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Summary
To address the housing shortage in the Netherlands, which makes it difficult for first-time
buyers to find affordable housing, new dwellings must be constructed. However, to mitigate
the environmental impact of these constructions, the Dutch government intends to tighten
the environmental performance standards. Meeting these enhanced standards is expected to
increase the construction costs for the construction of small dwellings and apartments,
negatively influencing the affordability of newly constructed affordable housing for first-time
buyers.

Sharing facilities in apartment buildings for first-time buyers is viewed as a possible solution
to ensure the construction of affordable housing that adheres to environmental performance
standards. This approach is associated with sustainable, economic, and social benefits.
Although the advantages of sharing facilities are well-documented, less is known about their
impact on the sustainability and affordability of housing. To assess this impact and explore
the potential for contributing to affordable housing construction, the main research question
is formulated as follows:

What is the impact of shared facilities in apartment buildings on environmental performance
and construction costs, and to what extent can this approach contribute to the development
of affordable dwellings for first-time buyers in the Netherlands?

To answer this research question, a literature & statistical data review will be conducted in
combination with developing a tool to assess the impact of shared facilities on the
construction costs and MileuPrestatie Gebouwen (MPG) of a residential building. The tool will
be validated using expert interviews, technical and functional validation methods, and a case
study.

In the literature and statistical data review, six shared facilities are identified that can be
shared by first-time buyers to potentially reduce construction costs and environmental
impact in line with the Dutch building code. These facilities include a shared garden or terrace,
kitchen, bike parking space, laundry room, living room, and workspace. Additionally, the
literature and statistical data review indicated a lack of methods for testing multiple design
variants and their effects on construction costs and environmental performance without the
need for individual modeling of each variant.

To address this gap, the design cycle has been employed to develop a decision support tool
in Excel. This tool is organized according to the MPG calculation method, incorporating the
construction cost calculation method before implementing the framework into Excel through
a combination of Excel features and VBA. This tool incorporates the six shared facilities and
enables users to assess the impact of a specific shared facility or a combination of them on
the MPG and construction costs of the building by comparing these to the base design in the
basic design stage.

Three professionals involved in the construction of affordable housing participated in expert
interviews to gather qualitative data on the tool's usability and the intended users' willingness
to adopt it. The results were analyzed using a semantic approach and indicated that the
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participants are willing to utilize the tool in their projects, as it offers the information to
support informed design decisions regarding the application of shared facilities.

A case study has been applied to determine the impact of the six shared facilities and various
combinations of these facilities on environmental performance and construction costs. Opus
| de Tuin van Elden, an apartment building established in 2021 in Arnhem and considered
affordable, served as the reference project for this case study. The initial step involved
preparing the data to ensure its relevance to current market conditions. Following this, six
shared facilities were designed based on the project's characteristics. Subsequently, the
impact on environmental performance and construction costs was assessed for each shared
facility and various combinations of these facilities, utilizing the developed decision support
tool.

It can be concluded that based on the outcomes of the case study, most of the shared facilities
considered, or combinations thereof, have a positive effect on lowering the construction costs
of buildings. It is found that a combination of a shared garden/terrace, bike parking, laundry
room, and workspace has the biggest positive impact on lowering the construction costs. By
reducing the construction costs, the transaction prices of dwellings can be decreased, thereby
enhancing housing affordability. However, the extent to which shared facilities improve
affordability is influenced by the initial transaction value of the dwelling. Furthermore, it can
be concluded that shared facilities negatively impact the MPG of apartments and that a
combination of a shared kitchen, living room, bike parking, and laundry room has the most
negative impact on the MPG.

Consequently, shared facilities can have a positive impact on construction costs but negatively
impact the MPG. Therefore, the extent to which shared facilities can contribute to improving
the affordability of dwellings for first-time buyers in the Netherlands depends on the financial
implications associated with the supplementary measures necessary to meet the MPG
standards.

To effectively evaluate the impact of shared facilities on the affordability for first-time buyers,
it is essential to conduct more comprehensive research into the facilities that first-time buyers
are willing to share. Additionally, addressing the existing knowledge gap about the
quantification of the effects of shared facilities would be beneficial. Thus, it is recommended
that further case studies be undertaken aimed at assessing how shared facilities influence
construction costs and overall environmental performance. Future studies should also
examine the impact of shared facilities on products that need to be determined by energy
performance calculations and consider more recent reference projects to yield more realistic
results. This approach aims to enhance the generalizability and address the limitations of the
findings from this research.
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Samenvatting
Om het woningtekort in Nederland, dat het voor starters lastig maakt om betaalbare
woningen te vinden, aan te pakken, moeten nieuwe woningen worden gebouwd. Aan de
andere kant moet de impact van de nieuwe woningen op het milieu beperkt worden,
waardoor de Nederlandse overheid van plan is om de eisen omtrent milieuprestaties aan te
scherpen. Echter is de verwachting dat de aangescherpte norm extra kosten meebrengt bij
de bouw van kleine woningen en appartementen om te kunnen voldoen aan de
aangescherpte eisen, waardoor de betaalbaarheid van betaalbare woningen nog verder
onder druk komt te staan.

Het delen van faciliteiten in appartementen voor starters wordt gezien als een mogelijke
oplossing om ervoor te zorgen dat betaalbare woningen worden gebouwd die voldoen aan
de milieuprestatie-eisen. Het delen van faciliteiten wordt geassocieerd met voordelen op het
gebied van duurzaamheid, betaalbaarheid en op sociaal vlak.  Hoewel de voordelen van het
delen van faciliteiten uitgebreid zijn beschreven in de wetenschappelijke literatuur, is er
minder bekend over de daadwerkelijke impact van gedeelde faciliteiten op de duurzaamheid
en betaalbaarheid van woningen. Om de impact te beoordelen en de mogelijke bijdrage van
gedeelde faciliteiten aan de bouw van betaalbare woningen te onderzoeken is de
onderstaande onderzoeksvraag geformuleerd:

Wat is de impact van gedeelde faciliteiten in appartementen op de milieuprestaties en
bouwkosten, en in hoeverre kan deze aanpak bijdragen aan de ontwikkeling van

betaalbare woningen voor starters in Nederland?

Om de onderzoeksvraag te beantwoorden, wordt een literatuur studie aangevuld met
statistische data uitgevoerd in combinatie met het ontwikkelen van een tool om de impact
van gedeelde faciliteiten op de constructie kosten en MileuPrestatie Gebouwen (MPG) van
een woongebouw te bepalen. Na afloop zal de tool gevalideerd worden doormiddel van
expert interviews, technische en functionele validatie methodes en een case studie.

In de literatuur en statistische data studie zijn zes faciliteiten geïdentificeerd die in
overeenstemming zijn met het bouwbesluit, mogelijk een positieve impact hebben op het
reduceren van de bouwkosten en milieu-impact en welke kunnen worden gedeeld door
starters. Dit betreft de volgende faciliteiten: een gedeelde tuin/terras, keuken, fietsenstalling,
wasruimte, woonkamer en werkruimte. Daarnaast werd duidelijk uit de literatuur en
statistische data dat er een methode ontbreekt die gebruikt kan worden om meerdere
ontwerp varianten te beoordelen op bouwkosten en milieu-impact zonder daarvoor alle
varianten apart te hoeven modelleren.

De design cycle is gebruikt om een beslissingsondersteunende tool te ontwikkelen in Excel.
De structuur van de tool is georganiseerd in overeenstemming met de MPG-
berekeningsmethode, waarin de berekening van  bouwkosten is geïntegreerd voordat het
geheel middels een combinatie van Excel-functies en Excel VBA is geïmplementeerd in Excel.
De tool bevat de zes geselecteerde gedeelde faciliteiten en stelt gebruikers in staat om de
impact op de MPG en bouwkosten van een gedeelde faciliteit of een combinatie van gedeelde
faciliteiten te beoordelen door deze te vergelijken met het originele ontwerp.
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Drie professionals die betrokken zijn bij de bouw van betaalbare woningen hebben
deelgenomen aan de expert interviews die gericht waren op het verzamelen van kwalitatieve
gegevens over de bruikbaarheid van de tool en de bereidheid van potentiële gebruikers om
de tool toe te passen. De resultaten zijn geanalyseerd met behulp van een semantische
benadering methode en gaven aan dat de deelnemers welwillend zijn om de tool in hun eigen
projecten te gebruiken, aangezien de tool de benodigde informatie verstrekt voor het maken
van weloverwogen ontwerpbeslissingen met betrekking tot het toepassen van gedeelde
faciliteiten.

Middels een case studie is de impact op de milieuprestaties en bouwkosten van de zes
faciliteiten en combinaties van gedeelde faciliteiten bepaald. Opus | de Tuin van Elden, een
appartementencomplex dat in 2021 in Arnhem is opgeleverd en geclassificeerd is als
betaalbaar, diende als referentieproject voor deze case studie. De eerste stap bestond uit het
voorbereiden van de gegevens om deze representatief te maken voor de huidige
marktomstandigheden. Vervolgens zijn de zes gedeelde faciliteiten ontworpen op basis van
de project eigenschappen. Waarna met behulp van de ontwikkelde
beslissingsondersteunende tool de impact op de milieuprestaties en bouwkosten van alle
gedeelde faciliteiten en combinaties van gedeelde faciliteiten is bepaald.

Het kan worden geconcludeerd dat op basis van de uitkomsten van de case studie, de meeste
gedeelde faciliteiten, of combinaties van gedeelde faciliteiten, een positief effect hebben op
het verlagen van de bouwkosten van gebouwen. Daarnaast kan geconcludeerd worden dat
een combinatie van een gedeelde tuin/terras, fietsenstalling, wasruimte en werkplek de
meest positieve invloed heeft op het verlagen van de bouwkosten. Door de bouwkosten
verlagen, kunnen de verwachte verkoopprijzen verlaagd worden, wat resulteert in een betere
betaalbaarheid. De mate waarin de betaalbaarheid verbeterd is echter afhankelijk van de
origineel berekende verkoopprijs van een woning. Bovendien kan het worden geconcludeerd
dat gedeelde faciliteiten een negatieve invloed hebben op de MPG en dat een combinatie van
een gedeelde keuken, woonkamer, fietsenberging en wasruimte de meest negatieve impact
heeft op het verlagen van de MPG.

Het kan worden geconcludeerd dat gedeelde faciliteiten kunnen een positieve invloed
kunnen hebben op de bouwkosten, maar een negatieve op de MPG. Daardoor is de mate
waarin gedeelde faciliteiten kunnen bijdragen aan het verbeteren van de betaalbaarheid van
woningen voor starters in Nederland afhankelijk van de kosten die gemaakt moeten worden
om aan de MPG eisen te voldoen.

Om de impact van gedeelde faciliteiten op de betaalbaarheid van woningen voor starters met
meer zekerheid te kunnen bepalen dient uitgebreider onderzoek gedaan te worden naar de
faciliteiten die starters bereid zijn om te delen. Daarnaast zou het waardevol zijn  om de
kennis omtrent de impact van gedeelde faciliteiten te vergoten. Het wordt daarom
geadviseerd om meer case studies uit te voeren die gericht zijn op het bepalen van de impact
van gedeelde faciliteiten op de bouwkosten en milieuprestatie van gebouwen. Waarbij de
impact van producten die moeten worden bepaald met een energieprestatieberekening
worden meegenomen en waarbij gebruik wordt gemaakt van recentere referentieprojecten.
Met als doel de generaliseerbaarheid van de uitkomsten te vergroten en de tekortkomingen
van dit onderzoek op te lossen.
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Abstract
Housing shortages present challenges for first-time buyers seeking affordable homes, and the
construction of such housing is increasingly complex. This underscores the necessity for
innovative solutions to enhance the availability of affordable housing options. This master’s
thesis explores the implementation of shared facilities within apartment buildings for first-
time buyers in the Netherlands as a potential strategy to improve both affordability and
environmental sustainability. To this end, a decision support tool has been developed, which
evaluates six shared facilities through a case study approach. This tool offers users valuable
insights into how shared facilities can affect both the environmental performance and
construction costs of a building compared to the base design, empowering them to make
informed design decisions. The findings from the case study will help assess the potential of
shared facilities to aid in the development of affordable housing that meets environmental
performance standards for first-time buyers.

Keywords: Shared facilities, Affordable Housing, First-time buyers, Environmental
performance standards
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1 Introduction
The Netherlands is facing a housing shortage, making it difficult for first-time buyers to find
affordable housing (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2022c).
Therefore the Dutch Government aims to construct 981,000 by 2030 (Ministerie van
Binnenlandse Zaken en Koninkrijksrelaties, 2022a). It has been stated that two-thirds of these
new dwellings must be affordable (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties,
2022b). Additionally, the Dutch government aims to tighten the environmental performance
requirements for newly constructed residential buildings in line with the goals of the Paris
Agreement. However, meeting these requirements for small dwellings and apartments is
expected to pose challenges, which could further complicate the construction of affordable
housing for first-time buyers (Economisch Instituut voor de Bouw et al., 2023). To address
this, the consideration of shared facilities in apartment buildings is being proposed as a
potential solution to ensure the construction of housing that is affordable for first-time buyers
and meets environmental performance standards.

1.1 Problem definition
To accommodate the projected increase in household numbers and alleviate the housing
shortage, the Dutch government has set a goal to build 100,000 new dwellings annually to
reach a total of 981,000 new dwellings by 2030, from which two-thirds need to be affordable
(Gopal et al., 2023;  De Jonge, 2023; Ministerie van Binnenlandse Zaken en Koninkrijksrelaties,
2022b; Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2022c).  However, The
number of constructed dwellings in both 2022 and 2023 fell short of the annual target, with
only 178,253 dwellings completed instead of the anticipated 200,000 (Ministerie van
Volkshuisvesting en Ruimtelijke Ordening, 2024). This trend of constructing fewer dwellings
than the annual goal is expected to persist in 2024 and 2025 (Ministerie van Binnenlandse
Zaken en Koninkrijksrelaties, 2024a; Ministerie van Binnenlandse Zaken en
Koninkrijksrelaties, 2024b). Data from January to September 2024 indicate that only 58,850
houses have been built, compared to 64,350 during the same period in 2023, further
confirming this trend (Ministerie van Binnenlandse Zaken en Koninkrijksrelaties, 2024a).
Moreover, the percentage of newly constructed dwellings classified as affordable was below
the intended target of 66.66%, as reported by the Ministerie van Binnenlandse Zaken en
Koninkrijksrelaties (2022a, pp. 7–9). This results in a lag in the construction of affordable
dwellings in the Netherlands. Furthermore, Vereniging Eigen Huis (2023b) noted that newly
constructed dwellings that are defined affordable by the Dutch Government, are not
considered affordable for first-time buyers in the Netherlands. This raises questions about the
affordability of dwellings defined as affordable by the Dutch government for first-time buyers
in the Dutch housing market.

In addition to the existing shortage and the lack in the construction of affordable housing,
outgoing minister De Jonge mentioned in a letter to the House of Representatives that the
standard for the environmental performance of new residential buildings needs to be
sharpened from 0.8 to 0.5 starting January 1, 2025 (Economisch Instituut voor de Bouw et al.,
2023). A study on the impacts of this measure revealed that sharpening the environmental
performance will pose challenges for 8 to 19% of the newly constructed dwellings, especially
for small houses and large apartment buildings with small apartments (Economisch Instituut
voor de Bouw et al., 2023). Meeting these enhanced standards is expected to increase the
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construction costs for the construction of small dwellings and apartments, negatively
influencing the affordability of newly constructed affordable housing for first-time buyers.

It is found that the popularity of shared housing among young adults in the Western World is
growing (McNamara & Connell, 2007; Clark et al., 2018). Cho et al. (2019) point out that
modern shared housing differs from traditional home sharing, as it is offered as individual
housing units that share common facilities. This implies that shared facilities are communal
domestic areas located outside of privately owned spaces shared by a limited number of
neighbors (Hasu et al., 2017, p. 37). This contributes to the fact that shared housing is no
longer seen solely as a temporary measure for individuals with financial constraints, such as
students, but has evolved into a structural solution offering economic, sustainability, and
social advantages (Kenyon & Heath, 2001; J. Kim et al., 2020; Oh & Kim, 2021). This is
underlined by Pirinen & Tervo (2020) who state that the rise of the sharing economy,
increasing focus on sustainability, lack of affordable housing, and limited urban construction
land availability offer opportunities to integrate shared spaces and amenities into urban
housing projects. This indicates that shared facilities can be considered a potential solution to
ensure the development and construction of affordable houses for first-time buyers in the
Netherlands and that they meet environmental performance standards.

To maximize the impact of the application of shared facilities, these need to be considered
early in the design stage since the MacLeamy Curve indicates that the biggest impact on a
project's costs and capabilities occurs during the design phase, as visible in Figure 1.

Figure 1: The MacLeamy Curve (Walasek, D., & Barszcz, A., 2017, p. 1233)

Since the existing literature focuses on defining the benefits of sharing facilities and the
reasoning behind people opting for sharing facilities and not on testing and quantifying these
benefits, knowledge regarding the impact of shared facilities in buildings on the
environmental performance and construction costs of buildings can enhance the existing
literature. Furthermore, this knowledge can be used to determine if shared facilities can be
considered a solution to ensure the development and construction of affordable houses for
first-time buyers in the Netherlands.
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1.2 Research objective and questions
The goal of this master's thesis is to contribute to the knowledge regarding the application of
shared facilities in residential buildings by determining the impact of shared facilities on the
environmental performance and construction costs of a building in order to consider if the
application of shared facilities in an apartment building for first-time buyers in the
Netherlands can positively contribute to the development and construction of affordable
dwellings for first-time buyers in the Netherlands that meet environmental performance
standards.

Therefore, the following research question has been formulated:

What is the impact of shared facilities in apartment buildings on environmental
performance and construction costs, and to what extent can this approach contribute to

the development of affordable dwellings for first-time buyers in the Netherlands?

The following sub-questions are defined to  answer the research question, and achieve the
objective of this master thesis:

1. What is the definition of an affordable and suitable dwelling for first-time buyers in
the Dutch housing market?

2. What facilities can be shared in apartment buildings for first-time buyers?
3. How is the environmental performance of dwellings in the Netherlands assessed?
4. How can the impact of shared facilities on the environmental performance and

construction costs of a building be determined?
5. How can the determined impact of shared facilities on the environmental

performance and construction costs of a building be modeled to create a decision
support tool?

1.3 Research design
The following steps will be performed to realize the objective of this research, as shown in
Figure 2 below.

Figure 2: Research design

Literature & statistical data review
A literature & statistical data review will be conducted to create a definition of a first-time
buyer and to define a suitable dwelling for first-time buyers in the Dutch housing market.
Furthermore, existing literature about incorporating shared facilities in residential buildings
will be considered to determine the facilities that can be shared in an apartment building for
first-time buyers. In order to evaluate the influence of shared facilities on the environmental
performance and construction costs of buildings, a review of the literature pertaining to the
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assessment of environmental performance in construction and methodologies for estimating
construction costs will be conducted.

Design and development of the tool
The information collected from the literature & statistical data review will inform the
definition of the design objectives and highlight the tool's contributions in relation to existing
solutions. Based on these objectives, design requirements will be established, and a
framework for the development of the decision-support tool will be outlined. To evaluate the
impact of shared facilities on both the environmental performance and construction costs of
a building, several software systems will be examined, ultimately leading to the selection of
one system for the development of the decision support tool.

Tool testing and validation
Throughout the entire design process of the tool, summative and artificial evaluations will be
conducted to ensure the accuracy and correctness of the tool and its outcomes. Therefore,
the outcomes will be compared with anticipated results to check if the calculation is
performed correctly. The process is finalized by conducting a final summative artificial
evaluation to ensure the accuracy and correctness of the finalized tool and its outcomes. In
addition, the finalized decision support tool will undergo evaluation through an ex-post
analysis. This process serves as a completeness assessment, wherein the developed decision
support tool will be checked on the established design requirements.

Expert interviews
After conducting the final evaluation of the decision support tool, the developed tool will be
presented to the tool's intended users. A small introduction to the tool's usage will be given
to these, after which they should do a minor assignment using the tool. After this assignment,
these experts will be asked several questions to validate the functionality and usability of the
tool.

Case study
Data from a reference project will be used to conduct a case study to determine the impact
of shared facilities on the environmental performance and construction costs of an apartment
building for first-time buyers in the Netherlands. During the case study, the developed tool
will be used to determine the impact of the selected shared facilities and combinations of
shared facilities compared to the base design of the reference project. By using the tool, it is
also tested which makes the case study an integral part of the tool's validation process.

Conclusion
The research is finalized with conclusions and recommendations.

1.4 Scientific and practical relevance
As defined in the problem definition, there is a housing shortage in the Netherlands, which
makes it difficult for first-time buyers to find affordable housing. To improve the position of
first-time buyers, affordable dwellings need to be constructed. However, the construction of
affordable dwellings is lagging. Even though sharpening the standard for environmental
performance for newly constructed dwellings will further complicate the development and
construction of affordable dwellings, the Dutch government intends to do this. Therefore,
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solutions need to be found to ensure the construction of affordable dwellings that meet
environmental performance standards.

By considering the application of shared facilities in apartment buildings for first-time buyers,
a solution is considered that potentially has a positive influence on the environmental
performance and construction costs of the building. To test this solution, the impact of shared
facilities on environmental performance and construction costs needs to be determined.

However, data regarding the impact of shared facilities on environmental performance and
construction costs is lacking. There are tools available that assess the construction costs of a
building or the environmental performance of a building but neither of these considers the
impact of shared facilities on these aspects. Generating insight into the impact of shared
facilities on environmental performance and construction costs is therefore necessary in the
search for solutions to ensure the construction of affordable dwellings for first-time buyers
that meet the environmental performance standards to improve the position of first-time
buyers in the Netherlands.

Existing literature on the application of shared facilities focuses on defining the benefits of
sharing facilities and the reasoning behind people opting for sharing facilities. However, it
does not focus on quantifying these benefits. Indicating that the scientific contribution of this
master's thesis lies in quantifying the the impact of shared facilities on environmental
performance and construction costs of an apartment building.

1.5 Reading guide
The second chapter contains a literature & statistical data review in which a first-time buyer,
a suitable and affordable dwelling for first-time buyers, and shared facilities that can be
shared among first-time buyers are defined. Furthermore, the assessment method to assess
the environmental performance of residential buildings and the method to calculate the
estimated construction cost are considered. The methodology of the tool development
process is provided in the third chapter, just as the selected validation methods to validate
the tool. The fourth chapter describes the creation of the decision support tool. In the fifth
chapter, the data preparation for the case study is described, the selected shared facilities are
defined, and the case study results are presented.  In chapter six, the outcomes of the selected
validation methods are described, just as the outcomes of the expert interviews. Chapter
seven, the final chapter, contains the conclusion of the research and recommendations to
improve the research further.
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2 Literature & statistical data review
This section will explore first-time buyers and their relation to the housing market. A housing
market encompasses both sellers and buyers of residential real estate. While numerous
factors influence this market, the dynamics of supply and demand are particularly crucial
(Torab, 2018; Kholodilin, 2022; The Investopedia Team, 2023). This highlights the
fundamental role of the law of supply and demand within the housing market, as originally
articulated by Adam Smith in 1776 (Torab, 2018). Furthermore, the assessment methods for
environmental performance will be examined, and insights into the housing development and
construction process will be gathered. Relevant literature on cost estimation methods will be
referenced to illustrate how the construction costs of a building can be determined.

As previously noted, the circumstances facing first-time buyers in the Dutch housing market
are concerning. This demographic faces challenges when it comes to purchasing affordable
homes. To improve the situation for first-time buyers, the factors influencing supply and
demand within the housing market for this group need to be identified. Therefore, scientific
literature will be used to provide a foundation for understanding the issue's global context
and highlight the field's current state. The scientific literature is expanded with statistical data
to address the local conditions.

2.1 First-time buyers
This subchapter examines various definitions of first-time buyers, focusing on the definition
used in this research. Additionally, an analysis of this group's characteristics will provide
insights into first-time buyers' behavior, needs, and wishes in the Netherlands.
2.1.1 Definition
In the Netherlands, various
definitions are used to
define first-time buyers.
These definitions include
different variables and are
therefore presented in a
comparison table, as
visible in Table 1. All the
definitions agree upon the fact that a first-time buyer in the Netherlands is a household that
is looking to purchase or has purchased their first owner-occupied dwelling (Stuart-Fox et al.,
2022; Plegt & Het Kadaster, 2021; Belastingdienst, 2023; NVM, 2023; De Vries et al., 2020).
Stuart-Fox et al. (2022) extend this definition by categorizing first-time buyers based on their
previous housing situation. They define starters as households that currently do not reside in
an independent dwelling and intend to become the primary residents of an owner-occupied
independent dwelling (Stuart-Fox et al., 2022). As shown in Table 1, the Belastingdienst (2023)
adds an age restriction to the definition of a first-time buyer by stating that first-time buyers
must be of legal age but younger than 35 years old. The definition of a starter, as defined by
the Belastingdienst (2023), is used to determine eligibility for the starter exemption of the
transfer tax. However, the starter exemption of the transfer tax applies only to dwellings in
the existing housing stock, while in this master's thesis, newly-constructed dwellings will be
considered (ABN AMRO, n.d.). Based on the definitions of a first-time buyer in the
Netherlands, a first-time buyer in this master is defined as a household seeking or buying their
first owner-occupied dwelling.

Table 1: Comparison table of the variables that are used in the different definitions of
a first-time dwelling buyer in the Netherlands
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paying for housing (Herbert et al., 2018). This approach involves calculating the residual
income by establishing the minimum level of non-housing costs based on household size and
composition and then deducting these non-housing from the household's income.

The ratio approach has been criticized by Wang & Li (2021) and Herbert et al. (2018) for not
adequately incorporating non-housing costs. Addressing this limitation, the residual income
approach, as suggested by Perera & Lee (2021), allocates a suitable percentage of income
based on household size and composition to non-housing costs. However, the residual
income approach's complexity stems from the need for specific and detailed household data
and the necessity to make assumptions about the minimum non-housing costs (Stone et al.,
2011; Herbert et al., 2018). Consequently, the ratio approach remains the most widely used
method for assessing housing affordability (Perera & Lee, 2021; Stone et al., 2011, p.43).

In the Netherlands, Nibud utilizes the ratio approach to determine the maximum acceptable
percentage of income a household can allocate to housing expenses, known as the net
woonquote, which is set at 30% (Nibud, 2022). Housing expenses encompass not only rent or
mortgage payments but also include costs such as property taxes, waste taxes, sewerage
taxes, water authority levies, and home and building insurance (Nibud, 2023).

The Dutch government sets annual financing burden percentages to ensure homeowners'
housing expenses align with their income and other financial obligations. The financing
burden percentage represents the maximum portion of a household's income that can be
allocated to mortgage costs (Nibud, 2024). These percentages are determined using a
calculation method that is based on the residual income approach.  Therefore, Nibud
calculates a household's maximum acceptable housing expenses by deducting taxes,
premiums, and projected living costs from the gross income, resulting in the household's
acceptable net housing expenses. Subsequently, the acceptable net mortgage expenses are
calculated by subtracting the additional housing costs, such as maintenance, property tax,
home insurance premiums, and water authority levies, which depend on the property value
(Warnaar et al., 2023).

The maximum mortgage value is determined using annuity factors and considers the
acceptable net mortgage expenses. The mortgage's interest rate depends on the financing
burden percentage and the required annuity factors for a household. Additionally, the
maximum mortgage amount for a household is influenced by factors such as the building's
energy label, the age of the individuals in the household, unavoidable personal expenses, and
potential investments to improve the building's energy label.

The Dutch government plays a crucial role in defining an affordable dwelling. It has set a
general standard, stating that an affordable owner-occupied dwelling in the Netherlands
should be within reach for a household of two people with an income around two times the
modal, which is equal to an annual income of approximately €88,000 in 2024 (Randstad,
2024). This standard is not static, as it is set to change in 2024 when the maximum value of
an owner-occupied dwelling in the Netherlands to be classified as affordable will be €390,000.

Despite the Dutch government's affordability standard, there is a significant gap between this
standard and the actual affordability for first-time buyers in the Netherlands. A study
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decides to sell the property, the share owned by DNGB will be settled (DNGB, n.d.).
Furthermore, buyers have the option with Koopstart and Duokoop to settle the discount or
share if they choose not to move. Under all these different options, any potential market
value development of the property will be shared between the first-time buyer(s) and the
other party. However, since these products are not available for all first-time buyers, these
products will also not be considered in defining the affordability

As noted by Stone et al. (2011), it is essential to consider the duration for which a dwelling
needs to remain affordable. In the Netherlands, there is no nationwide regulation regarding
the duration for which dwellings must remain affordable for the target group. However,
municipalities have the authority to implement measures to maintain the affordability of
dwellings (Beuzenberg et al., 2020). Platform31 et al. (2020) have outlined 34 measures
municipalities can adopt to support first-time buyers in the Dutch housing market. Among
these measures, the self-occupancy requirement and anti-speculation clause are designed to
ensure that dwellings remain affordable for first-time buyers (Platform31 et al., 2020, p. 29 &
31). The self-occupancy requirement legally obligates the intended target group to become
the owner of the dwelling through an agreement with dwelling owners, a prior agreement
with developers, or in the housing permit (Platform31 et al., 2020, p. 31). The anti-speculation
clause enables municipalities to prohibit the sale of the dwelling within a specified period by
imposing a (decreasing) fee (Platform31 et al., 2020, p. 29). Both measures can be applied for
varying durations to manage the length of time that a dwelling remains affordable.

Furthermore, municipalities can ensure a stable supply of affordable dwellings by mandating
a percentage of affordable housing in new developments (Platform31 et al., 2020, p. 15).
Constructing smaller, market-competitive homes should result in affordable options for the
target demographic. These requirements can be detailed in the Program of Requirements
(Platform31, 2020, p. 18).

While affordability for first-time buyers who have already purchased a home may not be a
concern, ensuring affordability for future first-time buyers is crucial. This can be accomplished
through municipal regulations and by constructing the correct type of dwellings (Beuzenberg
et al., 2020).
2.2.2 Housing needs and preferences
Affordable housing for first-time buyers must meet their financial constraints and address
their housing needs and preferences (Beamish et al., 2001). In addition to financial
constraints, housing choices are influenced by factors such as available housing stock, housing
preferences, and various constraints (Beamish et al., 2001). Housing preferences play a
significant role in housing choice decisions, but Kam et al. (2018) noted that locational,
dwelling, and neighborhood attributes, known as housing characteristics, also impact these
decisions. Overall, individuals strive to align their housing preferences with their housing
choice decisions (Beamish et al., 2001).

King (1998) made a distinction between housing needs and preferences, emphasizing that
while housing needs are essential and time-specific, housing preferences represent individual
household desires. Applying this perspective to the Netherlands indicates that the basic
requirements are outlined in the Dutch building code. Therefore, a thorough analysis of the
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data in Table 7, most first-time buyers in the Netherlands prioritize proximity to friends and
family when selecting a province to purchase a home. This aligns with findings from Hurtubia
et al. (2010) and McCrindle (2003), who also acknowledge the importance of living close to
friends and family. Research by Hans en Plegt (2022) highlights regional variations in the
ability of first-time buyers in the Dutch housing market to make a purchase. Table 7 reveals
that 35% of first-time buyers take into account the affordability of housing in a particular
region, while 22% consider the availability of housing when choosing a province to purchase
their first home.

Analyzing the location preferences of first-
time buyers in the Netherlands indicates that
in 2023, 57% of first-time buyers purchased
their first home in a strongly or extremely
urbanized area (NVM, 2023, p. 19; Statistics
Netherlands, n.d.). The inclination of first-
time buyers towards urban living is evident
from the decrease in the percentage of first-
time buyers as a municipality's population
decreases, as depicted in Figure 9.

In addition to the location of the residence, Figure 8 also illustrates that tenure, space, and
structure are integral components of housing norms. These variables are best understood by
examining the preferred housing type and characteristics of first-time buyers in the
Netherlands. In 2021, 46% of the actively seeking first-time buyers in the Netherlands were
searching for an owner-occupied residence (Stuart-Fox et al., 2022, p. 115). Homeownership
provides shelter and meets the fundamental human need for accommodation but is also
considered advantageous for maintaining relationships with friends and family and as a
means of saving money and accumulating capital (Kam et al., 2018; Opit et al., 2019).

In 2023, 71% of first-time buyers in the Netherlands purchased single-family dwellings, while
29% opted for apartments (NVM, 2023). Analysis shows that two-person first-time buyers
tended to choose single-family dwellings, whereas one-person first-time buyers favored
apartments (NVM, 2023, p. 21). The demand for apartments among single-person first-time
buyers has also been acknowledged by Plegt & Het Kadaster (2021, p9), and Stuart-Fox et al.
(2022). Stuart-Fox et al. (2022) discovered that in 2021, 56% of single-person first-time buyers
under the age of 35 actively seeking a dwelling were looking for an apartment. Additionally,
NVM (2023, p. 21) observed that in 2023, two out of three apartments purchased by first-
time buyers were acquired by single-person households. Furthermore, it was noted that a
higher number of apartments were sold in larger municipalities as opposed to smaller
municipalities (NVM, 2023, p. 17).

Figure 9: Percentage of first-time dwelling buyers based on the
number of inhabitants of the municipality (NVM, 2023, p. 19)
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Significant regional differences are found when the size
of dwellings bought by first-time buyers is considered.
These differences can be explained by the significant
differences in available dwelling types per region and the
prices of dwellings. Generally, the average size of a
dwelling bought by first-time buyers has decreased from
104 m2 in 2021 to 102 m2 in 2023 (NVM, 2023, p.18). The
demand for smaller dwellings is also recognized by Funda
(2024a), who analyzed the search and click behavior on
Funda and conducted a housing preference study. When
the division is made between apartments and single-
family dwellings, it is found that in 2023, the average size
of an apartment bought by first-time dwelling buyers in
the Netherlands was equal to 73 m2 and that the average
size of a single-family dwelling bought by first-time
dwelling buyers was equal to 114 m2 (NVM, 2023, p.18).
More specific data about the size of the dwellings bought
in 2023 by first-time dwelling buyers in the Netherlands
shows that 58% of the first-time dwelling buyers bought
a dwelling with a size of 75 to 125 m2, as visible in Figure
10.

Data on preferred dwelling characteristics indicates that, in general, prospective residents are
most interested in two-room apartments that are bright, sustainable, spacious, and
functional. The primary living spaces of interest are the living room and kitchen (Funda,
2024a). When focusing on first-time buyers, it is evident that they prefer modern dwellings
that are bright, pleasant, spacious, and functional. Most first-time buyers do not strongly
prefer new construction over existing homes. Additionally, the sustainability of a dwelling
ranks lower in importance for first-time buyers, with outdoor space for relaxation and
entertaining ranking higher in priority (Funda, 2024a).

In general, first-time buyers in the Netherlands gravitate towards urbanized areas close to
their family and friends. Single-person first-time buyers tend to favor apartments, whereas
two-person first-time buyers prefer single-family dwellings. Additionally, single-person first-
time buyers generally have a lower maximum mortgage than their two-person counterparts,
making affordability even more important in their search for a dwelling.
2.2.3 Shared facilities
Maalsen (2018) highlights that to address the housing affordability issue, there is a need to
re-evaluate the traditional housing career paths when considering shared housing as a
potential solution. Shared housing involves residents sharing facilities within a household. It
is being increasingly recognized as a housing option for young adults, with potential benefits
for affordability and sustainability, as noted by J. Kim et al. (2020). The growing interest in
shared housing is attributed to demographic shifts and the rise of the sharing economy (Cho
et al., 2019; J. Kim et al., 2020; Woo et al., 2019). Furthermore, shared housing is no longer
seen solely as a temporary measure for individuals with financial constraints, such as
students, but has evolved into a structural solution offering economic and social advantages
(Kenyon & Heath, 2001; Oh & Kim, 2021). Cho et al. (2019) also point out that modern shared

Figure 10: Dwelling size of dwellings bought
by first-time dwelling buyers in 2023 (NVM,
2023, p.18)
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housing differs from traditional home sharing, as it is offered as individual units and managed
by private rental housing companies as comprehensive service offerings.

Bricocoli and Sabatinelli's (2016) study revealed that young people often face financial
constraints due to their lengthy education, lower incomes, unstable job prospects, and limited
money-saving opportunities. Consequently, economic constraints significantly influence
young people's housing choices, leading many to opt for shared housing, as noted in literature
by Clark et al. (2017), Bricocoli and Sabatinelli (2016), Mause (2008), Woo et al. (2019), and
Cho et al. (2019). This indicates that young people are willing to compromise on their housing
preferences and share facilities to cope with financial limitations. When considering first-time
buyers in the Netherlands, it becomes evident that most of them are single or two-person
households under 35 years old with moderate incomes. However, due to challenging market
conditions, most first-time buyers in the Netherlands face obstacles in securing an affordable
mortgage. Therefore, they align with the profile of young individuals with financial
constraints.

The prevalence of economic challenges among first-time buyers in the Netherlands indicates
a willingness to embrace shared housing arrangements to attain affordability. This is
reinforced by Woo et al. (2019), who reported an 89.7% increase in the likelihood of young
single-person households choosing shared housing due to economic considerations.

The economic advantages of sharing facilities are often highlighted in discussions about
shared housing, but the social benefits are equally significant. According to Cho et al. (2019,
p.36), individuals living in shared housing report higher satisfaction with social aspects, and
Oh & Choi (2014) suggest that shared housing enhances resident interactions. Additionally,
Cho et al. (2019, p.36) found that increased social interaction among residents can alleviate
feelings of loneliness. Bricocoli and Sabatinelli (2016) further elaborate on the distinction
between "cold" and "warm" forms of house sharing, emphasizing that warm arrangements
foster social interaction, while cold arrangements entail cohabitation and shared space. The
positive social outcomes observed in some shared housing situations may be attributed to
the changing nature of relationships among young people, as noted by Clark et al. (2017).
Which has led to a growing interest in forming non-kin relationships.

Moreover, in 2022, a study by GGD GHOR Nederland found that 63% of young adults in the
Netherlands experienced some level of loneliness. Considering the positive impact of shared
housing on social well-being, it appears that promoting shared facilities among young first-
time buyers could help alleviate loneliness among young adults in the Netherlands since most
first-time buyers in the Netherlands are individuals under the age of 35.

Despite the positive aspects of shared housing, the literature also acknowledges some
negative aspects. According to Wilkinson and Ortega-Alcázar (2019), Green and Mccarthy
(2015), and Mause (2008), sharing a dwelling or facility can lead to nuisance and on-site
management difficulties. Moreover, the loss of privacy is highlighted as a significant drawback
by Wilkinson and Ortega-Alcázar (2019) and Green and McCarthy (2015).
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Furthermore, it found that the desirability of housing solutions is influenced by the existing
housing stock (Clapham, 2005). This indicates that the willingness to share facilities is
location-dependent.

However, despite these drawbacks, a study by Cho et al. (2019, p.36) found that tenants in
shared housing reported higher residential satisfaction than residents in studios or detached
houses. They also expressed higher satisfaction with economic factors, dwelling facilities, and
locational characteristics. This indicates that despite the challenges associated with shared
housing, it is still considered preferable.

Two other noteworthy findings are that young single individuals who have previously lived
independently are less likely to opt for shared housing and that the willingness to share
facilities is location-dependent (Clapham, 2020; Woo et al., 2019, p.17). This indicates that
first-time buyers in the Netherlands who are transitioning from rental properties may be less
inclined to share facilities and that the willingness to share facilities is dependent on the
location in the Netherlands.
2.2.4 Conclusion
It can be concluded that while affordable housing is recognized as a fundamental human right,
access to such housing remains elusive for individuals globally and within the Netherlands. In
evaluating affordability, three critical aspects must be considered: the intended demographic
for whom housing should be affordable, the criteria defining affordability, and the duration
for which the housing must remain affordable. Analyzing the situation of first-time buyers in
the Netherlands, this implies that housing should be affordable for this demographic and that
the standard for affordability ought to be determined by the maximum mortgage amount
that first-time buyers could feasibly secure.

The impact of household composition is highlighted by the finding that single-person first-
time buyers exhibit a lower willingness to pay compared to their two-person counterparts.
Concurrently, the criterion concerning the duration of affordability is less pertinent, as it is
found that first-time buyers who have successfully acquired properties typically encounter no
ongoing affordability issues, mainly attributable to subsequent increases in their income
levels.

Regarding the housing needs and preferences of first-time buyers, it can be ascertained that
the determinants influencing these preferences are interrelated. This interconnection
underscores the necessity of considering the distinct characteristics of first-time buyers when
assessing their housing needs and preferences. Statistical data reveals that first-time buyers
predominantly favor urbanized areas; furthermore, single-person first-time buyers are
inclined to purchase apartments, while two-person first-time buyers more frequently opt for
single-family dwellings. It is also evident that nearly all first-time buyers acquire properties
exceeding 50 square meters of usable floor area.

Moreover, first-time buyers demonstrate a willingness to share facilities as a strategy to
mitigate financial constraints, and this sharing of resources is associated with favorable
outcomes relating to mental health.
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Consequently, it becomes apparent that defining the housing needs and preferences of first-
time buyers in a generalized manner is insufficient, given the diverse array of variables
influencing these factors. Nevertheless, the insights provided can serve to inform a more
nuanced understanding of the housing needs and preferences of first-time buyers within a
specific contextual framework.

2.3 Supply
The housing market is composed of a demand and supply side. The demand side of the Dutch
housing market is discussed in the previous section, and in this section, the focus is on the
supply side. This literature study aims to provide insight into the affordability and
characteristics of the supply in the Dutch housing market. Additionally, projects with shared
facilities will be analyzed to determine which facilities can be shared among first-time buyers
in the Dutch housing market.
2.3.1 Affordability
It is found that the affordability of newly constructed apartments and single-family dwellings
is decreased when the relation between the average selling prices and the maximum
mortgage when earning 1 or 1.75 times the modal income is considered, as indicated in Figure
11. It indicates that between 2000 and 2024, the average selling prices of newly constructed
apartments (orange line) and single-family dwellings (blue line) has increased more rapidly
than the maximum mortgage for a person earning the modal income (light orange line) or a
person earning 1.75 times the modal income (light blue line).

Figure 11: The borrowing capacity of a person earning 1 or 1.75 times the modal income in relation to the average selling
price of newly constructed apartments and single-family dwellings (WoningbouwersNL & Xitres Data, 2024d)

The construction costs significantly impact the average selling price of newly constructed
houses. As indicated in Figure 12, there has been a noticeable upward trend in the total
construction costs for newly constructed gallery apartments, single-family dwellings, and
overall residential properties in the Netherlands. It indicates that, between 01-01-2021 and
01-12-2024, the total construction costs generally increased by 20.98%, excluding taxes.
Furthermore, figure 12 shows that the increase has been more pronounced for single-family
dwellings than gallery apartments.
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Figure 12: Trend developments of the contract sum for newly constructed gallery apartments, single-family dwellings, and
overall residential properties (VolkerWessels, 2024).

Comparing the increase in material costs, as depicted by the green, pink, and light pink lines
in Figure 13, with the increase in labor costs, as depicted by the purple, yellow, and grey lines
in Figure 13, of newly constructed dwellings in the Netherlands reveals that material costs
have experienced a more pronounced increase than labor costs. Starting from March 2021,
the purple line in Figure 14 indicates a significant upsurge in material costs, and since August
2021, material costs have surpassed the labor component. De Jong (2024) attributed this
increase to international market turmoil. Additionally, the increase in material costs has been
further heightened from February 2022 due to the conflict between Ukraine and Russia.
However, as of May 2023, material costs have stabilized and even decreased, which is
beneficial for the construction costs of houses. On the other hand, the labor costs have
markedly increased as of January 2024, as a result of the new collective labor agreement
compensating for the high inflation (Bouwend Nederland, n.d.; Centraal Bureau voor de
Statistiek, 2023).

Figure 13: Trend developments of the labor and material components of the construction costs for newly constructed gallery
apartments, single-family dwellings, and overall residential properties in the Netherlands (VolkerWessels, 2024).
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Figure 14: Trend developments of the labor and material components just as the total construction costs for newly constructed
residential properties in the Netherlands (CBS, 2024d).

As a result of the rising construction costs, an increase in the average selling price of newly
constructed houses in the Netherlands is noted in 2021, as visible in Figure 11. It is evident
from the light blue line in Figure 11 that neither newly constructed apartments (orange line)
nor single-family dwellings (blue line) were affordable for first-time buyers earning the modal
income until the fourth quarter of 2023. Conversely, the light orange line indicates that newly
constructed apartments were affordable before 2021 and after the second quarter of 2023
for households earning 1.75 times the modal income. This illustrates that the average selling
price of newly constructed houses is not affordable for most first-time buyers in the
Netherlands when considering the maximum mortgage.

To enhance the borrowing capacity of homebuyers, Nibud recommended that the Dutch
government boost the borrowing capacity for non-vulnerable households, such as single-
person households, by raising their borrowing capacity by €16,000. Additionally, they
suggested modifying the method for incorporating student loans in determining the
maximum mortgage and increasing the borrowing capacity for households purchasing
energy-efficient homes or planning to make investments to improve the energy efficiency of
their homes (Warnaar et al., 2023). As a result of the decrease in interest rates, substantial
wage increases, and changes to the method used to determine the maximum mortgage, first-
time buyers' borrowing capacity has risen (NVM, 2024a). However, this increase in borrowing
capacity has not been reflected in Figure 11. It is impossible to establish a universal figure by
which the borrowing capacity has increased, as the maximum borrowing capacity varies
depending on individual circumstances and the characteristics of the home, but in average
the borrowing capacity has increased. As a result of this increased borrowing capacity, more
people can afford to buy a house, leading to increased demand and, subsequently, higher
prices.
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Figure 16: Average selling price of dwelling in the existing housing stock in the Netherlands (WoningbouwersNL & Xitres Data,
2024a)

In Table 8, alongside the median transaction price, the average median asking price of houses
in the Netherlands is detailed. This data reveals that newly constructed houses are more
affordable, as indicated by their lower median asking prices in the first quartile of 2024. The
decrease in the median asking price of newly constructed houses might be attributed to
regulations governing the housing program and maximum selling prices. Nevertheless, when
considering the average median transaction and asking prices, as shown in Table 8, it can be
concluded that, on average, neither newly constructed houses nor houses in the existing
housing stock can be deemed affordable.

In the first quartile of 2024, the number of newly constructed dwellings sold below the Dutch
government's affordability border of €390,000 has increased to 2000 (NVM, 2024a; Ministerie
van Binnenlandse Zaken en Koninkrijksrelaties, 2023). However, as depicted in Figure 17,
most dwellings are still sold above this affordability border. Table 9 indicates that the average
median transaction price per square meter of gross floor area (GFA) has risen more than the
average median transaction price, suggesting a decrease in the average dwelling size.
Between 2020 and 2024, the average size of apartments has decreased from 75 m2 to 65 m2,
and the average size of single-family dwellings has decreased from 115 m2 to 105 m2 (NVM,
2024a). It is also worth noting that the average transaction price per square meter of GFA for
apartments was €5348, the highest among all dwelling types.
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Figure 25: The prevalent common facilities found in reference projects by Mans (2024)

Combining the findings from Figure 25 and Table 13 yields Table 14. The selected shared
facilities should focus on reducing the costs and applied materials of the building and should
be in line with the Dutch building code. In the Netherlands, an apartment is classified as an
independent dwelling. Therefore, it must adhere to the Dutch government's standards for
independent living spaces and the requirements stated in the Besluit bouwwerken
leefomgeving. These standards encompass having a private entrance, kitchen, toilet, and
shower or bath (bathroom) (Ministerie van Algemene Zaken, 2023b). Therefore, including a
shared kitchen, toilet, shower, or bath (bathroom) may be deemed irrelevant since these
need to be present in each apartment. However, a shared kitchen presents a different
scenario, as incorporating a shared kitchen might allow for a minimization of the kitchens
within the apartments. Implementing kitchens that meet the minimum standards as
described in articles 4.177 and 4.178 of the Besluit bouwwerken leefomgeving in individual
apartments while considering a larger communal kitchen can be an effective strategy for
reducing costs and enhancing sustainability and will therefore be considered in this master
thesis.

Table 14: The combined findings from Table 13 and Figure 25 in which the applicable shared facilities for first-time buyers are
indicated.

Shared facility Number of
sources and/or
projects

Applicable
sharing among
first-time buyers

Type

Terrace/garden 2 + 32=34 Yes Common
Kitchen 6 + 24 = 32 Yes Common
Living room 4 + 25 = 29 Yes Common
Hobby room / atelier 2 + 20 = 22 No Common
Shared bike parking 0 + 22 = 22 Yes Common
Agriculture 0 + 20 = 20 No Common
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Guest room 1 + 16 =17 No Common
Laundry Room 4 + 11 = 15 Yes Common
Library / office room 1 + 13 = 14 Yes Common
Shared mobility 0 + 8 = 8 No Common
Exercise room / gym / sport room 1 + 5 = 6 No Common
Wellness / Sauna 2 + 4 = 6 No Common
Bathroom 3 + 0 = 3 No Collective
Outdoor kitchen 0 + 2 = 2 No Common
Swim. Pool / pond 0 + 2 = 2 No Common
Toilet 2 + 0 = 2 No Collective
Personal care facilities 0 + 1 = 1 No Common
Housekeeper 1 + 0 = 1 No Common
Meeting room 1 + 0 = 1 No Common
Workshop 1 + 0 = 1 No Common
Restaurant 1 + 0 = 1 No Common
Rooftop 1 + 0 = 1 No Common

Articles 4.30.1 and 4.31.1 of the Besluit bouwwerken leefomgeving state that houses must
include a lockable storage space for bicycles and mobility scooters, which should be shielded
from weather and wind. Furthermore, Article 4.34.1 of the Besluit bouwwerken leefomgeving
stipulates that each house must have a directly accessible outdoor space. However, Articles
4.31.2 and 4.35.2 of the Besluit bouwwerken leefomgeving specify that these spaces can be
shared in cases where the usable floor area of the dwellings is less than 50 m2. In such
instances, there must be a minimum of 1 m2 of shared outdoor space per dwelling with a
minimum of 4 m2, and each dwelling must have a floor area of at least 1.5 m2 in the shared
storage space. Sharing the outdoor space and storage space can offer significant cost savings
and enhance sustainability, and therefore, will be considered in this master thesis.

According to Table 14, a shared living room is referenced in 29 sources and projects.
Introducing a shared living room could help alleviate feelings of loneliness among the
residents of the apartment building, fostering a sense of community. This could be particularly
beneficial considering the outcomes of the study by GGD GHOR Nederland (2022), which
revealed that 63% of young adults in the Netherlands experience some level of loneliness.
Additionally, a shared living room could create the opportunity to decrease the size of
individual living rooms in the apartments, leading to positive impacts on affordability and
sustainability.

In 2023, 52% of the working population in the Netherlands embraced occasional remote
work. Most of these individuals worked from home for less than half their hours (Centraal
Bureau voor de Statistiek, 2024). Having a dedicated workspace at home is crucial for remote
work. However, the workspace will remain unused for most of the time. Providing shared
library/office rooms can be a practical and efficient solution and could allow for a reduction
in apartment size since the need for individual workspaces within each apartment is
eliminated.

This master's thesis will also explore the inclusion of a shared laundry room. Having a shared
laundry room presents the opportunity to decrease the size of the apartment since there is
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no need for space to accommodate a washing machine and dryer. Additionally, residents will
not need to purchase a washing machine and dryer individually, and there will be no need for
piping in each apartment for the connections. The anticipated positive impact on affordability
and sustainability makes incorporating a shared laundry room worth considering.

This master's thesis focuses only on essential shared facilities. Although a bathroom and toilet
are essential, they are excluded from consideration due to regulations for independent
dwellings in the Netherlands, which require each dwelling to have its own private bathroom
and toilet. Other shared facilities mentioned in the literature and Table 14 will not be part of
this research, as they are deemed unnecessary or may not comply with these regulations.

The analysis indicates that several facilities could be shared among first-time buyers in a
Dutch apartment building. Sharing these facilities primarily aims to enhance apartment
affordability and sustainability. Upon consideration of the essential nature of these
potentially shareable facilities and their compatibility with regulations, it is evident that only
a shared terrace/garden, kitchen, living room, bike parking, laundry room, and library/office
room could potentially contribute to the goal of enhancing affordability and sustainability.
Therefore, these six facilities will be the focus of this master's thesis.
2.3.4 Conclusion
It can be concluded that the majority of the existing housing supply is not affordable for first-
time buyers, indicating that the housing demand does not match the housing supply. This
issue is largely attributed to the relatively large surface area of housing, particularly when
considering single-person households. Additionally, while various shared facilities could be
explored, most tend to emphasize providing additional luxurious amenities. Consequently,
only six common shared facilities appear to be relevant for first-time buyers in terms of
potentially enhancing affordability, which are a shared garden/terrace, kitchen, bike parking,
living room, laundry room, and workspace.

2.4 Environmental Performance
Buildings worldwide account for 39% of global energy-related carbon emissions (World Green
Building Council, 2023). Efforts to mitigate the environmental impact of the building sector
have predominantly concentrated on the operational phase, which is responsible for 28% of
these emissions (Le et al., 2023; Le et al., 2024; World Green Building Council, 2023).
However, the greenhouse gas emissions associated with materials used during construction
contribute to the other 11% of buildings' total energy-related carbon emissions (World Green
Building Council, 2023). The demand for materials strains global resources, a situation
expected to worsen due to the increased need for housing and infrastructure (Le et al., 2023).
In Europe, the construction sector accounts for approximately 50% of the consumption of
natural resources (Trigaux et al., 2020). Moreover, research indicates that efforts to reduce
carbon emissions during the operational stage of buildings may inadvertently lead to an
increase in material-related carbon emissions during their construction (Röck et al., 2019).

Sustainability rating systems and assessment methods have been created to evaluate and
improve the sustainability of developments. According to Awadh (2017), most of these
systems are founded on the three pillars of sustainability: environment, society, and
economy. Additionally, Awadh (2017) notes that these systems prioritize enhancing a
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building's performance by minimizing its environmental impact, allowing for measuring its
environmental effects to compare and assess its construction objectively.
2.4.1 International Environmental Performance Assessment
Building Research Establishment Environmental Assessment Method (BREEAM), Leadership
in Energy and Environmental Design (LEED), and German Sustainable Building Council (DGNB)
are internationally recognized sustainability rating and certification systems used to evaluate
the environmental performance of buildings (Awadh, 2017; Ganassali et al., 2016; Trigaux et
al., 2019; Trigaux et al., 2020; Turk et al., 2018). All these systems aim to evaluate the
sustainability of a design using benchmarks to make it possible to objectively compare and
asses its sustainability. Even though these systems have the same goal, their benchmarks are
different and determined in different ways. These systems can be classified into internal and
external categories based on their comparative benchmarks. As shown in Table 15, BREEAM
and DGNB fall under the external category, meaning they assess buildings against a
benchmark that represents the environmental impact of a particular category of buildings. In
contrast, LEED is considered an internal system, as it evaluates a building against a base-
design structure that possesses similar geometric and contextual characteristics. External
systems provide the advantage of comparing a building's performance with the broader
building stock, enabling stakeholders to gauge its standing in the market based on
environmental impact. Additionally, external systems evaluate the comprehensive effects of
the entire design, whereas internal systems only focus on the impacts stemming from
material choices alone (Trigaux et al., 2019).

BREEAM and DGNB employ a bottom-up approach for their assessments, meaning that
benchmark values are established through statistical analysis of the existing building stock.
This method offers the advantage of deriving realistic benchmark values based on current
construction methods and technologies. In contrast, LEED does not utilize a standardized
approach for defining benchmarks, as its values are determined by the specific design
characteristics of each building (Trigaux et al., 2019).

BREEAM employs a benchmark scale to assign scores to buildings, whereas DNGB utilizes a
system of limit values, reference values, and two target values. The limit value establishes the
minimum required performance, while the reference value reflects the state of the art, based
on average or median values. Although both limit and reference values are useful in the short
term, they must be regularly updated to ensure they progress towards more ambitious
standards. The target values serve to define the intended goals to aspire toward; however,
they may not always be attainable due to limitations in knowledge or technology. None of
these typologies to define sustainability is used by LEED since they compare the design to a
design based on the specific design characteristics (Spirinckx et al., 2018; Trigaux et al., 2019).

Table 15: Characteristics of the three internationally recognized sustainability rating and certification systems  (Trigaux et al.,
2019).

Sustainability rating and
certification systems

Comparative base Life cycle stages Building types

BREEAM External Embodied impacts Residential

LEED Internal Whole life cycle Utility + high-rise residential
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DNGB External -Whole life cycle
-Indicative values for
embodied impacts  and
energy use

Residential + Utility

The analysis of the life cycle stages depicted in Figure 26 reveals that the environmental
impact of a building can be classified into six distinct stages. Additionally, it identifies two
types of systems for assessing this environmental impact: Type 1 and Type 2. Type 2 systems
evaluate the total environmental impact throughout the entire life cycle of the building,
whereas Type 1 systems differentiate between embodied and operational impacts. As shown
in Table 15, BREEAM focuses solely on the embodied impact of a building, while LEED and
DNGB take into account the building's entire life cycle.

Figure 26: The scope of the benchmarks to assess environmental performance based on the life cycle stages  (Trigaux et al.,
2019).

When examining the building types that can be evaluated using the various assessment
methods presented in Table 15, it becomes evident that DNGB is the most versatile and
applicable to both residential and utility functions. In contrast, BREEAM is restricted to
residential buildings, while LEED primarily targets utility functions and high-rise residential
structures.

In addition to the internationally recognized sustainability rating and certification systems
that assess the environmental performance of buildings in accordance with international or
European Life Cycle Assessment (LCA) standards, there also exist sustainability rating and
certification systems grounded in national LCA methods and guidelines. The implementation
of these national methods and guidelines enhances the reproducibility and comparability of
benchmarks, which is particularly essential when the benchmarks are included as part of
national requirements (Trigaux et al., 2020).
2.4.2 Environmental Performance Assessment in the Netherlands
The material-related environmental performance of residential buildings in the Netherlands
is measured by the Milieuprestatie Gebouwen (MPG). As illustrated in Table 16, the MPG
benchmark is defined externally, meaning it assesses buildings against a standard that reflects
the environmental impact typical of specific categories of buildings (Trigaux et al., 2019). This
benchmark is established through a bottom-up approach and is defined as a limit value
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(Trigaux et al., 2019). Currently, the limit value for residential buildings is set at 0.8; however,
the Dutch government plans to tighten this requirement to 0.5, effective January 1, 2025, to
encourage the construction of more sustainable buildings (Economisch Instituut voor de
Bouw et al., 2023). Additionally, Table 16 shows that the MPG focuses on the embodied
environmental impact of the building, excluding the operational impact from its
considerations, and that both residential and utility buildings are assessed by the MPG.

Table 16: The characteristics of the MPG (Trigaux et al., 2019)

Sustainability rating and
certification system

Comparative base Life cycle stages Building types

MPG External Embodied impacts Residential + Utility

The Environmental Performance Assessment Method for Construction Works (Assessment
Method) examines the MPG. The Assessment Method is unambiguous and verifiable and is
based on the European standard EN 15804:2012+A1:2019 (EN 15804). It contains general
agreements for construction works and building or civil engineering-specific agreements. The
assessment method forms a cohesive package with the National Environmental Database
(NMD) and the calculation rules, which are administered by Stichting National Environmental
Database (Stichting NMD) (Stichting National Environmental Database, 2022, pp. 4–5).

Figure 27 Visualization of the structure to determine the environmental performance of a building (Stichting Nationale
Milieudatabase, 2023)

The diagram in Figure 27 illustrates the relationship between the various elements involved
in calculating the MPG. It demonstrates that the calculation tools utilize data from the NMD
to assess the environmental performance of a building's materials. The NMD comprises three
types of product information categories. Figure 27 depicts that the data related to product
information categories is sourced from the Process database. The Process database, which is
based on the Ecoinvent 3.6 database and overseen by Stichting NMD (Stichting National
Environmental Database, 2022, p. 6), contains Life Cycle Assessment (LCA) data regarding raw
materials and background processes. The data obtained from the process database is utilized
to model category 3 data of the NMD and for category 1 and 2 data of the NMD in cases where
specific data is unavailable. Figure 28 indicates the three different types of data stored in the
NMD.
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Figure 28: Types of EPD data stored in the NMD

Category 1 data, which is proprietary and verified, is typically owned by manufacturers and/or
suppliers of a product and requires a product-specific lifecycle analysis. This analysis is
conducted using the assessment method known as a Product Category Rule (PCR) to assess
the product's life cycle and guide the formulation of the Environmental Product Declaration
(EPD). Category 2 data, on the other hand, is non-proprietary and generally owned by a group
of manufacturers and/or suppliers. This data is derived from LCA calculations and the process
database. However, both Category 1 and 2 data are verified and compliant with the latest
NMD Verification protocol (Stichting National Environmental Database, 2022).

The process database, managed by Stichting NMD, contains LCA data for various basic raw
materials and processes. Category 3 EPDs are generated solely using data from the process
database. However, as the environmental impact indicated by unverified category 3 data is
often found to be too low, a surcharge factor is applied to correct this. Therefore, verified
category 1 and 2 data consistently demonstrate better environmental performance than
category 3 data.

Producers and sectors in the construction industry must generate an Environmental Product
Declaration (EPD) for their products to be included in the NMD under product information
category 1 or 2, as visible in Figure 27. The production of EPDs requires conducting an LCA
whereby the Assessment Method functions as a Product Category Rule (PCR). The LCA yields
11 indicators for the environmental impact, which will increase to 19 indicators by January 1,
2025, and considers the environmental impact during the lifecycle of the material. Besides
functioning as a PCR the Assessment Method is utilized to specify the formulation of EPDs.
This ensures that the EPDs are in line with the EN 15804 and that they are transparent and
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comparable (Quist, 2024). Additionally, the EPD and the project documentation must be
verified by an independent, qualified third party using the NMD Verification protocol to be
classified as Category 1 or 2.

Figure 27 shows that calculation tools that have been pre-validated by the National
Environment Database Foundation can be utilized to calculate the MPG of a building (Stichting
National Environmental Database, 2021c). This calculation is carried out in accordance with
the Determination Method Environmental Performance Construction Works, which is
founded on a Life Cycle Assessment (LCA) of the entire building. As the method centers on
the environmental performance of a complete building, the functional equivalent is the
building level. Thus, the design and planned service life dictate the selected products and the
number of replacements (National Environmental Database Foundation, 2020). As depicted
in Figure 27, the product data in the NMD is utilized by the calculation tools to measure the
environmental performance of a building, ensuring that the environmental performance of
buildings is comparable, as they are grounded in the same type of data.

Table 17 presents the certified calculation tools available for determining a building's MPG
and indicates if they are freely available. Notably, only the MRPI-FREEtool is offered free of
charge. This tool is developed by Stichting MRPI and can calculate the MPG of a building
(Stichting MRPI, n.d.-b). However, it does not allow users to directly assess shared facilities'
impact on environmental performance. While testing this influence is feasible, it requires the
creation of a new calculation for each shared facility or any combination of shared facilities.

Table 17: certified calculation tools available for determining a building's MPG (Stichting National Environmental Database,
2021c).

Calculation tool Owner Freely available
GPR Materiaal W/E adviseurs No
MPG Toetshulp Bimpact B.V No
Dubocalc Netcompany / Witteveen+Bos No
MRPI-MPG Tool Stichting MRPI No
MRPI-FREEtool Stichting MRPI Yes
BCI Gebouw Alba Concepts No
Madaster MPG Tool Madaster No
MPGcalc DGMR No

2.4.3 Conclusion
It can be concluded that there are three internationally recognized sustainability rating and
certification systems used to assess the environmental performance of buildings. While these
systems all evaluate the environmental impact of a building, they exhibit differences in
approach and methodology. In addition to these internationally recognized systems, there
are also localized assessments grounded in national or regional LCA data, which are more
representable in these local contexts. In the Netherlands the MPG is utilized. However only
one of the systems to assess the MPG is freely accessible, and it lacks the capability to create
and compare designs that incorporate shared facilities. Given the objective of sustainability
rating and certification systems to evaluate the sustainability of designs through benchmarks
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for objective comparison and assessment, a tool that offers insights into the impact of shared
facilities on environmental performance would be beneficial.

2.5 Housing development and construction
A specific party initiates a housing development project; in the Netherlands, these are often
municipalities and project developers  (Groot et al., 2019). The process begins with
conducting feasibility studies to assess the initiative's viability. Subsequently, the design
phase begins, as illustrated in Figure 29. The design phase typically encompasses four stages:
conceptual design, basic design, Front-End Engineering Design (FEED), and detailed design
(Faraji et al., 2022). Early intervention in the design process can significantly impact a project,
as indicated by the MacLeamy curve. Therefore, it is crucial to consider the quantity and
quality of available data at different stages in the design phase. The Level of Development
(LOD) defines the development phases in a Building Information Modeling (BIM) project,
offering insights into the data and information accessible at each design stage (Catenda,
2023).

Figure 29: The design phase of housing development and construction projects in the Netherlands (Catenda, 2023; Faraji et
al., 2022)

In the conceptual design stage, the project's overall appearance is determined based on
defined requirements, input from project stakeholders, and technical knowledge. This phase
involves evaluating different design options that align with the project goals. After comparing
the various design options and their alignment with the project's objectives, one design
option is selected as the starting point for the basic design phase. The LOD at this stage is 200,
indicating that the model is graphically projected and that estimated data about orientation,
quantities, area, shape, and positioning will be available (Catenda, 2023). Although data and
information are limited in the design phase, having comprehensive data and information is
valuable for effectively comparing the options.

During the basic design phase, the conceptual design is refined using a combination of field
studies and engineering calculations to determine the key components. This detailed analysis
leads to the development of the basic design stage, where the model achieves an LOD of 300,
indicating the availability of information about materials and systems (Catenda, 2023). As the
design progresses through the FEED stage, more detailed information becomes available,
allowing for more informed design decisions.

In the FEED stage, the outcomes of the basic design phase are integrated into a
comprehensive design that meets technical and economic requirements, with the LOD
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reaching 350, signifying the integration of elements. This stage allows for more specific
decisions related to the product, as well as more precise estimations and comparisons.
The final phase of the design process is the detailed design stage, during which final
calculations are performed, technical specifications and engineering documents are created,
and executive and construction plans are prepared. The LOD at this stage is 400, providing
specific information about the entire model and allowing for precise comparisons and
calculations with minimal design changes (Catenda, 2023).
2.5.1 Tools and methods
The development and design of a building is a very complex process that is influenced by a
large variety of variables. In the traditional design process, design decisions were made based
on the personal experience of the designers. As a result, designers were often not capable of
fully exploring all the design solutions. Nowadays there are several tools that can be used to
provide designers with the required data to make informed design decisions.

Revit and SketchUp are two of the most widely used software applications for 3D modeling in
the architecture, engineering, and construction (AEC) industry (Hnin, 2024; Jiang, 2011).
Another commonly utilized tool by architects during the design phase is ArchiCAD (Archicad,
n.d.; KUBUS BV, 2024). SketchUp is often regarded as the easiest tool to use, while Revit is
noted for having the steepest learning curve, with ArchiCAD positioned somewhere in
between these two (Archisoup, 2024; Hnin, 2024; Robert Mann Architecture and Design Pty
Ltd, 2020). Both ArchiCAD and Revit are BIM software tools, enabling users to create and
manage all data related to a building within a single model, making them valuable for
professionals such as architects, project managers, and developers (Archisoup, 2024; Christo,
2024; Hnin, 2024). In contrast, SketchUp is not categorized as BIM software, as it does not
allow for the creation and storage of additional building-related data within the model.
However, its straightforward nature makes it less time-consuming and more accessible,
thereby appealing to users of all skill levels (Archisoup, 2024; Hnin, 2024).

Both ArchiCAD and Revit are BIM software systems that facilitate the creation and storage of
model data, enabling users to analyze and utilize this information effectively (Archisoup,
2024; Christo, 2024; Hnin, 2024). This functionality allows for the extraction of data from the
model for further analysis or calculations. In contrast, SketchUp lacks this capability, as it does
not support data assignment to the model and is primarily a design software (Trimble Inc.,
n.d.). A common feature among these three tools is that they all require manual modeling of
a design. This means that to create and compare different designs, each one must be modeled
manually before any comparisons can be made.

Generative design (GD) is a methodology that utilizes Artificial Intelligence (AI) to create and
evaluate design alternatives based on user input. This approach considers various factors,
such as performance requirements and material properties, to produce optimized designs
(PTC, 2023). As a result, generative design enables the automation of the design creation
process. All three tools mentioned are capable of parametric modeling using platforms like
Grasshopper or Dynamo. These visual programming tools allow users to develop algorithms
that generate designs by modifying various design parameters (Graham, 2023). While both
Revit and ArchiCAD can optimize models using their data, optimizing in SketchUp is more
limited due to a lack of model data.



57

In addition to generative design capabilities found in ArchiCAD, SketchUp, or Revit, there are
other tools available that complement these software options. Testfit and Archistar are
generative design tools that can be utilized during the pre-design and conceptual design
stages to create and evaluate designs based on specific criteria (aec+tech, n.d.-a; aec+tech,
n.d.-b; Archistar, 2024). Planalogic is a Dutch company that employs generative design to
create and assess designs based on defined parameters (Planologic, n.d.). These software
tools have the potential to enhance building efficiency by optimizing design. However, none
of these tools currently account for the possibility of defining a shared facility or a
combination of shared facilities as a design parameter.
2.5.2 Conclusion
The design process for housing development can be characterized as complex yet well-
structured. It begins with feasibility studies and culminates in a detailed design. The design
phase, situated between these two stages, features an increasing level of detail and a growing
amount of data, as indicated by the Level of Development (LOD). Various tools are available
to assist designers during this phase in generating and evaluating design solutions. While
Revit, SketchUp, and AutoCAD are widely recognized, these design tools require manual
creation or adjustment to develop different alternatives for comparison. Generative design
presents a solution by automating the creation of design alternatives. By utilizing adjustable
design parameters, it is possible to manually or automatically produce diverse design
solutions. When combined with the data embedded in the model, this approach allows for
further design optimization. Nevertheless, it appears that none of these tools currently
incorporate shared facilities as a design parameter.

2.6 Cost estimation
The overall aim is to have highly predictable, cost-effective construction projects. However,
construction projects are carried out over a long period of time and are complex. As a result,
they face high levels of uncertainty and several risks that can affect the project outcomes
(Biolek & Hanák, 2019). Therefore, cost estimation is a crucial iterative process used to
produce accurate cost estimates, which in turn are used to determine the financial feasibility
of a project and consider alternative solutions. Cost estimation involves quantifying and
valuing project resources and continuously updating the estimates as new information
becomes available during the design phase. Different cost estimation methods are utilized,
and the choice of technique depends on the available information, the project design phase's
specific objectives, the required accuracy level, and the effort to create the cost estimation
(Miranda et al., 2022; Ramos, 2020).

The American Society of Professional Estimators (ASPE) uses a five-level system to categorize
the accuracy of cost estimations in construction (Ramos, 2020). This system demonstrates
that the precision of cost-estimating methods varies based on the intended use of the cost
estimation. When considering the different phases, particularly during the design of a
construction project and the LOD at these stages, it becomes evident that accuracy improves
as the design becomes more refined, as depicted in Table 18.
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necessitates a substantial amount of data and is time-consuming and, therefore, costly
(Ashburn & Goff, 2024; Hashemi et al., 2020).

In the basic design phase, a bottom-up approach is employed at the unit cost assembly level.
Here, project elements are organized into unit groups, and cost estimates are developed for
each group (Ramos, 2020). This method is referred to as component estimation in the
Netherlands, adhering to the NL-SfB coding structure and corresponding to level 2 of the NEN
2699 (Interplan bouwsupport, n.d.). The data regarding the utilized components and
quantities must be extracted from the architectural models or calculated based on the
architectural designs, contingent upon the software system employed for the design. The
costs associated with the various components are determined based on previous projects and
company-specific pricing agreements with subcontractors. While this construction cost data
is moderately accurate, it serves as a useful tool for making informed design decisions and
obtaining budget approval during the basic design phase.

As the project progresses to the FEED and detailed design phase, the level of detail increases
to the unit level. Each element or group of elements is individually analyzed for cost
estimations. Both level 4 and 5 cost estimations are highly accurate, with level 5 estimations
surpassing the accuracy of level 4 since level 5 estimations are predominantly based on
quotations and agreements (Ramos, 2020). In the Netherlands, level 4 estimations are called
element estimations and align with the NL-SfB coding structure. These calculations
correspond to level 3 of the NEN 2699 and provide insight into the estimated costs at the
element level (Interplan bouwsupport, n.d.). Level 5 estimations are often referred to as
element budgets in the Netherlands and consist of detailed substantiations of the cost
estimations in line with the NL-SfB coding structure (Interplan bouwsupport, n.d.).
2.6.1 Tools
Two types of cost estimation methods can be considered: manual and BIM methods. Manual
methods rely on drawings of the building, which a quantity surveyor uses to measure and
calculate the quantities manually. The BIM method utilizes the BIM model of the building to
assess product and quantity data (Haider et al., 2020).

A more detailed examination of the BIM method for cost estimation reveals two distinct
approaches for utilizing product and quantity data from the model in cost assessments (Jiang,
2011). The first approach entails extracting product and quantity data through data take-offs.
To conduct the data take-off, data take-off functions within tools like Revit and Archicad can
be used, or plugins or external software can be used.  This information can then be exported
to a spreadsheet or an external database, enabling the integration of construction cost data.
It was found that Excel is the most commonly used tool for estimating construction costs
(Jiang, 2011). Such integration may be accomplished by connecting the spreadsheet or
database to a cost database or, alternatively, by having a quantity surveyor process the data
and assign estimated construction costs. The second approach involves directly linking the
cost database to the data within the BIM model. For instance, plugins can be employed in
programs like ArchiCAD, facilitating direct cost estimations of the design without relying on
data take-offs (Jiang, 2011).

In the manual method, product and quantity data are typically recorded in spreadsheets or
databases, allowing for the assignment of construction costs (Haider et al., 2020). However,



60

because this data is entered manually, it can lead to human errors, resulting in less accurate
and reliable cost estimations compared to BIM estimation methods. However, to ensure the
correctness and accuracy of the estimations, it is required that the BIM model is accurately
constructed and that data is correctly assigned to the objects. Aligning the data is especially
important when a direct connection between the model and the cost database is made to
ensure that the costs are assigned correctly to the associated products. Achieving accurate
modeling and data alignment is time-intensive and, consequently, costly (Jiang, 2011).

Accessing a cost database is essential for obtaining accurate and up-to-date construction cost
data (Ellis, 2024). Numerous construction cost databases exist at various levels of detail. Some
are designed to provide data for rough cost estimations based on project parameters such as
building type, location, and GFA; examples include Bouwkostenkompas (Calcsoft bv, n.d.). In
contrast, other estimation software systems, like ProEst and Sage, utilize databases that track
construction costs at the element level (Sage Group plc, n.d.; ProEst, n.d.). However, relying
on a general cost database may overlook project-specific factors, such as the construction
process and company-specific considerations (Jadhav, 2024).
2.6.2 Conclusion
It can be concluded that cost estimation is a critical process in the design and development
of housing, as it ensures the project's feasibility. The method chosen to assess construction
costs depends on the project's design stage, with accuracy increasing as the design process
progresses. Furthermore, there are two primary approaches to estimating construction costs:
manual methods and BIM-based methods. While BIM-based methods require a well-modeled
design, they offer greater accuracy and reliability, making them preferable to manual
techniques. Although construction cost data is available in numerous databases, such data
often lacks company- and project-specific information. Consequently, it is still common to
utilize the BIM model for quantity take-offs while employing Excel to assign construction
costs.

2.7 Conclusion
 It can be concluded that various factors influence the Dutch housing market, with the
interplay of supply and demand being the most significant. Currently, demand exceeds
supply, creating challenges for first-time buyers in their search for affordable housing. Most
first-time buyers are single or two-person households whose financial capabilities are limited
by the maximum mortgage they can obtain, which is determined by both the characteristics
of the household and the dwelling itself. This highlights that affordability is the key criterion
when evaluating suitable housing options for first-time buyers.

Moreover, there are differences in the types of housing sought by first-time buyers. As a
result, a generalized approach to defining the housing needs and preferences of first-time
buyers is insufficient, given the variety of factors influencing these aspects.

While affordable housing is recognized as a fundamental human right, it is found that most
dwellings in the Dutch housing market are not affordable for first-time buyers. Furthermore,
a disparity exists in housing affordability between single-person and two-person households,
with dwellings generally being less affordable for single-person buyers. This can be attributed
to the larger usable floor area (UFA) of most dwellings, a situation that is particularly
pronounced when comparing the UFA per person between single-person and two-person
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households. Therefore, reducing the UFA of dwellings should be considered a solution to
enhance housing affordability, especially for single-person first-time buyers.

Shared facilities in residential buildings are often adapted to address financial constraints.
Given the current circumstances, shared facilities offer a solution for enhancing housing
affordability. Additionally, research and existing projects indicate that shared spaces such as
gardens or terraces, kitchens, bike parking areas, living rooms, laundry rooms, and
workspaces contribute to reducing construction costs and have a positive impact on
environmental performance.

To assess the impact of shared facilities on environmental performance, various
internationally recognized sustainability rating and certification systems can be employed.
Localized assessment methods, utilizing national or regional life cycle assessment (LCA) data,
tend to provide more comprehensive insights within the local context. Consequently, the
MPG, which serves as the assessment method for environmental performance in the
Netherlands, should be considered for evaluating the environmental impact of residential
buildings in the Netherlands. This is particularly significant, given that regulations also rely on
this method. Nonetheless, it is important to highlight that there is only one freely available
tool for assessing this method, and it currently lacks the functionality to create and compare
designs that incorporate shared facilities.

Moreover, it can be concluded that there are numerous tools available for use throughout
the design process to create and assess various designs. However, all these tools necessitate
manual creation or adjustment to generate different alternatives for comparison. This issue
is effectively addressed by generative design tools, which utilize design parameters to
automatically produce design alternatives. Nonetheless, it seems that none of these tools
currently incorporate shared facilities as a design parameter.

The tools used for creating and evaluating designs can also be adapted for estimating
construction costs, much like generative design tools. Therefore, it is essential to integrate
these tools with a database to facilitate direct cost estimations. However, it has been noted
that when connecting to general data within a database, the specific impacts of a project or
company on construction costs can be overlooked. As a result, many companies extract
quantities and products using these models but ultimately rely on Excel as their calculation
tool. Furthermore, while cost estimation can be based directly on a model, it still requires the
manual creation of the design for which the construction costs are being determined.

Therefore, it can be concluded that a method that can be used to test multiple design variants
and the impact of these on the construction costs and environmental performance of a
building without the need to model them individually is missing.
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3 Methodology
This chapter describes the methodology that is used to execute the research. To address the
research questions and structure of this master's thesis, the design science research
methodology will be employed. According to Hevner (2007), design science research aims to
enhance the environment by introducing and constructing new artifacts. Wieringa (2014, p.
10) further explains that, in addition to creating new artifacts, design science research
involves examining artifacts within their context. The design artifact for this thesis is to
provide insight into the impact of shared facilities on the environmental performance and
affordability of an apartment building for first-time buyers in the Netherlands. Designing and
investigating artifacts in design science research involves iterative problem-solving and
addressing knowledge questions (Wieringa, 2014, p. 10). Wieringa's (2014) framework for
design science illustrates how design science interacts with the knowledge and social contexts
of the artifact.

Figure 34 visualizes the framework for design science for this master's thesis. It indicates that
the social context encompasses the stakeholders and their objectives and that in this thesis,
the stakeholders are the intended users of the tool, which are professionals involved in the
design process of affordable dwellings for first-time buyers in the Netherlands, seeking to gain
insight into the impact of implementing one or multiple shared facilities in an apartment
building on the construction costs and environmental performance early in the design
process. The knowledge context involves literature about design science and specifications,
which will be utilized to structure and evaluate the design process. The available literature
about the different aspects of the artifact will be used to create a research framework. The
requirements that must be fulfilled are defined by considering the regulations and calculation
methods described in the "Besluit bouwwerken leefomgeving" and the data from Stichting
NMD. Practical knowledge and common sense will also be applied throughout the entire
process.

Figure 30: The Framework for design science as proposed By Wieringa (2014, p. 7) and adjusted to represent this master
thesis
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3.1  Design Cycle
The design cycle is used to structure design science and interactions with the social and
knowledge context. The design cycle is part of the engineering cycle and consists of three
phases: the implementation evaluation/problem investigation phase, the treatment design
phase, and the treatment validation phase (Wieringa, 2014, p. 28). Throughout this master's
thesis, the design cycle approach proposed by Wieringa (2014), as depicted in Figure 35, will
serve as the guiding structure.

Figure 31: The design cycle (Wieringa, 2014, p. 28)

To investigate the design artifact and address the design problem, a decision support tool has
been developed to offer project developers insights into the impact of shared facilities on the
construction costs and environmental performance of apartment buildings for first-time
buyers in the Netherlands. The development process of this tool follows the design cycle,
starting with identifying the stakeholders involved in the decision support tool, which includes
professionals engaged in the design of affordable housing. Based on the literature & statistical
data review, a conceptual problem framework is established. This framework and the
knowledge obtained from the literature will be utilized to further explore the causes,
mechanisms, and factors associated with the artifact. The final step of this initial stage
involves considering how the decision support tool can provide early insights into the effects
of shared facilities on the affordability and environmental performance of buildings and how
these insights can be used to improve the affordability and environmental performance of
apartment buildings for first time buyers in the Netherlands.

The next step in the decision support tool involves outlining the requirements for the
functionality and output of the decision support tool. After establishing the tool's
requirements and their contribution to the overarching goal of enhancing the affordability of
homes for first-time buyers, as well as ensuring these homes comply with environmental
performance standards, a decision support tool will be designed in which these specified
requirements are integrated.

In the third and final stage of the design cycle, the effects of shared facilities on the MPG and
construction costs of an apartment building intended for first-time buyers in the Netherlands
will be evaluated through a case study. Drawing upon the findings from the literature &
statistical data review and the opportunities identified within the reference project’s design,
six shared facilities are defined to assess their impact on both the MPG and construction costs
of the reference building. Various configurations of the shared facilities will be tested, and
the results will be presented in a summary table.

Treatment implementation
(engineering cycle)
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Throughout the entire design process of the decision support tool, a summative evaluation
method, known for its more artificial approach, is utilized to validate its accuracy and
outcomes. In the third stage of the design cycle, a thorough technical validation of the
complete tool is performed to conclude the design process. Functional validation is conducted
through an ex-post analysis based on ten Boolean design requirements. Additionally, expert
interviews are carried out, employing both summative and naturalistic evaluation methods
to collect qualitative data regarding the tool's usability and potential improvements from the
intended users of the tool's perspective. Furthermore, the case study is utilized to validate
the design process.

Upon finalizing the design cycle, the case study outcomes are utilized to answer the research
question. Additionally, the insights gained from the case study, along with findings from the
literature & statistical data review concerning the affordability and environmental
performance of homes for first-time buyers, as well as the willingness to share facilities
among first-time buyers in the Netherlands, are considered to conclude the extent to which
shared facilities can increase the affordability and/or environmental performance of
apartment buildings for first-time buyers in the Netherlands. Ultimately, the quantitative data
collected from expert interviews will be used to conclude the potential implementation of
this tool in the design process of apartment buildings aimed at first-time dwelling buyers in
the Netherlands.

3.2 Tool development
The initiation of the problem evaluation phase within the design cycle employs the CAMO
logic framework, as articulated by Denyer et al. (2008), to define the design principle, which
can be defined in the following manner: In order to overcome the existing and expected
problems with the development and construction of affordable dwellings for first-time buyers
in the Netherlands (C), a decision support tool needs to be developed (A), to determine the
impact of shared facilities on the environmental performance and construction costs of a
building (M) in order to consider if the application of shared facilities in an apartment building
for first-time buyers in the Netherlands can positively contribute to the development and
construction of affordable dwellings for first-time buyers in the Netherlands that meet
environmental performance standards (O).

From the design principle, it can be concluded that the stakeholders are intended users of the
tool, which are professionals engaged in the design, development, and construction stages of
affordable housing for first-time buyers, where design decisions regarding the application of
shared facilities are made. These are project developers, architects, and consultants. The goal
of these stakeholders is to utilize the decision-support tool to determine the impact of shared
facilities on the environmental performance and construction costs of the building, such that
they can consider if the application of shared facilities positively contributes to the
development and construction of affordable dwellings for first-time buyers in the Netherlands
that meet environmental performance standards.

During the basic design stage, the conceptual design is refined using a combination of field
studies and engineering calculations to determine the key components. This implies that
during the basic design stage, design decisions regarding the application of shared facilities
are made. To consider if the application of shared facilities in an apartment building for first-
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time buyers in the Netherlands can positively contribute to the development and construction
of affordable dwellings for first-time buyers in the Netherlands that meet environmental
performance standards, the impact of shared facilities on the environmental performance
and construction costs of a building needs to be determined during the Basic design stage.
Therefore, the scope of the decision support tool that needs to be developed is the basic
design stage, as visible in Figure 36.

Figure 32: Scope of the decision support tool

3.2.1 Design requirements
The next step is the definition of the design requirements, which aligns with the treatment
design step of the decision support tool.  The design requirements are categorized into
functional requirements, user requirements, boundary conditions, and design restrictions
(Van Aken et al., 2007).

Ten functional requirements are defined and must be implemented in the decision support
tool to ensure that the impact of shared facilities on the environmental performance and
construction costs of a building can be determined during the basic design stage.

1. The construction costs and environmental performance must be indicated per
building element, and for the complete building, they must align with the NL-SfB
coding structure.

2. Costs associated with the development and construction of housing, other than
construction costs, must be incorporated into the decision support tool.

3. It must be possible to add NMD data and construction costs data to the database of
the decisions support tool, and it needs to be possible to edit or delete the data stored
in the database of the decision support tool.

4. The decision support tool needs to provide an overview of the data stored in the tool's
database.

5. Product data stored in the tool's database can be accessed and used for calculations
and analyses.

6. It must be possible to store product-specific environmental performance and
construction cost data in the decision support tool

7. To assess the impact of shared facilities on the construction costs and environmental
performance of a building, several predefined shared facilities need to be selectable
in the decision support tool

8. It must be possible to create different design variants in the decision support tool to
test different combinations of shared facilities.

9. The influence of a shared facility or combination of shared facilities on the
construction costs of the original design needs to be indicated for the entire building.



67

10. The influence of a shared facility or combination of shared facilities on the
environmental performance of the original design needs to be indicated for the entire
building.

Functional requirement 1 ensures that the data entered and stored aligns with the coding
structure utilized in both MPG and construction cost estimations. Functional requirement 2
acknowledges that the transaction price of housing is not determined solely by construction
costs. As a direct connection to the NMD database is not feasible, it is imperative that NMD
data can be stored, updated, or removed from the tool's database. To accurately calculate
the construction costs and MPG of a project, the system must allow for the creation and
storage of project-specific data, leveraging the NMD data stored in the local database. This
functionality is supported by functional requirements 3, 4, 5, and 6. Furthermore, to address
the limitations of existing tools, which lack the capability to select and compare various shared
facilities, functional requirements 7 and 8 have been established. Functional requirements 9
and 10 are designed to ensure that users can directly consider impacts, thereby reducing the
potential for human interpretation errors.

Functional requirements 1, 4, 7, 9, and 10 are also considered user requirements. User
requirements are requirements defined based on the user's viewpoint (Van Aken et al., 2007).
Besides these five functional user requirements, two non-functional user requirements are
defined. These two non-functional requirements describe how the decision support tool
needs to perform to ensure the usability and intuitiveness of the tool and are described below
(AltexSoft, 2023):

1. The tool's usability needs to be considered sufficient according to the intended users
of the decision support tool.

2. The tool needs to feel intuitive for the intended users of the decision support tool.

The following boundary condition must be met unconditionally to secure the correctness and
accuracy of the tool and its outcomes:

1. The calculation method that is applied in the decision support tool to determine the
environmental performance of a building should be in line with the calculation rules
for environmental performance calculations in the Netherlands, which Stichting NMD
defines (Stichting Nationale Milieudatabase, 2021a)

Finally, one design restriction is defined. It states that the decision support tool is preferably
created in an open-source software system.
3.2.2 Software system
A software system needs to be selected to build the decision support tool. The software
system to build the decision support tool is considered a design parameter. To determine the
parameter value,  the parameter range, consisting of the available software systems, needs
to be considered, and eventually, a design decision needs to be made by selecting one
software system to build the decision support tool. A set of requirements and preferences
has been defined to facilitate the assessment of various software systems, as indicated in
Table 19. These criteria will help evaluate the different software options and are based on the
previously defined functional and user requirements and the design restriction.



68

Table 19: The defined requirements and preferences that are used to evaluate the different software systems
Requirements
It must be possible to store data in the tool or in a database connected to the tool.
It must be possible to add data to the database and to edit or delete data stored in the
database.
It must be possible to provide an overview of the data that is stored in the database.
It must be possible to create and compare different variants.
It must be possible to create and compare different variants.
It must be possible to create an intuitive user interface.
Preferences
An open-source software system is selected to allow easy modification of the decision
support tool by its users.
The selected software system is familiar to the intended users of the tool.

After conducting an initial search for software development systems, it was found that the
market offers a wide range of software systems for building decision support tools.
Furthermore, it was found that software systems can be divided into three categories: data
analysis and visualization software, programming languages, and spreadsheet-based
solutions. Therefore, a selection of software systems is made consisting of two data analysis
and visualization software systems, two programming language-based software systems, and
two spreadsheet-based software systems. The selected software systems are Microsoft
Power BI, Python with Pandas and Tkinter, Excel VBA, R with Shiny, Tableau, and Google
Sheets with Apps Script.

The first selection is made by comparing the user-friendliness of similar types of software
systems, after which the software system which the highest considered user friendliness will
be further evaluated. Python is considered more intuitive and easier to use than R and will,
therefore, be further evaluated. (Luna, 2022; Coursera Staff, 2024). Microsoft Excel is widely
used and familiar to many individuals and organizations, making it the preferred choice over
Google Sheets (Mangindin, 2022; Mitchell, 2023). Both Tableau and Microsoft Power BI are
widely used analytics and business intelligence platforms. Power BI boasts the largest market
share and has a user-friendly interface which is comparable to Microsoft Excel. On the other
hand, Tableau provides more advanced functionalities and flexibility  (Manis, 2024; Gartner
Inc., n.d.). Since the user-friendliness of both software systems is considered equal, both
options will be further evaluated.

Python with Pandas and Tkinter
Python is a user-friendly programming language suitable for application development
(Python, n.d.). Pandas, a powerful data analysis and manipulation tool built on top of Python,
stores data in various databases or files. Additionally, Pandas is proficient in data
manipulation and variation comparison (Pandas, n.d.). The standard Python library Tkinter
facilitates stakeholder interaction with the tool and creates intuitive user interfaces (Python
Software Foundation, n.d.). Using Python with Pandas and Tkinter does not require a license,
as Python is open-source and freely available.
Excel VBA
Microsoft Excel is a versatile spreadsheet program for organizing, analyzing, and visualizing
data (Microsoft, n.d.-a). Data can be stored in Excel sheets or linked databases and then
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visualized in tables and graphs. Different scenarios can be created by utilizing multiple sheets
or scenarios. Excel Visual Basic for Applications (VBA) is a powerful programming language
that extends the functionalities of Excel. With VBA, users can create forms and macros to add,
update, or remove data, enabling seamless user interaction and intuitive user interfaces
(Microsoft, 2022). Excel is widely used across various industries, including the built
environment, where it is relied upon for cost estimations by many companies and
professionals (Mitchell, 2023; Rodriguez, 2024). While a Microsoft license is required to use
Excel VBA, the widespread availability of Microsoft Office means that obtaining a license is
typically straightforward for most users.

Tableau
Tableau is a user-friendly software that was developed to analyze and visualize data. Tableau
can connect to different databases to retrieve and store data and has extensive capabilities
for data visualization. Scenario comparison can be done by creating interactive dashboards,
while the many options to visualize the data ensure the creation of an intuitive dashboard
(Tableau, n.d.). Tableau Prep can be used to manipulate the data (Tableau Prep Builder, n.d.).
A license is required to use Tableau, but students can obtain a free student license for one
year (Tableau Voor Studenten, n.d.).

Microsoft PowerBI
Microsoft PowerBI can connect to various databases for storing and extracting data and offers
extensive features for data visualization. It allows the creation of interactive dashboards for
scenario comparison. While numerous options exist for creating an intuitive dashboard,
mastering more advanced tasks in Microsoft PowerBI may have a steep learning curve
(Agnese, 2024; Chernik, 2024; Patnaik, 2024). Data manipulation can be performed using
Power Query (Microsoft, 2024). A license is necessary to use Microsoft PowerBI (Microsoft,
n.d.-b).

The analysis indicates that all the software systems meet the tool requirements, each with its
advantages and disadvantages. As emphasized by Stoltz et al. (2023, p. 14), it is essential to
prioritize the needs of stakeholders and users during the tool's development to ensure its
success. The stakeholders are, the intended users of the tool, which are professionals engaged
in the development and construction stages of affordable housing for first-time buyers, where
design decisions regarding the application of shared facilities are made, and the decision
support tool should determine the impact of shared facilities on the environmental
performance and construction costs of a building in order to consider if the application of
shared facilities in an apartment building for first-time buyers in the Netherlands can
positively contribute to the development and construction of affordable dwellings for first-
time buyers in the Netherlands that meet environmental performance standards. Since Excel
VBA is widely used, it is considered the most familiar tool for the intended users of the tool.
Furthermore, given the popularity of Excel, it can be assumed that the intended users of the
tool already have a license for it. Therefore, Excel VBA was selected as the software system
to build the decision support tool.

3.3 Tool testing and validation
Several steps must be undertaken to achieve the objectives and create a decision-support
tool. The development of this tool will, therefore, be segmented into distinct phases. The first





71

After a brief introduction to the decision support tool, participants will be assigned a task.
This assignment involves evaluating the influence of various designated shared facilities on
the base design, saving a product from the NMD database in the NMD_DATABASE of the tool,
assigning the EPD of a kitchen to the shared facility “Kitchen” and removing a duplicate
product from the base design. Upon completion of the assignment, the results will be
discussed with the participants. Subsequently, questions will be posed to facilitate a deeper
understanding of the participants' perspectives and experiences. The questions include:

1. Do you think that you are capable of using the decision support tool on your own
project(s) with only the knowledge you have right now?

a. If the answer is no: What do you need to make you capable of using the
decision support tool on your own project(s)?

2. Does the tool provide you with sufficient information concerning the impact of the six
considered shared facilities on the MPG and construction costs to make informed
design decisions regarding the application of shared facilities?

a. Do you have any suggestions on which data should be added to make informed
design decisions regarding the application of shared facilities?

3. Does the tool feel intuitive to use and can you explain why?
a. Do you have any suggestions to improve the intuitiveness of the tool?

4. What do you think about the user-friendliness of the tool?
a. Do you have any suggestions to improve the user-friendliness of the tool?

5. Would you use this tool during the initial design phases of an apartment building for
first-time buyers in the Dutch housing market to consider the application of shared
facilities?

a. If answered No: What prevents you from using the decision support tool during
the initial design phases of an apartment building for first-time buyers in the
Dutch housing market?

6. Do you have any other recommendations or points of improvement regarding the
decision support tool and/or the way it is intended to be used?

3.3.2 Technical validation
Besides expert interviews to collect qualitative data regarding the tool's usability and
willingness to adopt the tool, a summative evaluation method, characterized by a more
artificial approach, will be employed throughout the entire design process and upon its
finalization to validate the accuracy of the tool and its outcomes, as illustrated in Figure 37
(Venable et al., 2014). After introducing new functionalities and components to the decision
support tool during the design phase, input data will be processed, and the resulting
outcomes will be compared with anticipated results. These anticipated results related to
environmental performance are determined using the MRPI-FREEtool developed by Stichting
MRPI (n.d.-a). This tool is a validated calculation resource, making it suitable for assessing the
expected environmental performance outcomes (Stichting Nationale Milieudatabase, 2021c).
Meanwhile, anticipated results concerning construction costs are calculated in a standalone
Excel document, where the costs for each material used are multiplied by the quantity
required.
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Figure 33: Technical validation process of the decision support tool during the design process

By comparing the outcomes derived from input data to the expected results, any potential
flaws in the tool’s performance or outcomes can be identified and addressed prior to
implementing additional functions or elements into the decision support tool (MID-Software
Partners & SP Swedish National Testing and Research Institute, 2004, p. 21). This iterative
process will commence after the first function or element is added, continue throughout the
entire design process, and conclude once the complete decision support tool has undergone
thorough testing.
3.3.3 Functional validation
After conducting expert interviews and validating the correctness of the outcomes of the
decision support tool, the tool will be evaluated through an ex-post analysis based on ten
specified design requirements. These requirements are regarded as Boolean in nature,
prompting their reformulation as Boolean conditions, as illustrated in Table 20.

Table 20: Ten design requirements reformulated as Boolean conditions
1 The construction costs and environmental performance are indicated per building element and for the

complete building.
2 Costs associated with the development and construction of housing, other than construction costs, are

incorporated in the decision support tool.
3 Environmental declaration and construction costs data can be added to the database, and stored data

can be edited or removed.
4 An overview of the stored data is provided.
5 Product data stored in the NMD database of the tool can be used to perform calculations and analyses.
6 The decision support tool can store environmental performance data and construction cost data on

product level.
7 A number of predefined shared facilities can be selected.
8 Different variants can be created and can be compared directly.
9 The influence of shared facilities on the construction costs is indicated for the complete building.
10 The influence of shared facilities on the environmental performance is indicated for the complete

building.
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These ten Boolean requirements will be used to conduct a completeness assessment of the
tool.
3.3.4 Case study
The case study that will be undertaken is an integral component of the validation process.
Through the utilization of the tool, its functionalities will be systematically examined.
Consequently, this assessment aims to identify potential errors and areas for enhancement,
which can then be addressed.

3.4 Conclusion
It can be concluded that the design cycle will serve as the framework for structuring the tool's
development process. Consequently, design requirements have been established based on
the design objectives. Additionally, Excel has been chosen as the software platform for tool
development, given the intended users' familiarity with it. After the tool has been developed,
it will be validated to assess its functionality, reliability, and effectiveness in achieving the
intended design goals.
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4  Development of the tool
The core structure of the decision support tool will be grounded in the environmental
performance calculation method. Consequently, the initial phase of developing the decision
support tool involves defining this calculation method for assessing environmental
performance in the Netherlands. This includes understanding and implementing the
specifications for the environmental performance assessment of buildings within the
Netherlands.

The subsequent step will be to incorporate construction costs into this framework. This
requires consideration of the methods for determining construction costs and the input data.
The development of the tool will be completed with the implementation of the framework in
Excel and the design of the user interface. Additionally, the input data for the decision support
tool in Excel must be identified.

4.1 Environmental Performance Framework
The environmental performance of buildings in the Netherlands is assessed using the
Milieuprestatie Gebouwen (MPG), which is the indicator of the environmental impact of a
building's materials and plays a role in evaluating sustainability (Stichting Nationale
Milieudatabase, 2022). The goal of the decision support tool is to develop an open-source
MPG calculation mechanism that not only calculates the MPG but also the estimated
construction costs of a project. Therefore, this tool can be classified as a calculation tool.

Figure 27 illustrates how calculation tools leverage the Dutch Environmental Database (NMD)
alongside the Assessment Method to evaluate environmental performance. The NMD serves
as a product database that contains Environmental product data for conducting MPG
calculations. The Assessment Method offers a structured framework for these calculations,
detailing general and construction-specific agreements and referencing the calculation rules.
These guidelines are managed by the Stichting National Environmental Database (Stichting
NMD) and are based on the European standard EN 15804:2012+A1:2019 (EN 15804)
(Stichting National Environmental Database, 2022). This framework ensures clarity,
verifiability, and adherence to established environmental standards. Consequently, it is
imperative that the decision support tool is aligned with the assessment method and utilizes
the data contained in the NMD as input.
4.1.1 MPG calculation
The environmental performance of buildings is assessed using the MPG and should be
presented per m2 GFA per year (Stichting Nationale Milieudatabase, 2021a). The initial step
in evaluating the MPG of a building involves calculating the MKI per unit of a product, which
reflects the product's environmental impact throughout the product's life cycle. The MKI per
unit of a product for more than 4000 products has been established through life cycle analysis
and is stored in the NMD using Environmental Product Declarations (EPDs) (Stichting
Nationale Milieudatabase, 2021a).

To assess the MKI of a product within the context of the construction work, the MKI per unit
of the product is utilized. The MKI for a given product is calculated by multiplying the MKI per
unit by one plus the number of replacements anticipated over the lifespan of the building, as
illustrated in Equation 1 (Stichting Nationale Milieudatabase, 2021b).
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Figure 34: Screenshot of the NMD Viewer on the website of Stichting NMD (Stichting Nationale Milieudatabase, n.d.-a).

Table 22 displays the open-source data stored in an
EPD, accessible via the NMD viewer. An example of an EPD
can be found in Figure 39. Each environmental declaration
is associated with a unique product name and
environmental declaration number, along with
publication and update dates. The owner of the
environmental declaration is the individual or
organization for which it was prepared, and the
explanation provides details about the product.

Additionally, specific product information is included,
such as the unit for data input and the product's lifespan
for calculating replacements over the building's lifespan.
The category indicates the category of the EPD. The
MKI generally consolidates a product's environmental impacts into a score in euros per unit.
The MKI A1 is based on the current determination method, which includes 11 environmental
impact categories, and MKI A2 is based on the new determination method, which includes 19
environmental impact categories. MKI A1 will be applicable until July 2025 (Stichting
Nationale Milieudatabase, 2024). The classification of the EPD adheres to the NL-SfB coding
structure and indicates which mandatory components are covered and which are not covered
by the EPD (Hillege, 2024).

Table 22: Data that is stored in an EPD which
is accessible via the NMD Viewer
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Figure 35: Example of an EPD, accessed via the NMD Viewer (Stichting Nationale Milieudatabase, n.d.-a).

According to the explanation provided by Stichting NMD, the data available in the viewer is
not intended for conducting MPG calculations (Stichting Nationale Milieudatabase, n.d.-a).
This distinction is made because certain information is not included in the EPDs accessible
through the NMD viewer. However, it has been observed that both the MKI per unit of
product p and the lifespan of product p—essential input data for MPG calculations—are
available in the EPDs accessed by the NMD viewer.
4.1.2.2 Scaling factor
Table 22 shows that the EPD indicates whether a product is scalable, although it does not
detail its specific scaling factor. The scaling factor can be calculated by dividing the scaled
product's scaling value by the original product's scaling value, as illustrated in Equation 6
(Stichting Nationale Milieudatabase, 2021a).
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Figure 37: UML diagram of the system architecture of the decision support tool developed in excel

The UML diagram presented in Figure 41 illustrates the system architecture of the decision
support tool that will be implemented in Excel.
4.3.1 NMD data
Given the inability to connect directly to the NMD for data access, the initial step involves
creating a database within the Excel document to store the relevant NMD data. A table titled
“NMD_DATABASE” has been established on the worksheet, designed to accommodate all
data available in the EPDs accessed through the NMD viewer. Additionally, the construction
costs per unit of the EPD can also be recorded in this table.

A data entry form is designed using VBA UserForms to facilitate the structured input of EPD
and construction cost data per unit, as illustrated in Figure 42 (Microsoft, n.d.-d). The layout
of the data entry form employs ActiveX controls and is aligned with the organization of data
on EPDs, as shown in Figure 39. Combo boxes enable users to either type an entry or select
an option from a predefined list (Microsoft, n.d.-d). Thus, combo boxes are utilized for data
input that has a limited set of options, such as the product unit. Option buttons, which allow
for a single choice, are employed for data entries requiring a binary decision, for instance,
whether or not the product is scalable (Microsoft, n.d.-d). For entries that do not have a fixed
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number of options, text boxes are used, permitting users to input any data (Microsoft, n.d.-
d).

Figure 38: Design of the VBA UserForm to structure the data entry of EPD and construction costs per unit data

Private Subs are utilized to initialize the data in the combo boxes and ensure that only the
appropriate data type can be entered in the text boxes. An example can be found in line 721
of Appendix 10. Private Subs are segments of code in Microsoft Excel VBA that execute
specific tasks (CFI Team, 2024). Events, such as the "BeforeUpdate" event, are employed to
automatically trigger the execution of the defined code (O365devx et al., 2022).

Command buttons are designed and applied to trigger macros that execute upon user
interaction (Microsoft, n.d.-d; Microsoft, n.d.-e). The actions associated with the macro are
defined in VBA code using Private Subs. The Sub corresponding to the “Save” command
button can be found in line 159  of Appendix 9. This code, called the “Submit_NMDform” sub
which outlines in which column and row in the “NMD_DATABASE” the data entered in the
UserForm should be stored. Additionally, it specifies that along with the entered EPD and
construction costs per unit data, a row indicator is stored in column 1, the username of the
tool user is recorded in column 58, and the date and time of data saving are retained in
column 59, as visible in row 961 of Appendix 9.

As demonstrated in Figure 42, the UserForm for inputting NMD data includes a section labeled
"Data Stored." The names of all the stored EPDs are populated into the combo box, allowing
users to make selections. The list box at the bottom of the UserForm continuously displays
the data stored in the NMD_DATABASE. When a product is selected from the combo box, it
is prominently displayed and highlighted in the list box. This selected product can
subsequently be deleted from the database using the delete button. Additionally, a selected
product can be edited, implying that the stored product data is loaded into the UserForm,
enabling the user to adjust and save the data.
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Developing a database within the Excel file enables the storage of EPD and construction cost
per unit data, thereby providing access to the essential input data required for conducting
MPG calculations. The needed EPD data can be located using the NMD viewer and stored in
the database using the NMD database form. Furthermore, integrating features to edit or
delete stored data allows users to update the database.
4.3.2 Project data
To perform MPG and construction cost calculations, defining the project-specific EPD and
construction cost data is essential. Consequently, a database is established to store this
information, located on the “Input_Table” sheet. A UserForm, organized in six sections, will
facilitate the structured entry of project-specific EPD and construction cost data, as illustrated
in Figure 43.

Figure 39: UserForm to structure the entry of project-specific product data

EPD data is organized within the NMD_DATABASE of the tool according to the NL-SfB
classification system. This system enables buildings to be categorized into eight Functional
Building Elements, as outlined in Table 23. Consequently, the first step in defining project-
specific data involves selecting the appropriate Functional Building Element for the product.
This selection is made in the element selection section, which features a combo box displaying
the eight classifications of Functional Building Elements. To ensure all options are accurately
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represented, the options in the element selection combo box are initialized, as can be seen
in line 193 of Appendix 10

Table 23: The eight functional building elements in which a building can be divided in lin with the NL-SfB coding structure (NL-
SfB 4 Cijfers, n.d.)

1 Ground, Substructure
2 Primary elements, Carcass
3 Secondary elements
4 Finishes
5 Services mainly piped and ducted
6 Services mainly electrical
8 Fittings
9 Terrain

As depicted line 290 of Appendix 10, a change event is implemented to determine the product
names and Environmental Declaration Numbers (EDNs) that should be presented as options
in the combo boxes within the element selection section. In this Private Sub, the initial value
of the NL-SfB coding structure acts as the selection criterion, and the change event guarantees
that when the value in cmbElementSelection is modified, the procedure will be executed
accordingly.

Another change event is utilized to load the corresponding data stored in the
NMD_DATABASE into the UserForm when a product name is selected in cmbProductName,
as visible in line 333 of Appendix 10. The same type of coding structure utilizing a change
event is utilized when the EDN is selected.

Figure 44 illustrates that for the selected product, the quantity unit, the associated cost unit,
and the MKI per unit are sourced from the NMD_DATABASE. Specifying the product quantity
in the designated section using the Quantity textbox is essential. Figure 44 illustrates that the
construction costs per unit are also retrieved from the NMD_DATABASE. The cost per unit
textbox allows for adjustments to the pre-loaded construction cost per unit, facilitating
project-specific modifications or defining construction costs per unit when they are not saved
in the NMD_DATABASE for the selected product. Furthermore, hidden textboxes within the
UserForm contain data not meant for display but crucial for inclusion in the Input_Table or
for calculating the MKI of the product related to the construction work, as depicted in Figure
45.
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Figure 40: Screenshot of the UserForm in which the EDN and construction costs stored in the NMD_DATABASE are loaded

Figure 41: The textboxes (in red) that are used to store data but which are hidden in the UserForm

The NMD_DATABASE also specifies whether a product is scalable. When a selected product
is determined to be scalable, the combo box in the scaling section becomes unlocked and
enabled, as shown in Figure 44. If the combo box value is set to "Yes," the textbox for defining
the scaling factor will also be unlocked and enabled, utilizing the change function as shown in
line 455 of Appendix 10.

The MKI of a product in relation to the construction work is calculated based on the loaded
MKI per unit of the product, the lifespan of the building, the lifespan of the product, and the
applied quantity. This calculation is performed in the Private Sub, as illustrated in line 621 of
Appendix 10. Additionally, the method for calculating the scaled MKI of the product in relation
to the construction work is defined within the same Private Sub. After calculating these
values, the values are indicated in the textboxes “MKI” and “MKI scaled” so that these can be
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saved into the Input_Table.  A Private Sub is also used to define the calculation method for
the construction costs, as shown in line 645 of Appendix 10.

Similar to the UserForm used for structuring NMD data entry, the UserForm designed for
defining project-specific data includes a section that displays the data stored in the
Input_Table database. Users can select this data and, if necessary, edit or delete it. As a result,
the same coding structure is employed, with modifications made to ensure it accurately
reflects the data from the Input_Table database.

By creating the Input_Table datasheet project-specific construction costs and MKI data can
be stored.
4.3.3 Shared Facility Data
To determine the impact of shared facilities compared to the base design, MPG and
construction cost calculations need to be performed. Therefore it is essential to define the
shared facility-specific EPD and construction cost data. Consequently, a database is
established to store this data, located on the “DATA_SF” sheet. A UserForm based on the
UserForm designed for defining project-specific data to structure the entry of shared facility
specific EPD and construction cost data, as illustrated in Figure 46.

Figure 42: UserForm to structure the entry of shared facility specific product data
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Figure 46 illustrates the addition of a seventh section to the UserForm, which aligns with the
UserForm used for defining project-specific data. Consequently, the same coding structure is
employed, albeit with modifications, to ensure that data is stored in the SF_DATA datasheet.

In this seventh section, users must specify information about the shared facility. At the top, a
combo box presents six predefined shared facilities as options. Users should select the
appropriate shared facility to which they wish to assign the product. Additionally, the Added
or Removed combo box determines whether the product data will be added to or removed
from the base design, a crucial step for calculating the MPG and associated costs of the shared
facility. The VBA coding of this can be found in Appendix 11

By creating the DATA_SF datasheet, shared facility-specific construction costs and MKI data
can be stored.
4.3.4 MPG and construction cost calculations
To determine the MPG of the products applied in the base design, it is necessary to aggregate
the MKIs or scaled MKIs of these products, as calculated in the context of the construction
work, and divide the outcome by the GFA of the building and the lifespan of the building. The
products listed in the Input_Table are classified according to the NL-SfB coding structure,
which allows for the calculation of MPG of the base design per Functional Building Element,
as shown in Figure 47.

Figure 43: Screenshot of the overview page of the decision support tool in which the MPG is calculated per functional building
element
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The formula illustrated in Figure 48 is utilized to compute the MPG for the Functional Building
Element "1. Ground, Substructure," as shown in cell E45 of the overview sheet.

Figure 44: Excel Formula used to calculate the MPG of the base design for the Functional Building Element "1. Ground,
Substructure"

In column L of the Input_Table, the scaled MKI values are recorded, while column K contains
the original MKI values. Additionally, column B defines the NL-SfB classification of the product.
Cell $A45 specifies the Functional Building Element for which the MPG is being calculated, cell
$C$13 represents the GFA of the base design, and cell $C$14 indicates the building's life span,
as shown in Figure 47.

The SUMIFS function is utilized to calculate the total Scaled MKI of the scaled products
associated with the Functional Building Element for which the MPG is being assessed, as
outlined by the NL-SfB classification of the product, provided that the Scaled MKI value is not
equal to zero. Additionally, another SUMIFS function calculates the total MKI of the products
that are not scaled, again pertaining to the same Functional Building Element according to
their NL-SfB classification and whose MKI value is not equal to zero. The results of these two
SUMIFS functions are then added together and subsequently divided by the GFA and the
lifespan of the building. This yields the MPG of the base design for the specified Functional
Building Element. After entering this formula in cell E45, it is copied to cells E46 to E52. The
total MPG, displayed in cell E42, is computed using a SUM function to aggregate the MPG
values from cells E45 to E52.

The construction costs of the base design are detailed by Functional Building Element on the
Overview sheet of the tool, as illustrated in Figure 49. A SUMIF expression is utilized to
calculate the construction costs for each functional building element. This expression sums
the construction costs of the products stored in column O of the Input_Table when the NL-
SfB classification of the product, as specified in column B of the Input_Table, matches the
functional building element for which the costs are calculated.

Figure 45: Screenshot of the overview page of the decision support tool in which the construction costs are calculated per
functional building element
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As shown in Figure 47, six shared facilities can be selected using the combo box of the selected
shared facility to state if the shared facility needs to be applied “Yes” or “No”.

The MPG of the shared facilities is calculated based on the MPG of the base design since
changes in the applied quantities of materials as a result of a shared facility are stored in the
DATA_SF sheet compared to the number of applied materials in the base design, as defined
in the Input_Table sheet. Figure 50 shows a screenshot of the first part of the formula that is
used in cell I45 to calculate the MPG of the selected shared facilities for the Functional
Building Element known as “1. Ground, Substructure”.

Figure 46: Screenshot of the first part of the formula that is used in cell I45 to calculate the MPG of the selected shared
facilities

Cells I33 through I38 on the Overview sheet contain the outcomes of the combo boxes used
to determine whether a shared facility is applicable, and cell A45 is used to identify the
Functional Building Element for which the MPG calculation is being conducted. In the
DATA_SF sheet, column B records the shared facility associated with the product, column M
holds the scaled MKI values, and column L presents the original MKI values. Furthermore,
column D specifies the NL-SfB classification of the product; column N specifies if the product
is scalable, and column C indicates whether the product has been added or removed in
relation to the base design.

An IF statement determines whether a shared facility has been selected. If no shared facility
is chosen, the formula returns False, halting the calculation. Conversely, when a shared facility
is selected, the formula continues its execution. Additional IF statements are then used to
identify which specific shared facilities have been chosen. When a shared facility is identified,
the formula advances to calculate a number of SUMPRODUCT expressions (Microsoft, n.d.-f).

The first SUMPRODUCT expression verifies three conditions:
1. If the shared facility associated with the product matches the selected shared facility,
2. If the NL-SfB classification of the product corresponds to the Functional Building

Element for which the MPG is being calculated, and
3. If the product is marked as “Added.”

When all three conditions are satisfied, the formula sums the scaled MKI of the products that
are scaled along with the original MKI of products that have not been scaled.
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The second SUMPRODUCT expression operates similarly to the first; however, it focuses
explicitly on summing the MKI and scaled MKI of products marked as “Removed.” Finally, the
result of the SUMPRODUCT expression for the removed products is subtracted from the result
of the SUMPRODUCT expression for the added products.

Figure 51 presents a screenshot of the final part of the formula utilized in cell I45 to calculate
the MPG of the selected shared facilities for the Functional Building Element referred to as
“1. Ground, Substructure.” It illustrates that to determine the MKI of the selected shared
facilities, the MPG value of the base design, as indicated in cell E45, is multiplied by the GFA
and lifespan of the building found in cells C13 and C14. This product is then added to the total
sum of the MKIs for the selected shared facilities. Subsequently, the MKI of the selected
shared facilities is divided by the GFA and lifespan of the building, which includes these shared
facilities. To ascertain the GFA of the building encompassing the selected shared facilities, the
impact of each selected shared facility on the GFA is added to the base design's GFA.

The impact of each shared facility on the GFA of the base design needs to be defined by the
user of the tool in the Extra_data_SF sheet.

Figure 47: Screenshot of the last part of the formula that is used in cell I45 to calculate the MPG of the selected shared facilities

The construction costs of the shared facilities are outlined by the functional building element
on the Overview sheet of the tool, as depicted in Figure 49. To determine the construction
costs for each functional building element, a formula comparable to that used for calculating
the MPG of the shared facilities is employed, as illustrated in Figure 52. This process entails
assessing whether each shared facility is selected. When a shared facility is chosen, its impact
on the construction costs of the base design is calculated. Subsequently, the impacts of all
selected shared facilities are summed and added to the construction costs of the base design,
resulting in the total construction costs for the design that includes the selected shared
facilities.
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Figure 48: Screenshot of the initial and final part of the formula that is used to calculate the construction costs of the shared
facilities for the depicted functional building element

Figure 53 illustrates the financial principles that must be established for the base design,
enabling the calculation of total construction costs. It indicates that other construction costs
can be specified in cell C19 of the overview sheet within the decision support tool.  Moreover,
construction site expenses can be documented in cell C20, and cells C20 to C24 are allocated
to detail the project's overhead costs. An explanation of the required costs and the
methodology for their assessment is provided in cells F19 to F24.

Figure 49: Screenshot of the overview page of the decision support tool in which the financial principles of the base design
must be stored

4.4 Conclusion
It can be concluded that a framework has been established, structured in accordance with
the MPG-calculation method, to which the calculation method for construction costs is linked,
as both rely on the same input values. The necessary input data should be provided by the
user and can partly be found on the NMD-viewer website, with some information being
specific to the project. Manual input of data is essential, as a direct connection to the data
stored in the NMD is not possible. The developed user interface presents the user with the
MPG and construction costs of the base design at the building and building element level,
thereby offering them information for comparison. Additionally, the user can define various
shared facilities using five different variants to calculate the MPG and construction costs for
these options and assess the reductions compared to the base design. This enables informed
design decisions regarding the implementation of shared facilities.
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5 Case study
The impact on the environmental performance and affordability of the six different shared
facilities will be assessed through a case study. The selected reference project for this analysis
is Opus | De Tuin van Elden, a construction project featuring an apartment building with 22
rental units spread across three floors, completed in 2021 and located at the Opusstraat in
Arnhem. Affordability was a key consideration for this project, as the apartments are
classified within the mid-rental sector. The development was undertaken by Kondor Wessels
Projecten, with construction carried out by Veluwezoom Verkerk (Veluwezoom Verkerk, n.d.).

Figure 50: Picture of the front of the apartment building Opus | de Tuin van Elden (Veluwezoom Verkerk, n.d.-a)
Figure 51: Picture of the back of the apartment building Opus | de Tuin van Elden and the storage spaces (Veluwezoom
Verkerk, n.d.-a)

Table 24 illustrates that the building has a UFA of 1214.94 m², while the entire structure,
including the detached storage spaces, comprises a total GFA of 1692.54 m². The apartments,
each with a UFA of 55.22 m², are accessible via the gallery at the back of the building and
feature two bedrooms and a balcony. The apartment building includes a communal entrance
area equipped with both a staircase and an elevator and is situated on a plot measuring 2390
m², as shown in Figure 56 (KadastraleKaart.com, 2024). According to the zoning plan displayed
in Figure 57, the area is designated for mixed-use purposes, with the plot allocated for traffic
and garden functions (KadastraleKaart.com, 2024). A complete set of architectural drawings
for the building is available in Appendix 1.

Table 24: Characteristics of the project Opus | De Tuin van Elden
Opus | De Tuin van Elden

Adress Opusstraat 31-71, 6842 DR Arnhem
Developer Kondor Wessels Projecten
Contractor Veluwezoom Verkerk Bouw
Construction year 2021
Number of apartments 22
Usable floor area 1214.94 m2
Gross floor area 1692.54 m2
Usable floor area per apartment 55.22 m2
Construction costs €2,600,000.18
Original MPG €0.41 per m2 GFA per year
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Figure 52: Cadastral map of the location of the project Opus| de Tuin van Elden (KadastraleKaart.com, 2024)
Figure 53: Zoning plan of the location of the project Opus | de Tuin van Elden (Omgevingsloket, n.d.)

Furthermore, as indicated in Table 24, the construction costs of the building amounted to
€2.6 million. The construction costs are outdated since they originated in September 2020
and do not include the costs related to the apartment kitchens. Therefore, the construction
costs must be recalculated to represent current market conditions. The MPG equals 0.41 and
should also be recalculated to align with the latest determination methods and to incorporate
the most recent product data since the MPG is currently based on the outdated version 1.0
of the Bepalingsmethode ‘Milieuprestatie Bouwwerken’ while also outdated product data is
used.

5.1 Data preparation
To ensure the representativeness and accuracy of the case study data, the IFC model of OPUS
| de Tuin van Elden will be used to extract both product and quantity data. This will facilitate
the assignment of materials and their quantities to the corresponding EPD products.
Additionally, the construction costs will be adjusted to account for price increases, and the 22
individual kitchens, which were excluded from the original construction costs, will be
included. Subsequently, the construction costs will be allocated to the EPD products and
divided by the quantities of the selected EPD products to determine the costs per unit.

The building's IFC model was utilized to extract the necessary products and quantities
involved in its construction, allowing for an updated input for the MPG calculation. This
extraction process employed Information Takeoff (ITO) in Solibri (Solibri Inc, 2024). ITO
definitions were established to determine the data that needed to be extracted from the
model. This encompassed the use of existing ITO definitions, as well as modified or newly
created definitions. An example of an ITO definition is illustrated in Figure 58.
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Figure 54: Example of an ITO definition

After the ITO definitions were established, the ITO view was employed to organize the
requested output data by appropriately adjusting the columns. This facilitated a clear
visualization of the product data and quantities, as depicted in Figure 59. Following this,
spreadsheet reports of the ITO view data were generated in the Excel document titled
“22_app_TuinvanElden_base_V3.”

Figure 55: Example of an ITO view in Solibri

However, since the IFC model was created in 2020, some product data within it was not
correctly modeled. Consequently, the product data and quantities that could not be extracted
from the building's IFC model were obtained from construction-related documents. Using the
information gathered from the ITOs and these documents, the quantity and product details
for the building were revised and recorded in Appendix 2. Further enhancements were made
to this data by including the Environmental Product Name, Environmental Declaration
Number, and scaling factor for the corresponding EPD product, as sourced from the NMD
viewer (n.d.-a).
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5.2.1 Shared garden/terrace
Articles 4.34.1 and 4.35.1 of the Besluit
bouwwerken leefomgeving specify that each
apartment must include a directly accessible
outdoor space with a minimum surface area of
4m² and a minimum width of 1.5 meters. Article
4.35.2 states that as an exception to articles
4.34.1 and 4.35.1, a shared outdoor space may
be permitted, provided it offers a minimum of
1m² per apartment, a minimum width of 1.3
meters, and a total minimum of 4m², applicable
only when the usable floor area of the
apartments is less than 50m². Since the usable
floor area of the apartments in De Tuin van
Elden is 55.65m², they do not meet these
requirements. Consequently, a shared garden or
terrace cannot be pursued independently.
However, given that other shared facilities are being considered, which would reduce the
usable floor area of the apartments, the application of a shared garden or terrace remains
under consideration.

The cadastral map (KadastraleKaart.com, 2024) indicates that the apartment building
occupies a plot of 2390 m² and according to the Omgevingsloket (n.d.), the zoning plan for
the area behind the apartment building is designated as garden space, as illustrated in figures
56 and 57. Additionally, Figure 62 shows approximately 115 m² of green space between the
apartment building, the external storage areas, and the parking lot.

Following the Dutch building code requirements, the shared garden must have a minimum
area of 22 m² (calculated as 22 x 1 m²). This indicates that such a garden can be established
in the indicated green space. To facilitate the creation of the shared garden, 22 m² of
pavement will need to be installed; consequently, this would allow for the removal of the
balconies and balustrades. Further details concerning the impact of these proposed shared
facilities on the materials used are outlined in Appendix 4.
5.2.2 Shared kitchen
Article 4.38.1 of the Dutch building code stipulates that buildings designated for residential
use must include at least one residential area suitable for installing a counter and a stove.
Articles 4.39.1 and 4.39.2 specify that the area designated for the counter should measure at
least 1.5m x 0.6m, while the area for the stove should be a minimum of 0.6m x 0.6m. To
qualify as an independent apartment, the unit must feature a kitchen equipped with a
counter, supply, and disposal of water and a connection point for a stove.

These regulations allow for a minimized kitchen configuration, with a depth of 0.6 meters and
a counter length of 1.5 meters, including a sink, a water tap, and a connection point for a
stove. As shown in Figure 63, the existing kitchens have a counter measuring 1.65 meters,
supplemented by an additional 0.6-meter cabinet that houses a refrigerator and microwave.
Furthermore, these kitchens are equipped with a dishwasher and an induction stove. Since
the client ordered the kitchen, specific cost information is unavailable. Thus, the basic design

Figure 58: Area of green space located at the back of the
building Omgevingsloket (n.d.)
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The fact that the percentual impact on the estimated transaction price differs indicates that
although the impact on construction costs remains constant, the effect on affordability is
contingent upon the initial height of the estimated transaction price.

Considering the initially estimated transaction prices for the apartment, as outlined in Table
27, and the willingness to pay among first-time buyers in 2023, as found in the literature &
statistical data review indicate that all estimated transaction prices fall below the threshold
of €323,241, which is the maximum amount that two-person first-time buyers are willing to
pay. Conversely, none of the original estimated transaction prices fall below the willingness
to pay for single-person first-time buyers, which stands at €240,249.

As illustrated in Table 30, when considering the adjusted transaction prices for the COROP
Region Arnhem Nijmegen, the estimated transaction price for the apartment is below the
willingness to pay for single-person first-time buyers in 29 out of the 32 shared facilities and
their various combinations assessed. However, when the adjusted transaction prices based
on the average transaction price of newly constructed apartments in the Netherlands for the
third quarter of 2024, as well as the average transaction price for all apartments in the
Netherlands during the same period are considered, it is found that these values still surpass
the willingness to pay of single-person first-time buyers.

5.4 Adjustments
In addition to assessing the impact of shared facilities on environmental performance and
construction costs, the case study also served as a validation process for the tool by actively
utilizing it. Throughout the execution of the case study, several enhancements were
implemented in the decision support tool.

Following the entry of project data using the “Project Data Form,” it was discovered that the
delimiters applied for inputting product quantities and construction costs were incorrectly
considered in the VBA coding for calculating these costs, with delimiters being misused as a
thousands separators. To address this issue, the code was modified to define the Quantity
variable as a double, ensuring that the value retrieved from Me.txtxQuantity is also treated
as a double, as illustrated in Figure 71. After implementing this solution, a thorough review of
the entire tool was conducted to confirm that all delimiters were correctly recognized and
that any discrepancies were promptly resolved.

Figure 67: Adjusted code to ensure that the delimiters were correctly interpreted
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Upon conducting an analysis of the outcomes associated with the case study, it became
evident that the calculations pertaining to the total construction costs per square meter of
GFA were inaccurately determined for the designs with shared facilities. Initially, these costs
were determined by dividing the construction expenses associated with the shared facilities
(I56) by the GFA of the original design ($C$13), as depicted in Figure 72. This issue was
addressed by incorporating the impact of the shared facilities on the GFA
(Extra_Data_SF!$B$7, and others) prior to dividing the construction costs of the shared facility
(I56), as illustrated in Figure 73.

Figure 68: Original formula used to determine the construction costs per m2 GFA of the design with shared facilities
Figure 69: Updated formula used to determine the construction costs per m2 GFA of the design with shared facilities

In addition to modifying the formula for calculating the costs per square meter of GFA, the
conditional formatting for the cells displaying the total construction costs and total
construction costs per square meter of GFA across variants 1 to 5 has also been established,
as illustrated in Figure 74. This formatting ensures that the text turns red when the value
exceeds that of the base design, and green when it falls below the base design value.

Figure 70: Example of the conditional formatting that ensures that the text turns red when the value exceeds the value of the
base design and turns green when the value falls below the value of the base design

It can be concluded that, as a result of the case study, the calculation and interpretation errors
of the tool have been addressed, leading to improved accuracy. Additionally, the user
interface has been improved through the incorporation of conditional formatting, thereby
enhancing the clarity and comprehensibility of the presented outcomes.

5.5 Conclusion
The data from the selected reference project has been prepared by updating the construction
costs, extracting input data, and allocating those costs to the EPD products. After entering the
base design data into the decision support tool, six shared facilities were defined based on
the project characteristics and subsequently incorporated into the tool. Testing all the shared
facilities and their possible combinations revealed that none of them reduced the MPG.
However, it was observed that most configurations led to a decrease in the construction costs
of the building.

As a result of the reduced construction costs, the intended transaction price can be lowered.
Since transaction prices are influenced by factors beyond just construction costs, the effect
of lowering these costs on the initial transaction price varies depending on the original
transaction price. An analysis of the average transaction prices for apartments in the
Netherlands and in the COROP region of Arnhem Nijmegen, suggests that these prices are
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subject to local influences. Given the findings that lowering construction costs contributes to
lowering the transaction price and, therefore, enhances affordability, it can be concluded that
the implementation of shared facilities positively contributes to making housing more
affordable for first-time buyers.

Additionally, the case study was utilized in the validation process of the decision support tool.
This led to the identification and correction of several aspects of the tool.
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6 Validation
6.1 Expert interviews
Expert interviews were applied to gather qualitative data regarding the tool's usability and
willingness to adopt the tool. Three experts, who are considered the intended users of the
tool, participated in the expert interviews.

All meetings with the participants were held through Microsoft Teams (version
24295.603.3219.7719), using the transcription feature to transcribe the given answers during
the interview. Table 31 outlines the participants' roles, regions of their offices in the
Netherlands, job titles, and years of experience.

Table 31: The participants' roles, regions of their offices in the Netherlands, job titles, and years of experience
Participant Role Region Job title Years of

experience
1 Manager East Ontwikkelingsmanager 28 years
2 Medior East Planvoorbereider

(commercieel)
5 years

3 Junior South Gebiedsontwikkelaar <1 year

Following a brief introduction to the decision support tool, participants engaged in the tasks
outlined in the minor assignment described in Appendix 6. The version of the decision support
tool that was used by the participant contained the data of the case study OPUS | de Tuin van
Elden. The results were then discussed and compared against the intended objectives. It was
found that Participant 1 was unable to complete the assignment independently and
accurately, while Participants 2 and 3 accomplished the assignment on their own. After
comparing the intended outcomes with the participants' performances, an interview
consisting of six open-ended and five follow-up questions, as described in Chapter 3.4.1, was
conducted. The results of the interview were analyzed using a semantic approach to carry out
inductive thematic analysis (Braun & Clarke, 2006).

Table 32: The categorized interview outcomes
Question Category Findings
1 1.1 Participant 1 thinks he will not be able to use the decision

support tool.
1.2 Participants 2 and 3 think they will be capable of using the

decision support tool, but Participant 2 thinks that more
practice is required to make it familiar.

1A 1.1A Participant 1 indicated that more technical knowledge of tool
development is required.

1.2A Participant 1 indicated that the tool should be more intuitive.
1.3A Participant 3 indicated that the required input data is not yet

available.

2 2.1 All participants indicated that the tool provided sufficient
information concerning the impact of the six shared facilities
on the MPG and construction costs so they could make
informed design decisions.
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2.2 Participant 2 indicated that she found it difficult to check if
everything was included in the calculation.

2.3 Participant 3 indicated that it would be valuable to indicate
the quantities of elements in the tool.

2A 2.1A Participant 2 indicated that she needs to use the tool more
than once to make suggestions.

3 3.1 Participants 2 and 3 indicated that the tool feels intuitive
3.2 Participant 1 indicated that the tools do not feel intuitive.
3.3 Participant 3 indicated that the tool has a recognizable

structure.
3.4 Participant 3 indicated that recognizable shared facilities are

considered in the tool.

3A 3.1A Participant 1 indicated that it would be beneficial if the data
entry were more automated.

3.2A Participant 1 indicated that it would be nice to have a tool
description guide.

3.3A Participant 1 indicated that it would be nice to have some
more technical background as a person who uses the tool.

4 4.1 Participant 2 thinks the user-friendliness of the tool is very
good

4.2 Participant 3 thinks the user-friendliness of the tool is good.
4.3 Participant 1 thinks the user-friendliness of the tool can be

improved significantly.
4.4 Participant 1 indicated that it would be valuable to

incorporate more data sources.
4.5 Participant 3 indicated that experience with tool development

is valuable.
4.6 Participant 3 indicated that setting the tool's language to

Dutch would be beneficial.

5 5.1 All three participants indicated that they would use the tool
5.2 Participant 1 indicated that he would not use the tool but that

the technical developers in his team would use it.
5.3 Participant 2 indicated that whether or not she would apply

the tool depends on the project requirements.
5.4 Participant 2 indicated that whether or not she would apply

the tool depends on the project's location.
5.5 Participant 3 indicated the increasing importance of the MPG

as a criterion and the tool's usefulness.
5.6 Participant 3 indicated that the tool is valuable, especially in

the initial design phase.

6 6.1 Participant 1 indicated that it would be nice if the results were
more graphically presented.
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6.2 Participant 2 indicated that it might be useful to implement
more different shared facilities in the tool.

6.3 Participant 3 indicated that adding basic element packages
and basic design principles would be valuable.

The responses are organized and categorized, as detailed in Appendix 7, and an overview of
these categorized outcomes is presented in Table 32. This is followed by summarizing the
responses below and providing potential follow-up actions.

Question 1 + 1A
Two participants expressed confidence in their ability to use the tool; however, Participant 2
noted that she requires additional practice to become more familiar with it. Conversely,
Participant 1 felt that he would struggle to use the tool due to his lack of technical knowledge
in tool development, making the tool seem less intuitive to him. In question 5, Participant 1
also mentioned that he would not be using the tool himself, as his technical developers would
handle it, indicating that this person lacks a bit of a technical background. Participant 3 also
indicated that he is not currently performing these calculations since he stated, “Normally, I
would ask our construction company for detailed insights regarding the elements included in
the decision support tool. However, if I have the data available, I believe this tool can assist
me in doing this myself.” This indicates that Participant 3 might lack the necessary input data
since another company currently provides this.

Given the responses from Participants 1 and 3, it appears that these project developers were
not directly involved in the MPG calculation during the initial design phase. Therefore,
redefining the target group by including technical developers and individuals engaged in MPG
calculations during the early design stages within construction companies is necessary.

Question 2 + 2A
All participants unanimously agreed that the tool provides essential information for making
informed design decisions regarding the implementation of shared facilities. Participant 3
noted, “This is the data we are looking for in projects, the impact of choices we make, and the
consequences on the MPG score. So the tool is really, really nice.” Both Participant 2 and
Participant 3 suggested potential enhancements for the tool. Participant 3 proposed
incorporating the quantities of elements so that when one quantity is defined, the others are
automatically updated. Meanwhile, Participant 2 highlighted the need to indicate whether all
necessary information is included in the tool.

Based on the feedback provided, it is concluded that a validation method to ensure the
inclusion of all required data in the tool would be valuable. The certified MPG calculation tools
include a completeness check that leverages the NL-SfB structure along with the classification
of environmental products. In the decision support tool, preparations are made for the
specification of environmental product data classification. However, due to the complexities
involved in completeness validation and time constraints, this feature has yet to be integrated
into the decision support tool. Nonetheless, this suggests that it would be a beneficial
improvement to consider for future development of the tool, alongside the implementation
of the quantities of elements system.
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Question 3 + 3A
In evaluating the tool's intuitiveness, participants 2 and 3 noted that it feels intuitive, logical,
and clear. Participant 3 specifically acknowledged the tool's structure and stated, "The shared
facilities that are included are the shared services that are most present in the projects that
we have.” In contrast, Participant 1 expressed that the tool does not come across as intuitive
and suggested improvements could be made by minimizing the manual data entry required,
coupled with a descriptive guide and utilization by individuals with some technical knowledge.
Participant 2 also emphasized her uncertainty about whether all users know where to locate
the input data for the tool, a point that could be clarified in the descriptive guide. Additionally,
Participant 3 mentioned, just like Participant 1, that it would be beneficial to minimize manual
data entry by establishing a direct connection to the material database.

Based on the provided responses, it can be concluded that automating data entry would be
highly beneficial. However, directly accessing data from the NMD database is deemed
unfeasible, as this database can only be accessed via certified MPG calculation tools.
Nevertheless, when further developing the tool, exploring options for automated data entry
is worthwhile. Additionally, the recommendation to create a descriptive guide for the tool will
be acted upon, and a concise guide will be produced.

Question 4 + 4A
According to Participants 1 and 3, the tool's user-friendliness could be enhanced. Participant
1 expressed, “I see a lot of possibilities to make it better, but I think for a student, it is way
too complex to make it more incorporated with more data sources.” Participant 2 remarked
that the tool's user-friendliness would be significantly improved if the language were set to
Dutch, as “most construction companies in the Netherlands primarily use Dutch."
Additionally, while he noted that some experience with Excel would help users understand
the tool better, he affirmed that the primary function of the tool is effective and expressed
that it is user-friendly.

Based on the responses received, it can be concluded that the tool's user-friendliness could
be enhanced further. Switching the tool's language to Dutch would likely improve its usability
significantly, as all necessary input data is presented in Dutch. However, this change would
restrict access for non-native speakers, so it will not be implemented now. Nevertheless, the
possibility of incorporating language settings should be explored when considering future
developments of the tool.

Question 5 + 5A
All three participants indicated that they or their colleagues would utilize the tool during the
design phase of an apartment building aimed at first-time buyers in the Netherlands to assess
the application of shared facilities. Participant 2 noted that the decision to use the tool is
contingent upon specific project requirements and its location, emphasizing the critical role
of location in housing development. Participant 3 highlighted the increasing focus on reducing
the MPG score in current and future projects to achieve better results in tenders, stating,
“Especially in the initial phase to consider the design of the building, the tool adds value.”
Participant 1 mentioned, as previously stated, that he would not personally use the tool, but
the technical developers on his team would.
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Based on these insights, it can be concluded that the tool is deemed valuable and provides
the necessary information for making informed design decisions. However, as noted in
previous responses, there is still potential for further improvements to the tool.

Question 6
All three participants provided valuable recommendations for enhancing the tool. Participant
3 suggested incorporating a reference project within the tool that could be easily adjusted,
serving as a useful starting point. Participant 2 proposed the inclusion of additional shared
facilities, while Participant 1 emphasized the benefit of visualizing outcomes graphically.

The recommendation to create a base scenario based on previous insights, which can be
easily adjusted, is recognized as valuable. However, more reference data must be collected
and integrated to improve the accuracy of this base scenario. The suggestion to incorporate
additional shared facilities will not be pursued in the current tool, as a literature & statistical
data review has already identified the facilities considered shared. Moreover, the tool’s Excel-
based format allows for relatively straightforward modification of the names of these shared
facilities, with each already capable of being individually adapted and specified. The potential
for visualizing outcomes more graphically can be considered in future tool developments but
is not deemed necessary to implement now.

Other findings
In addition to the findings from the interview questions, valuable insights were gathered
during the brief introduction to the tool and while participants completed the tasks. Several
areas for improvement and clarification emerged, which are outlined below in conjunction
with the changes implemented based on the expert interview outcomes:

1. In the NMD_DATABASE input data form, only “Environmental declaration” was visible
in the explanatory text preceding the textbox for entering the environmental
declaration number.

2. When a confirmation message appears, the options are displayed in Dutch; therefore,
instead of “Yes” and “No,” “Ja” and “Nee” are shown.

6.2 Technical validation
A summative evaluation method, noted for its more artificial approach, has been employed
throughout the design process to validate the tool's accuracy and outcomes. Validating the
accuracy and correctness of the outcomes is required to define potential flaws in the
implemented calculation methods or the interpretation of input or output values. A
comprehensive technical validation of the complete tool was conducted to conclude the
design process. This involved creating a base variant, as visible in Figure 75, alongside a variant
featuring a shared living room, as visible in Figure 76. The outcomes of both variants were
compared to the expected results, and the discrepancies between them were calculated. The
assigned construction costs were computed in this Excel file and juxtaposed against the
calculated costs in the decision support tool. The MPG for each variant was determined with
the MRPI MPG tool, a validated MPG calculation software, and these outcomes were then
compared with those generated by the decision support tool (Stichting MRPI, n.d.-a). The
results from the MRPI MPG calculations can be found in Appendix 8, while the outcomes from
the decision support tool are available in the Excel document titled
“Decision_Support_Tool_Technical_Validation_V1.”
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places. Consequently, Stichting Nationale Milieudatabase (n.d.-a) indicates that the data from
the viewer is not considered reliable for conducting MPG calculations. However, direct access
to the data from the NMD database is not available, making the viewer data the most accurate
option.

Despite these minor discrepancies between the actual and expected outcomes in both MPG
and construction cost calculations, it can be concluded that the decision support tool is
operating as intended. The observed variances do not result from the tool but stem from the
input data. While the accuracy may not be deemed perfect, the tool is specifically designed
for use early in the design process, a phase characterized by numerous uncertainties and with
an accuracy ranging from 10 to 30 percent (Ramos, 2020). Therefore, the minor differences
between the outcomes and expected results are acceptable.

6.3 Functional validation
The decision support tool is evaluated through an ex-post analysis based on ten Boolean
design requirements that are defined in Chapter 3.4.3 and visible in Table 20. Parts of the user
interface are shown to indicate how the decision support tool fulfills the ten Boolean design
requirements.

Figure 77 illustrates that the tool presents the construction costs and the MPG for each
building element, organized according to the NL-SfB structure and for the complete building.
It further reveals that costs related to the development and construction of housing, beyond
the construction costs, are included in the form of construction site costs, general overhead
costs, risk and profit margins, insurance, and unforeseen costs. Additionally, it highlights that
the MPG and construction costs include rows labeled “Reduction compared to BASE,” where
the values in these rows reflect the percentage reduction of shared facilities in relation to the
base design. This fulfills Boolean design requirements one, two, nine, and ten.
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Figure 73: Part of the decision support tool that fulfills design requirements 1,2, 9, and 10

Figure 78 illustrates the six predefined shared facilities, along with the first of five possible
variants that can be created. This suggests that multiple predefined shared facilities can be
selected and applied to a variant. Up to five distinct variants can be developed for
straightforward comparisons, indicating that design requirements seven and eight are met.

Figure 74: Part of the decision support tool that fulfills design requirements 7 and 8

The NMD database form, as illustrated in Figure 79, allows users to enter product data into
the decision support tool’s database by completing all required fields and saving the
information. Users can also edit or delete the stored data using the combo box and the edit
and delete buttons at the bottom of the form, fulfilling design requirement three.
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Figure 75: NMD database input form, which fulfills design requirement 3

The worksheets titled “Input_Table,” “NMD_DATABASE,” “Extra_data_SF,” and “DATA_SF”
present comprehensive overviews of the data stored within the decision support tool. These
worksheets are readily accessible within the tool itself, thus satisfying the stipulations of
requirement four.

The project data form, illustrated in Figure 80, is used to store environmental performance
and construction cost data at the product level by specifying the quantities utilized and the
costs associated with each unit. This product data is also used to compute the established
base design's MPG and construction costs, ensuring compliance with design requirements
five and six.
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Figure 76: Project data input form, which fulfills design requirements 5 and 6

After controlling the ten Boolean requirements, it can be concluded that they are all
incorporated into the decision support tool.

6.4 Adjustments
Throughout the validation process of the decision support tool, various areas requiring
enhancement were identified, indicating the need for targeted modifications. Consequently,
this sub-chapter delineates the specific adjustments implemented in the decision support
tool.

During the expert interviews, it was discovered that the unit of products stored in the
DATA_SF database was not recorded. The original VBA code for saving the unit was missing,
so this code has been added, as outlined in line 1294 of Appendix 11. Additionally, it was
noted that only the Environmental Declaration was visible on the NMD database form instead
of the Environmental Declaration Number. This issue was addressed by expanding the textbox
that holds the Environmental Declaration Number. Furthermore, the suggestion was provided
to create de description guide for the decision support tool, which can be found in Appendix
12. Lastly, it was observed that the options for "Yes" or "No" in the message box were
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displayed in Dutch, which is related to the device's regional settings. To resolve this, the
regional setting of the device should be configured to English to ensure that "Yes" and "No"
are displayed correctly (Microsoft, n.d.-c).

6.5 Conclusion
Following an expert interview, validation of the tool's outcomes, and a thorough
requirements assessment, it can be concluded that the tool operates effectively and presents
the necessary information for making informed design decisions. However, enhancements to
the tool have also been identified. The improvements required for optimal functionality have
been addressed, while additional enhancements may be explored in future research or during
subsequent development of the tool.
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7 Conclusion & recommendations
In this chapter, the results of this study will be concluded by answering the sub-questions to
eventually answer the research question. The research question is as follows:

What is the impact of shared facilities in apartment buildings on environmental
performance and construction costs, and to what extent can this approach contribute to

the development of affordable dwellings for first-time buyers in the Netherlands?

Followed by discussing the results and mentioning essential limitations. The chapter is
finalized by providing recommendations for future research and professionals engaged in the
development and construction stages of affordable housing for first-time buyers, where
design decisions regarding the application of shared facilities are made.

7.1 Conclusion
This study assessed the impact of applying shared facilities in apartment buildings for first-
time buyers in the Netherlands, with the broader goal of stimulating and ensuring the
development and construction of affordable dwellings for first-time buyers in the Netherlands
that meet environmental performance standards.

To answer the first sub-question: What is the definition of an affordable and suitable dwelling
for first-time buyers in the Dutch housing market?, a literature & statistical data review has
been conducted.

The shortage of affordable housing is a globally recognized issue, despite affordable housing
being acknowledged as a fundamental necessity and a basic human right. The ratio approach
is the most commonly used method for assessing affordability standards, with housing
deemed affordable when homeowners spend no more than 40% of their disposable income
on housing costs. Consequently, it can be concluded that affordability must be evaluated in
relation to a household's income.

In the Netherlands, the affordability standard is set at 30% and used in calculating the
maximum mortgage of households. Besides the income, the maximum mortgage is also
influenced by the interest rate and housing characteristics. As a result of all these variables,
defining a general definition of an affordable dwelling for first-time buyers is impossible.

There are differences in what single-person and two-person first-time buyers consider
affordable and suitable housing. The definition of an affordable dwelling given by the Dutch
government is not representative, to define the affordability for first-time buyers since it is
solely based on two-person households. Furthermore, it is found that the value of a dwelling
deemed affordable by both single-person and two-person first-time buyers is lower than the
threshold set by the government. This indicates that more specific definitions, which take into
account the characteristics of households, are necessary to accurately determine affordability
for first-time buyers in the Netherlands.

Evaluating suitable housing options indicated that first-time buyers favor urban areas where
average transaction prices for dwellings are high, and the availability of construction land is
limited. Therefore, apartments are the most suitable dwelling type due to their compactness.
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However, this preference diverges from that of two-person first-time buyers. When the
average size of apartments bought by first-time buyers in the Netherlands is considered in
relation to the high transaction prices per square meter in urban settings, it can be concluded
that based on the average size of apartments bought by first-time buyers, apartments are not
affordable for first-time buyers. Therefore, smaller apartments need to be constructed to
ensure the construction of affordable apartments.

In conclusion, it is impossible to define a suitable and affordable dwelling for first-time buyers
in the Netherlands in general. However, it can be determined that apartments represent the
most viable option for this group and that the key factor in making these dwellings affordable
for first-time buyers is reducing the transaction price.

A literature & statistical data review has also been performed to answer the second sub-
question: What facilities can be shared in apartment buildings for first-time buyers?

It can be concluded that first-time buyers in the Dutch housing market are inclined to adopt
shared facilities as a strategic approach to mitigate financial constraints. In alignment with
the objective of lowering construction costs and optimizing the use of materials through the
implementation of shared facilities, the following six facilities are proposed for shared use,
ensuring compliance with the Dutch building code:

1. Garden/terrace
2. Kitchen
3. Living room
4. Bike parking
5. Laundry room
6. Workspace

To answer sub-question 3: How is the environmental performance of dwellings in the
Netherlands assessed?,  a literature & statistical data review has been performed.

In the Netherlands, the MPG serves as a localized assessment method to determine the
embodied environmental impact of construction projects. This assessment utilizes
environmental performance calculations aligned with the Environmental Performance
Assessment Method for Construction Works and draws on Environmental Product
Declarations (EPDs) stored in the NMD database.

To answer sub-question 4: How can the impact of shared facilities on the environmental
performance and construction costs of a building be determined?, the outcomes of the
literature & statistical data review were used.

There are numerous tools and methods available worldwide for evaluating the impact of
shared facilities on a building's environmental performance. However, the number of tools
specifically designed to assess the MPG is limited to eight certified calculation tools, of which
only one is freely accessible. This particular tool does not enable users to directly evaluate the
impact of shared facilities on the MPG, as a new calculation must be defined and conducted
for each shared facility or combination of shared facilities.
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Additionally, various tools are available to assess the impact of shared facilities on the
construction costs of a building. However, none currently offers the ability to select and
compare shared facilities without requiring a complete redesign.

So, there are tools that can provide insight into the environmental performance and
construction costs of a building, but a tool that allows testing the impact on the MPG and
construction costs of shared facilities or combinations of shared facilities compared to the
base design is missing.

To answer sub-question 5: How can the determined impact of shared facilities on the
environmental performance and construction costs of a building be modeled to create a
decision support tool?, the outcomes of the literature & statistical data review in combination
with the data from the tool development process are used.

A variety of software systems can be utilized to develop decision support tools. In this case,
Excel has been chosen to implement a framework based on the MPG calculation method,
which integrates the cost estimation approach. The input data is derived from the information
available during the basic design stage of a building, as design decisions concerning the use
of shared facilities are made at this stage. The tool evaluates the impact of a shared facility or
combinations of shared facilities by comparing the MPG and construction costs against the
baseline design. Moreover, insights from expert interviews confirm that the tool delivers the
necessary information for making informed design decisions about the application of shared
facilities.

The answers to the sub-questions, in combination with the outcomes of the case study, are
used to answer the research question: What is the impact of shared facilities in apartment
buildings on environmental performance and construction costs, and to what extent can this
approach contribute to the development of affordable dwellings for first-time buyers in the
Netherlands?

The combination of a shared workspace, kitchen, living room, bike parking, and laundry room
has the biggest negative impact on reducing the MPG. It was observed that shared bike
parking has the most detrimental effect on lowering the MPG, whereas having a shared
garden/terrace has the least negative impact. However, none of the shared facilities analyzed
resulted in a decrease in MPG.

Conversely, the integration of a shared workspace, garden/terrace, bike parking, and laundry
resulted in the biggest reduction in construction costs. Notably, the inclusion of a shared
garden/terrace, bike parking, and workspace contributes the most to lowering the
construction costs. Therefore, to enhance affordability, the UFA of the apartments should be
kept below 50 m². Furthermore it can be concluded that most shared facilities or
combinations of shared facilities reduced the construction costs.

By lowering construction costs, the transaction prices of dwellings can decrease, thereby
improving housing affordability. Since transaction prices are specific to their locations, it's not
possible to assess how the implementation of shared facilities will affect achieving the desired



134

affordability thresholds of first-time buyers. Nonetheless, it can be concluded that the impact
of shared facilities on the initial transaction price is bigger when the initial transaction price
of dwellings is lower.

In conclusion, shared facilities can have a positive impact on construction costs but negatively
impact the MPG. Therefore, the extent to which shared facilities can contribute to improving
the affordability of dwellings for first-time buyers in the Netherlands depends on the financial
implications associated with the supplementary measures necessary to meet the MPG
standards.

7.2 Discussion
This thesis presented the results of a case study that was conducted by utilizing the decision
support tool that was created. Therefore the discussion of the results will be divided into the
discussion of the results of the case study and the discussion of the developed tool.

Results of the case study
Based on the findings of the case study, the influence of shared facilities on the environmental
performance and construction costs of a building was assessed. The case study focused on a
reference project completed in 2021, and the input data was updated to reflect the current
market situation. However, to revise the construction cost data, an average indexation for
newly constructed dwellings was utilized, which is less precise than implementing a product-
specific indexation. Additionally, assumptions were necessary regarding the products used or
the EPDs intended to represent the used products, as some data was outdated or no longer
available. This negatively impacts the accuracy and representativeness of the determined
MPG and construction costs.

Moreover, the standards for environmental performance were lower in 2021 compared to
the present day. Consequently, there may have been less emphasis during the design process
on reducing the MPG by carefully selecting materials. Additionally, the number of
Environmental Product Declarations (EPDs) available in the NMD database was lower, leading
to less accurate representations of the building and, therefore, less reliable MPG scores. This
suggests that the MPG can be further improved by placing greater emphasis on selecting
materials that are more conducive to enhancing environmental performance. This, in turn,
could indirectly affect construction costs, as the costs of these materials may vary.

Excluding the impact of shared facilities on products that need to be determined by energy
performance calculations leads to outcomes that are less representative and meaningful.
Additionally, the furnishing costs associated with these shared facilities are omitted, which
could have contributed to a more comprehensive analysis.

Since the shared facilities are defined on a project-specific basis, the generalizability of the
results is constrained. Moreover, assumptions about the design of these shared facilities
needed to be made, which may introduce bias. Furthermore, the majority of the data was
processed manually, increasing the likelihood of human errors.

It was also not feasible to identify a suitable and affordable dwelling for first-time buyers,
making it impossible to evaluate the direct impact of shared facilities on the affordability of
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apartments for this demographic in the Netherlands. This is particularly relevant given that
affordability is influenced by multiple variables. Therefore, future research is necessary to
assess the relationship between shared facilities and affordability.

In summary, it can be concluded that the outcomes are less significant, not fully
representative, not completely accurate, and not broadly applicable. However, they can serve
as a valuable starting point for further research within their specific context.

Decision support tool
The developed decision support tool utilizes open-source EPD data stored in the NMD, which
can be accessed through the Viewer available on the Stichting NMD website. It is important
to note that Stichting NMD states that the EPD data retrieved via the Viewer is unsuitable for
conducting MPG calculations, however the required data is provided. As a result, the MKI per
product unit utilized for these calculations is represented with only two decimal places, which
compromises the accuracy of the results. Furthermore, construction costs per unit are also
entered using a limited number of decimal places, further affecting the precision of the
outcomes and potentially leading to rounding errors. Nevertheless, such minor discrepancies
are deemed acceptable during the initial design phase, where the accuracy of calculations
tends to be relatively low.

In addition, the data entry process is manual, which increases the risk of errors due to human
oversight during data processing. Although the risk of such errors is mitigated by
incorporating control mechanisms within the tool, it cannot be completely eliminated.
Moreover, the tool lacks a feature to confirm that all applied building elements have
corresponding EPDs, which raises the risk of omitting essential product data. This issue could
be addressed by implementing a control mechanism based on the NL-SfB classification, which
is included in the tool's data. Additionally, there is an increased risk of relying on outdated
information since all data must be updated manually. To facilitate the verification of data
accuracy, the date and time of entry or modification for each product are recorded.

Consequently, it can be concluded that the outcomes generated by the tool may not be
entirely accurate and that it is crucial to consider the validity of the data used to ensure the
reliability of the results. However, the tool provides sufficient information for professionals
involved in the design process of affordable dwellings to compare and test different variants
with shared facilities to eventually make informed design decisions.

7.3 Recommendations
Drawing from the findings of this master's thesis, a series of recommendations can be
articulated. These recommendations are categorized into two distinct areas: first, those
pertaining to the enhancement of scientific knowledge regarding shared facilities in
residential buildings, and second, those focused on the practical application and continued
refinement of the decision support tool developed throughout this research.

Scientific knowledge
A limitation addressed in this research is the insufficient scientific knowledge regarding the
facilities that first-time buyers are willing to share. Future studies could deepen this
understanding by conducting thorough research into the facilities that first-time buyers are
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willing to share. Moreover, future research should focus on defining and assessing the
financial capabilities and constraints faced by first-time buyers. Assessing these topics could
aid in defining what constitutes an affordable and suitable dwelling for first-time buyers.
Furthermore, future research ought to examine the various factors that influence the housing
preferences of first-time buyers and evaluate the extent of their impact. This would
contribute to effectively evaluating the impact of shared facilities on the affordability for first-
time buyers.

Furthermore, while existing scientific literature primarily emphasizes identifying the potential
benefits of shared facilities, there is a notable gap in knowledge concerning the quantification
of these impacts. Therefore, it would be beneficial to carry out more comprehensive research
aimed at quantifying the potential advantages of shared facilities. It is particularly important
to examine the variables that influence individuals' decisions to opt for or accept shared
facilities.

Moreover, the robustness of the findings from the case study can be strengthened by
incorporating previously excluded components in future research. By conducting additional
case studies that include these elements and leverage more recent project data, the
generalizability and reliability of the results can be improved.

Ultimately, the findings of this research can serve as a foundational step in understanding
how shared facilities can help reduce environmental impact while enhancing housing
affordability on a global scale. By omitting local components and employing a universally
recognized method for assessing environmental performance, the results are anticipated to
be more generalizable and robust.

Application and refinement of the decision support tool
The developed decision support tool can be used in practice by professionals involved in the
design process of affordable housing to make informed decisions regarding the application of
shared facilities to enhance the affordability of housing. While the tool already offers essential
data for making these informed decisions, there remains potential for further enhancement.

The practical relevance of the tool can be enhanced by incorporating the capability to connect
to software utilized for determining products based on energy performance calculations. In
addition to facilitating this integration, it would be advantageous to incorporate a wider range
of data sources into the tool to improve the representativeness and comprehensiveness of
the results. Moreover, automating data entry would help minimize the risk of errors
associated with manual processing. The reliability of the outcomes can be further
strengthened by implementing a system that verifies whether all necessary products are
included in the calculations.

To optimize user-friendliness, creating a Dutch version of the tool would be beneficial.
Additionally, enhancing usability and addressing data dependencies can be achieved by
linking the tool directly to a cost database and establishing a baseline scenario along with
various shared facilities that can serve as a foundation for customization in individual projects.
Furthermore, the tool would benefit from the ability to integrate additional data regarding
shared facilities, such as the social benefits of specific shared facilities.
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This tool has been developed using a nationally recognized environmental performance
assessment method. To tackle the global issue of housing affordability and sustainability, a
tool could be created based on an internationally accepted environmental performance
assessment framework, making it more widely accessible.
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