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PREFACE 

 

Before you, I present the report containing my master thesis. This study has investigated the influence of sustainability 
on the rental price formation of multiple family dwellings and the alignment of benefits between the investor and tenant 
in the Dutch commercial rental housing market, for the purpose of finalizing the master track Real Estate Management 
& Development of the faculty Architecture, Building and Planning at the University of Technology Eindhoven.  

 

This study consists of two sequential components. The first part of this study investigates the determinants of the rental 
price formation in the commercial housing market for multiple family dwellings, and the influence of sustainability 
within these rental determinants. According to preceding literature study there was found one determinants that could 
affect both the investor as the tenant, namely the energy label. Therefore, the second part of this study, investigates 
the alignment between the rental premium for the investors and the energy savings for the tenant investor as a 
consequence of a label improvement.  

 

In order to obtain sufficient quantitative data from the commercial rental housing market to support this study, this 
study is conducted in collaboration with MVGM. Thanks to this cooperation the appropriate data is obtained to 
complete the analysis. Therefore, I would like to thank the company of MVGM for the opportunity to use their database. 
At this point, I would especially thank Leon Pragt who is active at the research department and supported and directed 
me in the process, assisted with practical assistance and provided a pleasant workplace.  

 

Furthermore, I would like to thank my supervisors from the University, Stephan Maussen and Pauline van den Berg, for 
their guidance throughout the process. Without their guidance and expertise on various elements during the process, 
this master thesis could not have been completed. My final word of thanks goes to Christian Klep from Liander. Chritian 
Klep provided the necessary data to view the benefits of sustainability investments not only from the investors 
perspective, but also from the perspective of the tenant. 

 

Finally, I hope you as a reader can take advantage of the acquired knowledge and insights from this study. 

 

 

 

Erwin Rebel 

22 November 2016       
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SUMMARY 

 

Introduction 

The current housing stock consumes 27 percent of the total global energy, there is still much to gain within the stage of 
preserving the existing building stock (Bonde & Song, 2015). Furthermore, the context of the Dutch housing market 
provides many opportunities for commercial investors due to extra freedom obtained by regulatory changes (New 
Housing Act). However, there is still a lack of information about the variables and standardized metrics for the 
assessment of the return of sustainability investments for this further preservation. This is further emphasised by 
Francesco and Levy (2008) who remarked that valuing responsible investments is a challenge for the future (de 
Francesco & Levy, 2008). This research continues where previous research has stopped and makes an attempt to identify 
the full spectrum of sustainability criteria for both economic, environmental and social sustainability, from the existing 
literature and in relation to the Dutch housing market, and examines their influence on the direct return on investments 
to support responsible property investments. Subsequent, the following research objective can be formulated: provide 
insight in different sustainability criteria and their influence on the direct return of investment in the context of multiple 
family dwellings in the Dutch housing market, to further improve the effectiveness and alignment of the division of 
benefits and transparency for both investors and tenants in the decision-making process. 

 

To support a structured process in the search of and obtaining these insights, two research questions are formulated; 

 What is the influence of sustainability criteria on the direct return (rental price) of investment in multiple 
family dwellings in the Dutch commercial rental property market? 

How are the financial benefits from sustainability investments divided between investors and tenant and 
how can these influence the further preservation of the commercial housing market?  

As these research questions suggest, this study consists of two individual components of which the findings will be 
compared. The first component consists of a study into the contemporary rental determinants and the influence of 
sustainability on the rental price formation. The second component results from the literature review into the drivers 
and criteria of sustainability investments that could affect both the investor as the tenant. Results from these analyses 
will then be compared in order to determine the division of the benefits of sustainability investments between the 
investor and tenant. Finally, the possible influence of these findings on the decision-makings process of the commercial 
investor will be discussed. 

 

Literature study 

The sustainability debate originates from the environmental domain, however, lately there is more and more 
recognition for the economic and social relations with the environment within the theme of sustainability, often 
referred to as the three pillars of sustaianbility. The possibilities for Real Estate investors to distinguish themselves from 
a competitive point of view (De Francesco & Levy, 2008), the urge for investors to project their responsibility towards 
their shareholders and customers/end-users (Fisher, Coll, Pelly & Percy, 2008), the possible financial benefits of green 
(Bonde & Song, 2015; Fuerst & McAlisster, 2010 & 2011), lower risks (Lutzkendorf & Lorenz, 2007) and the support of 
the society itself in relation to the provision of a liveable environment for future generations (Fisher, Coll, Pelly & Percy, 
2008), have led to a general acceptance of sustainability in both the business and social environment. However, there 
is still a lack of information about the variables and standardized metrics for the assessment of the return of 
sustainability investments for this further preservation. In order to determine the influence of sustainability on the 
possible financial benefits, the three pillars of sustainability will be defined and decomposed in the underlying indicators 
focussed on the implementation in the built environment. Furthermore, existing certifications and metrics are studied 
and decomposed following the indicators underlying the different pillars of sustainability, to obtain a complete set of 
criteria for the development of a sustainable built environment. In addition to these sustainability criteria, existing rental 
price determinants are studied. For defining these rental determinants, the appraisal profession is also used as a basis 
for obtaining a comprehensive set of data. 

 

The general adoption of sustainable building has had a long time coming, due to the contradictions between the demand 
and supply side of the market. Cadman (2000) developed a model to understand these conflicting interest between 
stakeholders in the process, the vicious circle of blame (RICS, 2009). The circle of blame shows the negative spiral in the 
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decision making circle between demand and supply. This means that when there is no demand or acknowledgement 
from at least one of the stakeholders for the possible benefits of a sustainable building, this sustainable building will 
never see the light. However, in the current market, recognition of the benefits of sustainability and practical solutions 
are more and more integrated in the sector. A more recent study performed by Lycklama (2010), investigated the 
current state of this vicious circle of blame and the possibilities for stakeholders to break this circle. From in-depth 
interviews with some of the major players in the Dutch Real Estate market, Lycklama (2010) identified solutions that 
can cause further adaption of sustainability of which investments in energy entities is an important aspect for this 
research. These investments in energy entities can improve the attractiveness of sustainable buildings for both the 
investors (rent premium) and the end-user (lower energy costs). 

 

Every party in the previously mentioned vicious circle of blame has its own motivations to, or not to, integrate 
sustainability in their decision-making process. Nelson & Frankel (2012) identified five different drivers for the 
acceptation and implementation of sustainability in the real estate sector: enhanced operating efficiency, investors 
criteria (financial performance), regulatory compliances and incentives, tenant demand and competitive positioning. 
More specifically from an investors perspective, Falkenbach, Lindholm & Schleich (2010) classified the drivers of 
sustainability, obtained from a literature review, into three groups: the external drivers, corporate level drivers and 
property level drivers. The framework of drivers underlying these classification of levels for real estate investors, can be 
easily translated to the problem of the vicious circle of blame namely, without the proper demand and willingness to 
pay for sustainability an investor is not able to get an insurance of financial support for a project, and therefore will not 
pay for sustainability. Furthermore, the interaction between investor and end-user related to the economic benefits 
and the uneven distribution of these benefits is not supported by evidence and slows down the adoption of 
sustainability (Falkenbach et al., 2010). In order to further specify and understand the background of these sustainability 
issues the RICS (2009) investigated the drives and barriers for investing in household energy efficiency.  This study also 
shows a mismatch between the supply and demand side of the market. The barriers in this study constitute mainly of 
absence of benchmarking in the domestic sector and the ignored and poorly understood information about the benefits 
for households of energy efficiency measurements. Where drivers are mainly economic and used by the investors to 
repay an investment, they are mostly seen as a risk due to the height of the investment cost and relatively long period 
of repayment of the investment. 

 

Research approach & Data 

The influence of sustainability on the rental price formation 

A comprehensive literature review into the three underpinning pillars of sustainability (environmental, economic and 
social) revealed multiple criteria that influence a more sustainable built environment. These criteria are translated into 
asset specific and location variables that could influence the rental price formation. In combination with already existing 
rental determinants 26 variables are formulated and will be studied using a hedonic pricing model (linear regression 
model). This method analyses the data on potential associations between the independent variables (the 26 rental 
determinants) and the dependent variable (rental price). This method will reveal the weight and predictive power of 
these variables. The data that serves as a basis for this analysis is obtained from the database of MVGM 
Vastgoedmanagement. The database of MVGM provided risk evaluated transaction data of multiple family dwellings 
under their management. This database was linked with among others the CBS and BAG database. To obtain locational 
data there is made use of ARCGIS. By linking all these different databases, a database of 1086 assets (N = 1086) spread 
over the Netherlands is obtained, where ninety percent of the variables have a hundred percent data completion.     

 

Energy consumption  

In order to compare the rental premiums for a label improvement with the energy savings, the findings of previous 
regression model have to be compared with corresponding consumption data. For this study tended Liander for this 
additional data for 190 assets (N = 190) situated within their working field. The E-atlas of Liander provided the average 
consumption figures for the labels present in this database over a timespan of five years (from 2012 till 2016). Due to 
limited matching addresses not all energy labels are present in this dataset. Consumption figures ranging between the 
E- and A-label are obtained. In order to compare the data with the rental premiums the consumption figures of 2015 
will be used. This is the latest and most complete dataset (between 94 and 100 percent data integrity). Furthermore, 
the actual consumption figures will be compared to the theoretical consumption for each label. These theoretical figures 
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can be calculated according to a standardized measurement method, however, are is this case derived from existing 
literature.   

 

Results 

The influence of sustainability on the rental price formation 

In order to achieve a model that can be generalized to the real population the dataset in adjusted or transformed 
according to several assumptions for multiple regression. When these assumptions were met, the regression was 
performed in two different steps. The first step was a stepwise method in order to determine the significant variables. 
In order to obtain the right reference framework for the integrated dummy variables, the second step consists of an 
enter method where all significant variables from preceding analysis and the omitted dummy variables are included. 
The final results of this analysis can be integrated into the following hedonic pricing formula:  

 
𝑅𝑒𝑛𝑡𝑎𝑙 𝑝𝑟𝑖𝑐𝑒

𝑚2
=  𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝑎1 ∗ 𝑋1 + … … … + 𝑎27 ∗  𝑋27 + 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 𝑓𝑟𝑜𝑚 𝑚𝑜𝑑𝑒𝑙 𝑠𝑢𝑚𝑚𝑎𝑟𝑦 

This formula can predict the rental price of an asset with a little more than seventy percent confidence interval (Adjusted 
R-Square: 0.707). The weights in table 0.01 determine the strength and direction of the influence of the variables. 

No. Constant + 𝒂𝒙  X(* in formula) 𝑿𝒙 + Std. error 

 € 7,911     

1*  € 0,732  OAD *1000  

2*  € -0,063   Surface in m2  

3*  € 1,088  Affordability ratio  

4*  € -5,231  LeefbaroMeter score environment + 0,35  

5*  € 0,325  Distance highway in kilometers  

6*  € 0,005  Jobs in region * 1000  

7*  € 1,098  Historic characteristics (yes/no)  

8  € -0,207  Number of rooms  

9*  € -0,099  Distance to CBD in kilometers  

10*  € -0,574  Parking facility (yes/no)  

11*  € -1,495  Construction year between 1900-1920 (yes/no)  

12*  € -1,585  Construction year between 1920-1940 (yes/no)  

13*  € -2,123  Construction year between 1940-1960 (yes/no)  

14*  € -2,322  Construction year between 1960-1980 (yes/no)  

15*  € -1,479  Construction year between 1980-2000 (yes/no)  

16*  € -2,771  Construction year after 2000 (yes/no)  

17  € 0,056  Type porch house (yes/no)  

18  € 0,557  Type apartment (yes/no)  

19  € -0,039  Type Maisonette (yes/no)  

20  € 0,875  Energy label F (yes/no)  

21  € 0,433  Energy label E (yes/no)  

22  € -0,185  Energy label D (yes/no)  

23  € 0,061  Energy label C (yes/no)  

24  € 0,852  Energy label B (yes/no)  

24*  € 2,722  Energy label A (yes/no)  

26*  € 3,828  Energy label A+ (yes/no)  

27  € -0,278  Energy label A++ (yes/no)  

     € 3,293 

 

 

Important to report with this matrix are the reference categories for the dummy variables. For the energy label the G-
label is considered as the reference category, the gallery flat is considered as the reference category for the type of 

*significant according to a 0.95 coincidence factor 

Table 0.01: Coefficient matrix for prediction of the rental price  
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dwelling and finally, all dwelling constructed before 1900 are considered as the reference label for the construction 
year. 

 

The trends of a more individualized society and attractiveness of work are clearly visible in the results. The amount of 
jobs, address density and the distance to the central business district are important significant rental determinants. 
From a sustainability perspective, this attractiveness of the urbanized areas provides a shift towards brownfield 
development which positive influence on the natural environment and the biodiversity. Asset specific characteristics 
like the total amount of floor space and quality do still have an important factor in determining the rental price. The 
additional rental premium for historical values provides good opportunities to invest in the preservation of these 
buildings. Besides these positive results, the analysis showed some negative results as well. First, there is the neglection 
of the quality of the environment. A neighborhood with more green and water, which is proven to positively affect 
health and perception, is characterized by a lower rental price per square meter. Furthermore, regions where the 
affordability of dwellings is pressurized are characterized by a relatively high rental price. This last result could lead to 
an exclusion of certain social groups in a region. Finally, an important aspect of this study was to prove a significant 
influence of the energy label on the rental price. In this case, the energy labels A and A+ offer a significant rental 
premium on the rental price per square meter.  

 

Energy consumption 

In graphs 0.01 and 0.02 the average actual and theoretical consumption for each label are compared. Because the 
theoretical consumption is a standardized average derived from the energy index this figure is not changing over time. 
The first thing that can be noticed when the results are studied, are the major difference between the actual and 
theoretical electricity and gas consumption.  Because the theoretical consumption figures are derived from a 
standardized measurement method, household characteristics are not taken into account in this calculation. Studies 
from Majcen and Itard (2014) showed that household characteristics have an important role in the total consumption 
of energy. Returning on consumer behavior and household characteristics there can be concluded that they indeed have 
a relative large impact on the average consumption. When the electricity consumption is analyzed more closely there 
can been seen that, although the actual consumption differs widely with the theoretical consumption, the height of the 
average consumption between the different label is, in accordance with the theoretical consumption, relative stable. 
However, where the higher labels (A and B) show a slow decrease over time, the lower labels (D and E) show ups and 
downs in their average consumption. 

Finally, the theoretical energy consumption is, especially in case of electricity, not a realistic indicator to determine 
possible savings on the energy bill because it does not consider important household characteristics. Although the actual 
and theoretical electricity consumption do not correspond, the fluctuations in both are relatively stable over all labels. 
The results for the gas consumption show that, although a higher label has a positive influence on the gas consumption, 
the theoretical differences are not in proportion with the actual situation. These differences in gas consumption show 
that instead of increasing the energy label, increasing the awareness of the consumer could possibly have a bigger 
impact on the total amount of energy consumption. 

 

 

Graph 0.01: Actual and Theoretical average electricity consumption Graph 0.02: Actual and Theoretical average gas consumption 
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Energy consumption vs. Rental premium 

To determine to what extent the energy savings relate to the rental premium, both variables need to be measured in 
the same unit. In the preceding study, the rental premium is measured in a price per square meter per month. Therefore, 
both the annual electricity and gas consumption will be transformed into a monthly consumption price per square 
meter. This will be calculated following the average annual energy prices (including tax and VAT) from the CBS (2016). 
These figures consist of the quarterly prices for electricity for households (from 1000 till 2500 KwH/year) and quarterly 
gas prices for households (less than 20 GJ). Is this last case, the measurable unit of gas prices (GJ) needs to be translated 
into cubic meters. Because the F- and G-label are absent in the dataset for this analysis, the assumption is made that 
every dwelling has a high efficiency boiler. Therefore, the calculation from Giga Joule into cubic meters is made 
according to the upper value of one cubic meter for 35.17 mega joules (De Energieconsultant, 2016). In table 0.02, the 
results of the rental premium and the actual and theoretical energy consumption are compared. 

     

Energy 
Label 

Rental Premium 
/m2 with reference 
label G 

Rental Premium 
/m2 with reference 
label E 

Actual electricity 
savings /m2  

Actual gas 
savings /m2 

Theoretical 
electricity savings 
/m2 

Theoretical 
gas savings 
/m2 

A++ € -0.278 € -0,711 - - - - 

A+ € 3,828* € 3,395 - - - - 

A € 2,722* € 2,289 € -0,014 € 0,385 € -0,055 € 1,743 

B € 0,852** € 0,419 € 0,017 € -0,025 € -0,048 € 1,618 

C € 0,061 € -0,372 € 0,023 € 0,042 € - 0,036 € 1,028 

D € -0,185 € -0,618 € 0,002 € 0,409 € -0,028 € 0,364 

E € 0,433 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 

F € 0,875 € 0,442 - - - - 

G € 0,00 € -0,433 - - - - 

 

 

With the E-label as the basic reference label there can be seen a major difference between the actual energy savings in 
comparison with the rental premium paid for a label. Sequential, for a D-label is paid a negative premium of €0,618 and 
has a positive balance on the energy bill of €0,411 (electricity savings + gas savings) per square meter, a C-label has a 
negative premium of €0,372 and a positive amount on the side of the energy savings of €0,065, a B-label has a positive 
rental premium of €0,419 and almost no savings on the energy bill compared to the E-label and finally, the A-label has 
both a positive rental premium of €2,289 and a positive influence on the energy bill of €0,371 per square meter. This 
shows that a higher B- and A-label are favorable for the investor due to a high premium, however, they are not favorable 
for the tenant because these premiums are not in proportion with the energy savings. For the tenant the negative 
premium of a D-label in combination with the energy savings are from both aspects the most favorable. Besides the 
consumption behavior and the difference between actual and theoretical consumption, the rental premiums of the 
highest labels (A-label) are not in line when the theoretical consumption is considered. This means that even when the 
theoretical consumptions are achieved, a user pays more than he profits. 

 

Conclusion 

Influence of sustainability on the rental price formation 

The theoretical framework underlying the appreciation of the influence of sustainability on the rental price formation 
gave a wide range of support to formulated both sustainability and rental price determinants. The regression model 
made an estimate of the weight and directions of the significant determinants on the rental price. From these results 
we can conclude that the rental price in the commercial rental housing sector is mainly dependent on the 
location/region an asset in located. Therefore, the question for an investor in this environment is not: what are we going 
to build?, but where are we going to build, transform or renovate an asset? Important aspect from a sustainability 
perspective, is the significant influence of the criteria relating to the urbanization. Although this further urbanization 
puts extra pressure on land-use and building capacity within the urbanized areas, the pressure on the preservation of 

*Significant in both analysis **significant in stepwise analysis 

Table 0.02: Energy premiums vs. Energy savings 
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the biodiversity surrounding these areas and reduce in pollution due to superior energy performance and decreasing 
traffic distances. The increased attractiveness and willingness to pay for these sustainability criteria, and therefore high 
premiums could also have some pitfalls. First, the high premiums for these locations may result in the exclusion of lower 
social groups of the population and banish them to the more suburban areas of a city. Furthermore, the quality of the 
environment has a significant negative relationship with the rental price. There was already found a correlation with 
the density of the area, however, this could produce some additional problems in the future. Where the value of health 
and quality of live in the living environment are already proven to be part of a socially sustainable environment. A 
neglection of this more social aspect of sustainability could lead to an increasingly individualized environment where 
social tights and bands get lost. Finally, the rental price formation in the current commercial residential rental market 
could be characterized by a more locational based foundation. Within the field of sustainability, we can conclude that 
both environmental (land-use and pollution) and economic (relative high premiums) pillar of sustainability are present 
and acknowledged within this market, however, there should be made more effort to obtain an increased adoption of 
the social pillar.     

 

Energy Premiums vs. Energy Savings 

The rental prices in the commercial market are primarily created by the demand from the market, therefore, the 
willingness to pay and market circumstances play an important role in the formation of the rental premium for energy 
labels. We can conclude that in the contemporary market circumstances, that there is awareness of the benefits of an 
increased energy label and, due to the adoption of demand for these sustainability measures, the investor is able to 
obtain their premium and invest in a responsible way in their residential properties. However, the discussion about 
these results showed important aspects that need to be considered before making an investment decision. First, the 
added value of the maximum achievable energy label is not yet acknowledged. The A++-label is characterized by a 
negative energy premium which makes investments in label improvements not likely to be cost-effective. Second, the 
quality of existing assets does not always allow a label improvement, or demand a full or more expensive transformation 
of the asset. These major retrofits demand higher investment costs and can put pressure on the return. The results from 
the analysis in consumption showed a major negative mismatch between the standardized theoretical consumption 
and the actual consumption. Because the actual energy consumption differs strongly from the theoretical energy 
consumption, the savings are only minor and inconsistently spread over differing energy labels (A+- and D-label). The 
explanation between the large deviation of actual and theoretical energy consumption is, according to existing 
literature, found is the consumer’s behaviour. in order to rectify these uneven distribution, consumers need to be made 
aware of the fact that label improvements are not solely enough to obtain the financial benefits. In contrast, the 
consumer’s behaviour declares for the largest part the success of these investments.        

 

Influence on decision-making process 

For the further preservation of the commercial housing stock it is promising to see that energy saving measurements, 
like energy label improvements, are adopted by the market demand and reflected in a rental premium for the investor. 
From the investors perspective it can therefore be concluded that a label improvement to an A- or A+-label have the 
significant rental premium that is required to potentially justify the investment costs. Furthermore, following the 
hedonic pricing approach, the potential of assets can be estimated according to the significant rental determinants in 
the contemporary environment. This estimating could be used as a foundation to substantiate the investment decision-
making process to determine the potential of a possible acquisition or the maximum investment costs to obtain the 
required return.   

 

Besides the estimation of the potential of an asset, there are mentioned some aspects that could influence the return 
on investment negatively according to this approach. The quality of the building could cause barriers which ensure that 
some investments cannot be performed, a maximum achievable energy label gives a negative rental premium and the 
costs of an investments should not exceed the required return. Besides this approach that considers the rental price 
aspect of the direct return, the literature showed also additional variables that could affect the direct return due to 
sustainability investments in other Real Estate sectors, mostly the office market. These studies mentioned a decrease 
in operational costs, like maintenance costs, and a lower risk profile due to higher occupancy rates other positive 
additional factors that could improve the overall direct return.  Although the investors should always consider a wider 
perspective of the direct return, this study has not found the appropriate reference to generalize these findings to the 
commercial residential market. 
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To conclude, in order to fully exploit the advantages of an energy label improvement, changing consumer’s behaviour 
is an important aspect. As the results showed, savings on the actual energy consumption are due to consumer behaviour 
almost negligible. Although there is a general acknowledgement of an improved energy label by the market, expressed 
in an additional rental premium for the investor, underperforming financial benefits for the tenant could lead to a 
decrease in demand in the future. When the investors cannot provide them with feasible financial benefits that should 
justify the rental premium, tenants are not likely to agree to this premium. To conclude, it is important for the 
commercial residential investor to maintain the current awareness and demand for more sustainable housing to justify 
their investments with additional return premiums for the further preservation of the dwelling stock. However, in order 
to maintain this, the commercial residential investor should also take its responsibility in raising the awareness of the 
influence of their behaviour on the total energy consumption.     

 

Limitations & Recommendations 

Although this study shows some interesting results there are some limitations and recommendations that should be 
given in perspective of the use of this information and further research on this topic. First, the confidence interval of 71 
percent shows that not all information is explained by the model. Therefore, additional variables could be integrated to 
explain the remaining 29 percent. Also, there could be some variables that influence the effects of the relationships of 
both the dependent as the independent, referred to as confounding. These effects could be excluded by using by using 
an approach that excludes confounding between variables. Furthermore, the method used did not take the multilevel 
structure (aggregation level) of the different variables into account. A different method, a multilevel analysis, could be 
used to give a more generalizable model. Future research could further develop this model, in order to increase the 
confidence interval, decrease confounding effects and correct for the multilevel structure of the variables.  

 

Besides these limitations of the model used in this research, there are also some limitations of the scope of this study. 
First, the results of this study correspond to the contemporary market circumstances. Secondly, only a small part of the 
investment decision-making process is discussed. In order to fully substantiate an investment decision, the indirect 
return, investment costs and other part of the direct return like operational costs could be investigated. 

 

An important limitation in the analysis into the energy consumption of households, is the absence of sufficient data of 
all labels. Because the A+-label was not included in the comparison an important aspect of the potential influence of 
this label on the energy bill was not incorporated in this analysis. In order to obtain the highest labels (A+ and A++), 
renewable energy sources and other installations need to be installed on an asset. This means that a dwelling could 
generate a part of its energy consumption itself. Especially for the generation of electricity, for example by solar panels, 
this could affect the savings drastically because the energy companies don’t need to provide this energy. Maybe the 
high rental premium for the A+-label could in this case be justified by the amount of energy that is saved using these 
renewable methods. In order to make sense of these statements there is more research needed into these fields.  

 

The influence of the consumer’s behavior to be more aware of their consumption pattern, was an important conclusion 
of this research. However, this study does not tell us how to influence this behavior, and who is responsible for installing 
tools to monitor this behavior. Therefore, future research could use a survey to question investors about their thoughts 
on the subject of being responsible for the provision of these tools. After all, when they can sell their investments in 
label improvements more transparent, it is more likely that they are caught up by the market demand. 

  

Finally, in the current stage the energy label, which should provide a more transparent environment, does not provide 
the needed transparency for this sector. Therefore, future research could look at different approaches or metrics to 
label multiple family dwellings in the commercial dwelling market.   
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1 INTRODUCTION 

1.1  CONTEXT 

The depletion of natural resources and the deterioration of the global ecological system has since the eighties led to a 
public debate, that is nowadays still a present issue. With regard to the Real Estate sector, it can be stated that this 
sector is responsible for a significant amount of this deterioration. In Europe, approximately thirty percent of the total 
energy consumption and CO2 emission is caused by the built environment (Bauer, Eichholtz, Kok & Quigley, 2011). One 
of the main task for practitioners in the built environment is to create a more sustainable building stock. In the context 
of the Dutch housing market approximately seven million dwellings in the current housing stock have to be preserved. 
To achieve a more sustainable housing stock, some sustainability goals are set in the ‘Energieakkoord voor duurzame 
groei’ (SER, 2013). This ‘Energieakkoord’ describes agreements on how to process and achieve these sustainability goals. 
The process is structured in a constructive way so that finally in 2050 this should lead to an energy-neutral built 
environment.  An interim step in 2020 aims on an average energy label B for the social rental sector and eighty percent 
of the commercial rental sector with a minimum energy label C.   

 

Besides the preservation of the current housing stock, there are some trends in the housing market that will, especially 
coming years, influence the market supply and demand. As a consequence of the aftermath of the financial crisis it is 
expected that the coming years the housing stock will be expanded with approximately 40.000 dwellings each year, 
however, this is, due to the increasing individualisation, accompanied by an increase in households of 60.000 (Capital 
Value, 2014). This mismatch in expected demand and supply will not only lead to a decrease in the overall vacancy rates, 
but the further urbanization leads to major regional differences, where, especially in the ‘Randstad’ (Groot-Amsterdam, 
Delft and Westland), major shortages are expected. Besides the expected shortage of dwellings in the highly urbanized 
areas a movement to the rental sector can be seen. As a consequence of the stricter mortgage requirements, fewer tax 
benefits and especially the increased flexibility of the labour market (short and flexible contracts) people are also looking 
for more flexibility in their living environment. Due to the size and expected developments in the Dutch rental sector, 
this sector covers 44 percent of the total stock, a considerable influence can be exerted in the preservation of the 
existing housing stock by both commercial investors (12 percent) and social housing associations (32 percent) (Van de 
Tol & Balvers, 2012). Furthermore, the ‘Nieuwe Woningwet’ caused for a decrease in the commercial activities a housing 
association can undertake. In the current housing stock approximately 800.000 dwellings owned by housing associations 
have, according to the ‘Woonwaarderingsstelsel’, enough points to be transferred to the liberalised sector (Capital 
Value, 2014). The decrease of commercial activities of housing associations and a major stock that can be liberalised 
within the coming years gives a lot of opportunities for the expansion and further professionalization of the commercial 
rental housing sector.    

 

The sustainability debate originates from the environmental domain, however, lately there is more and more 
recognition for the economic and social relations with the environment within the theme of sustainability. The 
possibilities for Real Estate investors to distinguish themselves from a competitive point of view (De Francesco & Levy, 
2008), the urge for investors to project their responsibility towards their shareholders and customers/end-users (Fisher, 
Coll, Pelly & Percy, 2008), the possible financial benefits of green (Bonde & Song, 2015; Fuerst & McAlisster, 2010 & 
2011), lower risks (Lutzkendorf & Lorenz, 2007) and the support of the society itself in relation to the provision of a 
liveable environment for future generations (Fisher, Coll, Pelly & Percy, 2008), have led to a general acceptance of 
sustainability in both the business and social environment. Despite the fact that sustainability is generally accepted, 
there are still numerous challenges for investors in the ever-changing housing market. So remains the main focus for 
success during the decision-making process at achieving the highest possible return. The sustainability criteria that are 
included are mainly related to the energy performance of Real Estate, less costs for the tenant and improved rental 
income and maintenance costs for the investor. Although in several sustainable certifications metrics for property like 
BREAAM and LEED some social aspects are taken into account, the full spectrum of sustainability can only be obtained 

This chapter defines the context and scope of this research. First, current trends on the topic of sustainability 
and the Dutch housing market are elaborated. When this context is defined, the problem statement will be 
formulated using existing literature as a basis. Finally, the process of this research is elaborated by the 
formulation of the research objective, -questions, -design and its relevance within the current Real Estate 
practice.  
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by integrating all the relations between economic, environmental and social aspects of sustainability. Investments in 
Real Estate that relate to all three aspects of sustainability are by Pivo and Fisher (2008) described as Responsible 
Property Investments (RPI) (Pivo & Fisher, 2008). This research is focused on the sustainability criteria that underpin 
these Responsible investments in the property sector, their influence on the direct return of investments in the 
commercial rental housing sector and their possible influence on the Real Estate investment decision making process. 
Following the further migration to cities and the increasing attention in work-living combinations, population densities 
in these areas will increase and therefor the focus within the context of the commercial rental sector is at apartments.   

 

1.2 PROBLEM DEFINITION & RESEARCH OBJECTIVE 

The implementation of the different pillars of sustainability in the Real Estate investment environment has been a focus 
of attention since 1970, that, in the current market situation, is developed to a global movement referred to as 
Responsible Property Investment (RPI) (Pivo & Fisher, 2008). Although this concept is often mixed up or used in other 
contexts and definitions like Social Corporate Responsibility, Social Commercial Property Investing and Social 
Responsible Investing (Kimmet, 2009), this research follows the definition given by Pivo (2008): “RPI means making and 
managing property investments in ways that go beyond compliance with minimum legal requirements in order to better 
manage social and environmental issues. The goal is to help solve societal and ecological problems while also managing 
their associated business risks and opportunities” (Pivo, 2008). In this definition all three pillars of sustainability are 
identified and serves as foundation of this study. The background for the interest in RPI is driven by: the need to 
understand the social and environmental issues, respond to market demand more efficiently, mutual competitive 
advantages, improve coordination and collaboration between different stakeholders and their interests and to adjust 
their investment risks appropriate according to the performance of environmental and social issues to ensure 
sustainable assets and financial health (UNEP FI, 2012).  

 

As a result of the hype and search to a more sustainable built environment there are numerous studies conducted that 
state the added value of sustainability in Real Estate for investors.  There are various studies performed that declare a 
higher rent premium for green-buildings (Miller, 2009; Eichholtz, Kok & Quigley, 2010; Fuerst & McAllister, 2011a; 
Bonde & Song, 2015), lower operating costs (Fuerst & McAllister, 2011b; World Economic Forum, 2016), higher sale 
prices (Fuerst & McAllister, 2011b; Eichholtz, Kok & Quigley, 2010), and higher demand accompanied with lower vacancy 
rates in green-buildings (Fuerst & McAllister, 2011b; World Economic Forum, 2016). Following these studies, the general 
recognition of the drivers of sustainability investments in the business climate changed from ‘the right thing to do’ in 
2008 to an opportunity to create higher values, lower operating costs and PR in 2012 (World Economic Forum, 2016). 
Although all these studies conclude that investments in sustainability are accompanied with higher incomes and other 
positive effects, many of these studies are focused on new office buildings. Despite that this market has similarities with 
the residential market there are differences and following the context of this research there is a focus of the 
preservation of the existing stock. A study by Kriese and Scholz (2011), conducted in Switzerland, indicates that 
sustainable redevelopment is connected to lower returns and that often major (institutional) investors sell their 
property that need a retrofit to smaller investors with lower return requirements (Kriese & Scholz, 2011). This proves 
that the sustainability horizon of many investors is still relatively short. Furthermore, Mejia and Potter (2015) found that 
the moment of renovations of multiple family dwellings may be an important factor, with the result that the timing of 
renovations can lead to higher short term results of the property (Mejia & Potter, 2015). Despite the benefits that 
sustainable renovations can offer to investors, it is not always wise to seek the highest possible level of sustainability. 
As appears from a study of van Liebergen and Smid (2013), the highest sustainable ambition in multiple family 
complexes do not always serve the inhabitants interest at best, where smaller investments on different topics lead to 
better final result (van Liebergen & Smid, 2013).          

 

The aforementioned studies into the benefits for investors in relation to sustainability are mainly focused on 
investments in the improvements of environmental aspects and their influence on economic benefits like energy 
efficiency. However, to define the full spectrum of sustainability also social aspect are of interests. This social 
sustainability can be expressed in the way investments connect with the wishes and needs of residents and the way 
results are self-sustained, can grow with the changing needs (Liebrand, 2012), and can help to change community values 
of the modern societies (Kimmet, 2008). Because these social sustainability metrics are mainly based on individual’s 
perception and interpretation it is difficult to measure. Within the current literature available about Responsible 
Property Investments (RPI) there are some studies conducted that included both environmental as social aspect. Based 
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on expert opinions, Pivo (2008) has formulated and ranked 56 RPI criteria according to their relative importance (Pivo, 
2008). Furthermore, Pivo and Fisher (2008) have, by making use of some RPI feature: Energy efficiency properties, 
distance to transit of properties and properties in urban regeneration areas, shown that RPI properties perform 
(financial) better than similar properties without these RPI features (Pivo & Fisher, 2008). Where the preceding studies 
mainly focussed on the US, Hebb et al. (2010), more recently, studied RPI in Canada. They concluded that there were 
still gaps in the use of metrics that can be used to quantify RPI assessments, and express their concerns over the 
exclusion of older property in the literature (Hebb, Hamilton & Hachigian, 2010). 

 

Investors can analyse RPI strategies by making use of Environmental, Social and Governance (ESG) issues. However, due 
to the changing market conditions and interest of stakeholders during the different stages in a properties lifecycle, these 
strategies are difficult to implement in the decision-making process (UNEP FI, 2011). Besides, with the introduction and 
general acceptation of sustainability the Real Estate investment decision making processes are put to the test. Fisher et 
al. concluded that, within these changes, new possibilities will occur to create framework concerning the impact of 
decision on all three pillars of sustainability (economic, environmental, social) in different phases of the life cycle of a 
property (Fisher, Coll, Pelly & Percy, 2008). However, an effective development of Real Estate is still strongly dependent 
on the investment of resources that give the most favourable return (Dabara, Anthony, Gbenga, Adeyanju, 2014). This 
return can be divided in direct and indirect return, where direct return can be defined as the net operating result and 
indirect return as the depreciation of an object for a certain period of time (Neele, 2003). Due to the context of this 
research, the focus on the commercial rental sector, and a lack of information within the appreciation practice in order 
to value sustainability (Warren-Meyers, 2012), this research focusses on the rental price as a part of the direct return 
of Real Estate.  

 

Because the current housing stock consumes 27 percent of the total global energy, there is still much to gain within the 
stage of preserving the existing building stock (Bonde & Song, 2015). Furthermore, the context of the Dutch housing 
market provides many opportunities for commercial investors due to extra freedom obtained by regulatory changes. As 
mentioned before, there is still a lack of information about the variables and standardized metrics for the assessment 
of the return of sustainability investments. This is further emphasised by Francesco and Levy (2008) who remarked that 
valuing responsible investments is a challenge for the future (de Francesco & Levy, 2008). This research continues where 
previous research has stopped and makes an attempt to identify sustainability criteria for both economic, 
environmental and social sustainability, from the existing literature and in relation to the Dutch housing market, and 
examines their influence on the direct returns on investments to support responsible property investments. 
Subsequent, the following research objective can be formulated: provide insight in different sustainability criteria and 
their influence on the direct return of investment in the context of multiple family dwellings in the Dutch housing market 
to further improve the effectiveness and alignment of the division of benefits and transparency for both investors and 
tenants in the decision-making process. 

 

1.3  RESEARCH QUESTIONS 

To stepwise elaborate the research objective formulated in the preceding section, the objective is translated to a 
research questions that describes the goal and the answer this research aims to obtain:  

What is the influence of sustainability criteria on the direct return (rental price) of investment in multiple 
family dwellings in the Dutch commercial rental housing market? 

How are the financial benefits from sustainability investments divided between investors and tenant and 
how can these influence the further preservation of the commercial housing market?  

This research questions are still formulated to obtain and answer the final goal. To completely elaborate the process of 
obtaining the research objective, several sub questions are needed that describe the procedure stepwise and give 
answers to several parts of the problem: 

What is the definition of the term sustainability? 

What are the different indicators for environmental, economic and social sustainability? 

Which sustainability criteria have already been formulated and are used in existing metrics? 



16 
 

How can these sustainability indicators be translated into sustainability criteria at the level of a single asset 
and its environment? 

Which other variables are determining the rental price of a multiple family dwelling? 

Which sustainability criteria could both affect the financial benefits for the investor and tenant? 

How can the sustainability criteria be translated to quantitative measureable criteria at the level of a single 
asset and its environment? 

What is the influence of the sustainability criteria on the rental price formation of multiple family dwellings 
in the Dutch commercial housing market? 

What is the difference between the Energy Premium for a dwelling with an energy label for the investor and 
the energy savings for the tenant?  

How can these findings be integrated into the for Real Estate decision-making process for commercial 
residential investors for the further adoption of sustainability? 

The different sub questions refer to different stages in the research process. The next section visualizes these different 
stages in the process and describes for each sub question the activities that will be performed to obtain the desired 
result.    

 

1.4 RESEARCH DESIGN AND READING GUIDE 

Figure 1.01: Research Design 

Context  The first phase consists of the formulation and definition of the framework of this research. The first chapter 
already gave an introduction into the topic, scope and the structure of this research with the formulated research 
questions. The context of this study will be further defined by a literature review into sustainability indicators, criteria, 
other rental determinants, drivers and premiums for sustainability investments. Finally, two conceptual models will be 
defined that consider both perspective of the investor as the tenant for the financial benefits of sustainability 
investments. 

 

In-Depth  When the criteria and indicators are defined in the context, the research approach will determine the 
further process of analysing the different criteria. Important to note is that both conceptual models are elaborated 
separately, the results will finally be combined into a final analysis. To make sure the data is suitable for further 
assessment, the indicators, criteria and determinants are further elaborated into research variables of a quantitative 
nature. The quantitative variables will be collected from several sources made available by MVGM and Liander. Finally, 
the data will be prepared for the analysis of the data. After the preparation of the data, a suitable analysis method will 
be determined. The first part of this research consists of a hedonic pricing model which will reveal the influence of 
sustainability on the rental price formation. The results from this model will be compared with the consumption data 
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for each energy label, and finally, the division of the financial benefits between the investor and tenant will be 
determined. 

 

Outcome  The results obtained from the previous phase will be further assessed in this phase. First the results will be 
discussed and compared to the existing knowledge about the influence of sustainability on the rental price formation 
and alignment between benefits sustainability investments. This discussion in than complement with a final conclusion 
of the results and their possible influence on the Real Estate decision making process. In order to provide some directive 
and possible shortcomings in this research the process is evaluated and recommendations and limitations are 
formulated.  

 

1.5 RELEVANCE 

From the foregoing introduction it appears that sustainability investments can have a positive influence on the return 
of Real Estate development(s). Furthermore, these investments can reduce the risk profile of Real Estate. Therefore, 
extending the knowledge about how strongly these investments can influence the direct return, in the form of the rental 
price, of Real Estate investments, can be of importance for both public and the scientific purposes. From a public point 
of view, these weights can give extra insights for Real Estate investors in their return of investments and in the pre-
determination of a market conform rental price. Furthermore, more insight in the benefits can lead to a further adoption 
of sustainability from both the demand and supply side of the market. From a scientific point of view, this study will 
make a first approach to achieve a comprehensive set of sustainable investment criteria and determine the effect of 
these criteria on the rental price formation of multiple family dwellings, supplemented with a study into the division of 
benefits between investor and end-user for a more transparent decision-making process. 
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2  SUSTAINABILITY: INDICATORS AND CRITERIA FOR RESPONSIBLE 

PROPERTY INVESTMENTS  

2.1 PILLARS OF SUSTAINABILITY 

The definition of what we know nowadays as sustainability originates from the Brundtland reports published in 1987: 
“development that meets the needs of the present without compromising the ability of future generations to meet their 
own needs” (Kuhlman & Farrington, 2010). In 1992, during the United Nations Conference on Environment and 
Development, the concept of sustainability was debated as the management of all resources, that influence both 
economic, environmental and social aspects (Schutte, 2009). Although these three key aspects, often referred to as 
pillars of sustainability, they are often criticized by researcher due to their possible incompleteness, incorrect indications 
or controversial interests within each pillar (Kuhlman & Farrington, 2010; Hannsman & Mieg & Frischknecht, 2012), they 
are still the most commonly used way to describe the aspects of sustainable development. The single pillars explain a 
certain part of the concept of sustainability, however, paraphrasing Schutte (2009): “The economy exists entirely within 
society, because all parts of the human economy require interaction among people. Society in turn, exists entirely within 
the environmental system. Although human activity is re-shaping the environment at an ever-increasing rate, society 
and its economic systems can never exist independently of the environment”, all 
pillars are strongly related. This can best be visualized as shown in figure 2.01. 
The figure shows a certain overlap between the different pillars, where, if all 
three pillars equally interact the highest form of sustainability is obtained often 
referred to as the ‘triple bottom line’ (Schutte, 2009). This triple bottom line is 
not only restricted to sustainability, but also in a broader perspective of the role 
of organizations with the inclusion of social and environmental aspects in the 
financial outcome (Sutton, 2004). Besides the view of organizations on the 
implementation of sustainability in the built environment, the interests and 
support from the public opinion on sustainability is an important aspect to 
maintain a future environment that continues to meet their requirements 
(McAllistar Opinion Research, 2016). To obtain a solid foundation for the 
development of the different sustainability criteria, next subsections discusses 
the definitions and indicators for the three pillars of sustainability, their 
interrelations and the argument of a possible fourth pillar of sustainability.      

 

2.1.1 ENVIRONMENTAL SUSTAINABILITY INDICATORS 

Environmental sustainability is dedicated to the preservation of the physical environment. More specifically, following 
Morelli (2011), “environmental sustainability could be defined as a condition of balance, resilience, and 
interconnectedness that allows human society to satisfy its needs while neither exceeding the capacity of its supporting 
ecosystems to continue to regenerate the services necessary to meet those needs nor by our actions diminishing 
biological diversity”. It appears, from preceding research, that this pillar of sustainability is already being implemented 
into the built environment. However, where in the past was mainly sought for measurements to reverse damage to the 
natural environment, nowadays, there is searched for measurements to prevent damage to the environment. Solutions 
for these prevention measurements are mostly found in efficient use of resources and material, reduction of waste and 
a reduction in energy and water usage (World Economic Forum, 2016). Besides the different measurements the scope 

Although the introduction already gave a definition and explanation about sustainability and Responsible 
Property Investments there is a need for further research into these concepts. Due to their complexity this 
chapter further elaborates these concepts and their foundations in relation to the Real Estate industry. First, 
the three pillars of sustainability will be further explained and underpinning indicators are formulated. 
Secondly, several sustainability certification and labelling metrics like LEED and BREAAM and sustainability 
criteria for RPI are studied. These sustainability criteria and existing metrics from the different labelling tools 
are supplemented by additional criteria from other sources of literature. Because these criteria are 
formulated as more practically solutions to realize a specific indicator they are divided under the indicator 
they explain. To achieve a comprehensive set of criteria the first part of this chapter doesn’t consider the 
measurement level of the criteria. The next step, is to determine if there are criteria under the different 
indicators that can be measured at the level of the property or its neighbourhood/environment. 

Figure 2.01: 3 pillars of Sustainability, 

(from: Schutte, 2009) 
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is also of great importance. At a small scale, people make a personal contribution to, for example pollution, by taking 
the bike to work or buy goods made of used materials, however, these activities should be supported by the 
environment. A pleasant side effect of environmental sustainability is that the drivers for investors to obtain a 
favourable return, value and positive occupancy rates are already proven and being addressed (Miller, 2009; Eichholtz, 
Kok & Quigley, 2010; Fuerst & McAllister, 2011a; Bonde & Song, 2015).  

 

To define environmental sustainability more specific its underlying indicators need to be defined. From the literature 
eight different indicators where found, table 2.01. In order to provide an environment that will be preserved for future 
generations the scope of the different indicators is different. First, there are the indicators that influence the overall 
environment: Increased pollution, emissions, depletion of commodities and a loss of habitat for wildlife can have 
devastating effects on the environment, like decreasing public health, loss of important animal and/or plant species and 
decreasing possibilities to provide energy and building materials. Secondly, from the perspective of a city and its 
transport networks, brownfield and mixed use developments and public transport or alternative transport facilities can 
reduce the overall impact on the environment by a decrease of travel distances and polluting traffic. Finally, minimalize 
the energy and water use of a property and its direct environment by implementing energy and water saving 
measurements and make use of self-sufficient (green) facilities, like solar panels, and providing inhabitants a pleasant 
indoor climate decreases the impact of the building on the climate. The preceding mentioned indicators and 
corresponding literature are summarized in table 2.01. 

Environmental Indicators Source: 

Energy usage and conservation 

Safe quality environment (pollution 

& emissions) 

Water consumption 

 

Use of materials/commodities 

 

Building Climate 

Biodiversity 

Site/land use 

 

Transport 

(World Economic Forum, 2016; Eurostat, 2015)  

(Sutton, 2004; World Economic Forum, 2016; The nation Economic and  

Social Council, 2002; Morelli, 2011) 

(World Economic Forum, 2016; The nation Economic and Social Council,  

2002; Eurostat, 2015)   

(Sutton, 2004; World Economic Forum, 2016; Eurostat, 2015; Morelli,  

2011) 

(World Economic Forum, 2016; Diaz-Chavez, 2014; Eurostat, 2015) 

(Sutton, 2004; World Economic Forum, 2016; Morelli, 2011)  

(World Economic Forum, 2016; The nation Economic and Social Council,  

2002) 

(Eurostat, 2015; Morelli, 2011) 

 Table 2.01: Indicators for Environmental Sustainability 

2.1.2 ECONOMIC SUSTAINABILITY INDICATORS 

The second Pillar of sustainability that is discussed is economic sustainability. As appears from a research from Doane 
& MacGillivray (2001), economic sustainability is the most transparent concept within the triple bottom approach 
(Doane & MacGillivray, 2001). In the existing literature economic sustainable is often linked to more general business 
indicators like optimizing the financial performance of a company (Kauko, 2012). Doane & MacGillivray (2001) simply 
defines economic sustainability as “the business of doing business”. However, the simple definition does not reflect the 
simplicity of the concept of economic sustainability. On the contrary, if economic sustainability was fully understood by 
organizations there was in fact no poverty, full employment and no bankruptcies (Doane & MacGillivray, 2001). 
Important fact is that economic sustainability is, maybe more than the other pillars, interrelated with the other pillars 
of sustainability. As a part of the definition of economic sustainability, Doane & MacGillivray (2001) state that managers 
must consider the management of the intangible assets of an organization. In order to define economic sustainability 
in a more practicable matter for the built environment and in particular the housing market, this study therefore 
continues with the following definition: The adaptability of a property to economic changes to sustain its long-term 
financial continuity. In relation to the Real Estate sector Mouzughi, Bryde & Al-Shaer (2014) already revealed that 
investing into one particular type is not beneficial to maximize the financial opportunities and that proper supporting 
infrastructure need to accompany Real Estate developments. Torvestad (2010) also stresses the importance of 
infrastructure but in broader sense with the integration of transit oriented development as an indicator of economic 
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sustainability. Finally, Kauko (2012) argues that the connection of Real Estate to a certain location and the economic 
micro climates are essential to the economic sustainable development of Real Estate.  

 

From the literature three different indicators for economical sustainability are distinguished. Although these indicators 
were formulated in relation to the overall business climate they are rephrased as indicators at property level. First there 
is the financial performance of a property. In order to maintain a healthy financial situation, it is important that a 
property develops with the demand from the market to maintain the interest of possible tenants. Indices within this 
attractiveness can be savings on energy costs due to a better energy performance of a property, but also the presence 
of supporting facilities is the neighbourhood. Secondly, there is a need for a property to develop during the exploitation 
period. Due to a changing demand from the market the property should be adaptable to these changing situations. Life 
course proof dwellings are an example of dwellings that are adaptable to changing needs from tenants over time. 
Thirdly, there is the influence of the wider economy. The economic situation in a certain region can have an important 
influence on the attractiveness of dwellings for example interest rates can have influence on the choice to rent or buy 
and the availability of jobs can attract new tenants. Table 2.02 contains an overview of the indicators for economic 
sustainability found in the existing literature.  

Economic Indicators Source: 

The financial performance of a Property 

Flexibility to market change of a Property 

The influence on the wider economy 

 

(Doane & MacGillivray, 2001) 

(Doane & MacGillivray, 2001) 

(Doane & MacGillivray, 2001; Eurostat, 2015;  

The Nation Economic and  Social Council, 2002) 

 Table 2.02: Indicators for Economic Sustainability 

2.1.3 SOCIAL SUSTAINABILITY INDICATORS 

Where economic sustainability is describing as the most elusive of the three pillars of sustainability, social sustainability 
is often referred to as the subordinated pillar. As environmental and economic sustainability issues already dominated 
the sustainability discussions, social issues infiltrated this debate from the late ‘90s. Following Chan & Lee (2007), “social 
sustainability refers to sustaining and improving the well-being of the present and future generation”. A more elaborated 
definition on this topic is given by Colantonio (2007) who wrote that “social sustainability refers to personal and societal 
assets, rules and processes that empower individuals and communities to participate in the long term and fair 
achievement of adequate and economically achievable standards of life based on self-expressed needs and aspirations 
within the physical boundaries of places and the planet as a whole”. Although the relative unexplored character of this 
pillar it is recognised and accepted in many policy concepts. Murphy (2012) studied existing literature on social 
sustainability and found four leading indicators for policy concepts namely: Equity, awareness, participation and 
cohesion. Furthermore, Dempsey, Bramley, Power & Brown (2011) found that there were two overarching dimensions 
of social sustainability identified as social equity and sustainability of community. Therefore, the indicators are 
formulated so that they together should create social equity and the opportunity for the community to sustain their 
living environment and develop with the external environment in which they are subjected. Furthermore, because of 
wide scope of interpretation of some of the indicators there are used extra determinants that explain the broader 
concepts. To conclude, social sustainability issues provide new opportunities for communication in the broader 
perspective of the sustainability debates (Boström, 2012) and is therefore important in the modern societies nowadays.  

 

In order to create these intangible dimensions in social sustainability there are several indicators found that support 
them. To make sure that everyone has equal opportunities, it is important that nobody is excluded from society both 
economically and socially. To achieve this economic inclusion a neighbourhood or area should provide sufficient jobs to 
ensure an income for a large amount of its inhabitants, the property and its neighbourhood should be easily accessible 
for multiple types of transport and people to ensure that nobody will be isolated in this neighbourhood and dwellings 
should be affordable to a wide range of people to mix different groups of the population. The more elusive part of the 
inclusion of people in society is the social aspect. In order to provide people with the opportunity to create community 
bounds there is a demand for facilities that trigger interactions between people. This social infrastructure can exist of 
all kinds of amenities where people can interact with each other like gyms or community centres. One step further, 
there should be support for family and community development. This support can consist of community activities that 
promote participation between the different groups of inhabitants. However, the creation of social capital and the 
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provision of infrastructure to support this capital is not enough to ensure social inclusion. People won’t participate in 
community activities or use the infrastructure when the neighbourhood is unsafe of unhealthy. Therefore, it is 
important that there is a sense of safety in a healthy environment with enough green, open space and social security. 
Although both social and economic inclusion are an important part to create a social sustainable built environment 
there are some other indicators that can improve the empathy for the environment and society. First, local 
characteristics and design can play an important aspect in the perception of people and their environment. A well 
designed neighbourhood or preserved historic monument can decrease deprivation. Secondly, it is important that 
people are made aware of their actions and their consequences for the society and environment. Finally, the influence 
of neighbours and other stakeholders in developments can decrease possible negative side effects of these 
developments. Table 2.03 contains a literature overview of the indicators found in relation with social sustainability.   

     Social Indicators Source: 

Economic inclusion: 

- Availability of jobs 

 

- Accessibility 

 

- Affordability 

Social inclusion: 

- Social infrastructure 

 

- Social Capital 

- Security 

- Health and Well-being 

Preservation local characteristics 

Design 

Awareness 

Stakeholder influence 

 

(Chan & Lee, 2007; The nation Economic and Social Council, 2002; Diaz- 

Chavez, 2014; Boström, 2012; Dempsey et al., 2011; Colantonio, 2007)    

(Chan & Lee, 2007; Diaz-Chavez, 2014; Eurostat, 2015; Dempsey et al.,  

2011; Colantonio, 2007) 

(Rosenberg & Todd, 2013) 

 

(Chan & Lee, 2007; Diaz-Chavez, 2014; Dempsey et al., 2011; Colantonio,  

2007) 

(Chan & Lee, 2007; Dempsey et al., 2011; Morelli, 2011) 

(Diaz-Chavez, 2014) 

(Eurostat, 2015; Murphy, 2012; Dempsey et al., 2011; Colantonio, 2007) 

(Chan & Lee, 2007; Morelli, 2011; Dempsey et al., 2011; Boström, 2012) 

(Chan & Lee, 2007; Dempsey et al., 2011) 

(Murphy, 2012) 

(Boström, 2012) 

 Table 2.03: Indicators for Social Sustainability 

2.1.4 INTERRELATIONS  

As environmental, economic and social sustainability form the 
three pillars that together contain the indicators for sustainable 
development they can’t be seen as single constraints which policy 
makers, planner or investors have to take into account striving for 
a sustainable development.  Paraphrasing Schutte (2009), “The 
economy exists entirely within society, because all parts of the 
human economy require interaction among people. Society in turn, 
exists entirely within the environmental system. Although human 
activity is re-shaping the environment at an ever-increasing rate, 
society and its economic systems can never exist independently of 
the environment”. From this statement there can be concluded 
that each pillar is deeply rooted into each other and mutually 
influence each other both positive and negative. Although these 
influences are, in generally, recognized nowadays, methods and 
approaches to balance the pillars are often criticized, due to the 
fact that the indicators are sometimes difficult to translate into 
measurable units and are not mutually comparable (Hansmann, Mieg & Frischknecht, 2012).  To better understand how 
the different pillars interrelate figure 2.02 visualizes the interrelations. Furthermore, Teodorescu investigated and 
identified the interrelations between the pillars, as shown in table 2.04. As can be seen in figure 2.02 and table 2.04 the 

Figure 2.02: Interrelations 3 pillars of Sustainability, (from: 

Teodorescu, 2012) 
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pillars can interact in two ways. Because all these pillars have mutual interactions, every intervention in the built 
environment can be formulated circular, for example; the creation of new jobs in a neighbourhood can improve the 
overall economic viability of the neighbourhood (economic), as a consequence the neighbourhood will become more 
lively due to the presence and mix of more people and functions (social), in order to accommodate these new jobs, new 
buildings have to be developed according to contemporary green requirements (environmental), in their turn, these 
green buildings ensure a rising attractiveness for possible tenants (economic). This relatively superficial example shows 
the circular interactions between the different pillars. However, these interrelations mean also that potential aspects 
can interact circularly in a negative way. For example, new jobs attract criminality which adverse the attraction of new 
tenants and cause deprivation of the neighbourhood.  Therefore, it is important to utilize the positive incentives and 
characteristics possible negative characteristics.  

  Relations Influence: 

Socio-Economic 

Economic-Social 

Economic-Environmental 

Environmental-Economic 

 

Social-Environmental 

Environmental-Social 

Quantity and Quality of labour 

Providing job, good living and income 

The economic costs of environmental (the polluter pays). 

Pressure on natural resources (renewable resources),  

Environmental investments. 

Consumption patterns 

Human welfare (health, food, security)  

 Table 2.04: Interrelations between Pillars (From: Teodorescu, 2012)   

More specific, for shaping a sustainable place, there is an important role for the development of the residential market. 
Kauko (2012) identified three issues within the development of this sector that are most pertinent: 1) The price and 
quality should develop in the same direction. A substandard level of quality is not acceptable within the housing stock 
due to health and safety reasons, 2) The affordability of dwellings should develop according to overall price levels, 3) 
Product diversity to obtain sufficient value stability, wide range of prices and quality to support different groups of the 
population. When these sustainability issues are compared to the different pillars, one can conclude that they do not 
fit within a certain pillar but are combinations of different pillars. This being said, there can be concluded that each pillar 
cannot be seen as a single constraint to achieve sustainability but always has to be seen in perspective with the other 
pillars.       

 

2.1.5 THE FOURTH PILLAR ‘CULTURE ’ AND SITUATING ‘GOVERNANCE ’  

Although, in general, environmental, economic and social sustainability are though to cover the full spectrum of 
sustainability, there some who argue this issue. Following this alternative approach, they state that Culture and/or 
Governance have to be part of the ‘triple bottom line’ approach as a ‘triple bottom line plus one formula’ (Sutton, 2004). 
First, the pillar of Culture has been created as a concept to describe the community values, meaning and purpose of life 
as cultural vitality which can, due to new paradigms and views on a sustainable society, be integrated as one of the 
pillars (Hawkes, 2001). However, following Dessein, Soini, Fairclough & Horlings (2015) who identified three important 
ways the pillar of culture can play an important role in sustainable development namely: 1) Culture can have a 
supportive and self-promoting role, 2) can influence the balancing between all three of the existing pillars, 3) has an 
essential foundation and structure for achieving aims of sustainable development. As these different roles tend to be 
different from the social pillar of sustainability, a lot of these aspect have already been explained in this social pillar. 
Therefore, culture is in this study included as a constraint of the built environment in which sustainable development 
has to be achieved. Furthermore, due to the strong interference of the governance in offering indices or setting 
constraints to development, some studies suggest that governance can also be taken into account as a fourth pillar 
(Schutte, 2009). However, rules, laws and incentives in relation to the development of sustainable Real Estate, offered 
by the government, are aimed to improve the overall acceptation and integration of sustainable development, and can 
therefore also seen as constraints of incentives of the entire context in which sustainable development has to be 
achieved. Following this statement in the context of this study, this study addresses these governance pillar as a context 
characteristic and not as a pillar of sustainability on property level.   
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2.2  SUSTAINABLE BUILDING CERTIFICATION/LABBELING METRICS 

The property is responsible for a major part of the total energy consumption and pollution. This share will keep rising 
till 2040 (CBRE, 2014). Following the ‘Energieakkoord voor duurzame groei’ which set minimum requirements for the 
residential sector for the growth to an energy neutral built environment, the demand to make energy use visible and to 
raise awareness about the benefits and potential of energy measures in the Real Estate sector introduced several Green 
Labels and performance certificates for buildings. The introduction and acceptation of these labels and certificates offer 
several positive advantages (Brilhante & Skinner, 2015): first, they provide information about the level of different 
sustainability attributes and services a building offers its tenants, owners and investors. This information is mutually 
comparable between buildings with the same label. Secondly, the financial benefits of sustainability criteria can be used 
as a strong marketing tool. Due to the relevance of sustainability last decade, many different labels are developed that 
are all aimed on sustainability, however, to differentiate, they focus on different aspects of sustainability. Table 2.05 
shows in the most left column the criteria of sustainability that are taken into account in the different labelling metrics. 
The figures in the table show the relative division of the point for each criteria category. Although most criteria are 
aimed at the economic-environmental relationships of the pillars of sustainability some social criteria are defined as 
well. When looked at the distribution of the criteria within the labelling metrics, there can be seen that BREAAM takes 
the widest scope of criteria into consideration. In contrast, Energy Star completely focusses on the energy performance 
of the building. The most commonly used metrics to express sustainability in the Real Estate sector in the Netherlands 
are the Energieprestatiecertificaat (EPC), GPR building, GreenCalc+ and BREAAM-NL (Kersten & Stoffels, 2010). Due to 
the fact that within the metrics of these different labels and certificates all three aspects of sustainability are taken into 
account, they can be translated into criteria for investment decisions, the Responsible Property Investment Criteria, 
however, they do still not cover all the pillars completely.  

 Criteria % Labels: GRESB BREAAM LEED Green Calc+ GPR Building Energy Star 

Management  30 12 1    

Transport   8 16 8   

Energy  

44 

19 33 65 20 100 

Water  6 11 6 20  

Materials  12,5 13 21 20  

Pollution  10   20  

Land use & Ecology   10     

Waste   7,5     

Sustainable sites    10    

Health & Well-being  

26 

15 16  20  

Stakeholder 
engagement 

      

Table 2.05: Distribution sustainability criteria for each Label/Certificate (From: Jansen, 2015; Baas, 2013) 

     

2.3 SUSTAINABILITY CRITERIA FOR RESPONSIBLE PROPERTY INVESTING 

The introduction of Sustainability into the investment process of Real Estate has led to a shift into the sector as appears 
from the following quotation of the US SIF (2013) “Sustainable and responsible investment professionals have changed 
the investment industry by challenging and shifting traditional notions of investment practice”. Responsible property 
investors have generated opportunities to influence social impacts and obtain competitive and financial return 
advancements by integrating social, economic and governance considerations into their investment decision-making 
process. Following Pivo’s (2005) acknowledgements to pool the data of the financial, social and environmental 
achievements of responsible property investments, to expand the knowledge about the relationships of the three pillars 
of sustainability have been adapted in several studies. So has Pivo (2008) formulated and ranked 56 criteria for 
responsible property investments, followed by a study, performed together with Fisher (2008), in order to demonstrate 
the financial benefits for investors of the four highest ranked criteria. Furthermore, UNEP FI (2011; 2012) published 
several reports that describe the implementation process of RPI criteria into the investment decision-making process. 
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However, although these implementation tools are available, the current indexes and assessments of practice do not 
fulfil the needs to explain uncertainties around the responsible property investments practices (Pivo & Fisher, 2011). 
Furthermore, the current available investment criteria are mainly based on the office market. Because of the context of 
this study and the demand to create an index/assessment model of the impact of different RPI criteria for the residential 
sector, this study aims to formulated additional sustainability criteria for responsible investments in residential 
properties. Guidelines to obtain a suitable set of criteria are the indicators for sustainability. Existing RPI criteria, found 
in the literature and certification and labelling metrics, are divided under the different pillars and indicators of 
sustainability, to review if they cover all the indicators, and will be supplemented where necessary with additional 
criteria specific for the residential sector. To obtain the most complete set of criteria the measurability of the criteria is, 
in this stadium, not yet of importance.  

 

In Appendix 1 there can be found a table with an overview of exiting RPI criteria formulated by Pivo (2008) and 
sustainability criteria that underpin the certification metrics of LEED and BREAAM-NL divided under the different 
indicators of sustainability. These criteria give more practical options to, finally, ensure an indicator can be realized 
within the built environment. There is chosen for the certification methods of LEED and BREAAM-NL because they 
explain the widest scope of sustainability criteria, as shown in table 2.05. From the table in Appendix 1 there can be 
concluded that especially the environmental pillar of sustainability is already widely covered by the existing criteria, 
where the economic and social pillars are less covered. However, from the previous study appear that economic 
sustainability is deeply rooted into both the environmental and social aspects of sustainability due to the facts that the 
economy completely functions within our society and that the environmental criteria influence the economic 
performance of a property. The criteria mentioned in the economic pillar are, therefore, not entirely representing the 
importance of this pillar in this triple bottom line approach.  Besides, the interrelations between economic sustainability 
and social and environmental sustainability, there can be seen several similarities in social and environmental. 
Especially, in the categories of the presence of green in the close proximity and health and well-being issues, these 
pillars interrelated.  

 

Although exiting criteria cover a lot of the formulated indicators of sustainability, there are still some blanks or partially 
explained indicators. Due to the elusive character of the social pillar, these insufficient and unexplained indicators can 
be found within this pillar of sustainability. Therefore, further research in existing literature is performed to find 
additional criteria that underpin these indicators. From this additional literature study, also found in appendix 1, can be 
concluded that there were some aspects of social sustainability not yet explained by the existing criteria. So do the 
existing criteria take privacy and sense of belongings only into consideration to a minimum extent. Furthermore, they 
do not explain the importance of the availability of jobs for social interaction not only between employees mutually but 
also in the wider context of interaction between residents. Finally, most design aspects of Real Estate and its 
environment are mentioned in a small extent. These design aspects are however of importance for the image creation 
and sense of place of participants.  

 

2.4 OPERATIONAL SUSTAINABILITY INDICATORS 

The search for the foundation of the concept of sustainability in the built environment led to a wide scope of different 
indicators and criteria. In this approach the indicators for sustainability are supported by the criteria that are more 
focussed on effective actions that can be performed in the built environment. Although these criteria represent more 
effective actions the level of measurement of these actions occur is different. Therefore, a distinction is made between 
four different categories: regulatory, process, location and building. The division of categories can be found in appendix 
1. The regulatory level of these sustainability criteria is mostly set and/or coordinated by the government or other 
supervisory parties. This means that during the creation of a sustainable building one needs to meet several regulations 
and requirements. The second level can be obtained during the process of planning, preparation and construction of a 
building. The third level are the location characteristics. This level contains physical aspect of the building location, 
neighbourhood and composition of the people surrounding the location. Finally, the building level contains aspect about 
the building itself. Although the regulatory and process indicators are an important aspect for the creation of a 
sustainable environment, due to the scope of this research, both of these levels can only be measured in advance or 
during these stages. Therefore, this research only takes the sustainability indicators into consideration that have criteria 
on the level of the building and location. This means that the indicators in table 2.06 will be elaborated in the remainder 
of this research.    
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Environmental Economic Social 

Energy usage and conservation Financial performance Accessibility 

Water consumption Flexibility Availability jobs 

Building climate Influence wider economy Affordability 

Site and land use  Social capital 

Transport  Social infrastructure 

  Security 

  Health and well-being 

  Preservation local characteristics 

  Design 

Table 2.06: Measurable sustainability indicators 

 

2.5 CONCLUSION 

In this chapter an attempt was made to formulate a complete set of sustainability criteria for responsible property 
investing, in the broadest sense of this term. Sustainability is split in its three underlying pillars, and from existing 
literature there were found several indicators that form the foundation of these pillars. Finally, existing criteria were 
classified under the different indicators, and insufficient or unexplained indicators were supplemented with additional 
criteria found in the literature.  Due to this funnel approach that started with the explanation of sustainability in its 
widest sense and worked its way down to the formulated and classified sustainability criteria, there is assumed that we 
have a set of criteria that explains the full spectrum of sustainability. Although this set of criteria attempts to be 
complete, these criteria are not yet formulated in a way that they can be measured for a single asset. Therefore, the 
indicators are categorized on level and stage in which the criteria can be measured. This led to a short list of indicators 
(table 2.06) that will be further elaborated in this remainder of this research in order to determine their influence on 
the rental price formation in the Dutch commercial housing market. 
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3  THE DUTCH COMMERCIAL HOUSING MARKET AND THE 

ADOPTION OF SUSTAINABILITY  

3.1 RENTAL PRICE DETERMINANTS FOR APARTMENTS 

Although this research is attempting to uncover the influence of sustainability criteria on the rental price of multiple 
family dwellings, there are, besides sustainability criteria, also other important characteristics of dwellings that influence 
the rental price. Therefore, this section searches the existing literature for additional determinants for the dwelling 
rental price. Due to regulatory changes for the formation of the rental prices of dwellings, and the increased dependency 
of the WOZ-value of a dwelling on the rental price these determinants are complemented with information available 
from the appreciation practice. 

 

Due to the scarcity of suitable construction plots/land the Real Estate market can, due to this supply constraint, be 
defined as a demand driven market (Algieri, 2013). This means that the rental price is to a large extent dependent on 
the price a person in willing to pay for a certain asset and its amenities. A comprehensive literature review performed 
by Sirmans (1991) revealed several determinants for the formation of the rental price divided into three categories: 

- Property specific factors: physical characteristics, location, amenities and services and external factors 

- Market incentive: rent concessions, rent discounts, professional management 

- Relation rent and vacancy: supply and demand, natural vacancy rates 

More recent, and also in accordance with Sirmans (1991) research, Amenyah & Fletcher (2013) divided the determinants 
for the rental price into economic and non-economic factors. In this case non-economic factors include the asset and 
locational specific characteristics and the economic factors include interest rates and income level. More elaborated, 
Algieri (2013) found a large amount of determinants explaining the rental price formation from an economic point of 
view. In this study among others the mortgage financial market, population growth, credit availability, interest rates, 
inflation and unemployment rates determine the demand and formation of rental prices.  

 

From an appraisal perspective, Visser & Van Dam (2006) define that the price a person is willing to pay for a dwelling is 
dependent on four different dimensions: physical dwelling characteristics, physical environmental characteristics, social 
environmental characteristics and functional environmental characteristics. These four dimensions suggest that the 
quality of the environment is an important aspect of the value of a dwelling. This quality of the environment is an 
important aspect in the approach of this research to achieve insight in the influence of sustainability criteria on the 
value of a dwelling. 

 

In addition to the similarities with the earlier identified sustainability criteria for responsible investing these studies give 
extra insight in the determinants of the formation of the rental price of a dwelling. Concluded, there can be said that 
determinants for the formation of a rental price are to a large extend related with the earlier identified sustainability 
criteria. However, especially at the level of property specific characteristics this section adds additional information to 
the rental price formation.  

 

 

Although the recognition of sustainability in the Real Estate sector is rising, the overall acknowledgement 
and adoption remains behind. In order to extend the available information about the benefits for both the 
investors as the end-user this chapter starts with a further elaboration of the context of the Dutch 
commercial housing market focussed on other determinants of the rental price formation. After these 
determinants are established, possible barriers in the further adoption of sustainability are explained 
following the example of the vicious circle of blame. After these barriers possible drivers for sustainability 
are established and the term of energy premium is elaborated. Finally, there are two conceptual models 
defined which are the foundation for the preceding study. 
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3.2 VICIOUS CIRCLE OF BLAME 

Although the Real Estate sector is responsible for a significant amount of pollution and greenhouse gasses, the general 
adoption of sustainable building has had a long time coming, due to the contradictions between the demand and supply 
side of the market. Cadman (2000) developed a model to understand these conflicting interest between stakeholders 
in the process, the vicious circle of blame (figure 3.01) (RICS, 2009). This model shows the negative spiral in the decision 
making circle between demand and supply. This means that when there is no demand or acknowledgement from at 
least one of the stakeholders for the possible benefits of a sustainable building, this sustainable building will never see 
the light. However, in the current market, recognition of the benefits of sustainability and practical solutions are more 
and more integrated in the sector. A more recent study performed by Lycklama (2010), investigated the current state 
of this vicious circle of blame and the possibilities for stakeholders to break this circle. From in-depth interviews with 
some of the major players in the Dutch Real Estate market, Lycklama (2010) identified solutions that can cause further 
adaption of sustainability of which investments in energy entities is an important aspect for this research. These 
investments in energy entities can improve the attractiveness of sustainable buildings for both the investors (rent 
premium) and the end-user (lower energy costs).  

Figure 3.01: Vicious Circle of Blame (RICS, 2009)   

 

3.3 DRIVERS OF SUSTAINABILITY INVESTMENTS 

Every party in the previously mentioned vicious circle of blame has its own motivations to, or not to, integrate 
sustainability in their decision-making process. Nelson & Frankel (2012) identified five different drivers for the 
acceptation and implementation of sustainability in the real estate sector: enhanced operating efficiency, investors 
criteria (financial performance), regulatory compliances and incentives, tenant demand and competitive positioning. 
More specifically from an investors perspective, Falkenbach, Lindholm & Schleich (2010) classified the drivers of 
sustainability, obtained from a literature review, into three groups: the external drivers, corporate level drivers and 
property level drivers. The framework of drivers underlying these classification of levels for real estate investors, can be 
easily translated to the problem of the vicious circle of blame namely, without the proper demand and willingness to 
pay for sustainability an investor is not able to get an insurance of financial support for a project, and therefore will not 
pay for sustainability. Furthermore, the interaction between investor and end-user related to the economic benefits 
and the uneven distribution of these benefits is not supported by evidence and slows down the adoption of 
sustainability (Falkenbach et al., 2010). In order to further specify and understand the background of these sustainability 
issues the RICS (2009) investigated the drives and barriers for investing in household energy efficiency.  This study also 
shows a mismatch between the supply and demand side of the market. The barriers in this study constitute mainly of 
absence of benchmarking in the domestic sector and the ignored and poorly understood information about the benefits 
for households of energy efficiency measurements. Where drivers are mainly economic and used by the investors to 
repay an investment, they are mostly seen as a risk due to the height of the investment cost and relatively long period 
of repayment of the investment. 
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3.4 RENTAL PREMIUMS    

From previous sections there can be concluded that with more awareness about the benefits of sustainability for the 
end-user and a more even distribution of these benefits between the investor(s) and end-user there can be achieved a 
higher demand in sustainable housing. Although sustainable housing contains a lot of aspects of sustainability, following 
previous literature study, more insight in financial benefits for both investors and end-users can possibly be the most 
important factor in raising the attractiveness of and demand for sustainable housing.  In order to specify this distribution 
of financial benefits between investors and end-users there is often referred to as the rental premium for the investor. 
This rental premium is a rental price above the rental price in normal market circumstances according to one or multiple 
characteristics of a property, in this case due to energy efficient measurements. Although in preceding sections a large 
lack in information is identified, more recent research into the influence of sustainability on rental prices, mainly in the 
office market, show a significant rental premium for office buildings with a certified energy of sustainability label 
(Eichholtz et al., 2010; Fuerst & McAllister, 2011). In addition to the recognition of a rental premium for property that 
has a sustainability label, Baas (2013) investigated the rental premium of office building in comparison to the energy 
savings of the property. Baas (2013) concluded that energy saving for sustainable office properties exceed the rental 
premium, however, the sample size in this study was relatively small. In the residential market the end-user of a property 
can be very close to potential gains on the energy bill. This means that when energy costs are regulated by the end-
user/tenant and not by the owner/investor, possible savings directly influence the wallet of the tenant. Therefore, it is 
important to determine the relation of these rental premiums and the energy savings of sustainable dwellings in the 
Dutch commercial rental market. This relation can further optimize the distribution of costs and revenues of sustainable 
investments for the investors and tenants, for an increased recognition of the financial benefits of sustainability 
investments. 

 

3.5 CONCEPTUAL MODELS 

In previous section there was searched for possible additional determinants that influence the formation of the rental 
price. From the conclusion one self-contained determined was derived, namely the physical asset variables. Other found 
determinants are mostly related to the sustainability criteria found in preceding literature study. This section connects, 
categorize and integrated the rental price determinants into one conceptual model.   

 

According to the earlier mentioned ‘triple bottom line’ approach to obtain a sustainable built environment, a certain 
level of both social, economic and environmental sustainability should be met in order to maintain the building and its 
environment to be futureproof. This means that, although the indicators are divided under three different pillars, the 
sustainability criteria are interrelated to one other and cannot be categorized to one certain group. However, from the 
perspective of a single asset and following the previous mentioned determinants of the rental price, the sustainability 
criteria can be categorized on the scope of their measurement level. Where economic variables are usually determined 
on the wider regional level, the asset specific characteristics differ for each single asset. Following this approach, this 
research distinguishes four categories of variables related to sustainability criteria and determinants for the rental price, 
namely: Economic variables, Locational variables, Sustainability variables asset level and Sustainability variables at 
environmental level.   

 

Besides the four composed sustainability related variables, the rental price determinants showed another important 
variable group with regard to the rental price formation, namely: physical property characteristics. The five variable 
categories obtained form the basis for the determination of the influence of sustainability on the rental price. This 
means that these groups are the independent variables which determine the dependent variable: rental price. Brought 
together in a research model, this is visualized in figure 3.02. 



29 
 

Figure 3.02: Conceptual model rental price formation 

In order to provide a framework for a more even distribution of the financial benefits between investors and end-users 
in the Dutch commercial residential sector, this research attempts to provide extra insight in the differences between 
the additional value of an energy labelled asset for the investor and the potential energy profits for a household. 
Therefore, this conceptual model proceeds with the information of the model from chapter 3.2. When the information 
is obtained from the hedonic pricing model, the rental premiums obtained from the energy labels are further elaborated 
to determine their influence on energy savings. In order to determine the eventual energy savings for a household, first 
the differences between energy consumption and the energy label needs to be determined. Therefore, there is made 
use of the conceptual model in figure 3.03. This model describes the differences in energy consumption costs (gas and 
electricity) as dependent variables and the rental premiums of the different energy labels as independent variables.  

 Figure 3.03: Conceptual model differences in energy consumption between labels 

3.6 CONCLUSION 

Although there is made a distinction between different categories of rental determinants, these categories represent a 
wide scale of variables that need further elaboration. The different indicators and variables underpinning each category, 
derived from chapter 2.4 and 3.1, can be found in table 3.01. Further elaboration of these variables in needed in order 
to translate them to into measurable units, which will be one of the topics in chapter five. 

Table 3.01: Variables and indicators for rental price formation  

Economic variables Locational variables Physical asset variables Sustainability variables 
(Asset) 

Sustainability variables 
(neighbourhood) 

Influence wider  

economy 

Location type Size Energy usage and 
conservation 

Site and land use 

Financial performance Transport Quality Water consumption Transport  

 Accessibility Scale Building climate Availability jobs 

  Private space Flexibility  Social infrastructure 

  Dwelling type  Site and land use Social capital 

  Furnished Social infrastructure Security  

   Historic characteristics Health and well-being 

    Design 
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Furthermore, the financial benefits of the energy consumption in the Dutch commercial residential market can be an 
important factor for the further adoption of sustainability in society. With the differences between the energy and gas 
consumption of the energy label are determined, the composition of the rental premium in relation to the financial 
benefits can be determined using current energy prices. This can increase the awareness among both investors and the 
tenants for the potential and even distribution of the financial benefits to boost the further preservation of the 
commercial multiple family housing stock and new developments. 
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4  METHODOLOGY 

4.1 RESEARCH APPROACH 

In recent years the demand for insight in the benefits of sustainability in Real Estate for investors and appraisers is risen. 
Therefore, there are already several studies performed that made an attempt to provide insight in the financial gains 
from sustainability investments. Under the title of responsible property investments, Pivo & Fisher (2008) investigated 
the financial performance of office buildings with and without RPI criteria. They constructed two different portfolios of 
office buildings, where the first portfolio consisted of office buildings with RPI criteria; transit oriented, urban 
regeneration zone and energy star labelled. And the second without these RPI criteria. On the basis of a regression 
analysis they investigated the impact of these criteria on different financial characteristics. On average this study 
concluded that office building with the RPI criteria performed slightly better than non-RPI office buildings. More recent, 
Baas (2013) investigated the significance of different sustainability criteria relative to the rental price of office buildings 
by integrating sustainability criteria into a hedonic pricing model as one of the independent variables.  

 

Because this study is aiming at explaining the influence of a set of different sustainability criteria on the direct return 
(rental price) of investment, there is the need to follow preceding performed studies and use an asset based approach. 
This means that a database will be constructed existing of single assets and their characteristics. To determine the 
influence of these characteristics there will be made use of a hedonic pricing model. This model is defined to be a 
mathematical function that links the characteristics, collectively defined as X to the Price of a product, P (Coulson, 2008): 

𝑃 = 𝐻(𝑋) 

Especially in the real estate market this is a commonly used pricing approach, because assets are in a large extent 
heterogeneous. Following Coulson, when integrating multiple characteristics to the hedonic pricing model we use the 
following equation: 

𝑃 =  𝑎0 +  𝑎1𝑋1 +  𝑎2𝑋2+ . . + 𝑎𝑘𝑋𝑘 +  ℇ 

Where 𝑋1  to 𝑋𝑘  are the characteristic levels and 𝑎1 to 𝑎𝑘  are the weights of the different characteristics. ℇ is the so 
called coincidence factor or error term. This means the price (P) is determine by the sum of all characteristics plus or 
minus the error term (ℇ) In order to determine the weights of the influences of the different characteristics a (multiple) 
regression analysis will be used.  This type of analysis is used to predict one dependent variable using one or multiple 
dependent variables. The final goal is to determine the weight for each of the rental determinants (independent 
characteristics) to predict the rental price with the highest efficiency.   

 

Chapter 2 revealed a large amount of sustainability criteria for responsible property investing. However, the asset based 
approach requires measurement at asset level. Moreover, aspects of the direct environment of the asset in questions 
can be used as well. Therefore, the sustainability criteria are divided into four different levels: asset, environment, 
process and regulatory level (Appendix 1). In the following part of the research only the asset and environmental 
sustainability criteria will be included into the equation of the appreciation of the rental price. Furthermore, there is a 
need for a better understanding in other determinants of the rental price for multiple family dwellings. 

 

When the conceptual model from previous chapter is translated into the hedonic pricing model, the following equation 
is obtained: 

𝑅𝑒𝑛𝑡𝑎𝑙 𝑝𝑟𝑖𝑐𝑒 =  𝑎0 + 𝑎1𝐸𝑐𝑜𝑛𝑜𝑚𝑖𝑐 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 + 𝑎2𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 + 𝑎3𝑃ℎ𝑦𝑠𝑖𝑐𝑎𝑙 𝐴𝑠𝑠𝑒𝑡 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 +

 𝑎4𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 (𝐴𝑠𝑠𝑒𝑡 𝑙𝑒𝑣𝑒𝑙) + 𝑎5𝑆𝑢𝑠𝑡𝑎𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠 (𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟ℎ𝑜𝑜𝑑 𝑙𝑒𝑣𝑒𝑙) +  ℇ  

For the collection of the appropriate data, it is important that a general approach for the analysis of the data 
is determined. Therefore, this chapter first specifies for both components of the analysis a suitable approach. 
In order to use these methods, the second section in this chapter translates all the rental determinants and 
sustainability indicators into quantitative measureable variables. When all variables are translated into 
quantitative measureable units, the right database and aggregation level will be established followed by the 
preparation of the data for further elaboration into the analysis.     
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This equation gives the sum of the group variables that determine the formation of the rental price of the multiple 
family dwellings. In this equation sustainability is mentioned in two of the five categories, however, is also deeply rooted 
in the locational and economic variable groups. 

4.1.1 RENTAL PREMIUMS AND ENERGY SAVINGS 

As a sequel to the hedonic pricing model, the energy consumption of the dwellings will be collected and their influence 
on the rental price will be determined. The weight of the energy label determined in the hedonic pricing model is in this 
approach the base for the further elaboration. The energy consumption of the multiple family dwellings obtained from 
Liander’s E-Atlas. These figures consist of a weighted average actual electricity and gas consumption of the assets that 
are situated within their working field. Both the gas and electricity figures based on a yearly consumption and according 
to a linear model. This means that the consumption figures are distributed over the year. When the difference of the 
energy consumption between the energy labels are determined, the financial benefits of the energy label can be 
determined according to current and future energy prices and developments. These financial benefits can be compared 
to the rental premium in order to determine the distribution of costs and benefits between investor and end-user.   

 

4.2 RESEARCH VARIABLES 

In the current stage of this research the sustainability indicators and variables are still from a qualitative nature. In order 
to integrate these variables into a hedonic pricing model all variables need to be translated into variables with a 
quantitative measurement level. Besides the level of measurement level, the measurable unit from the available 
database is also needs to be determined. Therefore, this section will elaborate each of these indicators into quantitative 
measurable units using the substantiated criteria formulated in appendix 1 and chapter 3.1. Each of the following 
subsections contain each a table that explains what sustainability indicator underpins the different variables, the 
variable name, variable label, measurement level and source where the variable is derived from.   

4.2.1 RENTAL PRICE 

Throughout the lifecycle of a property the direct return of investment is the most important form of income. Compared 
to the indirect return Baas (2013) concluded that the indirect part of the return is more volatile than the direct return. 
Furthermore, this study already indicated a lack in information from an appreciation 
perspective for the purpose of valuing sustainability and therefore there is chosen for 
indirect return in this analysis. The direct return consists of the sum of the rental price 
paid by the tenants minus the operationalization costs of the property. Where rental 
income is a relatively stable cash flow, the operationalization costs of a property can 
strongly differ each year. Besides this more fluctuation outgoing cash flow, the rental 
price indicates what people are willing to pay for a certain asset and its additional 
characteristics. Therefore, this research only considers the more stable rental price as 
part of the direct return in order to study the influence of sustainability criteria. The 
rental price of a multiple family dwelling is expressed in price per unit per month per 
square meter and is derived from the TIARA-database (Funda). This database contains 
transaction data from the commercial real estate market, including the transaction 
rental price which is agreed upon on a certain moment in time. In order to obtain a 
rental price that is conform current market situation the rental price needs to be 
discounted. Following the average rent growth per year from the CBS (2015).          Table 4.01: Rent growth (CBS, 2015) 

4.2.2 ECONOMIC VARIABLES  

As appeared from previous research, the economic situation in a region is an important determinant of the willingness 
to pay of possible tenant for an asset. Where the housing market is mainly driven by the demand from the tenants, the 
current environment can be characterized by major regional differences. In order to determine the quantitative 
difference of the economic situation on the rental prices of multiple family dwellings three major indicators were found 
that can substantiate the economic situation in a region, namely the influence of the economy, the financial 
performance and affordability. These indicators are further elaborated into several variables using the sustainability 
criteria into five variables: 

1. Household growth: The housing market is to a large extent related to the population and household growth in a 
region. Increasing population demands for a larger supply in possible housing possibilities. Within the context of the 

Year Average rent growth 

2006 2,7% 

2007 1,4% 

2008 1,9% 

2009 2,8% 

2010 1,6% 

2011 1,8% 

2012 2,8% 

2013 4,7% 

2014 4,4% 

2015 2,4% 
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multiple family dwellings, the increasing individualization causes a growth in households that can regionally exceed the 
supply of new dwellings and can therefore be an important predictor of the rental price.   

2. Employment rate: Besides the increasing individualization, there can be seen a major shift of people moving toward 
cities. The availability of work in these regions are an important determinant for the choice to move towards these 
regions. Therefore, this variable is integrated as the total amount of jobs available in the region. 

3. Mortgage rates and house prices: The attractiveness from the market for people to buy a dwelling can decrease the 
demand for rental dwellings. This attractiveness can both be caused by low mortgage rates and/or house prices. The 
TIARA database contains the moment in time when the transaction is fulfilled. However, in order to compare the 
different rental prices corresponding to these moments in time, they have to be discounted to a matching moment in 
time, mentioned in the previous sub section.   

4. Vacancy rates: Although regional vacancy rates can reflect some consequences of all preceding variables, it is also a 
variable that reflects the demand for dwellings in a certain region in a broader perspective. Therefore, CBS statistics 
about the overall vacancy rate in the regional housing markets are taken in to account for this variable. 

5) Affordability: The willingness and opportunities to pay a certain rental price for a dwelling is largely dependent on 
the average income of the population. Therefore, in order to determine the affordability of the dwellings within the 
region a ratio is calculated using the average income per inhabitant / average WOZ-value of dwellings in the region from 
the CBS-database. 

Due to the scope of this economic variables, the variables will be measured on a wider regional scale, in this case figures 
from the municipality serve as the basis. However, the data that will be measured is not for all variables the same. 
Where Household growth is measured by the percentage of the increase in households till 2025, the employment rate 
is measured by the total amount of jobs available in the region. Due to the connection of house prices and mortgage 
rates with the overall economic situation in the Netherlands, it is hard to determine their influence their relation to the 
rental price. In this research, therefore, is looked at the year of the formation of the contractual rent. Afterwards 
fluctuations in the height of the rent can be compared with fluctuations in mortgage fees and house prices. In table 4.02 
the four economic variables are elaborated into the measurable variables and units. 

 Indicator  Variable Code/Label Measurable unit Measurement level Values Database 

Economic influence Household growth Hh2025 % Increase households till 
2025 

Scale  CBS, 2014 

Economic influence Employment rates Jobs Jobs region Scale  LISA, 2015 

Financial performance Vacancy rates 
(region) 

VacReg % relative vacancy of total 
dwelling stock in region 

Scale   CBS, 2013 

Economic influence Transaction Year TrYear Year of rental price 
formation 

Ordinal 1. 2006 

. 

. 

11. 2016 

MVGM, TIARA 

Affordability Affordability Afford Ratio average income HH 
/ Rental price 

Scale  CBS, 2013 

Table 4.02: Quantification economic variables 

4.2.3 LOCATIONAL VARIABLES 

The group of locational variables consists of the indicators transport and accessibility. These transport and accessibility 
indicators are of a more elusive character, because they cannot be expressed into one exact variable. In order to quantify 
these indicators, different aspects of the indicators are drawn apart. These separate variables explain together the 
locational variables of an asset. From the previous research there can be concluded that the transport indicator is 
related to the number of transport available at the location of an asset, where accessibility in this case is related to the 
possibilities to access the building with different types of transport. Therefore, in this research, all types of transport 
modes are considered as variables and the extent to which they are available within the proximity of an asset is 
expressed in the distance to a certain transport mode. In order to determine the distances between the facilities that 
provide these different transport modes there is made use of a database published by the University of Groningen 
(2015). This database contains the locations of all public transport facilities in the Netherland. In order to obtain the 
distance to the closest highway the NWB (2014) produced a map in which all roads in the Netherlands are included and 
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categorized. Furthermore, the type of location where the asset is situated, measured according to the address density 
in the neighbourhood obtained from the CBS-database. A variable that asks for some more attention is the distance to 
the CBD. Although there is only a small amount of defined CBDs in the Netherlands, the literature about CBS’s describes 
these areas as the centre of a city/region where the highest concentration of employment is situated (De Groot, Marlet, 
Teulings & Vermeulen, 2010). Therefore, in this study is made a choice to acknowledge CBDs at a regional level by the 
total amount of business establishments situated in a district. The CBS-database provides the required data to 
determine regional districts with the highest concentration of business establishment and these district will be marked 
as CBDs. In the bigger cities more than one CBD is distinguished due to the division of districts with a relative high 
amount of business establishments. In table 4.03 the locational variable group is separated into single variables based 
on the transport and accessibility indicators. 

Indicator Variable Code/label Measurable Unit Measurable Level Values Database 

Transport/accessibility Location type OAD Address density area Scale   CBS, 2014 

Transport/accessibility Distance CBD DisCBD Kilometres to CBD Scale  ArcGIS, CBS, 2014 

Transport/accessibility Distance highway DisHigh Kilometres to highway Scale  ArcGIS/ NWB, 

 2015 

Transport/accessibility Distance bus DisBus Kilometres to closest bus or 
tram or metro 

Scale  ArcGIS/University of 
Groningen, 2015 

Transport/accessibility Distance train DisTrn Kilometres train station Scale  ArcGIS/University of 
Groningen, 2015 

Transport/accessibility Distance 
tram/metro 

DisMet Kilometres to metro of tram 
station 

Scale  ArcGIS/University of 
Groningen, 2015 

Table 4.03: quantification economic variables 

4.2.4 PHYSICAL ASSET VARIABLES  

In contrast to the other variable groups, the physical asset variables are easily translated into a set of quantitative data. 
The single variables in this groups are the result of the additional research into the determinants of the rental price of 
multiple family dwellings. In this case for the quality of a property there is chosen for the year of construction or 
renovation. Furthermore, there are two variables returning in both the additional study into rental determinants and 
the sustainability indicators.  An additional variable is added to this group because of its possible importance at asset 
level for the financial performance of an asset. The vacancy rate at asset level is a more specific indicators compared to 
the overall vacancy rate in the region from the economic variables and can be derived from the financial performance 
indicator of economic sustainability. Additional to the broader perspective of the region, the vacancy level on asset level 
can possibly explain differences within the region at neighbourhood and building level. The Asset specific are obtained 
from the Tiara-Database (Funda). However, in order to obtain a more reliable database MVGM evaluates this database 
for the assets in their management. Therefore, there is only made use of the more reliable assets that are evaluated by 
MVGM. In table 4.04 all physical assets variables are prepared and made suitable for further assessments. 

Indicator Variable Code/Label Measurable unit Measurable level Values Database 

- Size Surface 𝑀2 LTF Scale  MVGM, TIARA 

- Type Type  Nominal 1. Gallery flat 

2. Porch house 

3. Apartment 

4. Maisonette 

MVGM, TIARA 

- Rooms #Rooms # of Rooms Scale  MVGM, TIARA 

- Quality Age  Ordinal   MVGM, TIARA 

- Scale Scale # of floors of asset Scale  MVGM, TIARA 

Health and well-being Garden GarBal  dummy 0. No 

1. Yes 

MVGM, TIARA 

 Parking facility Parkfc  dummy 0. No 

1. Yes 

MVGM, TIARA 

Financial Performance Vacancy (Asset) VacAs Asset vacancy rates Scale   MVGM, TIARA 

Table 4.04: Quantification Physical Asset variables 
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4.2.5 SUSTAINABILITY VARIABLES, ASSET LEVEL 

Besides the physical asset variables determined in previous section, there are several additional variables found in the 
literature that can determine the value of a dwelling at the level of the asset. In perspective of the scope of this research 
these sustainability variables are the most interesting. Because there is still much uncertainty about the influence of 
these sustainability on the value of an asset, these variables are likely to give new insights in the background of the 
willingness to pay for certain sustainability variables reflected in the rental price. From preceding literature review there 
were found seven indicators that can be related with property specific criteria: 

- Energy usage and conservation: This indicator can be divided into two parts, the energy usage and the 
conservation. To measure the efficiency of the use of energy of a dwelling there can be made use of two 
criteria: the energy performance coefficient (EPC) or the Energy label. Because the EPC and Energy label 
are mutually related, every energy label stands for a certain EPC standard, this research chose to take the 
energy label into consideration. Furthermore, although there could be possible benefits of renewable 
energy solutions on the energy bill, the energy label variable already considers possible renewable energy 
solutions in order to compose the right label. Therefore, there is made the assumption that the availability 
of these sources don’t add extra information in the analysis and is therefore excluded from the analysis. 

- Water consumption: Comparable to savings on the energy bill due to efficiency measurements can the 
amount of water consumption lead to possible extra rent premiums. However, due to the lack of data on 
this topic, and the relative low costs per year for water consumption compared to other fixed costs of a 
household, there is assumed that the relative importance is minimal and therefore not taken into account 
in this study.  

- Social infrastructure: The willingness to pay a certain price for a dwelling is also important in the sense of 
community. Important in these community ties are areas where people can meet. These community areas 
can differ from a bakery to a gym and therefore the multifunctional use of the asset is taken into account. 
This means that the social infrastructure, is in this case, expressed as the total amount of different user 
functions in the building. However, due to the availability of data there is only determined if there is just 
one user function present in the asset or more than one user function. 

- Site and land use: additional to the social infrastructure, the scale of the building can have an important 
influence on the sense of community. However, this variable is already taken into account within the 
category of the asset specific variables and therefore not further mentioned in this category.  

- Historic characteristics: finally, in order to determine if historic or monumental status of a building influence 
the rental price a dummy variable will be taken into consideration for the Asset. In this case the lowest 
category of monumental status of a building (protected town scape) is already taken into consideration as 
monumental status.   

Although most of the indicators can be translated into variables with a measurable unit suitable for the data collection, 
building climate and flexibility won’t be integrated into this analysis. Because building climate is in residential buildings 
mostly controllable for each single unit and therefore adjustable to a person’s demands there is no need for an 
elaboration of this indicator. Flexibility aims on a dwelling to be life course proof. However, the aspects that make a 
building life course proof are so specific that, due to the scope of this research, this variable is not taken into the analysis. 
The remaining asset based sustainability criteria are in table 4.05 translated into measurable units that can be collected 
and processed. 

Indicator Variable Code/Label Measurable unit Measurable level Values Database 

Energy usage & 
conservation 

Energy Label EnLbl Energy label Ordinal  1. G 

. 

. 

. 

9. A++ 

MVGM, TIARA 

Social infrastructure User function mix UseMx # User functions 
within the Asset 

Dummy  0. Only residential 

1. More User functions 

BAG, 2015 

Preservation local 
characteristics 

Historic 
characteristics 

HisCh Monumental status Dummy 0. No 

1. Yes 

MVGM, TIARA 

Table 4.05: Quantification Sustainability variables at Asset level 
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4.2.6 SUSTAINABILITY VARIABLES, NEIGHBORHOOD LEVEL 

Where the sustainability criteria on asset level are relatively easily translated into quantitative measurable units, some 
of the sustainability criteria at neighbourhood level are more elusive and need therefore some extra attention. 
Especially the social indicators of sustainability can’t be easily measured within the environment. Therefore, there is 
chosen for an approach that includes all of these indictors on a score based approach at neighbourhood level. Before 
this approach is elaborated there are three other indicators that need to be elaborated:  

- Site and land use: to determine what the influence is of brownfield development or greenfield development 
the density of the neighbourhood, in the form of the Address Density of a location, is already integrated 
into the analysis. 

- Parking footprint: Focus of sustainable transport is the shared use of vehicles and public transport. In order 
to determine this alternative use of transport at neighbourhood level the parking footprint of the 
neighbourhood can give inside in a greener neighbourhood development. However, due to a lack of useful 
information on this variable it is not integrated in this study.   

- Green vehicles: Although the use of green vehicles is not yet mainly prevalent, fast developments within 
this industry will possibly have their influence on the increasing use of these green vehicles. However, due 
to this, not yet, widely supported incorporation of green vehicles there is expected that this variable won’t 
have a significance influence on the rental price and is, also due to the absence of a usable database, 
excluded from this research  

The preceding variables have a more physical appearance in the environment, where the social indicators are usually 
not measured by one specific variable but by a combination and interaction between several variables. Following this 
knowledge, RIGO and Atlas developed in 2008 the LeefBaroMeter, commissioned by the ministry of internal affairs. This 
LeefBaroMeter defines the term ‘liveability’ into a score divided into five different categories. Each of these categories 
is compiled by more than a dozen different variables that together give a neighbourhood score and its deviation from 
the national average. Because the categories cover a lot of the indicators found in preceding literature review they are 
integrated in the analysis. The first category, facilities, covers the indicators of social infrastructure, the availability of 
jobs and transport facilities. The second category, inhabitants, covers the indicators social capital, population mix and 
composition. The category safety covers both the indicators safety and design of the neighbourhood. Finally, the 
LeefBaroMeter category of physical environment covers both the indicators of health and well-being and design. Table 
4.06 gives an overview of the different variables and their units of measurement ready for data collection.  

Indicator Variable Code/Label Measurable unit Measurable level Values Database 

Availability jobs, social 
infrastructure, transport 

LeefBarometer: facilities LBFac Leefbarometer score on facilities Scale  CBS, 2014 

Health and well-being, 
Design 

LeefBarometer: Physical 
environment 

LBEnv Score leefbarometer on physical 
environment 

Scale   CBS, 2014 

Social capital Leefbarometer: 
Inhabitants 

LBInh Score leefbarometer on 
inhabitants 

Scale   CBS, 2014 

Security, design Leefbarometer: Safety  LBsaf Score leefbarometer on safety Scale   CBS, 2014 

Table 4.06: Quantification Sustainability variables at Neighbourhood level 

 

4.2.7 VARIABLES FOR RENTAL PREMIUMS AND ENERGY SAVINGS 

To compare the premium an investor demands for a higher energy label with the actual energy savings for the tenant 
the influence of the consumption of energy on the energy label is determined. The energy consumption is divided into 
two variable: electricity consumption and gas consumption. In order to be able to compare the energy consumption of 
different multiple family dwellings, the consumption is transformed to a standardised variable based on the surface of 
the dwelling. This means that the total consumption of electricity and gas is divided by the total surface of the dwelling. 
Table 4.07 gives the quantified variables and their codes for integration in SPSS.  

Variable Code/Label Measurable unit Measurable level 

Electricity consumption household ElCon KWH/month/m2 Scale  

Gas consumption household GsCon M3/month/m2 Scale 

Table 4.07: Quantification variables for determination rental premium and energy savings 
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4.3   DATA COLLECTION 

Now all research variables are formulated and ready for collection the databases and sources that provide the data 
need to be defined. The central unit of analysis in this research is a specific asset. However, the scale and context of the 
unit of measurement varies for the different variables and can be defined in three different categories: the region the 
asset is located (municipal level), the neighbourhood where the asset is located and variables specific for the asset in 
question. For each variable the scope of the unit of measurement can be found in the third and sixth column of table 
4.08. For the collection of the data, MVGM made their database available. Their database is connected to among others, 
the CBS, BAG and Funda databases. The appropriate data for each variable is retrieved from the different databases 
mentioned in the second and fourth column in table 4.08. The data is connected in Microsoft Access according to 
corresponding object identification number of address information. Connecting the data in Microsoft Access ensured a 
database in which all assets with missing variables from the MVGM database are erased from the dataset. Therefore, 
the final dataset consists of 1086 unique assets spread over the Netherlands, as can be seen in figure 4.01 and 4.02.  

Figure 4.01: Distribution assets Northern-Netherlands le      Figure 4.02: Distribution assets Southern-Netherlands 

 

As an addition to the database there is made use of pre-fabricated maps in GIS with public transport stations (University 
Groningen, 2015) and highways (NWB, 2015) in the Netherlands. Furthermore, important CBD’s for each region are 
defined according to the amount of business establishments in the districts and will be added in an ArcGIS map. 
Following these geographic data, the distance to the closest facility is calculated in ArcGIS with the analysis tool. Finally, 
in additional to the available database charging stations for green vehicles are determined according to address 
information from oplaadpunten.nl. However, because there were almost no assets found with these characteristics this 
variable is during the data collection process removed from the dataset. Table 4.08 contains an overview of the different 
variables and the databases used to derive the proper value. 
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Variable Source Scope Variable Source Scope 

Household growth CBS, 2014 Region Scale MVGM/Funda Asset 

Employment/Jobs LISA, 2015 Region Dwelling type MVGM/Funda Asset 

Vacancy rates (region) CBS, 2013 District Garden/balcony MVGM/Funda Asset 

Transaction year MVGM, Funda Asset Parking facility MVGM/Funda Asset 

Affordability CBS, 2013 District Vacancy (asset) MVGM Asset 

Location type CBS 2014 Neighbourhood Energy label MVGM/Funda Asset 

Distance CBD ArcGIS; CBS, 2012 Asset User Functions MVGM/BAG Asset 

Distance highway ArcGIS; NWB, 2015 Asset Historic characteristics MVGM/Funda Asset 

Distance bus ArcGIS; University 
Groningen, 2015 

Asset Green vehicles Oplaadpunten.nl Neighbourhood 

Distance train ArcGIS; University 
Groningen, 2015 

Asset Facilities CBS, 2014 Neighbourhood 

Distance tram/metro ArcGIS; University 
Groningen, 2015 

Asset Physical environment CBS, 2014 Neighbourhood  

Size MVGM/Funda Asset Inhabitants CBS, 2014 Neighbourhood 

Rooms MVGM/Funda Asset Safety  CBS, 2014 Neighbourhood 

Quality MVGM/Funda Asset    

Table 4.08: Available databases to derive variables 

The continuation of the analysis consists of a research into the influence of the real energy consumption of households, 
the possible savings for households and the rental premium for an investor to repay an additional investment. In order 
to do this there are two extra variable needed: the electricity and gas consumption of a household (table 4.09). To 
obtain an indication of the energy consumption for each label of multiple family dwellings in the Netherlands there is 
made use of the E-Atlas. The E-Atlas is the online database of grid operator Liander, normally used by housing 
associations to get insight into the energy consumption of their tenants. Although data can be imported at address level 
only groups of assets and associated data are exported due to related privacy regulations. Therefore, the energy labels 
are configured and imported as the groups of assets to achieve the average energy consumption per label for 190 
multiple family dwellings within the working field of Liander. Due to the available variable of the total surface of the 
dwellings, this energy consumption can be translated into an average consumption per square meter.  

Variable Source Variable Source 

Electricity consumption Liander E-Atlas Gas consumption Liander E-Atlas 

Table 4.09: Available databases to derive variables 
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4.4   DATA PREPARATION 

Now the data is collected and aggregated to the right measurement level, it is important to assess the quality of the 
entire data sample. By thoroughly executing different tests, possible incorrect measurements and values can be 
identified and adjusted of removed from the data sample. This quality assessment can exclude possible 
misinterpretations of the results, incorrect results and wrong conclusion from the results in the future. These possible 
incorrect measurements and values can occur in three ways: odd values, extreme values and missing values. The 
assessment into these three ways of contradicting data consists of two subsequent steps. The first step is to identify the 
values on the hand of boxplots, cross- and frequency tables. The second step consist of the actions to clear the dataset 
of values and measurements that can cause possible noise in the results.      

4.4.1 ODD, MISSING AND EXTREME VALUES 

 Finding extreme and odd values can be done by displaying the data in boxplots and an extreme values table in SPSS. 
Here too, the values that differ from the margins of the standard deviation are marked as outliers or extreme values. 
An outlier is a values that exists within the margin of two to five times the standard deviation removed from the average, 
and a value becomes extreme if it is more than five times the standard deviation removed from the average. With regard 
to the dependent variable rental price per square meter are the following results obtained. In graph 4.01 is the 
distribution of the values in the variable rental per square meter visualized in a boxplot. The visible case numbers   

 
Graph 4.01: Boxplot value distribution rental price per m2 

 
Table 4.10: Extreme values table rental price per m2 

give both the outliers (indicated with an o) and extreme values (indicated with a *). The case numbers and corresponding 
values can, in their turn, be found in the extreme values table in table 4.10. What isn’t visible in the boxplot, but can be 
seen in the table, is a very low rental price per square meter of 0,02 
for one case in the data sample. This value can be identified as an 
odd value, because this rental price is very unlikely to occur in the 
real population. The boxplots and extreme values tables are plotted 
for every variable in the data sample and can be found in appendix 
2. From the boxplots and tables, the following cases can be identified 
as extreme or odd values: 

Variabele Casenummer 

Rent per square meter 21 

Regional vacancy level 688 

Distance to CBD 708 t/m 711 

Distance to public transport 799 

Vacancy at asset level 1055 

 Table 4.11: Odd and extreme values 

 

 

 Table 4.12: Missing Values  
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Besides the extreme and odd values there are also cases with certain variables that do not contain any values. These 
values are in these cases not available or, is not completed by the author of the relevant source. Identifying these values 
can be easily performed by SPSS, by making use of a ‘case processing summary’. This table (Table 4.12) shows that there 
are some variables that contains a large number of missing values. These missing cases can cause an exclusion of cases 
in a further stadium of this research. 

4.4.2 DATACORRECTIONS AND TRANSFORMATIONS 

As a consequence of previous checks, are the values for each case numbers where extreme of odd values where 
identified, erased from the data sample. This means that some variables obtain extra missing values. In the remainder 
of this study is chosen to replace these missing values in the dataset with the mean. Furthermore, there are several 
variables with a large share of missing values, including: distance to closest bus station, distance to closest metro/tram 
station, scale of the building (number of floor of asset), vacancy at asset level and the amount of user-functions of the 
asset. In case of the first two variables, are the variables combined to one variable, namely the distance to the closest 
public transport station. The combination of these two variables gives one new variable with a larger part of included 
cases (table 4.13). The remaining missing values are exchanged for the mean. This possibility to combine variables is not 
applicable for the other variables with a large amount of missing values. A variable which was already discredited during 
the collection of the data concerns the vacancy at asset 
level. This variable appears to fluctuate strongly within 
different periods in a year. Because the data relates to 
one single time interval, this data can be considered as 
not reliable. This in combination with a large number of 
missing values, due to only a few matches within the 
available databases, results in the deletion of this 
variable from the dataset. Finally, are the values in both 
the variables scale and the number of users functions in 
the asset, replaced by the mean.     

 

  

Table 4.13: Missing values combined variable distance to public 

transport. 
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5  DATA ANALYSIS RENTAL DETERMINANTS 

5.1  EVALUATION ASSUMPTIONS REGRESSION ANALYSIS 

Now the variables are suitable for further processing, the proper method for analysis can be determined. The 
explanation of the influence of particular independent variables on one or more dependent variables according to the 
hedonic pricing model, is usually done according to a (multiple) regression analysis. However, in order to use this 
statistical method several assumptions have to be met by the variables. The purpose of matching these assumptions is 
that the sample can be generalized for the entire population. To accomplish this, the following assumptions have to be 
met: 

- The variable type meets the following requirement: 
o Dependent variable: continue variable (interval or ratio) and normal distributed. 
o Independent variable: continue variable or dichotomous.  

- The dependent and independent variables have a linear relationship. 
- Independent: all values within a variable come from different persons. 
- Independent errors: each pair of observations must contain an uncorrelated error.   
- Homoscedasticity: for each value of the independent variables the variance needs to be constant. 
- No multicollinearity: the independent variables should not contain high correlation values. 
- Normally distributed errors.  

The assessment of the here above state assumptions will be addressed in the coming section. Although most 
assumptions demand a different method of assessment like plots, tests or graphs, both homoscedasticity, independence 
of errors and normally distributed errors can be obtained from the same graph.    

 

Variable Type 

To check if the dependent variable meets the requirements set in order to perform a regression analysis, in first instance, 
the level of measurement needs to be determined. Because, in this case, the variable is constructed from a sequence 
of numbers with an absolute zero, different ratios can be calculated. This information tells us that this is a continuous 
variable from ratio level. The distribution of the values within the variable can be checked by means of a histogram with 
a visualized line of the normal distribution and corresponding q-q plot. In graph 5.01 and 5.02 can both the histogram 
and q-q plot be found, from which can be deducted that the variable can be considered as approximately normally 
distributed.  

 
Graph 5.01: Histogram distribution values rental price 

 
Graph 5.02: Q-Q Plot distribution values rental price 

This chapter starts with the evaluation of the assumptions that underpin the generalization of the model to 
the real population. When all assumptions are met, the energy label will first be studied separate followed 
by a multiple regression to determine all variables that have a significant influence on the rental price 
formation. When the regression analysis in completed the results will be presented followed by a discussion 
that relates and compared the results to existing literature. Finally, two conclusions are formulated, one 
specified on the general influence of sustainability as a rental determinant, and one for the influence of the 
energy labels and their corresponding rental premiums    
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For the independent variables applies a continuous or dichotomous level of measurement, however, normally 
distributed values are in this case not a requirement. As a consequence of the required measurement level to perform 
a regression analysis, some categorical variables need to be adjusted. This means that the existing variables quality 
(construction year), energy label and dwelling type need to be transformed into dummy variables. Tables 5.01, 5.02 and 
5.03 show these transformations from three categorical variables into multiple dummy variables. In this dummies there 
is assumed a basic situation of the variable (G-label in case of the variable energy label and before 1900 in case of the 
construction year). From this basic situation the difference is determined in contrast to the other labels and construction 
periods.    

Dummy Year 

Code 

<1900 

1 

1900-1920 

2 

1920-1940 

3 

1940-1960 

4 

1960-1980 

5 

1980-2000 

6 

2000< 

7 

1  0 1 0 0 0 0 0 

2  0 0 1 0 0 0 0 

3  0 0 0 1 0 0 0 

4  0 0 0 0 1 0 0 

5  0 0 0 0 0 1 0 

6  0 0 0 0 0 0 1 

Table 5.01: Recoding categorical variable Quality into dummies 

Dummy Energylabel 

Code 

G 

1 

F 

2 

E 

3 

D 

4 

C 

5 

B 

6 

A 

7 

A+ 

8 

A++ 

9 

1  0 1 0 0 0 0 0 0 0 

2  0 0 1 0 0 0 0 0 0 

3  0 0 0 1 0 0 0 0 0 

4  0 0 0 0 1 0 0 0 0 

5  0 0 0 0 0 1 0 0 0 

6  0 0 0 0 0 0 1 0 0 

7  0 0 0 0 0 0 0 1 0 

8  0 0 0 0 0 0 0 0 1 

Table 5.02: Recoding categorical variable Energy label into dummies 

Dummy Dwelling type  

Code 

Gallery flat 

1 

Porch house 

2 

Apartment 

3 

Maisonette 

4 

1   0 1 0 0 

2   0 0 1 0 

3   0 0 0 1 

Table 5.03: Recoding categorical variable Dwelling Type into dummies 

 

Linearity 

A regression analysis is in basis nothing else than a linear model in order to give an association between the dependent 
and independent variables. When there is no linear relationship between two variables this means that an independent 
variable has no predictive power over the independent variable. In graphs 5.03 and 5.04 the value distribution of the 
variables household growth till 2025 (.03) and Leefbarometer score for facilities (.04) with respect to the rental price 
per square meter are presented in scatterplots. By making use of the least squares method, a regression line is estimated 
which illustrates the direction and power of the relationship. From these scatterplots there can be concluded that both 
household growth as the Leefbarometer score for facilities have a positive relationship with the height of the rental 
price per square meter (the higher the percentage of household growth in the region or score for facilities the higher 
the rental price per square meter), however, the strength of these relationships differ strongly between the variables. 
Where the score for facilities has a relative strong relationship (steep regression line), has household growth a very 
weak relationship. In order to be more precise in the determination of the strength of a relationship there can be found 
a correlation matrix in appendix 5. The height of the correlation coefficient determines the direction and strength of a 
possible relationship. Although the range in which these heights are determines are differing between different sources, 
this study uses a scale set by the University of Tilburg. They distinguish the following five levels of correlation: r < 0.20 
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little or no correlation, 0.20 < r < 0.50 low correlation, 0.50 < r < 0.70 moderate correlation, 0.70 < r < 0.90 strong 
correlation and r > 0.90 very strong correlation. If the relationship between the independent and dependent variable 
has little to no correlation it means that there is also little to no linear relationship and can therefore be removed from 
the analysis. The strength and direction of all relationships from the dependent variable with the separate independent 
variables are shown in table 5.04.       

 
Graph 5.03: Scatterplot household growth 

 

 
Graph 5.04: Scatterplot leefbarometer score facilities 

Variable: Direction correlation: Strengt correlation 

Household growth 2025 Positive Little or no correlation (0,012) 

Jobs Positive Moderate correlation (0,564) 

Affordability Positive Low correlation (0,276) 

Vacancy region Positive Low correlation (0,276) 

OAD Positive Strong correlation (0,699) 

Distance to CBD Negative Low correlation (-0,185) 

Distance to Highway Positive Low correlation (0,256) 

Distance to Train Positive Little or no correlation (0,032) 

Distance to PT Negative Low correlation (-0,209) 

Number of rooms Negative Low correlation (-0,246) 

Surface Negative Moderate correlation (-0,404) 

Scale Negative Little or no correlation (-0,172) 

Leefbarometer score Inhabitants Negative Little or no correlation (0,002) 

Leefbarometer score Safety Negative Moderate correlation (-0,421) 

Leefbarometer score Facilities Positive Strong correlation (0,723) 

Leefbarometer score Environment Negative Moderate correlation (-0,584) 

  Table 5.04: Direction and strength of correlation from independent variables with dependent variable 

On the basis of table 5.04 there can be conclude that the variables household growth, scale and the LeefBaroMeter 
score for inhabitants have no linear relationship with the dependent variable. This means that these variables will be 
excluded from the further analysis. Beside the continuous variables there is also a presence of dichotomous variables. 
In order to determine if these variables could have a significant influence on the rental price, one can investigate 
differences between averages of the values. In this case a t-test offers the opportunity to test if there is a significant 
difference in these averages and determine if the values have a relationship with the dependent variable. The table in 
appendix 4 shows that all dichotomous variables have a significant difference between the averages of the two values 
and are in this case of influence on the height rental price. 

 

Multicollinearities  

In contrast to linearity, the independent variable should not have mutual linear relationships. Multicollinearity appears 
when two or multiple independent variables have a close linear relationship with each other. This means that both 
variables give/explain, to a large extend, the same information. When the amount of collinearity rises, the standard 
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error of the beta-coefficients also increases in the regression analysis. Because these errors are increasing the betas 
become less reliable. A simple method to determine the collinearity of the independent variables is a correlation matrix, 
appendix 5. In this matrix can be searched for values above the 0.8 (independent of directions) to determine if the 
variables are strongly correlated. From the table can be concluded that two variable exceed the collinearity border of 
0.8, namely OAD and the LeefBaroMeter score for facilities. This means that these variables explain, to a large extend, 
the same information. Although the correlation matrix gives insight in correlations between different independent 
variables, this method misses some of the subtler forms of correlation. Therefore, the Variance Inflation Factors (VIF) 
or tolerance offer an opportunity to determine collinearity. Both the VIF and tolerance can be derived from one another 
since ‘tolerance = 1/VIF’. In appendix can both the VIF and tolerance values of the independent variables be found. In 
this case there is made use of the VIF and assumed that a value higher than ten gives problems (Myers, 1990). From the 
table there can now be concluded that the variable with the LeefBaroMeter score for facilities (score of 11,407) is too 
high, and causes collinearity between several variables and is therefore removed from the analysis.    

 

Homoscedasticity and error terms  

Homoscedasticity is a constant variance of the predicted values constant around the regressive line. Homoscedasticity 
can be checked by a scatterplot of the standard residuals and the standard predicted values of the regression. In this 
case, the question is if the dots are scatter within the graph and do not show a clear pattern. A violation of this 
assumption is in general not a major issue, however, it may indicate that the errors are not normally distributed in the 
sample. When the error terms are also not normally distributed, the variable needs to be transformed in order to 
achieve a normal distribution of error term, or, a different method of analysis has to be chosen. In graph 5.05 a 
scatterplot of the residuals is shown. Although there is a light cluster visible, a major part of the dots is evenly scattered. 
Although this cluster can indicator possible violations of the assumption, the error terms are, as shown in graph 10, 
approximately normal distributed. This means both assumptions are fulfilled. The scatterplot of the residuals and 
corresponding distribution plot of the error terms for the other variables can be found in appendix 6. From these graphs 
can be concluded that, although some variables show some heteroscedasticity, the error terms are approximately 
normally distributed and full fill the conditions for the assumption.   

 

 
Graph 5.05: Scatterplot residuals LeefBaroMeter  
score Environment 

 
Graph 5.06: Distribution error terms LeefBarometer  
Score Environment  

5.1.1 CONCLUSION ASSUMPTIONS 

Goal of the evaluation of preceding assumptions was the preparation of the data sample so that it can be generalized 
for the entire population. The preceding sections assessed the variables and the consequences for the dataset in order 
to fulfill these assumptions. This led to the following transformation of the dataset: 

- Construction year, Energy label and Dwelling type as categorical variables are transformed into multiple dummy 
variables in order to obtain the appropriate measurement level. 

- Removal of the variable vacancy at asset level due to a lack of sufficient data. 

- Removal of the variables LeefBaroMeter score for inhabitants, scale, household growth and distance to train 
due to the absence of a linearity 

- Removal of the variable LeefBaroMeter score for facilities due to multicollinearity 

On the basis of the assumptions, the transformed data sample can now be considered as a generalized sample for the 

entire population. The next step is than the final execution of the regression analysis with all appropriate variables.   
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5.2  ANALYSIS RESULTS  

A regression analysis can be performed in several ways, however, in order to obtain results that are most reliable to 
generalize to the real population, it is important to only adopt the variables that have a significant influence on the 
dependent variable into the hedonic pricing model. For this reason, there is made a choice to perform the regression 
analysis according to the ‘stepwise-method’. This method enters the variables one by one, ranked by their total amount 
of predictive power on the dependent variable. Entering the variables stops at the moment that the next variable will 
exceed the maximum allowed significance level. Before there is preceded with the hedonic pricing model for all rental 
determinants there is a need to investigate the influence of the energy labels on the rental price without the influence 
of the other variables to exclude possible misinterpretations of the final results.  

 

5.2.1 REGRESSION RESULTS ‘ENERGY LABEL’  

In order to include all dummy variables for the energy label and study their mutual influence and significance, in this 
case, there is chosen for a regression analysis following the ‘enter-method’. This gives the following results: 

  

The model summary (table 5.05) gives the total amount of 
predicted information by the integrated dummy variables. In 
order to exclude accidental significant values in multiple 
regression, the Adjusted R Square is taken into account. From 
this tables there can be seen that 0,057, or 5,7 percent of the 
rental price is explained by the energy labels. Furthermore, 
there can be seen a relatively high standard error. This error accompanied with the low value of the R Square Adjusted 
implies that the Energy labels on its own are not a reliable factor to determine the rental price. Although the relatively 
low reliability and prediction power of these dummy variables on the rental price these results are in line with the 
exceptions. The goal to isolate the variables of the energy label was not to study the prediction power of these variables 
but the mutual weights of the different energy labels. In order to determine the weights of the different dummy 
variables there is looked at the coefficients table of the 
regression analysis, as shown in table 5.06. In case of 
the dummy variables, all weights are based on a 
reference situation which is the G-label. This means 
that, for example, for a dwelling with an energy label E 
the average rental price per square meter is € 0,764 
higher than a dwelling with a label G. From this 
perspective it is interesting to note that there is no 
hierarchical increase of the rental premium, both the 
D-, C-, B- and A++-label have on average a lower rental 
price per square meter than a G-label. However, of all 
of these findings only the A++ label tend to be 
significant. The non-significant variables can be 
explained on the hand of the total amount of information that is explained by these variables. Because the rental price 
is only to a small extend explained by the energy label, other variables are expected to have influence on both the rental 
price as the amount of weight and significance of the energy labels. Therefore, this isolation of the variables of the 
energy label and their influence on the rental price was only performed to discover and study changes in the weight 
(both mutual and individual) and the significance and predictive power of the energy labels as rental determinants. 

 

5.2.2 REGRESSION RESULTS RENTAL DETERMINANTS 

Now the variables of the energy label are studied, the next step in this research is to combine all formulated rental 
determinants into one model. Performing the regression analysis under restrictions of the previously mentioned 
assumptions gives the following results: 

 

 

Table 5.05: Model summary dummy variables Energy Label 

Table 5.06: Coefficients table dummy variables Energy Label 
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The model summary in table 5.07 describes the changes of the R-value, R Square value and the standard error for adding 
an extra variable into the regressive model. To prevent random significant values in a multiple regression, the Adjusted 
R Square corrects for overestimating these random strokes of luck. From the table can be concluded that thirteen 
variables can be added into the regression model before its values become not-significant. The total amount of 
predictive power according to the Adjusted R Square is 0,705. This means that the model explains 70,5 percent of the 
information to determine the rental price per square meter. Furthermore, there can be seen that the standard error 
around the regression line decreases by adding more variables into the model. This also implies that the model becomes 
more reliable as more variables are integrated.  

The Anova-table can be found in Appendix 7. This table give the sum of squares of the regression and residual, the 
degrees of freedom (DF) and the average sum of squares. Although this table provides little further information for the 
regression result, there can be seen from the significance value that at least one variable differs significantly from zero. 
Furthermore, there can be seen that the F-value for adding more variables quickly drops. This means that the total 
model becomes less efficient. 

The most interesting results, with regard to drafting the hedonic pricing model and the final conclusion, are the 
coefficients given in the coefficients table (table 5.08). This table gives the variables and the weights and constant values 
included in the final model according to the stepwise-method for inserting the variables. Furthermore, to compare the 
weight of the variables mutually there can also be found a standardized coefficient that is independent of a unit of 
measurement.  

The sixteen variables that have a significant influence on the formation of the rental price given in the coefficients tables 
are ranked by their total amount predictive power (R Square). This means that the Address density (OAD) explains the 
most information for the rental price formation and parking facility the least within the boundaries of the five percent 
significance interval. Although this stepwise method seems to be to most efficient approach to determine the best fit 
for the regression model, there is one major problem. Because only the variables with a significant influence on the 
dependent variable are integrated into the model, some dummy variables are also erased from the analysis. This means 
that the comparison within the dummy variables with the basic situation changes. For example, the energy label G is in 
case of the stepwise method not the basic situation because extra labels are removed from the analysis. This means 
that both the G-, F-, E-, D-, C- as the A++ label are considered as the basic situation. This results in dummy variables that 

Table 5.07: Model summary rental determinants stepwise method 

Table 5.08: Coefficients table rental determinants stepwise method 
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are difficult to interpreted. In order to correct this situation, the regression analysis is performed again with all 
significant variables, supplemented with the missing dummy variables for the significant categories.  

 

Integrating all missing dummies requires a different approach for the analysis. In this case all significant variables from 
preceding analysis are integrated including all missing dummy variables following the enter method. This gives the 
following results: 

The model summary (table 5.09) for the new regression model shows a slight increase of the Adjusted R Square 
compared to the previous model without the dummy variables. This means that the new model explains a little bit more 
of the total information for the rental price formation. Furthermore, the standard error around the regression line 
decreases. Both these results make the model a little bit more reliable, however, are in general a logical consequence 
of adding more independent variables.  

 

The corresponding coefficients table, as shown in table 5.10, shows some deviating results from the earlier conducted 
step-wise method. 

Table 5.09: Model summary including all dummies with the enter method 

Table 5.10: coefficients table after integrating all dummies with the enter method  
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Because the extra dummy variables are included in this analysis, all existing variables are exposed to the influences of 
these additional variables. These influence can be seen by means of the changing weights (𝑎𝑥) of the variables in the 
coefficients table. However, there can be noted that for the non-dummy variables these changes are very little, which 
indicates that the model is relatively stable. The weights of the dummy variables have changed relatively large with the 
addition of all dummies due to changing reference framework. Beside the changing weights, there are several variables 
that lose their significance due to the influence of the additional dummy variables. In this new model the variables 
number of rooms, dwelling type apartment and energy label B lose their significance by the coincidence factor of 0.95. 
In contrast, all construction periods appear to be significant.    

 

In order to provide a pricing model that can be generalized to the real population and used with a seventy percent 
confidence factor. From the results, the following equation can be drafted and filled in according to the matrix below: 

  
𝑅𝑒𝑛𝑡𝑎𝑙 𝑝𝑟𝑖𝑐𝑒

𝑚2
=  𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 + 𝑎1 ∗ 𝑋1 + … … … + 𝑎27 ∗  𝑋27 + 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑒𝑟𝑟𝑜𝑟 𝑓𝑟𝑜𝑚 𝑚𝑜𝑑𝑒𝑙 𝑠𝑢𝑚𝑚𝑎𝑟𝑦 

 

No. Constant + 𝒂𝒙  x 𝑿𝒙 + Std. error 

 € 7,911     

1*  € 0,732  OAD *1000  

2*  € -0,063   Surface in m2  

3*  € 1,088  Affordability ratio  

4*  € -5,231  LeefbaroMeter score environment + 0,35  

5*  € 0,325  Distance highway in kilometers  

6*  € 0,005  Jobs in region * 1000  

7*  € 1,098  Historic characteristics (yes/no)  

8  € -0,207  Number of rooms  

9*  € -0,099  Distance to CBD in kilometers  

10*  € -0,574  Parking facility (yes/no)  

11*  € -1,495  Construction year between 1900-1920 (yes/no)  

12*  € -1,585  Construction year between 1920-1940 (yes/no)  

13*  € -2,123  Construction year between 1940-1960 (yes/no)  

14*  € -2,322  Construction year between 1960-1980 (yes/no)  

15*  € -1,479  Construction year between 1980-2000 (yes/no)  

16*  € -2,771  Construction year after 2000 (yes/no)  

17  € 0,056  Type porch house (yes/no)  

18  € 0,557  Type apartment (yes/no)  

19  € -0,039  Type Maisonette (yes/no)  

20  € 0,875  Energy label F (yes/no)  

21  € 0,433  Energy label E (yes/no)  

22  € -0,185  Energy label D (yes/no)  

23  € 0,061  Energy label C (yes/no)  

24  € 0,852  Energy label B (yes/no)  

24*  € 2,722  Energy label A (yes/no)  

26*  € 3,828  Energy label A+ (yes/no)  

27  € -0,278  Energy label A++ (yes/no)  

     € 3,293 

 

 

The next section will discuss the results of the different variables and compares them with existing literature. 

*significant according to a 0.95 coincidence factor 

Table 5.11: Coefficients matrix regression analysis 
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5.3 DISCUSSION  

In order to provide more insight into the results, possible explanations, similarities or contradictions within the existing 
literature and current adoption of sustainability, every variable from the equation will be discussed separately below. 

Constant factor 

The constant factor in the model is the initial value of the rental price per square meter when all other values are zero. 
This value is, in this study, €7,911 per square meter. This means that the sum of all other variables can change, however, 
the constant factor is considered as a fixed value from which is further calculated.  

Address density (OAD) 

The address density explains the largest part of information in the formation of the rental price per square meter. 
According to preceding models almost fifty percent of the rental price is explained by the address density and for each 
thousand addresses the rental price is increasing with €0,800 per square meter. Although this study shows the 
importance of address density in the rental price formation, this result could be expected beforehand, due to the 
increasing individualization, attractiveness of urbanized areas due to the presence of a wide variety of facilities and 
following these trends the increasing demand. The link with between the demand for multifunctional areas and the 
address density was already established from the correlation matrix and VIF. These figures suggested that the address 
density and function in an area explain to a very large extend the same information. This growing demand for high 
density areas within a city is also supported by a study of Francke, Harleman and Kosterman (2016) who found a growing 
rental price per square meter for these areas starting from 2006. The address density is not only important to support 
these economic and social trends, but also from are sustainability perspective. The importance of site and land use is 
deeply rooted in all three pillars of sustainability. Brownfield development both reduce the impact on the further 
degeneration of the natural environment and biodiversity as it increases the attractiveness of high density areas as 
multifunctional areas due to the presence of a high concentration of population. The attractiveness of these location 
cause a high demand which ensure that investing in these locations can be justified economically. However, the 
downside of these highly urbanized areas are the high land prices which can pressurize the affordability and the demand 
for more high-rise buildings which can affect the further individualization of society. Given the results of the regression 
model, the importance of the address density on the adoption of sustainability in the built environment responsibly, 
can now be better substantiated by the financial benefits for the investors. However, one should acknowledge that 
there are certain downsides to these high density areas which should be taken into consideration.    

Surface 

According to the model, surface as a physical characteristic of an asset, is still one of the most important aspects of the 
formation of a rental price. The results show that for each extra square meter of floor space the rental price decreases 
by €0,061 per square meter. This means that in general multiple family dwellings with a higher amount of floor space 
pay a lower rental price per square meter, however, the total monthly rental price is higher due to the benefits of scale. 
According to the total amount of explained information, this variable adds another eight percent to the reliability factor 
of the model. From a sustainability perspective, it is important that assets are divided using a variety of dwellings sizes 
and prices. There has already been shown that size and type of housing can be an important indication of the people 
that will be attracted to a dwelling (Amenyah & Fletcher, 2013). Therefore, to obtain a mix of different types of tenants 
a variety of dwellings in different market segments should be present in an asset.   

Affordability 

In order to be economically and socially sustainable, it is important that dwellings are affordable for multiple social 
groups. In this study, this variable is integrated as a ratio between the average WOZ-value of dwellings and the average 
income of the population of a region. Existing studies suggest that rental prices are to a large extend influenced by the 
income of the population (Algieri, 2013). This should mean that, when the average income increase in a region rental 
prices increase as well. The results from this study show a positive relationship for this variable. When the ratio increases 
with one, the rental price per square meter increases with €1,122. A higher ratio means a bigger gap between the 
average WOZ-value and income and therefore an affordability that is pressurized. This results are not in line with existing 
studies and can probably be related to difference between regions. Because the relative high demand in the Randstad 
region, which has a relative large share in this dataset, rental prices in this region are not entirely representable for the 
rest of the dataset. However, this uneven distribution of affordability over the regions can be justified from an 
economical sustainability perspective, in most cases these high prices are accompanied by high demands and lettability 
for investors, from a social sustainability perspective, social groups can be excluded from these regions. 
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LeefBaroMeter score for environment 

Indicators underpinning this variable are among other the amount of green, water and disturbing function in and 
surrounding the neighborhood. Dempsey et al. (2011), already stated that the quality of the living environment can 
support an important role in both the participation within the community as it creates a sense of belonging. 
Furthermore, Visser and Van Dam (2006) stated that, according to residential preference surveys, people have a 
preference for a green, spacious and quite living environment. As a consequence of these explanation one should expect 
that a higher score for the quality of the environment should lead to higher rental price. However, results show that the 
opposite occurs. With a score increase of one point the rental price increases by €4,833. Although this score seems to 
have a high impact on the rental price due to the high weight, the maximum score that can occur within this variable is 
just under 0.5. These results show that, although the advantages of a qualitative good environment are already scientific 
acknowledged, they still have a negative impact on the rental price formation. A possible explanation for these 
contrasting results could be found in a negative relationship between the address density and score for the 
environment. In a high density area there is less space for green and water, and therefore the overall score of the 
LeefBarometer is in these neighborhoods lower than in surrounding areas where more space is available for these 
facilities.        

Dummies Energy Label 

The categorical variable energy label was transformed and integrated in the model as multiple dummies with a G-label 
as basic situation. There is already concluded that these labels on their own explain only a very small extend of the 
information for the rental price formation, however, supplemented with all other variables there can be distinguish two 
dummies that have a significance influence on the rental price per square meter, namely the A- and A+-label. The 
positive weights of the coefficients of these variables show that for both the A- as A+-label an increased energy label 
provides a rental premium of €2,722 and €3,828 per square meter. These results are in accordance with studies of Pivo 
and Fisher (2008), who found a positive premium for office buildings with a higher energy index, and more recent, 
Bonde & Song (2015) who found a premium for a superior EPC rating for housing in Sweden. Besides the significant 
labels, the other labels show some differing results compared to the reference category. This means that there is no 
clear hierarchical positive influence the energy label in the lower categories. As shown in table 5.09, the F- and E-label 
offer a higher premium than the higher D-, C- and A++-label. Especially the negative premium of the A++-label catches 
the eye. However, in accordance with the findings of Lieberg and Smit (2013), there can be stated that the maximum 
achievable energy label is not always in the best interest of the investor and smaller investments are more eager to 
result in an adoption of the added value of label improvements. Interesting in these results are the major difference 
between the B-label and A+-label. Probably these major difference are caused by the nature of investments that have 
to be made to achieve these labels. Where the B-label can be achieved by insulating an asset, the A+-label demands for 
investments in installations.   

Distance to highway 

Results show that distance to the closest highway is positively related with the height of the rental price per square 
meter. This means that for every kilometer an asset is further removed from the closest highway, the rental price 
increase with €0,295 per square meter. These results show possibly a positive impact of more sustainable transport 
modes. Good public transport networks reduce the need of the presence of a highway. Furthermore, Visser and Van 
Dam (2006) showed that traffic nuisance has a negative impact on the rental prices. Noise and pollution which occurs 
in the presence of a highway reduce the rental price per square meter.   

Dummies quality   

A recent study of Francke, Harleman and Kosterman (2016) about rental determinants, showed that dwellings built 
before 1960 have a relative high rental price compared to their reference situation of the building period between 1990 
and 2000. Furthermore, dwellings after 2000 and 1960 and 1990 are characterized by a relatively low rental price per 
square meter. Although this study uses a different reference situation (dwelling built before 1900 as reference 
situation), similar results occur. Although one should expect that dwellings dating from a later construction period are 
in general of a better quality, specific trends of economic factors from certain periods could affect this quality drastically. 
In this case dwellings dating from after 2000 are more often situated in more outer areas of a city. This can be derived 
from the correlation factor of both the distance to the CBD and the dummy for this specific period. Furthermore, 
dwellings built in this period have in general a bigger surface. This can also explain a lower rental price per square meter 
as appears from previously mentioned results for surface. The period between 1960 and 1980 is characterized by the 
quantitative expansion of the total dwelling stock due to the housing shortage. Furthermore, these dwellings are now 
in a situation that they need a major retrofit in order to meet current requirements and are therefore less attractive for 
people. Interesting to note, with respect to the question of sustainability, is that the existing stock (except from the 
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period between 1960 and 1980) offers a cover for a negative influence on the rental price per square meter compared 
to newly built dwellings.     

Jobs (Amount of Employment in region) 

As an additional factor to the urbanization, people are moving towards regions where there is a lot of employment. 
Demand and supply Work-live concepts are becoming widely adopted. Among others, Egert & Mihaljek (2007) showed 
the significant influence of labor force and unemployment on prices. The attractiveness of regions with high levels of 
employment can also been seen back from the results of this analysis. For every thousand jobs present in a region the 
average rental price per square meter increases with €0,005 per square meter. The close proximity of work and living 
decrease the distance one should travel to work, and could also have a positive influence on the use of other modes of 
transport. From an environmental perspective, these combined concepts offer an opportunity to decrease the emissions 
from commuting traffic.     

Historic characteristics 

Although the monumental status of a dwelling does not have any influence on living comfort, it can reflect the historic 
value of an asset, a city of even a region. Therefore, it can be seen as a status symbol. From the results can been seen 
that a dwelling with a minimum monumental status of protected city or village scape, has a rental price that is €1,515 
per square meter higher than a similar dwelling without this status. These findings are in accordance a study of Francke, 
Harleman and Kosterman (2016) about rental determinants. This rental premium on monumental buildings could be an 
important incentive for commercial investors to preserve these buildings and keep investing due to an additional rental 
premium. Furthermore, preserving the building stock decreases the waste and use of new materials which positively 
influence the environmental pillar of sustainability.   

Number of rooms 

In agreement with the negative coefficient for surface, the number of rooms has also a negative coefficient. This means 
that the presence of more rooms decreases the rental price per square meter with €0,270 per room. In most cases the 
number of rooms is related to the total amount of floor space available in a dwelling following the correlations betwwen 
both variables. The more space is available; the more possibilities a dwelling offers to be divided into multiple rooms. 
Given this, small dwelling with one or just two rooms offer the highest return per square meter. Although this situation 
looks ideal, to obtain a more sustainable result, a better lettability and reduce loss of square meters due to common 
areas and property partitions there should be a diversification in the supply. Important result to note is the change in 
significance after adding the additional dummy variables. In the final model the variables number of rooms does slightly 
exceed the significance value of five percent under the additional influences of the dummy variables. However, this 
study is based on a relatively low margin. In order similar studies significant factors of ten percent are used in order to 
determine the influence of variables on the rental price. Therefore, the number of rooms is still considered as one of 
the important rental determinants.      

Distance to Central Business District (CBD) 

The address density and regional employment already showed the added rental premium of dense areas with a city. 
Although a CBD is characterized as a business district with the highest employment rate in a city, it is mostly 
accompanied by a high level of density, as appears from the correlation results for the variables. Furthermore, these 
areas are characterized by a high level of functions and multimodal infrastructure. Pivo and Fisher (2008) showed 
already several return profits for office properties in or near a CBD compared to similar properties in suburb areas. In 
accordance with results from Pivo and Fisher for the office market, this study shows a positive influence of the CBD on 
the rental prices for the commercial housing market. The availability and demand for the presence of these functions in 
a close proximity appears to have a positive influence on the rental price. In this case the negative weight of €0,100 per 
square meter indicates the decrease in rental price for each kilometer further removed from the CBD. Although CBD’s 
appear to have a positive influence, Amenyah and Fletcher (2013) mentioned also some negative aspects of living in 
these locations like lots of noise and the absence of privacy. Although these negative influence are not expressed in the 
rental price formation, they could have a possible influence on the propensity to move and enjoyment of living is the 
lose vicinity or in a CBD.      

Dummies dwelling types 

As already told with the variable Surface, also the type of dwelling can give an indication of the demand. This study 
acknowledges four different types of dwellings namely: gallery flats, porch houses, maisonettes and apartments. In 
most cases a gallery flat is seen as a basic and more affordable type of multiple family dwelling, therefore, difference 
between the different types are determined according to the gallery flat as reference category. The price differences 
between multiple family housing types are already in several studies investigated. Visser and Van Dam (2006) found 
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that the square meter price of a maisonette is on average the lowest, followed by porch houses, gallery flats and a 
remaining category of apartments (including below and upper apartments) have the highest square meter price. In 
accordance with these findings our results show a slight negative rental premium for maisonettes which could be 
justified to the additional floor and extra floor space in these types of apartments. A porch house has in comparison 
with a gallery flat an almost negligible positive premium. The apartment has is comparison to the gallery flat a relative 
high premium per square meter. Additional to this premium, it is the only dummy variable from the category dwelling 
type that differs significantly following a 95 percent coincidence interval.        

Parking facility 

From a literature study of Sirmans and Benjamin (1991) about rental determining factors for the residential market, 
several studies showed that Parking facilities in or near an asset positively influence the rental price.  Although one 
should expect that additional facilities should increase the rental price per square meter of a multiple family dwelling, 
however, for a parking facility applies the opposite. In a society where alternative ways of transport are widely accessible 
and promoted there is, following these results, less demand for these facilities. Furthermore, the spatial pressure by 
the attractiveness of areas with a high density could be an important factor to explain this negative weight. The rental 
price per square meter for an asset with a parking facility is €0,551 lower than a similar asset with a certain facility. 
Finally, a possible explanation of this negative premium for an additional parking facility could be related to a separate 
rental price for such a facility. The investments of a parking facility in or near a residential asset need to be recouped by 
a rise in total rental price for a dwelling, or a separate rent for a parking facility. In case of a separate rent, the total rent 
for the dwelling will be lower.  

 

5.4 CONCLUSIONS  

In order to formulate more specific conclusions for the different steps in this study, the partial conclusions of these 
different steps are divided into two separate conclusions. This section consists therefore of a conclusion about the 
influence of sustainability within the contemporary rental price determinants and a conclusion of the importance of 
energy label steps within the investment environment.  

5.4.1 THE INFLUENCE OF SUSTAINABILITY WIHTIN THE RENTAL FORMATION 

The first main research question with regard to this part of the analysis was: What is the influence of sustainability 
criteria as determinants of the rental price? In order to give an answer to this question both existing and additional 
variables from a sustainability perspective where integrated into a hedonic pricing model. From this model, we can 
conclude that in the contemporary investment environment the address density in an area is an important indicator to 
determine the height of the rental price. From the first six variables it is interesting to note that five of these are 
locational/regional aspects and are not related to asset specific characteristics. Therefore, we can conclude that not the 
asset specific variables are leading in the rental price formation, but the location has a greater deal in determining the 
height. The question for an investor in this environment is not: what are we going to build?, but where are we going to 
build, transform or renovate an asset? Important aspect from a sustainability perspective, is the significant influence of 
the criteria relating to the urbanization. Although this further urbanization puts extra pressure on land-use and building 
capacity within the urbanized areas, the pressure on the preservation of the biodiversity surrounding these areas and 
reduce in pollution due to superior energy performance and decreasing traffic distances. The increased attractiveness 
and willingness to pay for these sustainability criteria, and therefore high premiums could also have some pitfalls. First, 
the high premiums for these locations may result in the exclusion of lower social groups of the population and banish 
them to the more suburban areas of a city. Furthermore, the quality of the environment has a significant negative 
relationship with the rental price. There was already found a correlation with the density of the area, however, this 
could produce some additional problems in the future. Where the value of health and quality of live in the living 
environment are already proven to be part of a socially sustainable environment. A neglection of this more social aspect 
of sustainability could lead to an increasingly individualized environment where social tights and bands get lost. Finally, 
the rental price formation in the current commercial residential rental market could be characterized by a more 
locational based foundation. Within the field of sustainability, we can conclude that both environmental (land-use and 
pollution) and economic (relative high premiums) pillar of sustainability are present and acknowledged within this 
market, however, there should be made more effort to obtain an increased adoption of the social pillar.     
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5.4.2 RENTAL PREMIUM ON ENERGY LABEL 

In order to supply both the investor and tenant with a financial incentive to support the further preservation of the 
commercial housing market, there was found one variable that could support as a foundation for both sides, namely 
the improvement of the energy performance of a multiple family dwelling. In this case expressed in the energy label. 
The first analysis results mentioned in this chapter revealed that the energy label as a rental determinant did not have 
the power and significant influence to act as a major factor in the formation of the rental price. However, the objective 
was to find the influence of the energy label on the rental price when integrated into the hedonic pricing model. Under 
the influence of the other rental determinants from both an economical, locational and asset specific nature it appeared 
that there is an actual rental premium to be achieved with a raised energy label. From the analysis we can conclude that 
both the A- and A+-label have a significant premium compared to the reference G-label. This means that an investor 
can earn a significant raise of its direct return when investing in increasing the energy label under the assumption that 
the weight of the energy label is not affected by other variables that aren’t integrated into this model. One major aspect 
that could affect the further adoption of energy label investments are the costs for upgrading to an A- or A+-label. If 
these costs exceed the potential return premium, the investor should refrain from this investment. Furthermore, the 
capability and flexibility of the construction of the asset is an important indicator for the potential of the building to 
accommodate a label improvement. In some cases, the current quality or the construction causes boundaries that do 
not allow an upgrade to a high label, or demand a full transformation which demand higher investments. Finally, the 
tenant or end-user plays an important role in the high of the rental premiums for an increased energy label. Because 
the rental prices in the commercial market are primarily created by the demand from the market, the willingness to pay 
and market circumstances play an important role in the formation of these energy label premiums. We can conclude 
that in the contemporary market circumstances there is awareness of the benefits of an increased energy label and, 
due to the adoption of demand for these sustainability measures, the investor is able to obtain their premium and invest 
in a responsible way in their residential properties. However, the benefits of the maximum achievable energy label are 
not yet acknowledged. This could be related to the uncertainty about the relatively high investment costs compared to 
the expected return for the tenant. Although the A++-label does not appear to be of significant influence on the rental 
price, the negative weight should warn investors to not yet pursue for the maximum achievable energy label when 
investing in an asset. Although the A– and A+-label offer some promising prospects for the investment climate of the 
commercial rental housing market the question rises if these rental premiums in line with the possible financial benefits 
for the tenants/end-users? Therefore, the next chapter will compare both the rental premiums on the energy label with 
the actual and theoretical energy consumption.  
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6  ANALYSIS ENERGY CONSUMPTION 

6.1 THEORETICAL VS. ACTUAL ENERGY CONSUMPTION 

6.1.1 THEORETICAL ENERGY CONSUMPTION 

The energy performance of a dwelling is measured according to 150 different features of the asset. These 150 features 
are assessed by a recognized consultant in this field of expertise and translated into a certain Energy-index. This energy 
index then corresponds to an energy label that is provided by the RVO (Civil Service Enterprising Netherlands). The 
energy index of an asset can be transformed into the theoretical average energy consumption. Bosch (2011), already 
transformed these indexes into average consumption data of dwellings from members of WoOn. The indexes of Bosch 
(2011) are substantially equal to the theoretical consumption data of a more recent conducted study by Majcen and 
Itard (2014), who used data from housing associations in Amsterdam. These indexes have been established without 
having to take consumption behavior into account. Graphs 6.01 and 6.02 show the theoretical consumption of both gas 
and electricity adopted from the study from Bosch (2011). 

 
Graph 6.01: Theoretical electricity consumption (Bosch, 2011) 

 
Graph 6.02: Theoretical gas consumption (Bosch, 2011) 

According to the charts above, the theoretical electricity consumption (table 6.01) 
is slightly increasing with a higher label. Although one should expect that the 
consumption should decrease with a label improvement, the presence of more 
electrical appliance explain these slightly higher consumption figures. Where the 
theoretical consumption of electricity is relatively leveled, the theoretical gas 
consumption (table 6.02) shows major diversifications. The gas consumption 
shows major hierarchical improvements for every label step and provides a 
decreasing amount of theoretical consumption. These major difference can be 
explained according to a simple overview of the improvement steps for each label, 
figure 6.02. These steps show that improvements of the energy label can be 
obtained mostly by investing in insulation. Because the amount of heating in a 
dwelling is to a large extend leading for the total gas consumption of a dwelling 
(70-75 percent), the major theoretical consumption steps can be explained due 
to these stepwise improvements. 
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To provide insight in the benefits of an improved energy label, not only the rental premium for the investors 
needs to be elaborated but also the actual energy savings for the tenant. In order to provide these insights, 
Liander provided this research with data about the actual average energy consumption of the assets within 
their working area. Although the savings in relation to the energy labels are already investigated in multiple 
studies it is, in this case, important to obtain the context specific consumption data to formulate reliable, 
accurate and contemporary recommendations and conclusions. Therefore, this chapter first determines the 
theoretical assumptions belonging to the different energy labels according to existing studies. Secondly, the 
average theoretical consumption is compared to the average actual consumption data of the different labels. 
Third, following the average energy price levels for households, the consumptions are translated into a 
consumption price per square meter and these results are compared with the rental premiums for an 
investor from preceding analysis.    

Figure 6.02: Stepwise improvement 

energylabel (milieu centraal, 2016) 
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6.1.2 ACTUAL ENERGY CONSUMPTION 

In contrast to the theoretical consumption, the actual consumption is a more realistically representation of the reality 
because the consumption behavior is taken into account in these figures. Consumption behavior has already proven to 
be a major influential factor of the total amount of energy consumption of household. Moreover, Majcen and Itard 
(2014) showed several household characteristics that influence the energy consumption significantly. For the electricity 
consumption the amount of household appliances and income of the households proved to be of significant influence 
on the electricity consumption, where for gas consumption the total amount of square meters (in this case corrected 
due to consumption per square meter), perception of (in)efficiency and heating during absence showed a significant 
difference. In order to obtain insight in the average actual consumption of a dwelling for each label, Liander offered for 
each asset within their working area, the average consumption data over a period of five years. Although 2016 is also 
taken into in the calculation the data integrity is relatively low (around 45 percent). This low data integrity is due to the 
absence of real data and is therefore estimated according to preceding years’ consumption data.  

 

By comparing the actual average consumption data from Liander with the theoretical energy consumption the influence 
of household characteristics can be determined. However, this comparison is not possible for all labels due to the 
absence of the G and F label in the data from Liander. Therefore, only the labels were both the actual as theoretical 
consumption data is available are taken into consideration. In graphs 6.03 and 6.04 the average actual and theoretical 
consumption for each label are compared. Because the theoretical consumption is a standardized average derived from 
the energy index this figure is not changing over time.  

The first thing that can be noticed when the results are studied, are the major difference between the actual and 
theoretical electricity and gas consumption. Returning to the earlier mentioned consumer behavior and household 
characteristics there can be concluded that they have a relative large impact on the average consumption. When the 
electricity consumption is analyzed more closely there can been seen that, although the actual consumption differs 
widely with the theoretical consumption, the height of the average consumption between the different label is, in 
accordance with the theoretical consumption, relative stable. However, where the higher labels (A and B) show a slow 
decrease over time, the lower labels (D and E) show ups and downs in their average consumption. Possible explanation 
could be found in the proved significant influence of income on the energy consumption (Majcen & Itard, 2014). Where 
a higher label has a, from preceding analysis shown, rental premium per square meter. And under the assumption that 
a higher rental price has a positive relationship with a higher income. People living in more expensive dwellings with a 
higher label can invest in new, more energy efficient household appliances which could explain this decrease in 
electricity consumption of the higher labels.        

 

In contrast to the electricity consumption, have the actual and theoretical gas consumption some similarities in the 
higher labels (A-, B- and C-label). However, when the label decreases the differences between actual and theoretical 
consumption are increasing. Possible explanation for this shift is the perception of the (in)efficiency of the heating of a 
dwelling. When people expect their dwelling to be less energy efficient they are likely to only heat at moments when it 
is necessary. In contrast when people expect their dwellings to be energy efficient they are less likely to consider 
unnecessary heating, for example during absence. Furthermore, there can been seen that the higher labels show a 
decrease over time, where the lower labels are more fluctuating.  

Graph 6.03: Actual and Theoretical average electricity consumption Graph 6.04: Actual and Theoretical average gas consumption 
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Finally, there can be said that the theoretical energy consumption is, especially in case of electricity, not a realistic 
indicator to determine possible savings on the energy bill because it does not consider important household 
characteristics. Although the actual and theoretical electricity consumption do not correspond, the fluctuations in both 
are relatively stable over all labels. The results for the gas consumption show that, although a higher label has a positive 
influence on the gas consumption, the theoretical difference are not in proportion with the actual situation. These 
differences in gas consumption show that instead of increasing the energy label, increasing the awareness of the 
consumer could possibly have a bigger impact on the total amount of energy consumption. 

 

6.2 ENERGY CONSUMPTION VS. RENTAL PREMIUM 

To determine to what extend the energy savings relate to the rental premium, both variables need to be measured in 
the same unit. In the preceding study, the rental premium is measure in a price per square meter per month. Therefore, 
both the annual electricity and gas consumption will be transformed into a monthly consumption price per square 
meter. This will be calculated following the average annual energy prices (including tax and VAT) from the CBS (2016). 
These figures consist of the quarterly prices for electricity for households (from 1000 till 2500 KwH/year) and quarterly 
gas prices for households (less than 20 GJ). Is this last case, the measurable unit of gas prices (GJ) needs to be translated 
into cubic meters. Following the stepwise improvements of the energy label from figure 6.02 and the absence of the F- 
and G-label in the analysis, there is made the assumption that every dwelling in the analysis has a high efficiency boiler. 
Therefore, the calculation from Giga Joule into cubic meters is made according to the upper value of one cubic meter 
for 35.17 mega joules (De Energieconsultant, 2016). 

 

The regression model for determining the rental price and premiums for the different energy labels are determined 
using the prices corrected with the rent growth from 2015. In order to prevent mismatches in the comparison between 
rental premium and energy savings, it is important that this comparison is made in a corresponding period. Due to the 
low data integrity of the year 2016 and the rental growth that is taken into account over the year 2015, the comparison 
for the rental premium relative to the energy savings assumes the year 2015 as leading. With a data integrity of between 
94 and 100 percent this data can be regarded as reliable. In graphs 6.05 and 6.06 the average monthly price per square 
meter for both of the energy consumption units, Kilo watt hours and cubic meters, are shown. 

 
Graph 6.05: Monthly Electricity consumption costs per m2 

 
Graph 6.06: Monthly Gas consumption costs per m2 

From the previously presented results was already suggested that steps in the energy label influence the average 
electricity consumption minimal due to a relative equal average consumption between the labels in both the actual as 
the theoretical situation. The low average prices for electricity emphasize these results even more. A label step is 
therefore not interesting for the tenant from the perspective of the electricity bill. The average costs for gas 
consumption show more diversification between the different labels. Together with higher prices per square meter, this 
aspect of the total energy consumption is the part where most profit can be achieved for the user. However, due to 
previously mentioned consumer behavior, there cannot be seen a clear hierarchical structure from the lower labels 
towards the higher label in the actual situation where theoretical there should be clear differences between the 
consumption costs of an E-label and A-label.  
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6.2.1 RESULTS AND DISCUSSION 

In order to compare the rental premium with the actual and theoretical energy savings for each label, both variables 
need the same reference label as a starting point. Because the information of the G- and F-label is missing for the actual 
energy savings, the E-label will be the reference label. Therefore, the rental premium needs to be recalculated from the 
E-label.  

Energy 
Label 

Rental Premium 
/m2 with reference 
label G 

Rental Premium 
/m2 with reference 
label E 

Actual electricity 
savings /m2  

Actual gas 
savings /m2 

Theoretical 
electricity savings 
/m2 

Theoretical 
gas savings 
/m2 

A++ € -0.278 € -0,711 - - - - 

A+ € 3,828* € 3,395 - - - - 

A € 2,722* € 2,289 € -0,014 € 0,385 € -0,055 € 1,743 

B € 0,852** € 0,419 € 0,017 € -0,025 € -0,048 € 1,618 

C € 0,061 € -0,372 € 0,023 € 0,042 € - 0,036 € 1,028 

D € -0,185 € -0,618 € 0,002 € 0,409 € -0,028 € 0,364 

E € 0,433 € 0,00 € 0,00 € 0,00 € 0,00 € 0,00 

F € 0,875 € 0,442 - - - - 

G € 0,00 € -0,433 - - - - 

 

 

In table 6.01, the results of the rental premium and the actual and theoretical energy consumption are compared. With 
the assumption of the E-label as the basic reference label there can been a major difference between the actual energy 
savings in comparison with the rental premium paid for a label. Sequential, for a D-label is paid a negative premium of 
€0,618 and has a positive balance on the energy bill of €0,411 per square meter, a C-label has a negative premium of 
€0,372 and a positive amount on the side of the energy savings of €0,065, a B-label has a positive rental premium of 
€0,419 and almost no savings on the energy bill compared to the E-label and finally, the A-label has both a positive 
rental premium of €2,289 and a positive influence on the energy bill of €0,371 per square meter. This shows that a 
higher B- and A-label are favorable for the investor due to a high premium, however, they are not favorable for the 
tenant because these premiums are not in proportion with the energy savings. For the tenant the negative premium of 
a D-label in combination with the energy savings are from both aspects the most favorable. From the perspective of the 
theoretical energy consumption, the gas consumptions show clear stepwise improvement on the energy bill. In this case 
a higher label will be more favorable for the tenant. However, even when the theoretical consumption figures can be 
achieved, there is still mismatch between the rental premium and the cost savings.     

 

As already told in preceding research the savings on the electricity bill are due to low transaction prices and minimum 
savings not interesting for the tenant, almost all savings are achieved by the reduction of the gas consumption. Although 
the electricity bill appears to be none influential by the label improvements, there are possibilities to influence the 
electricity account in a positive way by investments in renewable energy source. In order to achieve the highest labels 
like A+ and A++ these renewable energy sources need to be installed within these assets. The added value of these 
renewable sources is the self-generation of electricity by a household. In these cases, the households do not or to a 
lesser extend need to take electricity from or can deliver electricity back to the energy companies. Although these 
investments seem very favorable for the tenant there are some pitfalls which could increase repayment period of these 
investments. Schilder, Van Middelkoop and Van de Wijngaart (2016), identify these pitfalls with the example of a Nom-
dwelling (Null-op-de-meter). These dwellings should generate enough energy to cover the total consumption of the 
household. However, up’s and downs in demand and supply and changing (decreasing) prices for the redelivery of 
energy could influence the final zero measurement. Besides these pitfalls could slow down the repayment period of 
certain investments these renewable sources have already the recognition to substantially influence the electricity bill 
in a positive way.  

 

*Significant in both analysis **significant in stepwise analysis 

Table 6.01: Energy premiums vs. Energy savings 
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6.3 CONCLUSION ENERGY PREMIUMS VS. ENERGIE SAVINGS 

From preceding analysis, we can conclude that there is a large gap between the premium the user pays for a better 
labeled dwelling than the actual energy savings that accompany these label improvements. An already noted aspect, 
which plays a key role in these differences in actual energy consumption compared to the theoretical consumption is 
the consumer’s behavior. Following Schilder, Van Middelkoop and Van de Wijngaart (2016), who stated that the success 
of preservation of the dwelling stock is mostly dependent on the user. By the results of this study and already proven 
significant influence of the perception of the users (Macjen & Itard, 2014) on their heating behavior this statement can 
be supported. Therefore, we conclude that the total consumption of energy (especially gas) is always relative to the 
consumption behavior, and in order to optimize the profits for the users more effort should be taken to inform users 
about their consumption patterns. Besides the consumption behavior and the difference between actual and theoretical 
consumption, the rental premiums of the highest labels (A-label) are not in line when the theoretical consumption is 
considered. This means that even when the theoretical consumptions are achieved, a user pays more than he profits. 
This could be an important aspect for current users to resist against an energy label upgrade. Although we already stated 
in preceding study that a higher labels demand relatively higher investment cost, it is important that these costs can be 
justified to the users. Therefore, when a dwelling or assets needs to be upgraded the rental premium from the investors 
perspective should at least be justified according to the possible theoretical savings.     
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7  CONCLUSION, LIMITATIONS AND RECOMMENDATIONS  

7.1 CONCLUSION 

The objective of this study was to provide insight in the influence of sustainability criteria on the direct return of 
investment in the context of multiple family dwellings in the Dutch commercial rental housing market. To improve the 
effectiveness of investments and the alignment of the division of benefits and transparency for both investors and 
tenants in the decision-making process the general framework of this study can be formulated into two main research 
questions: 

What is the influence of sustainability criteria on the direct return (rental price) of investment in multiple 
family dwellings in the Dutch commercial rental housing market? 

How are the financial benefits from sustainability investments divided between investors and tenant and 
how can these influence the further preservation of the commercial rental housing market? 

As the research questions suggest, this study consisted of two different subsequent analyses. The most important 
findings and conclusions from preceding analysis will be reiterated and summarized to look forward and determine how 
the commercial rental housing sector can ensure the further adoption of sustainability and preservation of the stock in 
their decision-making process.   

 

The theoretical framework underlying the appreciation of the influence of sustainability on the rental price formation 
gave a wide range of support for defining both sustainability and rental price determinants. The regression model made 
an estimate of the weight and directions of the significant determinants on the rental price. From these results we can 
conclude that the rental price in the commercial rental housing sector is mainly dependent on the location/region of 
the asset. Therefore, the question for an investor in this environment is not: what are we going to build?, but where are 
we going to build, transform or renovate an asset? Important aspect from a sustainability perspective, is the significant 
influence of the criteria relating to the urbanization. Although this further urbanization puts extra pressure on land-use 
and building capacity within the urbanized areas, the pressure on the preservation of the biodiversity surrounding these 
areas and reduce in pollution due to superior energy performance and decreasing traffic distances. The increased 
attractiveness and willingness to pay for these sustainability criteria, and therefore high premiums could also have some 
pitfalls. First, the high premiums for these locations may result in the exclusion of lower social groups of the population 
and banish them to the more suburban areas of a city. Furthermore, the quality of the environment has a significant 
negative relationship with the rental price. A correlation was already found with the density of the area, however, this 
could produce some additional problems in the future. Where the value of health and quality of life in the living 
environment where already proven to be part of a socially sustainable environment. A neglection of this more social 
aspect of sustainability could lead to an increasingly individualized environment where social tights and bands get lost. 
Finally, the rental price formation in the current commercial residential rental market could be characterized by a more 
locational based foundation. Within the field of sustainability, we can conclude that both environmental (land-use and 
pollution) and economic (relative high premiums) pillar of sustainability are present and acknowledged within this 
market, however, there should be made more effort to obtain an increased adoption of the social pillar.     

 

In order to continue with the analysis into the financial benefits for both the investor and the tenant/end-user, it was 
important that the energy label has a significant influence on the rental price. The results showed that both the A- and 
A+-label had a significant influence on the rental price and ensured the investor of a significant rental premium for these 
labels compared to the reference G-label. Furthermore, the energy label explained, as a single variable, five percent of 
the total amount of information on the rental price formation. In comparison, this is equal to all other variables in the 

Looking back at preceding study, there can been seen that this study consists of three sequential elements 
that led to several interesting results within the subject of sustainability in the Dutch commercial rental 
housing market, specified following the contemporary trends in the multiple family housing market. In this 
chapter all three elements will be merged to give an answer to the main research questions. Furthermore, 
some limitations of this study will be given and recommendations for further research will be explored. 
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model, except the address density, affordability and surface. Because the rental prices in the commercial market are 
primarily created by the demand from the market, the willingness to pay and market circumstances play an important 
role in the formation of these energy label premiums. We can conclude that in the contemporary market circumstances 
there is awareness of the benefits of an increased energy label and, due to the adoption of demand for these 
sustainability measures, the investor is able to obtain their premium and invest in a responsible way in their residential 
properties. However, the discussion about these results showed important aspects that need to be considered before 
making an investment decision. First, the added value of the maximum achievable energy label is not yet acknowledged. 
The A++-label is characterized by a negative energy premium which makes investments in label improvements not likely 
to be cost-effective. Second, the quality of existing assets does not always allow a label improvement, or demand a full 
or more expensive transformation of the asset. These major retrofits demand higher investment costs and can put 
pressure on the return.    

 

The results from the analysis in consumption showed a major negative mismatch between the standardized theoretical 
consumption and the actual consumption. Because the actual energy consumption differs strongly from the theoretical 
energy consumption, the savings are only minor and inconsistently spread over differing energy labels (A+- and D-label). 
Furthermore, the ratio between the distribution of the financial benefits in very skewed, where a significant rental 
premium on an A-label amounts €2,280 per square meter compared to the E-label, the energy savings amount only 
€0,385 per square meter. The explanation between the large deviation of actual and theoretical energy consumption 
is, according to existing literature, found is the consumer’s behaviour. The theoretical consumption savings are 
determined according to standardized methods, assuming that every household shown the same behaviour. From the 
results in this analysis and the comparison with additional knowledge from other studies, there can be concluded that 
in order to rectify these uneven distribution, consumers need to be made aware of the fact that label improvements 
are not solely enough to obtain the financial benefits. In contrast, the consumer’s behaviour declares for the largest 
part the success of these investments.        

 

Finally, to complete this conclusion one important sub research question is still unanswered: How can these findings be 
integrated into the for Real Estate decision-making process for the commercial residential investors for the further 
adoption of sustainability? For the further preservation of the commercial housing stock it is promising to see that 
energy saving measurements, like energy label improvements, are adopted by the market demand and reflected in a 
rental premium for the investor. From the investors perspective it can therefore be concluded that a label improvement 
to an A- or A+-label have the significant rental premium that is required to potentially justify the investment costs. 
Furthermore, following the hedonic pricing approach, the potential of assets can be estimated according to the 
significant rental determinants in the contemporary environment. This estimation could be used as a foundation to 
substantiate the investment decision-making process to determine the potential of a possible acquisition or the 
maximum investment costs to obtain the required return.   

 

Besides the estimation of the potential of an asset, there are mentioned some aspects that could influence the return 
on investment negatively according to this approach. The quality of the building could cause barriers which ensure that 
some investments cannot be performed, a maximum achievable energy label gives a negative rental premium and the 
costs of an investments should not exceed the required return.  With the insights in both the weights of current rental 
determinants and the possible barriers, the commercial residential investors could seek for the most profitable 
alignment between the costs and return on investments in their decision making process. Furthermore, this elaboration 
of the contemporary rental price determinants can be used as a basis for the determination of future developments in 
the rental price formation of the commercial rental housing sector.   

 

Besides the rental price, the literature showed also additional variables that could affect the direct return due to 
sustainability investments in other Real Estate sectors, mostly in the office market. These studies mentioned a decrease 
in operational costs, like maintenance costs, and a lower risk profile due to higher occupancy rates other positive 
additional factors that could improve the overall direct return. Although the investors should always consider a wider 
perspective of the direct return, this study has not found the appropriate reference to generalize these findings to the 
commercial residential market. 
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Finally, in order to fully exploit the advantages of an energy label improvement, changing consumer’s behaviour is an 
important aspect. As the results showed, savings on the actual energy consumption are due to consumer behaviour 
almost negligible. Therefore, these label improvements are financially not of the best interest for the tenant. However, 
besides these financial benefits the tenant could have some additional comfort improvements, like a decrease of cold 
air dump in front of the windows and better balance in inside moisture levels. Although there is a general 
acknowledgement of an improved energy label by the market, expressed in an additional rental premium for the 
investor, underperforming financial benefits for the tenant could lead to a decrease in demand in the future. Especially, 
transformations or retrofits in the existing multiple family dwelling stock could lead to resistance from the current 
tenants. When the investors cannot provide them with feasible financial benefits that should justify the rental premium, 
tenants are not likely to agree to this premium. In this case it is difficult for an investor to realize this label improvement 
and therefore the timing of such transformation of retrofits is an important part of the decision makings process. To 
conclude, it is important for the commercial residential investor to maintain the current awareness and demand for 
more sustainable housing to justify their investments with additional return premiums for the further preservation of 
the dwelling stock. However, in order to maintain this, the commercial residential investor should also take its 
responsibility in raising the awareness of the influence of their behaviour on the total energy consumption.     

 

7.2  LIMITATIONS AND RECOMMENDATIONS 

Although this research covers a large part of the influence of sustainability in the rental price formation and the division 
of benefits between the investor and tenant, there are still a lot of factors that are not taken into consideration during 
this analysis. First, with the process of the formulation of rental price determinants an attempt was made to formulate 
a complete set of criteria that could have an influence on the rental price, both sustainability criteria as non-
sustainability criteria. However, there is always the possibility that there are criteria that could affect the rental price 
which are not taken into consideration within the regression model, due to a lack of literary background or the presence 
of sufficient data. The presence of these additional variables can be explained according to the Adjusted R-square value 
of the final regression model. The 71 percent confidence factor tells us that 71 percent of the total amount of 
information to determine the rental price of a multiple family dwelling is explained. This means that there is an 
additional 29 percent of information not yet explained in this model by variables not integrated in this model, like for 
example the average duration of contracts, ratio between sale and rent or the frequency public transport. The variables 
within these 29 percent could affect the weights and/or significance of the variables present in the model. Furthermore, 
there could be some interfering variables that affect both the dependent as independent variables. This is referred to 
as confounding. Confounding variables could also influence the effects of relationships between dependent and 
independent variables, however, there are methods to statistically exclude or control these confounding variables. 
Therefore, future research could further develop this model with additional variables and an approach to erase these 
possible confounding variables in the model to obtain an even more accurate model that could be generalized to the 
real population. Finally, the regression model does not take into account the multilevel structure of the aggregation 
level of the variables. This means that variables at a larger aggregation level (regional) are often composed of several 
underlying variables. In order to create a more reliable model these variables could be decomposed into their underlying 
factors, however, the question is to what extent these variables could be collected. Besides a decomposition of these 
variables there could be used a multilevel analysis. This analysis methods takes the multilevel structure of the variables 
into account and provide an alternative for the linear regression model.  

 

As an addition on preceding limitations of this study, there is one important aspect that could influence the effect of 
the model. As the literature suggested, there are major regional rental price differences in the Netherlands. The 
Randstad region and especially the city of Amsterdam are characterized by a high concentration of transactions and 
relatively high rental price compared to other regions in the Netherlands. Although the influences of these regions can 
be derived from some variables like the affordability and the amount of jobs, for a more generalizable model it could 
be essential to integrate a dummy variable(s) for these locations, due to their skewed reflection of the rest of the Dutch 
commercial housing market. These dummies could influence the other variables so that the other variables give a better 
representation of the actual situation. Furthermore, this study determines the significant factors for the rental price 
formation within a certain period of time. As the literature already proved, the importance and weight of rental 
determinants can change over time. It is therefore important to state that the results concern the current market 
situation. This study can therefore be performed following a corresponding approach to achieve insight in changing 
rental determinants, to study rental determinants in a future period or in a different sector of real estate.  
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Besides some limitations in the regression model the approach of this study only obtains insight into one aspect of the 
direct return of sustainability investments. The rental premiums give the possible return profits for the investors for an 
improved energy label. However, an important part in the justification of the investment are the costs. In order to obtain 
more insight in the ratio between costs and profit, future research could investigate the average costs to improve an 
energy label of a multiple family dwelling.   

 

The analysis into the energy consumption of dwellings was made according to data of Liander. However, not all labels 
were present in this dataset. Future research could therefore be performed with a large dataset including all labels and 
corresponding consumption figures. This data could be achieved by the cooperation of other grid operators. Because 
the A+-label was not included in the comparison an important aspect of the potential influence of this label on the 
energy bill was not incorporated in this analysis. In order to obtain the highest labels (A+ and A++), renewable energy 
sources and other installations need to be installed on an asset. This means that a dwelling could generate a part of its 
energy consumption itself. Especially for the generation of electricity, for example by solar panels, this could affect the 
savings drastically because the energy companies don’t need to provide this energy. Maybe the high rental premium 
for the A+-label could in this case be justified by the amount of energy that is saved using these renewable methods. In 
order to make sense of these statements more research is needed into these fields. 

 

Finally, influencing the consumer’s behavior in order to be more aware of their actual energy consumption was an 
important aspect of this study’s conclusions. However, this study does not investigate ways to influence this behavior. 
Therefore, future research can be done in methods to raise people’s awareness about their actual energy consumption 
to bring the actual and theoretical consumption closer together, in order to profit from the label improvement 
investments. Although there are nowadays several tools to monitor and influence tenant’s consumption behavior, this 
study could give an extra motivation to install these monitoring tools in every dwelling. An interesting question for the 
commercial rental market could be, who is responsible? Therefore, future research could use a survey to question 
investors about their thoughts on the subject of being responsible for the provision of these tools. After all, when they 
can sell their investments in label improvements more transparent, it is more likely that they are caught up by the 
market demand. 

 

Finally, there is one important aspect that should be mentioned. The energy label is a relatively new concept and should 
increase the transparency of the market. However, although one should expect that these labels reflect the possible 
savings for households, the actual situation in the commercial multiple family housing market appears to be the 
opposite. Therefore, maybe the underlying foundation of the label in this specific sector could be further investigated 
to improve these metrics specified for this sector. In the current stage the energy labels are not representative for the 
actual consumption figures and the tenants are misinformed. However, even in this non-transparent environment the 
tenant is willing to pay a certain premium for an increased energy label, which could influence the further preservation 
of the commercial housing stock positively.          
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APPENDIX 1: SUSTAINABILITY CRITERIA FOR RESPONSIBLE PROPERTY INVESTING 

ENVIRONMENTAL SUSTAINABILITY INDICATORS AND CRITERIA 

SUSTAINABILITY 
INDOCATORS: 

Energy usage and 
conservation 

Safe quality 
environment 

Water consumption Use of material/ 
commodities 

Building climate Biodiversity Site and land use Transport 

RPI CRITERIA 
FORMUATED BY 

PIVO (2008) 

Energy efficiency and 
conservation 

Low contribution to global 
warming 

Water conservation and 
recycling 

Recycling, waste reduction, 
recycled materials 

Daylight and natural 
ventialtion 

Protects and provides 
wildlife habitat 

Contributes to higher 
density, mixed-use 
walkable places 

High level of public 
transport services 

Alternative energy sources Reduce runoff and 
nutrient/pesticide 
discharge from buildings 
and landscaping 

 Sustainability of building 
materials 

 Tree planting protection Catalyses positive 
suburban and [peripheral 
development or 
redevelopment 

Central location 

 Considerate construction 
practice 

 Use of ozone-depleting 
chemicals avoided 

 Buffering for wetlands Brownfield and infill 
development 

Transit oriented 
development 

 Regulatory compliances  Use of locally sourced 
materials 

 Environmental restoration 
projects 

Not built on prime 
farmland 

Carpooling services 

 Green building certification     No undue influences by 
owners in local planning 
and zoning 

Bicycle trails and facilities 

      No involuntary 
displacement of homes 
and businesses 

 

      Minimum negative impacts 
on local traffic, schools and 
other infrastructure 
services 

 

SUSTAINABILITY 
CRITERIA FROM 
LABELLING AND 
CERTIFICATION 
PRATICES, LEED 

AND BREAAM-NL 
(2015, 2016) 

Minimum energy 
performance, energy 
efficiency 

Sensitive land protection Outdoor water use 
reduction 

Storage collection of 
recyclables 

Minimum indoor air quality 
performance, assessment 
and strategies 

Site development – protect 
or restore habitat 

High priority site Bicycle facilities 

Energy metering Construction activity 
pollution prevention 

Indoor water reduction Construction and 
demolition waste 
management 

Low emitting materials Protect and share location 
with local wildlife 

Surrounding density and 
diverse uses 

Facilities for green vehicles 

Demand response for 
energy systems 

Rainwater management Building level water 
metering 

Building life-cycle impact 
reduction 

Thermal comfort, interior 
lighting, daylight, quality 
views, acoustics 

 Reduces parking footprint Multimodal transport 
choices 

Renewable energy 
production 

Heat island reduction Cooling tower water use Environmental product 
declarations 

Environmental tobacco 
smoke control  

 Re-use of land  

Energy efficient outside 
lighting, elevators, 
escalators 

Light pollution reduction  Sourcing of raw materials     

 Refrigerant management  Material ingredients     

 Green power and carbon 
offsets 

 Facilities to reduce 
compost 

    

 Regional regulatory 
priorities 

      

MEASURABLE LEVEL: Building Regulatory/Process Building Process Building Process Location/Process Location 
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ECONOMIC SUSTAINABILITY INDICATORS AND CRITERIA 

SUSTAINABILITY INDICATORS: Financial Performance Flexibility to market change Influence on wider economy 

RPI CRITERIA FORMUATED BY PIVO (2008) 

- Flexibility to adapt to changing uses over time Benefits urban revitalization 

  Fair labour practice for construction and service workers 

  Use of union construction and service workers 

  Local and low-income hiring and training 

SUSTAINABILITY CRITERIA FROM LABELLING AND 
CERTIFICATION PRATICES, LEED AND BREAAM-NL 

(2015, 2016) 

- LEED for Neighbourhood development (neighbourhood 
revitalization)  

 

MEASURABLE LEVEL: - Location/Building/Process Location/Process 

 

SOCIAL SUSTAINABILITY INDICATORS AND CRITERIA (1) 

SUSTAINABILITY 
INDICATORS: 

Economic inclusion Social inclusion 

 Accessibility Availability jobs Affordability Social capital Social infrastructure Security Health and Well-being 

RPI CRITERIA 
FORMUATED BY PIVO 

(2008) 

Central location Fair labour practice for 
construction and service workers 

Affordable housing 
considerations or access for 
low-income owners or 
minority owned businesses for 
commercial property 

Sense of community, sense of 
place throughout the building 

High level of public transport 
services 

Property and visitor safety - 

Transit-oriented development Use of union and service workers  Managed to promote 
multiracial respect 
participation 

Childcare on site or close 
proximity 

Low risks of injury to workers 
and visitors 

 

Bicycle trails and facilities Local and low-income hiring and 
training 

 Philanthropic endeavours and 
volunteering by owners and 
employees 

Amenities close by for working 
parents 

Low risk from natural hazards  

    Accommodations for disabled Insurance for property visitors  

    Gyms and showers Evacuation and first aid 
training 

 

    No pariah tenants Health and safety signage  

SUSTAINABILITY 
CRITERIA FROM 
LABELLING AND 
CERTIFICATION 

PRATICES, LEED AND 
BREAAM-NL (2015, 

2016) 

Access to quality transit   Improve liveability  Safety of workers and 
surroundings during 
construction 

Improve health by physical 
activity 

Accessible for as many target 
groups 

  Create open space   Create open space 

Close proximity basic 
functions 

     Private outdoor space 

ADDITIONAL 
LITERATURE: DOLOI, 

Improve local infrastructure Provide jobs and investment 
options 

Different housing needs for 
different social groups 

Privilege Places that enable social 
interactions and group 
formation 

Provision of secure and safe 
open places, paths and 
facilities 

Decrease noise, pollution, 
glare and waste 
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2015; CHAN & LEE, 
2008; PORTA & 

RENNE, 2005 

Capacity  Use of local materials  Sense of belongings  Public surveillance Control over used space 
(thermal comfort, light) 

Proximity of PT facilities and 
amenities 

Work as place for social 
interaction 

   Streetscape   

Way finding       

MEASURABLE LEVEL: Location Location/process/regulatory Building/Location/process Regulatory/ location Location/Building Process/Building Building/Regulatory 

 

SOCIAL SUSTAINABILITY INDICATORS AND CRITERIA (2) 

SUSTAINABILITY INDICATORS: Awareness Preservation local characteristics Design  Stakeholder influence 

RPI CRITERIA FORMUATED BY PIVO 
(2008) 

 Historic and landmark preservation Aesthetics, contextual fit, visual blending and quality Engage in community relations and development 

 Native landscaping Public art Stakeholder and community engagement 

 Protects ridge lines, view sheds  Solicits community input during all stages of 
development 

 Respect indigenous people’s rights and traditions  Engagement on issues with suppliers 

   Social responsibility credentials of the property 
mortgagee 

   Disclosure and reporting of social and environmental 
performance 

SUSTAINABILITY CRITERIA FROM 
LABELLING AND CERTIFICATION 

PRATICES, LEED AND BREAAM-NL 
(2015, 2016) 

   Integrative process 

   Preliminary site assessment 

   Fundamental commissioning and verification 

   Performance assurance 

ADDITIONAL LITERATURE: DOLOI, 
2015; MURPHY, 2012; PORTA & 

RENNE, 2005 

Promotion of sustainability among practitioners and 
other stakeholders 

 Sky exposure Collaboration with education for knowledge sharing 
and skill development 

  Street scape Engage neighbours in building design 

  Clear public private borders  

MEASURABLE LEVEL: Process  Building/Regulatory  Building/location Process/Regulatory 
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APPENDIX 2:  BOXPLOTS FOR EXTREME VALUES 

 Boxplot Household growth Boxplot Jobs 

 
Boxplot Vacancy Region 

 
Affordability 

 
Boxplot OAD 

 
Boxplot Distance CBD 
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Quality 

 
Vacancy Asset 

 
Energy Label 

 
LeefBaroMeter score for inhabitants 

 
Boxplot number of rooms 

 
LeefBaroMeter score for facilities 
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LeefBaroMeter score for safety 

 
LeefBaroMeter score for environment 
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APPENDIX 3.1:  SCATTERPLOTS FOR LINEARITY 

 
Scatterplot Jobs 

 
Scatterplot Affordability 

 
Scatterplot Vacancy Region 

 
Scatterplot OAD 

 
Scatterplot Distance CBD 

 
Scatterplot Distance Train 

 
Scatterplot Distance Highway 

 
Scatterplot Distance Public Transport 
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Scatterplot Surface 

 
Scatterplot Number of Rooms 

 
Scatterplot Scale 

 
Scatterplot LeefBaroMeter score environment 

 
Scatterplot LeefBaroMeter score inhabitants 

 
Scatterplot LeefBaroMeter score safety 
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APPENDIX 3.2:  T-TEST FOR DIFFERENCES IN DICHOTOMOUS VARIABLES 

 

T-test dichotomous variables for determining difference with dependent variable 

  



78 
 

APPENDIX 3.3:  CORRELATION MATRIX 
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APPENDIX 3.4: MULTICOLLINEARITY: VARIANCE INFLATION FACTORS AND TOLERANCE 

  

Regression coefficients with variance inflation factors and tolerance to determine multicollinearity 
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APPENDIX 3.5:  HOMOSCEDASTICITY 

 
Scatterplot residuals Jobs 

 
Normal distribution error terms jobs 

 
Scatterplot residuals Affordability 

 
Normal distribution error terms Affordability 

 
Scatterplot residuals Vacancy Region 

 
Normal distribution error terms Vacancy Region 
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Scatterplot residuals Distance CBD 

 
Normal distribution error terms Distance CBD 

 
Scatterplot residuals Distance Highway 

 
Normal distribution error terms Distance Highway 

 
Scatterplot residuals Distance Train 

 
Normal distribution error terms Distance Train 
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Scatterplot residuals Distance Public Transport 

 
Normal distribution error terms Distance Public 
Transport 

 
Scatterplot residuals OAD 

 
Normal distribution error terms OAD 

 
Scatterplot residuals Surface 

 
Normal distribution error terms Surface 
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Scatterplot residuals number of rooms 

 
Normal distribution error terms number of rooms 

 
: Scatterplot residuals LeefBaroMeter score for Safety 

 
Normal distribution error terms LeefBaroMeter score 
for Safety 

 
Scatterplot residuals LeefBaroMeter score for Environment 

 
Normal distribution error terms LeefBaroMeter score 
for Environment 
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APPENDIX 4:  REGRESSION ANALYSIS RESULTS, ANOVA TABLE 

 

Anova Table Regression Analysis 


