:27PM.| 

| Dependent variable               Choice     | 

| Weighting variable                 None     | 

| Number of observations             1362     | 

| Iterations completed                  5     | 

| Log likelihood function       -1757.182     | 

| Number of parameters                 11     | 

| Info. Criterion: AIC =          2.59645     | 

|   Finite Sample: AIC =          2.59659     | 

| Info. Criterion: BIC =          2.63858     | 

| Info. Criterion:HQIC =          2.61222     | 

| R2=1-LogL/LogL*  Log-L fncn  R-sqrd  RsqAdj | 

| Constants only.  Must be computed directly. | 

|                  Use NLOGIT ;...; RHS=ONE $ | 

| Response data are given as ind. choice.     | 

| Number of obs.=  1362, skipped   0 bad obs. | 

+---------------------------------------------+ 

 

+---------------------------------------------+ 

| Notes No coefficients=> P(i,j)=1/J(i).      | 

|       Constants only => P(i,j) uses ASCs    | 

|         only. N(j)/N if fixed choice set.   | 

|         N(j) = total sample frequency for j | 

|         N    = total sample frequency.      | 

|       These 2 models are simple MNL models. | 

|       R-sqrd = 1 - LogL(model)/logL(other)  | 

|       RsqAdj=1-[nJ/(nJ-nparm)]*(1-R-sqrd)   | 

|         nJ   = sum over i, choice set sizes | 

+---------------------------------------------+ 

+--------+--------------+----------------+--------+--------+ 

|Variable| Coefficient  | Standard Error |b/St.Er.|P[|Z|>z]| 

+--------+--------------+----------------+--------+--------+ 

 B0      |     .22427286       .07793380     2.878   .0040 

 BPV     |     .30782056       .03734373     8.243   .0000 

 BPER1   |     .52114436       .05042508    10.335   .0000 

 BPER2   |     .05602818       .05288715     1.059   .2894 

 BLOCA1  |    -.06294802       .05416552    -1.162   .2452 

 BLOCA2  |     .06485985       .05266848     1.231   .2181 

 BSIZE1  |     .04395016       .05309673      .828   .4078 

 BSIZE2  |     .07328742       .05360961     1.367   .1716 

 BLPRICE |    -.26678869       .04707792    -5.667   .0000 

 BINTER1 |    -.04345964       .05400183     -.805   .4209 

 BINTER2 |     .00045936       .05244290      .009   .9930 
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ABSTRACT 
This  paper  contains  the  most  important  findings  of  researching  the preferences of 
dwelling buyers regarding dwellings on which the former owner installed a photovoltaic 
system(PV system). These preferences are determined using a discrete choice model on 
stated preference data of dwelling buyers in the Eindhoven region. The most important 
conclusions are that a PV system is on average highly appreciated by dwelling buyers and 
that this appreciation is relatively larger by dwelling buyers that live in more urban/central 
neighborhoods. 
 
Keywords: PV, photovoltaics, solar panels, Eindhoven region, dwelling buyer behavior, 
owner occupied dwellings, discrete choice 
 

INTRODUCTION 
The increasing global wealth and population lead to an equal increase in energy use. Due to 
limited fossil resources and reputed climate effects, energy efficiency has become a 
challenging present-day problem. 
 
Since the built environment has a large share in energy use, all sorts of measures that 
increase energy efficiency have been invented for buildings. A problem is however, that the 
building stock is not renewed as fast. Energy efficiency in the built environment is therefore 
focusing on both the design of new energy efficient buildings and on the improvement of 
energy efficiency in the existing stock. (AgentschapNL, 2012)  Photovoltaic systems(PV 
systems) are an energy saving solution that is easy to integrate with this existing building 
stock. PV systems generate electric current from energy of the sun in a way it can be used in 
the socket(EPIA, 2010). The energy produced by PV cells as share of the total Dutch energy 
use, including transport, industry and households, is only 0,038%. However, the Dutch 
growth in PV power generated is not small: 64% growth in from 2010 to 2011.(CBS, 2012) 
and 138% from 2011 to 2012(Cobouw, 2013). 
 



66 
 

Due to energy legislation, households pay the highest price per KWh. Saving energy for 
households has consequently the highest yield. Since rental dwellings have the problem of a 
split incentive between the investor in PV systems(the landlord) and the tenant that saves 
the energy, owner occupied dwellings produced 60% of all PV energy in the Netherlands. 
Because in the case of an owner occupied dwelling, the investor in the PV system is the same 
entity that saves the energy and thus the money. 
 
The amount of installed photovoltaic systems on owner occupied dwellings is growing 
rapidly in the Netherlands. The influence of a PV system on the market position of a dwelling 
is however unknown. The main question to be answered is: What is the behavior of dwelling 
buyers regarding installed PV systems? Researching this has practical relevance for the 
following reasons: 

• Because little is known about the value effect of PV cells installed on owner 
occupied dwellings, risk averse investing is only possible if the investor expects to 
stay in the dwelling during the payback period. More knowledge about the value 
once installed could change this situation. 

• The expected lifespan of PV panels is at least 25 years(Natuur&Milieu, 2013). It is 
thus very likely that dwellings with a PV system will enter the market. But so far it 
is unknown how buyers, sellers and realtors should deal with this new dwelling 
attribute. 

• There could be differences between groups of dwelling buyers and their 
appreciation of PV. Mapping these differences helps to estimate how, where or 
by who the deployment of PV is mostly appreciated. 

 

Literature study 
There are only two research cases with limited relevance regarding the value effect on 
dwellings of PV systems. There has been a research in San Diego (United States), but this 
research is not based on transactions, but on valuations from before the credit crisis and 
thus the found premiums are not realistic anymore. However premiums of around 10% were 
found(Farhar, 2006). 
 
Secondly through directly asking (Kets, 2006) researched the acceptable earning back 
periods for PV systems as attribute of a dwelling. The results are an average acceptance of 4 
years. This means that people want to pay four times the yearly energy savings for a PV 
system. Sormani(2011) researched the preferences of dwelling owners when investing in PV 
panels on their roof. But the effect of the presence of a PV system once the dwelling is 
offered on the house market remains unknown. 
 

Method 
Since there is almost no market data of dwellings with PV panels, a revealed preference 
experiment is not possible. Therefore a stated preference method is used. This means that 
true behavior is not observed, but respondents are asked to indicate how they would 
behave in a hypothetical situation. This is done by two sub methods of stated preference: 
direct surveying and indirect surveying. Direct surveying means asking directly to 
respondents what their preferences are about a certain subject. Indirect surveying asks 
respondents questions and derives the preferences form the answers given. There are 
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different types of indirect surveying. Discrete choice analysis(DCA) is the method chosen 
here.  
 
DCA starts with analyzing the important attributes and it’s levels. Secondly hypothetical 
products(dwellings in this case) with variations of these attribute levels are presented to 
respondents.  Respondents are asked to repeatedly make a choice between options or to 
choose “none of them”. To keep the experiment simple for respondents the effect on choice 
was researched of a PV system that is feasible on the roofs of almost all rowhouses in 
Eindhoven, and that saves €600 in energy costs per year. All hypothetical dwellings are 
rowhouses. The attributes and levels are displayed in Table 1. 
 
ATTRIBUTESXANDXATTRIBUTEXLEVELS   

Attribute  Attribute level  Nrbof levels  

Price  
 

€180.000  
€210.000  
€230.000 

 

                       3 

PV Yes 
 No 

 

        2 

Dwelling size  
 

100m2  
120m2  
140m2  

3  

Location  Within Ringroad  
Outside Ringroad 

Outskirts  

3  

Building period  >1990  
1945-1990 

<1945  

3    

Table 1.  
 
The underlying theory of Discrete choice modeling is the random utility theory(RUT). RUT 
assumes that all individuals when they are able to choose between alternatives, for example 
a house with a PV system and a house without a PV system, will always choose the 
alternative with the highest utility(1). 
 
                       (1)  

 
Where     is the utility of the chosen alternative and     are the other alternatives in the 

choice set that individual   can choose. 
RUT assumes that the utility of a certain alternative exists of a systematic part that is 
explainable and a random part that is not explainable.(Hensher et al., 2005) 
 
                     (2) 
 



68 
 

In equation (2)    is the unobserved utility that an individual   perceives from alternative 
 .    is the systematic, explainable component and    is the random component. Because of 
the random component, the probability that an individual will choose a certain alternative 
can be calculated, but the exact choice cannot. 
The systematic component can be modeled as the sum of part- worth utilities that depend 
on the different attributes and their levels.  
 
                                       ∑           (3) 
 
Equation (3) states that the systematic utility    of an alternative exists of the sum of part- 
worth utilities.      is the value of attribute level   of alternative   that is in the choice set of 
respondent  .    is a parameter that indicates the contribution of attribute   on the utility 
of the alternative. Such an attribute could for example be the presence of a PV system. 
 
With NLOGIT software it is possible to make estimations of   . With these estimates the 
probability   that alternative   will be chosen from choice set   can be predicted. This 
probability is the e-power of the systematic component of   divided by the sum of the e- 
power of the systematic utility (   ) of all alternatives. 

 

 ( | )  
       

∑  
                

      
    

∑  
          

          (4) 

 
For consumer products DCE is also used to calculate willingness to pay for certain attributes 
of the product (Hensher, 2005; Breidert, 2006). This can be calculated by dividing the beta of 
the attribute of which the WTP is calculated, for example for the PV attribute, by the beta of 
a monetary attribute;       . These betas must be significant and the monetary beta must 

belong to a linear coded      (Hensher et al., 2005). One might need to convert to the right 
unit by multiplying with a constant  (Breidert, 2006; Hensher et al., 2005). 
 

     
   

      
           (5) 

  
It is however doubtful if this method is applicable on dwellings since preferences and 
financing are much more complex for dwellings than for a product in, for example, the 
supermarket. 
 

Survey 
18 treatment combinations, i.e. the constructed hypothetic dwelling alternatives, are 
presented in random order in 6 choice sets of three alternatives plus a “no choice” 
alternative. The variation of the attribute levels are orthogonal, this means that they are 
uncorrelated. With this design main effects and even two interaction effects can be 
modeled. The design is balanced, this means that all attribute levels occur an equal amount 
of times. 
 
On top of the 6 choice sets there are 5 direct questions about: 
• The location of the respondent 
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• The amount the respondent would be willing to pay extra for the standardized PV  
system. 

• Whether the respondent had noticed PV panels in his or her neighborhood. 
• The appreciation of the aesthetics of PV. 
• The most important motive one would have if one would invest in PV. 
These questions deliver the descriptive statistics of the respondents. 
 

Results 
The MNL-regression of the dwelling alternatives on choice resulted in the effects on 
systematic utility      displayed in table 2. The rho squared is 0,06. If the location of the 
respondent is put in the model, rho squared is 0,14. 
 
If the effect of a PV system on the 
appreciation of a dwelling is positive and 
large this could mean that increasing the 
marketability of a dwelling can become one 
of the primary drivers behind PV deployment. 
Maybe the in the future people who sell their 
house install a PV system to make the 
dwelling more attractive for possible buyers. 
Of course the experiment done is only a first 
initiative that is done only for rowhouses in 
the Eindhoven region. But it seems that the 
appreciation is indeed large.  
 
This PV system had the second largest 
positive effect on choice of a dwelling. The 
only effect on choice that was larger than the 
effect of having a PV system instead of not 
having a PV system was the effect of a 
dwelling being built after 1990 instead of 
before 1945.    
 
             Table 2. 
 
The main conclusion is that dwelling buyers really appreciate it if the former owner installed 
a PV system. But more noteworthy dwelling buyers’ preferences have been found: 
 
Firstly, the hypothesis that PV systems will be appreciated more on newer dwellings than on 
monumental dwellings built before 1945 has to be rejected. However there is a problem 
with the rowhouses built before 1945. These dwellings do not exist much in Eindhoven and 
their appreciation was very different than comparable experiments in other cities showed. 
Therefore more research regarding this should be done. 
 
Secondly, it was expected that dwelling buyers who were neutral or positive about the 
external appearance of PV systems would appreciate the systems more on dwellings than 
dwelling buyers that indicated they did not like the looks of PV. It appeared, however, that 

PARTH-WORTHS OF ATTRIBUTE LEVELS       

Attribute Attribute -level 
      
Worth   

Choose Choose a dwelling + 0,223 * 

  Choose "no option" + 0,000 * 

Price €180.000  + 0,000 * 

 €210.000 - 0,265 * 

 €240.000 - 0,530 * 

PV PV present 
 

+ 0,308 * 

  PV absent   - 0,308 * 

Size 100m2   - 0,118 * 

 
120m2 

 
+ 0,076 

   140m2   + 0,042 * 

Location Within ringroad + 0,005 
 

 
Outside ringroad + 0,064 

   Outskirts   - 0,069   

Period <1945   - 0,577 * 

 1945-1990  + 0,056 
   >1990   + 0,521 * 

*Significant with 95% confidence       

Table 2 
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the opinion on the external appearance had no significant effect on appreciation of PV 
systems on dwellings. Despite this conclusion, the fact that only 4% of all respondents like 
the appearance of PV systems does show opportunities for companies to increase the 
appreciation of the aesthetics of PV. This could for example be done through better 
integration in the dwelling design or through innovative shapes or covers of the PV panels. 
 
Thirdly, if respondents indicated that they had another primary motive to invest in PV(if they 
would) than the mere investment that earns itself back, they appreciated PV systems 
relatively more as a dwelling attribute. The explanation for this could be that the investment 
attributes count for everyone. But an idealist or person that feels independent of energy 
prices also, perceives extra utility from that. This comes on top of benefits from the 
investment. It is not the case that idealists do not save energy with their PV system.  
 
This outcome may be helpful for the marketing of PV systems. More focus on the 
independence of energy prices and the saving of the environment(idealism) is likely to 
increase the utility that dwelling buyers perceive from PV. This is an interesting matter to 
research further. 
 
Fourthly, for the Eindhoven region it has been found that people who live more central or 
urban appreciate PV systems much more. This could indicate that it is wise for PV projects to 
focus more on urban areas first; at least in Eindhoven. 
 
With this design of the MNL- model it was unfortunately not possible to calculate what 
premium dwelling buyers would pay if a dwelling has a PV system. However quite some 
knowledge has been collected about the attitude of dwelling owners regarding PV 
technology. It is surprising how positive people react on the uninvited presence of a PV 
system on the roof of a dwelling one is considering to buy. The output of the discrete choice 
experiment together with the results of the direct surveying of the WTP leads to the 
conclusion that people are probably willing to pay at least the replacement value of the 
system: €5000-€7000. This is exceptional when one keeps in mind that a dwelling buyer 
wanted to buy a dwelling, not a PV system. Only 22% of all respondents did not want to pay 
anything for the system. 
 
Reasons for this high willingness to pay might be: 

 Socially desirable bias often seen in sustainability research(Banfi, 2005) 

 Respondents paid extra attention to the PV attribute because they expected the 
research was about this. 

 Respondents perceive risk when thinking of installing a PV system. An operative 
system actually saving €600 per year diminishes this perceived risk and leads to 
higher perceived utility.  

 Respondents do not only value the PV system itself, but also the orientation of the 
house that apparently is suitable for installing PV. Just like dwellings with sea view 
cost a fortune, not because of the window but because of the orientation. Parallel to 
this in the future it could be that not the presence of a PV system is valued, but the 
orientation to the sun. 

 Stated preference data leads to less price sensitivity compared to true market 
behavior or revealed preference (Wardman, 1988). 
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Conclusion 
Of course this research was only a first step in investigating this subject, but it seems that 
installing PV is very well possible when one is not sure if one will move in the near future.  
In fact, there is quite some reason to believe that the high positive influence in the DCE 
model on choice, caused by a PV system installed, may result in a very welcome incentive for 
buyers that is relatively cheap. In this stuck dwelling market allowing sellers to be able to sell 
their dwelling quicker is very valuable.  
 

Recommendations for further research 
This first research to the effect of PV systems on the dwelling market has found some 
interesting relations. However a realistic willingness to pay has not been found with this 
MNL-model. A more advanced choice experiment that also takes into account the 
demographics of the dwelling buyer and his or her financial position and mortgage- and tax 
situation may result in a more realistic WTP outcome. 
 
But what is this research worth if it does not lead to any action? What would a policy maker 
do with it? A nice experiment project could be that a government subsidizes a total PV 
system on dwellings that have been for sale for a long time. Then it should be checked, with 
a control group of comparable dwellings that are also for sale, if the dwellings with a PV 
system are sold earlier. After the sale the seller can pay off the PV system. 
Policy makers in the Netherlands always talk about two important problems they want to 
solve: 1. the stuck dwelling market and 2. the unsustainable way energy is generated and 
used. This experiment would, if successful, help to solve both problems. And the 
investments costs are limited. Another recommendations for further research is to 
investigate whether the relations that are found, such as between idealism and appreciation 
of PV, are causal or not. And lastly the research could be done in other regions and dwelling 
market segments.     
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Samenvatting 
Dit artikel rapporteert de belangrijkste bevindingen van een onderzoek naar de waardering 
van huizenkopers jegens een fotovoltaïsch systeem(PV systeem) door de vorige eigenaar 
geïnstalleerd.  Deze waarderingen worden bepaald door een discrete keuze experiment dat 
gebruik maakt van data verkregen door een enquête. Deze enquête is afgenomen onder 227 
eigenaren van rijtjeswoningen in de regio Eindhoven. De belangrijkste conclusies zijn dat PV 
systemen worden gewaardeerd en veel positieve invloed te hebben op woning keuze. Deze 
invloed blijkt groter te zijn als de woningkoper meer centraal of stedelijk woont. 
 
Sleutelwoorden: PV, zonnepanelen,  Regio Eindhoven , woongedrag, koopwoningen, 
discrete keuze experiment 

 
INTRODUCTIE 
Fotovoltaïsche systemen(PV systemen)  zijn een energiebesparende oplossing die eenvoudig 
kan worden geïntegreerd met de bestaande bouw. Zonnepanelen wekken elektrische 
stroom op uit zonnestraling zodat dit kan worden gebruikt in de woning via het stopcontact. 
(EPIA, 2010). Het percentage energie opgewekt met PV systemen als deel van het totale 
energieverbruik in Nederland veroorzaakt door transport, de industrie en huishoudens is 
slechts 0,038% in 2012(CBS, 2012). De groei van de hoeveelheid opgewekte energie is echter 
enorm. 64% in 2011 en zelfs 138% in 2012(Cobouw, 2013). 60% van deze PV systemen stond 
in 2011 op de daken van koopwoningen. 
 
Zoals gezegd hebben dus steeds meer koopwoningen een PV systeem op het dak. Er is 
echter niets bekend over de effecten van een dergelijk systeem op de marktpositie ofwel de 
verkoopbaarheid van de woning. De vraag is dan ook: “Hoe reageren mensen die een 
woning willen kopen er op als de vorige eigenaar een PV systeem heeft geïnstalleerd?”. Het 
is van belang om dit te onderzoeken om de volgende redenen: 
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• Omdat er weinig bekend is over het effect van PV systemen op de waarde van de 
woning is het alleen mogelijk om zonder risico te investeren in een PV systeem als 
de bewoner verwacht gedurende de terugverdientijd(ongeveer 8 jaar) niet te 
verhuizen. Als blijkt dat PV systemen een positieve waarde effect hebben, dan 
zou dat er voor kunnen zorgen dat mensen ook in PV systemen kunnen 
investeren als ze de voor de terugverdientijd verwachten te gaan verhuizen. 
 

•  De verwachte levensduur van een PV systeem is ongeveer 25 
jaar(Natuur&Milieu, 2013). Het is dus zeer waarschijnlijk dat woningen met een 
PV systeem op de markt zullen komen. Tot zo ver is het echter niet bekend hoe 
woningverkopers, woningkopers en makelaars moeten omgaan met dit nieuwe 
woningkenmerk. 
 

• Het zou kunnen dat er verschillen zijn tussen groepen mensen en hun waardering 
van PV systemen op een te kopen woning.Het in kaart brengen van deze 
verschillen kan helpen te bepalen waar en door wie PV systemen het meeste 
worden gewaardeerd. Dit is waardevol voor het kiezen van de locatie voor PV 
projecten. 

 

Literatuurstudie 
Er is nauwelijks onderzoek gedaan naar het effect van een PV systeem op de waardering van 
de totale woning. Slechts twee onderzoeken hebben iets dergelijks onderzocht maar zijn 
beperkt relevant. Het eerste onderzoek is een casestudy in San Diego door Farhar(2006). Het 
onderzoek is echter gedaan aan de hand van valuaties, geen transacties, van voor de krediet 
crisis en dus niet erg betrouwbaar meer. De gevonden premie voor woningen met 
zonnepanelen  was 10%(Farhar, 2006). Het tweede onderzoek is gedaan door Kets (2006) 
met behulp van een directe vraag in een enquête: respondenten gaven aan vier maal de 
jaarlijkse besparing extra over te hebben voor een woning met zonnepanelen(Kets, 2006).  
 
Sormani(2011) heeft de behoeften van woningbezitters onderzocht jegens het investeren in 
zonnepanelen op hun dak. Maar het is nog steeds onbekend wat een PV systeem, een maal 
geplaatst, voor een effect heeft op de waardering van de woning door potentiële kopers.  
 

Methode 
Omdat er nauwelijks transacties zijn van woningen met zonnepanelen is het niet mogelijk 
om markt data te analyseren. Er moet gebruik worden gemaakt van een enquête. 
 
Deze enquête maakt gebruik van directe en indirecte vragen. Directe vragen informeren 
naar de voorkeuren en het gedrag van huizenkopers. Een vorm van indirect vragen is een 
discrete keuze experiment(DKE) waarin wordt gevraagd aan huizenkopers te kiezen tussen 
alternatieven. Aan de hand van de gemaakte keuzes worden voorkeuren afgeleid. Dit 
onderzoek maakt zowel gebruik van directe vragen als een van DKE. DKE identificeert eerst 
de belangrijkste eigenschappen van het product, in dit geval de rijtjeswoning. Vervolgens 
wordt er gekeken hoe deze eigenschappen kunnen worden gevarieerd. De variaties van deze 
eigenschappen worden aan respondenten gepresenteerd. Respondenten moeten een 
alternatief kiezen of “geen van allen”. De eigenschappen en hun variaties staan in tabel 1. 
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Het zonnepaneel is een standaard paneel dat per jaar €600 euro aan energie bespaard bij 
hedendaagse prijzen. 
 
WONINGEIGENSCHAPPEN+VARIATIES   

Eigenschap  variatie  aantal variaties  

Prijs  
 

€180.000  
€210.000  
€230.000 

 

                                 3 

PV Aanwezig 
 Niet aanwezig  

 

        2 

Netto vloeroppervlakte  
 

100m2  
120m2  
140m2  

3  

Locatie  Binnen de ring 
Buiten de ring 

Randgemeenten  

3  

Bouwperiode  >1990  
1945-1990 

<1945  

3    

Tabel 1.  
 
De theorie achter DKE maakt gebruik van het begrip utiliteit. Er wordt aangenomen dat 
mensen altijd het alternatief kiezen dat de hoogste utiliteit heeft. Volgens de theorie bestaat 
de utiliteit uit een algemeen systematisch en meetbaar deel. En een individueel ‘random’ 
deel. (Hensher, 2005)  
 
                     (1) 
 
In vergelijking (1) is     de utiliteit die een individu   krijgt bij het kiezen van alternatief 
 .    is de systematische component en     is de individuele onvoorspelbare component. 
Met behulp van de meetbare component en aannames over de verdeling     van kan de 
kans dat een alternatief wordt gekozen worden voorspeld. Maar omdat    niet bekend is 
kan de exacte keuze niet worden voorspeld. Wel kunnen de verschillende affecten op 
   worden gemodelleerd. Hiervoor moet een enquête worden afgenomen.  
 

Enquête  
Er worden 18 hypothetische woningen geconstrueerd. Dit is genoeg om de effecten en 
interactie effecten in kaart te kunnen brengen. Er zijn 6 keuze sets met elk drie alternatieven 
en de keuze “geen van de drie”. Naast de 6 keuzesets zijn er ook nog 5 directe vragen 
opgenomen in de enquête naar: 
• De locatie van de respondent. 
• Wat respondenten extra zouden willen betalen voor het PV systeem dat €600,- 
 extra kost. 
• Of zonnepanelen de respondent zijn opgevallen in zijn buurt.   
• de mening over het uiterlijk van zonnepanelen. 
• Het belangrijkste motief van de respondent als deze in PV zou investeren. 
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Tabel 2. 

Resultaten 
Het ‘Multinominal logit’ regressie 
heft de volgende effecten op      
opgeleverd die worden 
weergegeven in tabel 2. De rho 
kwadraat is 0,06. Als de locatie 
van de respondent in het model 
wordt meegenomen is de rho 
kwadraat 0,14.  
 

Conclusie 
Het blijkt dat het (positieve) 
effect van de aanwezigheid van 
het PV systeem, na de 
bouwperiode, het grootste is op 
de keuze van de woning.  
 
Het is zelfs waarschijnlijk dat het 
de moeite waard is om woningen 
die moeilijk verkocht worden te 
voorzien van een PV 
systeem(kosten €5000-€7000) 
om de woning sneller te 
verkopen. Als twee woningen 
een gelijke systematische utiliteit hebben is de kans dat elke woning wordt gekozen 50/50. 
Als vervolgens op een van de twee woningen een PV systeem wordt geïnstalleerd, dan is de 
kans dat deze woning wordt gekozen 65%. Het is gebleken dat PV systemen relatief meer 
werden gewaardeerd door mensen die dichter bij het centrum van Eindhoven wonen. Ook 
respondenten die een ander motief om te investeren in PV als belangrijkste kozen dan puur 
‘de investering die zich terug betaalt’, waardeerde woningen met een PV systeem gemiddeld 
meer. De gemiddelde prijs die mensen aangaven extra te willen betalen voor een PV 
systeem was €6000. Meegenomen dat 22% aangaf niets extra te willen betalen.  
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PARTH-WORTHS VAN DE WONINGKENMERKEN       

Attribute Attribute -level 
      
Waarde   

Keuze Het kiezen van een woning + 0,223 * 

  Het kiezen van “geen van de drie" + 0,000 * 

Prijs €180.000  + 0,000 * 

 €210.000 - 0,265 * 

 €240.000 - 0,530 * 

PV PV aanwezig 
 

+ 0,308 * 

  PV niet aanwezig   - 0,308 * 

Oppervlakte 100m2   - 0,118 * 

 
120m2 

 
+ 0,076 

   140m2   + 0,042 * 

Locatie Binnen de ring + 0,005 
 

 
Buiten de ring + 0,064 

   Randgemeenten   - 0,069   

Periode <1945   - 0,577 * 

 1945-1990  + 0,056 
   >1990   + 0,521 * 

*Significant met 95% zekerheid       
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