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Preface
This thesis has been more than. ''How do various factors influence the residual value of
construction products in the built environment over time, and can these be used to speed up
the transition to a circular economy by working with System Dynamics?'' This has given me a
better understanding of the circular economy and the state we are in in the construction
industry. The topic of the circular economy and sustainability was not new to me, but after
completing this study, I learned so much more about it than I previously thought possible. We
are smart and scrappy enough as a society to improve our current way of working with
products and materials.
In the interviews, I spoke with 17 inspiring people, all leaders in the Dutch circular economy. I
want to thank them as a group because they gave me great perspective, inspiration, and hope
that there are many ways we can be energy neutral or waste free. They all helped me with my
research without commercial goals in mind. Just because the transition to a circular economy
is bigger.
In the last 6/8 months, I have been personally guided by Thijs Huijsmans, Senior Adviser
Circular Construction at Heijmans, and I would like to thank him for his critical opinion and the
good conversations that have helped me progress in the level of research. I would also like to
thank Qi Han, Willem van Dijk and Bauke de Vries from TU Eindhoven for their guidance and
feedback. Although I had a few courses, it was still a "relatively" new topic for me, but their
feedback helped me to go in the right direction.
Also, I want to thank my entire family for their support and the sacrifices they had to make so
I could do what I wanted in life. I am very grateful for that.
I hope you enjoy reading this work and that it inspires new allies to help drive progress in the
sustainable use of materials and the goal to reach the full circular economy.
Ton Verberne
Helmond, April 2022
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Management Summary English
The construction industry needs to move away from this linear approach of production to a
more circular approach (Prince Antwi-AfariS. Thomas Ng, 2021). The linear approach is based
on the conversion of raw materials into waste and pollution and the depletion of natural
sources (Peter Jones, 2018). The European Environment Agency has identified construction
and demolition as one of five priority areas for transitioning to a circular economy (Peter
Jones, 2018). Implementing the principles of reduce, reuse, and recycle, founded in the
circular economy, into the way we work with building materials can significantly help the
construction industry mitigate some of the environmental impacts it creates. Katherine 2017
concluded that there is a general lack of knowledge about what can be done with products at
the end of their life. (Katherine Tebbatt Adams, 2017). This in turn leads to a lack of incentives
to use secondary materials. Reusing a component that was designed years ago brings
challenges such as insurance and warranty. Investments must be made to ensure that the
materials are sound. This in turn affects the financial value of using used materials (Katherine
Tebbatt Adams, 2017). To this end, a model is created to evaluate all factors involved in
determining this value. The factors are modeled as flows into the value of these building
products or materials. The factors are based on the results of the literature review and
extensive series of interviews about the possible influences on the value. This framework will
determine the residual value of the product and should provide more incentives and financial
motivation for the reuse of building products or materials. This research aims to provide the
impetus for a circular economy by creating a framework that not only calculates the residual
value of building products, but also visualizes the impact of small changes on the assessment
of residual value over time. By creating a framework that visualizes the impact of decisions,
the goal is to make a very abstract topic a little more real.
The main goal of the research is to create a framework that can be a start to determine the
exact value of materials and buildings in the current construction environment. This will be
done by mapping the influencing factors and analyzing them over time to determine the
direction in which they affect the value of materials and building products. This is done using
a system dynamics approach. System dynamics is used for long-term strategic modeling
(source) and can help narrow down the main path that value will take. System dynamics is a
method that helps to identify the links between the different factors influencing residual value
and their impact.
Data collection is done through both a literature review and a series of interviews with 17
experts in the field of circular economy. The literature consists of academic papers, books,
articles, and doctoral reports. The keywords residual value, material value, depreciation, and
influencing factors were used in the database to search for the right information. The
interviews are used to gather insider information and definitions, and to identify issues and
challenges related to circular economy and residual value. The interviews are also used to
validate the information found in the literature.
Both the literature and the expert interviews provided a list of potential factors Disassembly,
Quality, Law and Legislation, Supply and Demand, Culture and Information proved to be the
most important factors. The supply and demand factor are not used in the development of
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the framework because it is highly uncertain when trying to determine residual value over
time.
The model created represents the relationship between these individual factors and the
residual value, with both the linear and important circular relationships represented in a stock
and flow diagram (System Dynamics sub-element). In Heijmans_Transitierapport_V11, a study
was conducted on different sets of interior walls to determine their reusability. In this study,
the residual value was calculated using empirical values and use cases. To validate the
framework, this study is used as input in our calculation to evaluate the residual value in
combination with the determination of the factors, should the residual value be the same.
We conclude that using system dynamics, a very complex system can be visualized,
manipulated, and influenced by several major factors that determine the residual value. This
leads to a very clear view of how residual value is determined, and there is an opportunity to
guide the transition to a better and faster circular economy.
There are also some limitations or recommendations for research. These can be the subject
of further research. First, the exclusion of supply and demand from the list of important
factors leads to a great deal of uncertainty. As a result, the results and charts of the
assessment tool are not based on supply and demand and therefore may be completely
different in a different economic cycle. Second, the time element. The last step of the study
shows how different factors affect the residual value over time. The result shows the
difference in slope when different factors are changed. However, further research is needed
to determine at what point this will be the case. The model is based on the theory that if the
business case for reusability is positive, some momentum will set in and lead reusability away
from there. When it does not, the model breaks down again. It's interesting to take a closer
look at this phenomenon to see which effect kicks in and drives the business model forward.
Finally, uncertainty in assumptions. A risk assessment may need to be done to show the
percentage of lows behind the model.
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Management Samenvatting Nederlands
De bouwsector moet overstappen van deze lineaire benadering van productie naar een meer
circulaire benadering (Prince Antwi-AfariS. Thomas Ng, 2021). De lineaire benadering is
gebaseerd op de omzetting van grondstoffen in afval en vervuiling en uitputting van
natuurlijke bronnen (Peter Jones, 2018). Het Europees Milieuagentschap heeft bouw en sloop
geïdentificeerd als een van de vijf prioriteitsgebieden voor de overgang naar een circulaire
economie (Peter Jones, 2018). Het implementeren van de principes van verminderen,
hergebruiken en recyclen, gebaseerd op de circulaire economie, in de manier waarop we met
bouwmaterialen werken, kan de bouwsector aanzienlijk helpen om enkele van de
milieueffecten die het veroorzaakt te verminderen. Katherine 2017 concludeerde dat er een
algemeen gebrek is aan kennis over wat er aan het einde van hun leven met producten kan
worden gedaan. (Katherine Tebbatt Adams, 2017). Dit leidt op zijn beurt tot een gebrek aan
prikkels om secundaire materialen te gebruiken. Het hergebruiken van een onderdeel dat
jaren geleden is ontworpen, brengt uitdagingen met zich mee, zoals verzekering en garantie.
Er moeten investeringen worden gedaan om ervoor te zorgen dat de materialen degelijk zijn.
Dit heeft weer invloed op de financiële waarde van het gebruik van gebruikte materialen
(Katherine Tebbatt Adams, 2017). Hiertoe wordt een model gemaakt om alle factoren te
evalueren die betrokken zijn bij het bepalen van deze waarde. De factoren worden
gemodelleerd als stromen in de waarde van deze bouwproducten of materialen. De factoren
zijn gebaseerd op de resultaten van het literatuuronderzoek en uitgebreide reeksen
interviews over de mogelijke invloeden op de waarde. Dit kader bepaalt de restwaarde van
het product en moet meer prikkels en financiële motivatie geven voor hergebruik van
bouwproducten of materialen. Dit onderzoek wil een impuls geven aan een circulaire
economie door een raamwerk te creëren dat niet alleen de restwaarde van bouwproducten
berekent, maar ook de impact van kleine veranderingen op de beoordeling van de restwaarde
in de tijd visualiseert. Door een raamwerk te creëren dat de impact van beslissingen
visualiseert, is het doel om een zeer abstract onderwerp een beetje reëler te maken.
Het hoofddoel van het onderzoek is om een raamwerk te creëren dat een begin kan zijn om
de exacte waarde van materialen en gebouwen in de huidige bouwomgeving te bepalen. Dit
zal gebeuren door de beïnvloedende factoren in kaart te brengen en in de tijd te analyseren
om te bepalen in welke richting ze de waarde van materialen en bouwproducten beïnvloeden.
Dit wordt gedaan met behulp van een systeemdynamica-benadering. Systeemdynamiek
wordt gebruikt voor strategische modellering op de lange termijn (bron) en kan helpen het
belangrijkste pad dat waarde zal volgen, te verfijnen. Systeemdynamica is een methode die
helpt om de verbanden tussen de verschillende factoren die de restwaarde beïnvloeden en
hun impact te identificeren.
De gegevensverzameling gebeurt door middel van zowel een literatuuronderzoek als een
reeks interviews met 17 experts op het gebied van circulaire economie. De literatuur bestaat
uit wetenschappelijke papers, boeken, artikelen en doctoraatsrapporten. De trefwoorden
restwaarde, materiaalwaarde, waardevermindering en beïnvloedende factoren zijn in de
database gebruikt om de juiste informatie te zoeken. De interviews worden gebruikt om
voorkennis en definities te verzamelen en om problemen en uitdagingen op het gebied van
circulaire economie en restwaarde te identificeren. De interviews worden ook gebruikt om de
informatie in de literatuur te valideren.
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Zowel de literatuur als de expertinterviews gaven een opsomming van mogelijke factoren
Demontage, Kwaliteit, Wet en wetgeving, Vraag en aanbod, Cultuur en Informatie bleken de
belangrijkste factoren. De factor vraag en aanbod wordt niet gebruikt bij de ontwikkeling van
het raamwerk omdat het zeer onzeker is bij het bepalen van de restwaarde in de tijd.
Het gecreëerde model geeft de relatie tussen deze individuele factoren en de restwaarde
weer, waarbij zowel de lineaire als belangrijke circulaire relaties worden weergegeven in een
voorraad- en stroomdiagram (sub element System Dynamics).
In Heijmans_Transitierapport_V11 is onderzoek gedaan naar verschillende sets binnenmuren
om de herbruikbaarheid te bepalen. In dit onderzoek is de restwaarde berekend aan de hand
van empirische waarden en gebruikte cases. Om het raamwerk te valideren, is dit onderzoek
gebruikt als input in onze berekening om de restwaarde te evalueren in combinatie met de
bepaling van de factoren, mocht de restwaarde gelijk zijn.
We concluderen dat met behulp van systeemdynamica een zeer complex systeem kan worden
gevisualiseerd, gemanipuleerd en beïnvloed door een aantal belangrijke factoren die de
restwaarde bepalen. Dit leidt tot een heel helder beeld van hoe de restwaarde wordt bepaald
en er is een kans om de transitie naar een betere en snellere circulaire economie te
begeleiden.
Dat gezegd hebbende, zijn er ook enkele beperkingen of aanbevelingen voor onderzoek. Deze
kunnen onderwerp zijn van verder onderzoek. Ten eerste leidt het uitsluiten van vraag en
aanbod van de lijst van belangrijke factoren tot veel onzekerheid. Als gevolg hiervan zijn de
resultaten en grafieken van de beoordelingstool niet gebaseerd op vraag en aanbod en
kunnen ze in een andere economische cyclus compleet anders zijn. Ten tweede het
tijdselement. De laatste stap van het onderzoek laat zien hoe verschillende factoren de
restwaarde in de tijd beïnvloeden. Het resultaat toont het verschil in helling wanneer
verschillende factoren worden gewijzigd. Nader onderzoek is echter nodig om te bepalen op
welk moment dit het geval zal zijn. Het model is gebaseerd op de theorie dat als de
businesscase voor herbruikbaarheid positief is, er een momentum zal ontstaan en
herbruikbaarheid daar vandaan zal leiden. Als dat niet het geval is, gaat het model weer kapot.
Het is interessant om dit fenomeen nader te bekijken om te zien welk effect het bedrijfsmodel
vooruithelpt. Tot slot onzekerheid in aannames. Mogelijk moet een risicobeoordeling worden
uitgevoerd om het percentage dieptepunten achter het model aan te tonen.
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Abstract
When a building is demolished, many potentially reusable building materials are lost due to
the complexity and labor required to remove them. Aside from these technical aspects, there
is also a financial aspect. What is the value of these materials in the current market? This study
aims to determine this using the concept of residual value. By creating a framework that
determines the residual value by considering the current quality, detachability, regulations
(law and legislation), culture (mindset), and information known about the material. This can
be used to determine the value and cost necessary to restore the material to a usable
condition. Apart from that will the model also be used to foresee with what changes the
residual value can become positive and create a healthy business case. Where in the current
situation reuse of materials is still not feasible. This is done with the method of System
Dynamics and System Thinking which can determine the influences of different aspect on the
bigger picture.
To do this, the residual value and the important factors that determine the residual value were
first determined. These factors are the most important elements that can potentially render
the building element worthless. These factors were determined through 17 expert interviews
combined with a literature review. Finally, these 5 factors were used to create a framework
to first calculate the residual value of the material in the current scenario and then show the
impact of these 5 factors on the residual value. The framework is intended to show how, for
example, the degree of detachability can affect the residual value in 5/10/15 years.
The entire process and methodology that led to this framework is also presented in the thesis.
By the chapters. The first chapter begins with the introduction and causes of the problem and
the research, followed by the literature and methodology before the creating of results begins.
The investigation begins with the interviews, followed by the determination of the factors
from both the literature and the interviews. The creation and validation of the framework is
then described in the next two chapter, after which a conclusion is drawn followed by
recommendations and limitations.
Keywords: Reuse, Residual value, Influencing factors, System dynamics,
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1. Introduction
In this chapter the outline of the research will be shown. It describes the research context
followed by the problem definition which are used to create the problem analyses and the
research questions. With these elements the research objective and design are formulated.
Finally, the reading guide is explained.

1.1.Research context
The current Dutch housing shortage in the Netherlands has reached 300.000 houses and is
causing sharp price increases. The market therefore demands 1 million new houses in 10
years. To reach this target, the production level needs to be increased from 71.000 new
houses per year to a possible 120.000 houses per year to reach an average of 1 million houses
in 10 years (Aedes vereninging van woningcorporaties, 2021). This will lead to a higher
demand for materials and resources. The materials that are currently used in the construction
sector are natural resources and non-renewable (IEEE Spectrum, 1993). Using more of these
materials will increase the rate at which material sources are depleted. Current construction
methods are losing the materials for future use (Hazell, 2013).
The construction industry needs to move away from this linear approach of production to a
more circular approach (Prince Antwi-AfariS. Thomas Ng, 2021). The linear approach is based
on the conversion of raw materials into waste and pollution and the depletion of natural
sources (Peter Jones, 2018). The European Environment Agency has identified construction
and demolition as one of five priority areas in the transition to a circular economy (Peter Jones,
2018). Implementing the principles of reduce, reuse, and recycle, founded in the circular
economy, into the way we work with building materials can greatly help the construction
industry alleviate some of the environmental pressures that arise. Recycling is currently the
most considered approach in these 3r's, but this is the least beneficial when it comes to
reducing environmental pressure (W. Haas, 2015).
Katherine 2017 concluded that there is a general lack of knowledge about what can be done
with products at the end of their life. (Katherine Tebbatt Adams, 2017). This in turn causes
incentives to use secondary materials. Reusing a component that was designed years ago
comes with challenges such as insurance and warranty. Investments need to be made to
ensure that the materials are sound. This in turn affects the financial value of using used
materials (Katherine Tebbatt Adams, 2017). It can be concluded that reusability of materials
is grounded in the design phase of the building and that buildings that are already designed
for reusability are the best starting point for closing the loop. To this end, a model will be
created to evaluate all the factors involved in the as-built value. The factors will be modelled
as flows into the value of these construction products or materials. The factors will be based
on the finding of the literature review about the potential influences of stock value. This
framework will determine the reusability of the building and the reuse value compared to the
original stock value. This should provide more incentives and financial motivation for the reuse
of stock elements (construction products or materials).
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1.2.Research problem
In this research the focus will be on two levels of construction. The ‘’Bouwproduct’’ or
construction product and the material. When looking at raw materials or elements, a different
set of factors are needed. The ‘Circulair Bouwen in 2023’-group (CB23) defined 7 layers in the
possible data passport for the construction sector from area to raw material as seen in Figure
1. It described the complete pool of layers that are defined and can be separately investigated.
The focus for this research will be on the layers ‘Construction products’ and ‘Materials’. These
are between ‘Raw materials’ and ‘Elements’ which are outside the scope of the research
(Platform CB’23 Leidraad, n.d.). With raw materials the focus will be too much on the ‘’stock’’
prices of materials like gold and other metals. On the other end there are elements which are
going to much towards prefab elements. Seeing that the focus is on existing built environment
this is not yet interesting due to the verry small chance a prefab house is already being
scrapped seeing it is a ‘’ferly’’ new development which normally will be reused in a business
model.

Figure 1 Scale for layers in a construction object (Platform CB’23, 2020)

1.2.1. Problem analysis
To make the circular economy a reality there needs to be greater acceptance in the market on
both the supply and demand side (FIEC, 2021). Circularity has rapidly grown on the priority list
of contractors and professionals working in the field of construction, but it is still struggling to
pick up momentum since industry is still trying to build in a more traditional sense (UK green
building council, 2021). This is due to the reason that property investors are struggling to have
a valid business model to calculate cost with circularity and see what it will do to their
investment (UK green building council, 2021). With the combination of unforeseen cost and
revenue it is easier to divert back into the old habits.
In this research we will look at a part of this unknown business model. In the current
construction industry, there is a looming shortage of materials. The prices are going up and
the delivery time has quadrupled (Cobouw, 2021) ; a lot of projects are stagnating due to these
circumstances. Circularity can help by reusing materials and bringing them back into the cycle.
14

Before this can be done, it is important to know the value of these construction products.
Different factors influence the value of the materials and construction products.
When these factors can be foreseen, a certain ability arises that gives existing materials a value
in their reuse capabilities over time and this will strengthen the willingness to use a circular
approach towards development and construction due to the inclusion of circularity in the
business model. In this research the focus will be on making a framework to map the value
development of construction materials in existing buildings and new developments over time.
Different technologies are created to map existing buildings and create a Building Information
Modeling (or BIM in short) model of an existing building. This will be needed to create the
desired data to assess the framework. It does however take an extra investment due to the
high modeling effort that is needed to create semantic BIM objects and the handling of
uncertain data (Rebekka Volk, 2014). But when the model is created the desired data can be
extracted.

1.2.2. Research question
Main research question:
How do various factors influence the residual value of construction products in the
built environment over time, and can these be used to speed up the transition to a
circular economy by working with System Dynamics?
Sub question:
•
•
•
•
•

How does the built environment currently calculate the residual value of materials
in existing buildings?
What influences the value (or/and residual value) of construction products and
materials (like machined wood or a prefab door) negatively or positively over time?
What is the difference in importance one factor or influencer has on the value as
compared to others?
How can system dynamics help in predicting the value of materials and buildings
in 5, 15 or 30 years?
How can a framework for assessing the residual value of materials and existing
buildings help in boosting the circular economy in the built environment?

1.2.3. Research objectives
The current existing construction environment has a potential value for the circular economy
that cannot be determined at this point. The main objective of the research is to create a
framework that can be a start in determining the exact value of materials and buildings in the
current construction environment. With this framework, the influencing factors will be
mapped and analyzed over a 5, 15, 30-year period to try and determine their direction in
impacting the value of the material and construction products. The framework will be set up
in a system dynamics approach. System dynamics is used for long-term strategic modeling
(source) and can help narrow down the main path the value will take. System dynamics is a
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method that will help with finding the links between different influencers of the residual value.
The form or program that will be chosen to model the systems dynamics will be in consultation
with Heijmans since their wish is to couple the model with the data in their material passport.
Also, Heijmans intends to use the capability for further development after the graduation
research is done.

1.3. Research design
To answer the research question, the Empirical research cycle will be used. The steps that are
done in this cycle are observation, induction, deduction, testing, and evaluation. The empirical
research is chosen due to the dynamic process of hypothesizing about the factors that
influence the residual value of existing buildings and materials and further checking/testing
this with data gathered by Heijmans in their large database.
The research will be qualitative research. To find the right factors that are needed to
determine the residual value and build the framework, interviews will be held with colleges of
Heijmans both in the construction sector and in the infrastructure sector. To further advance
the data there will also be brainstorm sessions/interviews held with partners of Heijmans that
are more advanced in the topic of calculating the residual value.
The outcome of the research will be based on existing research and the knowledge of
Heijmans employees and/or partners in the sector. The research will find the factors that
influence the residual value of existing real estate and determine if these factors can positively
or negatively influence the value. This will be based on past projects and the experience of
stakeholders which is why the research will be qualitative. The data will be gathered through
literature, interviews, and brainstorm sessions with involved parties. To analyze the
qualitative data gathered in the interviews, one of the following tools will be used: NVivo,
Atlas.ti, or Provalis research text analytics software. These will help with the interpretation of
the text and the transcription analysis (Predictive analytics today, 2021).
The existing data collection of Heijmans will also be used to analyze the involvement of factors
in the value development. The developed framework based on the factors that were found
through theory and interviews is then validated through a case study done on one of Heijmans
more evolved projects. This can be one of their housing concepts or one of the many
commercial projects for which lots of data is available. Due to the possible outcome in the
framework, it will not be certain which project will be more suited to use in this case study.
The project will be chosen in consultation with the supervisors and Heijmans after the
formulation of the framework. The project needs to have the right data to explain the value
development. Housing projects at Heijmans are nearly 20 years old and are elaborated on
many times. The available data set and BIM models could explain the value development over
time.
To clarify the process, a research framework is developed and depicted in Figure 2 at the end
of this chapter. It starts with the data gathering both by literature and an interview series,
followed by the analyzation of the data from both before a framework is developed and
validated.
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The interviews with stakeholders will be about the current knowledge available in the field of
material reusing, followed by the steps taken to work as environmentally friendly as possible
in the projects. There will also be people that are currently working on the same topic. In these
interviews it is key to gather as much information about their approach and knowledge over
the subject of material usage.

Figure 2 Research design
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1.4.Reading guide
In the first chapter, the background of the research was explained, along with the problem
definition, research questions and research design. In the second chapter, a literature review
is conducted to further investigate the background of the circular economy and the theory of
residual value and how it is currently used and influenced. The final part of the literature
review focuses on the system dynamics and theory behind creating a sophisticated framework
to explain the various influencing factors.
Chapter three explains the methodology behind the empirical research cycle. It describes the
research steps that were undertaken and is therefore the guide for chapters 4 and 5. Chapter
four brings together the findings of the expert interviews with the literature to draw an interim
conclusion on the factors that influence residual value.
The result of chapter four is used together with the literature in chapter two in chapter five to
provide a framework to show the influence of different factors on residual value. This in turn
is then validated by the case study in chapter 6. When finally, a conclusion is drawn in Chapter
6 by answering the research questions and identifying the limitations of the research and the
recommendations are given for further research.
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2. Literature review
The research is based on the theory of circularity. By closing the loop, a more sustainable
future can be created for future generations. To do this, it is important to understand the idea
and theory behind the circular economy, which is defined by the US Chamber Commerce
Foundation as a “restorative model that decouples economic growth from natural resource
consumption and emphasizes longevity, reuse, and recycling” (US chamber foundation, 2018).
All resources and energy are renewable and regenerative, long-lived resources are endlessly
recycled in supply chains, and waste does not exist. In the first part of this chapter, this
definition is further elaborated on and the link to the built environment is explained. The
second part of the literature review explains the residual value principle and discusses current
practices for determining residual value. As last the literature review addresses the framework
and theory for establishing an appropriate and clear framework for determining the
influencing factors using system dynamics.

2.1. The circular economy
The concept of circular economy is based on the theory of nonlinear systems (Macarthur, n.d.a). A circular economy system replaces business models with an "end-of-life"-approach to a
business model with a more sustainable approach. CB23 defines end-of-life as ‘’an action with
a product that has reached the end of its life and has become a residual stream so that it can
either be reused as a product or material or processed as waste.’’ (Lexicon Circulair Bouwen
Platform CB’23-Actieteam Framework, n.d.-a). By reusing, recycling, reducing, and recovering
materials in the production and distribution process, the McArthur Foundation argues that
the circular economy is a continuous, positive cycle of development to keep materials at their
highest possible level.

2.1.1. Linear economy
The Ellen Macarthur Foundation argues that continuing to operate in a linear fashion will
eventually deplete all our material reserves and help us reach the invertible ending of society
(Ellen MacArthur Foundation, 2012). The Centraal Bureau voor de Statistiek (CBS) has found
that the construction industry is the largest producer of waste compared to other industries.
Roughly 25% of all waste produced in the Netherlands comes from the construction industry,
around 11 billion kilograms per year. This does not include waste generated during the
demolition of buildings. It comes from the production and handling of new products, such as
packaging, and intermediate constructions during the process. If we also take demolition into
account, the construction industry generates 50% of the total waste in the Netherlands
(Delahaye, 2019)
In economics, different production flows can be distinguished. Linear and circular. The
difference is mainly described by responsibility. In the linear production cycle, no one in the
production chain is responsible for the consequences of his/her work. When the product goes
to the consumer, the product is no longer the responsibility of the producer. There is no law
or regulation that says the producer is responsible for recycling or reusing the product when
it is no longer useful to the current user.
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In linear industry, the main goal is to produce products as cheaply as possible. This to keep
profits high. Compared to the circular economy, where there is an opportunity to reuse
products and associate value to this reuse, the cost of production can be higher. In a closed
loop, the product is available to be used for eternity (Rau Architects & Thomas van Bergen,
n.d.-a). This changes the approach to production processes.
Innovation and optimization are very important to keep up with the world and make profits.
The design, production, distribution, and sales process are well thought out. This is because
they are at the heart of the value hill shown in Figure 3. By extracting resources from the earth,
refining them for manufacturing, assembling them into products, and distributing them to
consumers, value is added at each step. But after the consumer buys the product, the value
goes downhill. The industry is focused on selling as many products as possible because that's
where the revenue comes from. This is an opportunity for designers to create products with
a short lifespan to ensure that consumers must buy a new product relatively quickly. The
products go into the trash and what little value is left is destroyed. At this point the mountain
of value starts all over again (Heideveld Johnny Kerkhof Aglaia Fischer, n.d.).

Figure 3 Value hill (Heideveld Johnny Kerkhof Aglaia Fischer, n.d.)

On the right side of the value hill shown in Figure 3, the circular economy focuses mainly on
making a difference. By retaining the value and reusing the product there is no need to add
new raw materials (Symposium TNO, n.d.).
There is an important note regarding circularity. When an object is recycled at the end of its
life, it is not 100% circular. There are various gradations in this process. The recycling process
changes the purpose of the product and adds or subtracts value from the product to create a
new product. This product creates waste and therefore value (Rau Architects & Thomas van
Bergen, n.d.). Therefore, it is important to have the R-ladder (described in figure 10) in mind
when assessing the change from linear to circular workings. These different degradation
processes are explained in more detail in the next paragraph.
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2.1.2. Circular economy
Products, components, and materials are restored into the market at the highest possible quality
and for as long as possible, through repair and maintenance, reuse, refurbishment, remanufacture
and ultimately recycling.
- Ellen MacArthur Foundation -

The design and production process will be more efficient if the producer is responsible for the.
repurposing of the product. As the value of the product will not leave the market this in turn
lowers the demand for new materials (Rau Architects & Thomas van Bergen, n.d.-a).
Forty percent of all material consumption is in the construction sector (Loppies, 2015). By
allowing products to be restored, repaired, reused, refurbished, or remanufactured to their
best form and quality, as described by the Ellen MacArthur Foundation, natural resource
consumption can be significantly reduced.
Figure 4 explains the different cycles from the Ellen MacArthur Foundation. In Figure 4 three
parts can be seen: a two-fold butterfly model together with a linear model. The butterfly
model has two main cycles, the technical cycle, and the biological cycle. The technical cycle
shown on the right side of the figure consists mainly of management. Through reuse,
repurposing, remanufacturing, and recycling, two of these principles are represented: the
conservation of natural resources and the circulation of products, components, and materials
to keep them in their best possible form. The biological cycle shown on the left side aims to
represent the cycles of renewable resources. These two cycles cannot overlap in any way due
to their nature in materials. Biological materials can be brought back to earth where synthetic
material from the technical cycle need to cycle indefinitely. The technical cycle shows five
different outcomes for the product after the current user is done with the product. E.g.,
maintenance, reuse/redistribution, refurbishment/recovery, and recycling. These can be
considered as the different gradations of the circular economy. The smaller the cycle, the
better the residual value of the product. This is because little energy and material is needed
to reuse the product (Ellen MacArthur Foundation, 2012).
In addition to the technical cycle, and biological cycle, there is a linear model that is
represented by the economic model from top to bottom; from design to landfill. It starts with
the extraction of new materials, which are then processed into parts. The parts become a
product and the product becomes a service. When the user no longer needs the product, it is
delivered to an energy recovery facility. The product that is left over from the energy recovery
plant is then sent to a landfill. Compared to the technical and biological model, where loops
are fed back to the process steps, this is an end-to-end model (M.M., 2018).
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The Ellen Macarthur foundation identifies three main core principles using the model:

1. Saving the natural resources by trying to find a balance between new and renewable
resources.
2. Circulating products, components, and materials in their highest possible form through
the technical and biological circle to optimize their potential.
3. Encouraging system effectiveness by uncovering and designing away negative
externalities (Macarthur, n.d.-b).

Figure 4 Circular economy model (Ellen MacArthur Foundation, 2012)

2.1.3. Circularity principles
The three main principles in the last paragraph of the previous section can be further sub
divided in the7 principles. These principles are based on different sources and have different
meanings and goals compared to each other. They are introduced to make the core principles
measurable and to offer additional context to the idea of circulation.
-

Design out waste.

Designing for disassembly and reprocessing are two terms used when the design process
focuses on biological and engineering components that fit into a biological or engineering
material cycle. Biological means that the material is disposed of through composting and
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leaves no waste or toxic elements. The technical elements must be designed so that they can
be reused in their current quality or with minimal energy consumption (Macarthur, n.d.-b).
-

Construction resilience through diversity.

Modularity, versatility, and adaptability are valued features that should be prioritized in an
uncertain and rapidly evolving world. Diverse systems with many connections and scales are
more resilient to external shocks than systems built simply for efficiency – extreme design
maximization leads to vulnerability. Michael Braungart affirms: “Natural systems support
resilient abundance by adapting to their environment with an infinite mix of diversity,
uniformity, and complexity. The industrial revolution and globalization focused on uniformity,
which often makes our systems unstable. To remedy that, we can create products with the
same flair for resilience by using successful natural systems as models.’’
-

Rely on energy from renewable sources.

“Any circular story should start by looking into the energy that is consumed in the production
process” -Energy companyThere should always be an aim on efficiency in energy consumption and labor energy to make
the production circular. These are the two biggest parts of the production process (Macarthur,
n.d.-b).
-

Think in ‘systems.

A small change can have a big impact later. Therefore, it is important to always think in terms
of systems and analyze the relationships between the big picture and the small parts. In such
systems, the combination of imprecise initial conditions and feedback leads to multiple, often
surprising consequences and to outcomes that are not necessarily proportional to the input.
Systems thinking can emphasize flow and connection over time and can recognize patterns in
processes to respond more quickly instead of limiting oneself to only short-term parts.
-

Waste is food.

When looking at the biological materials there is not only the opportunity of composting but
also the ability to reintroduce products and materials into new cycles in the biosphere. This
can be in the application of food. Therefore, the waste is converted into energy without
burning it (Macarthur, n.d.-b).
-

Think in cascades.

This property explicitly describes biological materials. To creating value in biological cycles, it
is essential to have opportunities to extract additional value of products and materials by
running them through additional applications (Ellen MacArthur Foundation, 2012).
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These 7 principles represent the purpose and goal of circularity. If these 7 principles are
considered in the development of the framework, a circular basis can be created. Further
development of these principles will be shown in later chapters of this research.
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2.1.4. Why residual value assessment?
There is an important link between residual value and the circular economy, which we will
explain in more detail in this paragraph. In the Netherlands there is currently a problem
between supply and demand of building materials, as can be seen in Figure 5. In this figure
the demand and supply of building materials for each province is shown. On average this ratio
in the Netherlands is about 3:1; the demand is three times higher than the supply of building
materials (kg material used per province) (Nl, n.d.) Where for instance Noord Holland supply’s
15 000 000 tons of material but needs about 150 000 000 tons of material. That is factor 10.

Figure 5 Supply and demand of construction materials in the Netherlands

One of the ways to close this gap is to reuse materials at the end of a building's life, rather
than demolishing it completely. With current construction methods, there is little opportunity
to move from demolition to disassembly because of the way the building is constructed. It is
therefore important to consider this at the design and development stage. This ensures that
higher levels on the R-ladder (described in figure 10) can be achieved than just recycling. The
residual value calculation can be an important trigger to determine whether it is necessary to
consider going from demolition towards disassembly at the design stage (Symposium TNO,
n.d.).
The R-ladder defines different levels of reuse. It is important to keep the level as high as
possible to get as much value as possible. The 10 Rs are divided into three categories
(Morseletto, 2020):
-

Smarter product use and manufacture (R0-R2): these three Rs are at the top of the list
with refuse, rethink and reduce. These R's are considered at the product development
stage to try and create a circular system up front.
Extend the life of the product and its parts (R3-R7): this category is the middle ground
of the ladder with reuse, repair, refurbish, remanufacture, and repurpose strategies.
They aim to keep goods in the economic cycle longer and improve or maintain their
value.
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-

Useful application of materials (R9-R8): this category is the lowest on the ladder of
recovery and recycling. It is a category above landfilling and incineration without
recovery. It refers to the use of materials of the same or lower quality and the
incineration of waste for heat recovery.

The 10 R’s and their explanation are explained in Figure 6, where the R-ladder is shown.

Figure 6 10 Rs on the circularity ladder (Ellen MacArthur Foundation, 2012)

Apart from the depletion of earthly resources, the Dutch Law and Legislation has set a target
to reduce the use of new building materials by 50% by 2050 and to make it fully circular by
the year 2050. This is to promote the transition from a linear to a fully circular economy
(Nederland Circulair in 2050, n.d.) In current practice, there is only management of
construction and demolition waste which puts the level of circular economy at the bottom of
the ladder in R8 (Platform CB’23 Leidraad, n.d.).
The consulting, advising, and auditing firm Deloitte has calculated that the transition to a fully
circular business model can generate €1.800 billion in additional revenue for the economy
between now and 2030 (Rau Rau Architects & Thomas van Bergen, n.d.-a). The nederlandse
organisatie voor Toegepast Natuurwetenschappelijk Onderzoek (TNO) adds that the new way
of working offers the opportunity for 54.000 new jobs (Symposium TNO, n.d.). This leads to an
additional economic stimulus of 7.3 billion euros per year.
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2.1.5. Circular economy in the construction environment
The goal of the circular economy is to reduce the consumption of raw materials, energy, and
waste. The construction industry is one of the five industries with the highest energy
consumption, followed by food production and metal industry (Hamilton, 2020). These
industries have high energy consumption due to the heat required for metal production and
high levels of toxicity due to the pesticides used in the food industry. The construction
industry, on the other hand, is a leader in waste production. To move forward in the circular
economy, it is important to focus on waste management in the construction industry. It is
estimated that the construction industry's consumption of raw materials will increase by as
much as more than one-third of global consumption; every day a city the size of Paris is built
(Hamilton, 2020).
Figure 7 shows how the circular approach combined with the R-ladder can be implied to the
construction sector. In this diagram, four steps are mentioned for the reuse of construction
elements and products:
-

Maintain & Reuse: with timely and planned maintenance, many core elements can be
kept at their highest value level during the exploration phase. Take paint on window
frames for example, if the paint is maintained, the wood frame will not deteriorate.
Repair: small repairs to the building or material can maintain value through use and
reusability. This requires some additional energy and products due to the repairs that
are necessary.
Reprocessing: using the products from the building to make new products. This can
reduce the demand for new materials and retain as much value as possible.
Recycle: if all options are not possible, there is also the option of breaking down the
building into its raw materials and using them to make new products. In this way, much
of the value is eliminated, but some new raw materials are not used.

The key is to keep the elements of a construction at its highest level. That would be
maintenance and reuse, followed by repair, remanufacture, and recycling. With each layer,
more raw materials and energy must be added to maintain the value.

Figure 7 The Circular Economy in the BE; Waste Less, Reuse More | Hickok Cole, 2020
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As described in the introduction, this study will focus on the ''bouw product'' or building
product and the material. The CB23 defines 7 levels in the possible data passport for the
construction sector, as can be seen in Figure 8, from the surface to the raw material. These
are located between raw materials and elements that are outside the scope of the research
as was discussed in the introduction (Platform CB’23 Leidraad, n.d.)

Figure 8 Scale for layers in a construction object (Platform CB’23, 2020)

If we look at a building these construction products and materials can be coming from
different places in the building. Stewart brand defined six possible layers: Site, structure, skin,
services, space plan, and stuff (Circulair Waarderen, n.d.). As shown in figure 9, each layer has
a different life span, how larger the lifespan how less interesting it is to look at the reusability.
To compare an element that has a lifespan of 300 years is 100 times more circular than an
element with a lifespan of 3 years since every 3 years new resources need to be gathered to
replace the desired element.

Figure 9 Stewart brand model of building layers brand (brand, 1995)
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2.2. Determining the residual value
In this part of the literature review, the focus is on residual value. The review will examine the
residual value for building materials 5, 10 or 15 years after their initial use in the building. To
determine this, we will first look at the definition and theory of residual value. The residual
value calculator, and factors affecting residual value follow later in the chapter.

2.2.1. Residual value
Circular construction is a method of construction that serves the well-being of people and the
planet (Circulair Waarderen, n.d.). Reuse is one of the best elements on the circular ladder as
all the value is contained in the built environment and no new value needs to be added in the
form of new raw materials (Symposium TNO, n.d.). The definition of residual value is new and
can be defined in different ways, ranging from conceptual to more specific calculations:
-

-

TNO defines the residual value as ‘’the financial value (that is determined up front) for
the end of its lifetime’’ (Symposium TNO, n.d.).
Deloitte defined the value as the ‘’Future value’’. It is the value of a material corrected
by demolition, disassembly, transport cost and the repurposing cost. Residual value is
the accounting approach of the proceeds of an asset (such as a building) at the end of
the economic period lifespan.
The residual value, also known as a salvage value, is the estimated value of a fixed asset
at the end of its lease term or useful life (Circulair Waarderen, n.d.).
Residual value is the market value of products and raw materials at the end of their
useful life or technical life (Lexicon Circulair Bouwen Platform CB’23-Actieteam
Framework, n.d.-b).

All definitions use the terms "end-of-life" or "end-of-useless-life". This attempts to determine
the value a material has before it can be used for a new building or function. This means that
the end of its useful life has not been reached, but that the material is no longer needed in its
current function.
With this side node in mind, we will use TNO's definition for further assumptions in the
research.
TNO defines the residual value by the model in figure 10. If we look at that model, we can see
that the residual value is made up of the material value and the bandwidth. If the repair,
transport, disassembly, and other cost are added to this we get the price of the new product.
The bandwidth depends on the state of the product. This is turn is determined by the technical
state (quality, detachability, toxity., etc.) of the product. In the core example visualized in
figure 10 the residual value is at least €10 (material value) and at best €45 (new price – costs
of €55).
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Figure 10 Residual value determination

Residual value is often confused with the material value of a building. Although the meaning
is correct, it is only a part of the residual value. Material value is the value of all the raw
materials that were used in the building (Rau Rau Architects & Thomas van Bergen, n.d.-a).
After these raw materials are gathered to construct the building, a lot of energy is used to put
it all together. This energy is not easy to quantify. With TNO's residual value calculator, for
example. They try to quantify the value and look at how much ‘’energy’’ is left to determine
the residual value.
The core definition of residual value can be set in words or in formula form:
TNO defines the residual value as the financial value (that is determined up front) for
the end of its lifetime (Symposium TNO, n.d.).
Or
Price new product – disassembly cost – transport cost – repair cost – other cost =
Residual value
The residual value is their fore the financial value a product has left on the end of its lifetime
determined up front.
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2.2.2. Residual value calculator
To make circular building a standard practice, an economic assessment of its circular nature is
essential. There is no clear method in the literature to determine the residual value in the
building environment. Current practice is mainly economic valuation based on comparison in
the neighborhood. The element of circularity is missing from this valuation and cannot be
easily incorporated into the valuation, which ties the hands of the evaluator. Although
investors are more interested in the circularity evaluation when buying property. The
traditional valuation method of looking at willingness to pay is still leading the planning
strategy (Circulair Waarderen, n.d.)
TNO has developed the residual value calculator to try to determine the value at the end of
the life of a building. TNO is now the most advanced in the residual value calculation. It tries
to determine the product value instead of the material value (Symposium TNO, n.d.). They are
trying to capture the loss of value added, as they call it. At any point in time, the residual value
calculator shows the user the product, component value of their property portfolio (Ommen,
2021). This value is highly dependent on design and construction factors such as separability
and maintenance, but there are many other factors that influence value that we will explore
later in the literature review.
TNO residual value calculator subtracts the cost of disassembly, maintenance, rebuild,
transportation, and logistics from the material value. The calculator will calculate the value
that remains after additional energy is expended to reuse the element (as visualized in Figure
11 layer on layer). By determining this value, the circular economy element can be added to
the valuation method at an investment point.

Figure 11 TNO residual value calculator explanation

31

In a recent paper published by Copper 8, they defined a few core problems that are often
overlooked in the value calculations:
- Product and material value is determined by calculating the price of materials,
disassembly costs, logistical costs, and inventory. But the determination of residual
value goes further.
- Value is determined at the end of the first life of materials that are not designed for
easy disassembly, which increases disassembly costs.
They also divide value into 4 categories, all of which are important to evaluate, but all of which
are viewed from a different perspective (Circulair Waarderen, n.d.):
-

Functional value: it defines the purpose of the building, the degree of adaptability of
the building and the possible future uses of the building. This factor is very conceptual
and not easily measured.
Technical value: the ability to use the material more than once in another life and the
factors that may affect this. Longevity, toxicity of materials, standardization,
removability into elements and layers. These factors are easier to quantify.
Economic value: this layer is part of the residual value as defined by Deloitte. The value
that is required for accounting purposes.
Social value: The importance to the environment and the people who use it.

The coherence of these different elements is very important to make a complete evaluation
of the materials or products in a building. Figure 12 shows the coherence between these
elements at three levels of a project ((Circulair Waarderen, n.d.). From left to right functional,
technical, (cost), economic, and social value are pictured with the three main levels from top
to bottom object, part, and material level.

Figure 12 Value on different levels

32

2.2.3. Influencing the residual value
Recall that the aim of this research is to provide a framework that can determine the residual
value of building materials. To do this, it is necessary to identify the factors that affect the
residual value. The research will identify potential factors through expert interviews. In this
chapter, we will identify the key factors that determine the residual value by literature.
TNO's residual value calculator is based on deducting dismantling costs, maintenance costs,
rebuilding costs, transport, and logistics costs from the material value. In this chapter we
distinguish between factors that influence the material value and factors that influence the
dismantling costs, maintenance costs, rebuilding costs, transport costs and logistics costs. The
largest part of the value is the material value. This is the value from which all the costs of
transporting the material or product to its new location are deducted. The following factors
are defined in the literature as factors that can influence the material value:
-

Supply and demand,

The rule of supply and demand governs price. When there is great demand but little
supply, prices rise. When supply increases, the market is flooded, and prices fall (Utmani,
2021). For sufficient reuse, supply and demand must be high to allow the architect to
choose the design and meet the requirements set to compete with newly produced
materials (Beurskens, n.d.). If there is not enough secondhand material available, it is more
difficult to meet the requirements than with new materials.
-

Certification

Ensuring quality is an important factor in eliminating risks when using second-hand
materials. Specification and certification save time in the approval process for used
materials (Beurskens, n.d.). If additional tests are required to determine the strength of
the materials, a lot of additional costs are incurred which are deducted from the reuse
value (Hobbs, 2017)
-

Willingness

Customers must be willing to commit to used building products. There are still reservations
about used materials because they are not good enough, even if they have been tested.
This is also indicated in the MKI score, these is still high enough to decline the second-hand
materials (Platform CB’23 Leidraad, n.d.). Hosseini described architects as key decision
makers in this process who can have a significant impact on the type of building products
used. This is because builders tend to listen to their architect in such situations (Hosseini,
2014)
-

Standardization

Standardizing measurements creates consistency in the use of second-hand materials.
Even though it helps in economic terms when a product is uniform, it drives up the price
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(Circulair Waarderen, n.d.). Not only standardization in measurements is important but
also in connection types (Beurskens, n.d.).
-

Toxicity

Toxicity in materials can render the product unusable if removed from existing buildings.
It can even lead to a very costly removal process due to the mandated handling of toxic
materials (Circulair Waarderen, n.d.). Toxicity begins with good documentation of the
materials used, both in design and manufacture. This is because toxicity is only detectable
during disassembly. If proper documentation is used, a decision can be made in advance
as to whether the material should be used (Heijer, 2020)
-

Development

Technological advancement is a continuous process of introducing smarter products into
the development process. These advances are indirectly linked to the development of
residual value, as current development is working towards a circular economy (Platform
CB’23 Leidraad, n.d.).
-

Material quality

Material quality is important to maintain the value of used materials. This ensures that no
new material is added, as in the recycling process (Beurskens, n.d.). (Beurskens, n.d.).
(Beurskens, n.d.). (Beurskens, n.d.). (Beurskens, n.d.). Quality is also related to time: the
higher the material value, the better the material retains its value (Circo., 2020) (Meuffels,
2021).
-

Law and regulations

Law is coupled with certification of construction, before examining the possible reuse, it is
also important to check with local legislation to make sure reuse is allowed. Since the CE
(Conformité Européenne) labeling and bouwbesluit is not used to working with used
materials, it is not used in their regulation (Meuffels, Circulaire materialen in de bouw.,
2021). This takes away the added value of it being non-negotiable. An additional note is
that laws and regulations can later be used to encourage reuse by mandating it (Van Dijk,
2018).
To keep the material value as high as possible it is possible by getting a high material value
through the previous described factors or to lower the costs that will be subtracted from the
material value by looking at the following factors:
-

Logistics

The logistical process is important to avoid unnecessary handling of products or duplicate
transportation. This process must be as efficient as possible to keep costs down. For
example, by handling and sorting the elements directly onsite (Beurskens, n.d.). Scale is an
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important factor within logistics to ensure marginal cost position to fetch better prices due
to large quantities (Macarthur, n.d.-c).
-

Disassembly

Alba concepts has published a ''losmaakbaarheids-index'' (disassembly index) that rates
the degree of disassembly of a design. If it scores high, it ensures quick and easy
disassembly of materials (Circulair Waarderen, n.d.). Disassembly is one of the core
elements in the reusability not only as a goal but as a core element to enable the circular
economy (CIRCULAR BUILDINGS MEETMETHODIEK LOSMAAKBAARHEID VERSIE 2.0, n.d.).
When aiming for high-value reuse disassembly and design for deconstruction need to be
the base in the design of a building project (Durmisevic, 2006).
-

Adaptivity

Adaptability in layers increases the degree of adaptability of the building or materials when
the building is dismantled (Circulair Waarderen, n.d.). Reuse is easier done when objects
are designed as dynamic structures. The initial application can be used again in other
purposes. High-value reuse is optimal when performed in the same application (Circo.,
2020).
-

Geographical

The demand and supply of second-hand materials may occur with a time lag. This means
that there is always a logistical challenge. Geographical location plays an important role in
collection, reprocessing, transportation, and reuse to keep logistical costs low (Beurskens,
n.d.). Apart from logistical challenges that may occur due to geographical specifications,
there is also the difference between law and regulations in the geographical climate. In
the research there is no focus on international scale (Park, 2014).
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2.3.System Dynamics
In this part of the literature review the focus will be on system dynamics and the method
behind designing a complex model that depicts the influence different factors have on the
residual value and the relationship amongst the different factors. The execution of this model
will be done in chapter 5. In this chapter we will look at the method and background of system
dynamics followed by the modeling technique of system dynamics.

2.3.1. System Dynamics
System dynamics (SD) is a method developed in the 1950s for corporate managers to improve
their understanding of industrial processes. It is a modeling method to capture the complex
issues and problems and create a deeper understanding of underlying dynamics. The current
usage is mainly focused on the analyzation and design of policies (Taylor, 2008).
SD is part of the system theory which is a method to understand the dynamic behavior of
components but also the relationship between these components. The basics lay in the
structure of many circulars, interlocking and time-delayed relationships among components
(Taylor, 2008). Applications can be:
-

Chaos theory: an interdisciplinary scientific theory focused on underlaying highly
sensitive initial conditions in dynamics systems that where initially foreseen as
completely random events (Encyclopedia britannica, 2019). Chaos theory states that
the underlaying system always has feedback loops and repetition (Fractal foundation,
2019).

-

Social dynamics: a study into behavior of groups viewed from the perspective of
individual group members to study the relationship between individual interactions
and behavior (Durlauf & Young, 2001).

An important note to this is that it is sometimes impossible to look at the relationships of
components without looking at the relationship of the whole to capture all existing
relationships. Especially the relationships that cannot be explained on component level
(Taylor, 2008).
System dynamics has different applications in a wide range of fields that normally interact
strongly with each other (F. H. A. Rahim, 2017). In a management application, SD has different
applications as determined by the system dynamics society. Coaching system thinking reflexes
for persons being coached. Analyze and comparison of assumptions about mental models and
their function, get insight into the consequences of a decision and lastly to recognize
dysfunction systems (Taylor, 2008).
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2.3.2. Tools in system Dynamics
Feedback is one of the core concepts in system dynamics although often forgotten. System
dynamics uses several tools to determine the structure of a system. This can be done by causal
loop diagrams and stock and flow maps (Sterman, 2000). In this paragraph the causal loop
diagrams and stock and flow diagrams will be explained with their guidelines, pitfalls, and
examples.
‘’System dynamics is a perspective and set of conceptual tools that enable us to understand
the structure and dynamics of complex systems. System Dynamics is also a rigorous modeling
method that enables us to build formal computer simulations of complex systems and use them
to design more effective policies and organizations.’’ (Vijay, 2001)
System dynamics is a modeling method that focusses on the main key problems in the context
instead of all the small intermediate influencing factors (Vijay, 2001). This to enable the model
to capture the essence of the problem instead of looking at all the different side problems.
Causal loop diagrams (CLDs)
Causal loop diagrams are important in depicting feedback. With their excellent quality to
quickly capture origins of dynamics, capture mental models for teams or individuals, and
communicate the important feedback that is the cause to a problem.
A causal diagram consists of variable connections by arrows. These arrows show the influences
between variables. In Figure 13 the keys to the notation are shown. The variables are related
by causal links shown by arrows. Each causal link is assigned a polarity, either positive or
negative. To explain how the dependent variables relate to each other. Further important to
examine in a causal loop diagram are the identification through the many loop polarities.
When the polarity is negative the loop is balancing and when the loop is positive the loop is
reinforcing (Sterman, 2000).

Figure 13 Causal loop diagram notation (Sterman, 2000)
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Dynamics of Stock and flow diagrams
Stock and flow diagrams are used to explain and depict the interdependencies and feedback
processes. They are used effectively at the start of a modeling project to capture mental
models. They are there to explain the result of complete modeling efforts. Due to the
limitations in causal loop diagrams to show stock and flow diagrams the combination of CLD
and stock and flow diagrams together form the two central concepts of dynamic systems
theory (Sterman, 2000).
In Figure 14 the notations of stock and flow diagrams are depicted to explain the core of stock
and flow diagrams. Stocks are represented by rectangles, inflows and outflows are depicted
by arrows in and out of the rectangles. These in and outflows are controlled by valves to
manage the flow (Sterman, 2000).

Figure 14 Notations within stock and flow diagrams (Sterman, 2000)
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In Figure 15 the different representations of stock and flow diagrams are depicted each
containing the same information. The bathtub is the standard representation of a stock and
flow diagram that fills through an inflow and depletes through an outflowing valve. The
amount of water in the tub represents the stock (amount of water).

Figure 15 multiple representations of stock and flow diagrams (Sterman, 2000)

Figure 15 shows a simple example of how a system can be seen and modeled. Combined with
the principles of system dynamics it gives the ability to examine and model a system for later
adoption and optimization. The underlaying formulas can be entered and the results can be
calculated. This can be done on paper or by modeling, for example, by applying the Vensim
PLE software.
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2.4. Intermediate conclusion
The research is based on the theory of circularity. By closing the loop, a more sustainable
future can be created for future generations. To do this, it is important to understand the idea
and theory behind the circular economy, which is defined by the US Chamber Commerce
Foundation as a restorative model that decouples economic growth from natural resource
consumption and emphasizes longevity, reuse, and recycling (US chamber foundation, 2018).
All resources and energy are renewable and regenerative, long-lived resources are endlessly
recycled in supply chains, and waste does not exist. The concept of circular economy is based
on the theory of nonlinear systems (Macarthur, n.d.-a). A circular economy system replaces
business models with an "end-of-life" approach. To create one with a more sustainable
approach. The Ellen Macarthur Foundation argues that continuing to operate in a linear
fashion will eventually deplete all our material reserves and help us reach the invertible ending
of society (Ellen MacArthur Foundation, 2012). If the producer is responsible for the
repurposing of the product, the design and production process will be more efficient, and the
value of the product will not leave the market. This in turn lowers the demand for new
materials (Rau Architects & Thomas van Bergen, n.d.-a).
Reuse is one of the best elements on the circular ladder as all the value is contained in the
construction environment and no new value needs to be added in the form of new raw
materials (Symposium TNO, n.d.). Residual value is the market value of products and raw
materials at the end of their useful life or technical life (Lexicon Circular Bouwen Platform
CB’23-Actieteam Framework, n.d.-b). To make circular building a standard practice, an
economic assessment of its circular nature is essential. TNO has developed the residual value
calculator to try to determine the value at the end of the life of a building. Subtract the cost
of disassembly, maintenance, rebuild, transportation, and logistics from the material value.
The calculator will calculate the value that remains after additional energy is expended to
reuse the element.
System dynamics is part of the system theory that is a method to understand the dynamic
behavior of components but also the relationship between these components. The basics lay
in the structure of many circulars, interlocking and time-delayed relationships among
components (Taylor, 2008). System dynamics will be used to show the impact of certain
factors on the residual value. These three elements combined make up the necessary
literature to analyze and model the residual value.
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3. Methodology
In this chapter the methodology of this research is explained which will form the research
method for this thesis. This section shows how the various sections of this thesis bind together
to answer the main research question. Using the Generic Design Science Cycle, and the
different elements it contains, all different data collecting methods are discussed and the
further accompanying analyzation methods to answer the research question are included.
This section further contains a literature review, expert interviews, and the case study to
validate the results.

3.1. Generic Design Science Cycle
To tackle the main research question of this thesis, the Generic Design Science Cycle method
by Keskin, D., & Romme, S. (2020) will be used. This will be the method used to conduct the
research in the thesis. It contains four phases, also known as design principles. There are the
Explore, Synthesize, Create, and Evaluate phases. Illustrated in Figure 16, the 4 steps are
discussed individually in the next four paragraphs.

Figure 16 Generic Design Science Cycle.

3.1.1. Explore
The exploration phase is about finding out more about the topic. In this phase, the topic is
explored, and the boundaries of the problem space are defined. All theories and data are
examined to gather all available information about what the problem is and how it affects the
environment. This is usually done through a literature review that focuses on identifying the
causes and context of the problem in combination with possible limitations and opportunities
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in finding a solution. Additional field research can be conducted to understand the problem
from people's perspectives and why they do it or do not stop doing it "wrong."
In the research this will be done through a literature review and expert interviews.

3.1.2. Synthesize
Synthesize describes how ‘’it could be’’. It involves gaining insight through inductive and
abductive sensemaking to identify and make connections and create a mental model of the
design space (Kolko, 2010). This step helps formulate design requirements and design
principles by structuring large amounts of information based on the information gathered in
the exploration phase.

3.1.3. Create
How should it be like tomorrow? In the design phase, an attempt is made to determine the
desired situation. The design should meet the requirements and be tested against the
requirements. The requirements should be elicited, defined, and structured in a SMART
structure.
The next step in this process is to determine the direction of the solution and the design
parameters based on it. The basis of this step is the design of what does not yet exist. In this
phase the framework will be made.

3.1.4. Evaluate
In the evaluation phase, the solution is tested in practice or validated using a case study. The
purpose is to determine how well the solution works and to substantiate the design theory of
the quality of knowledge outcomes, and to make a comparison with other comparative
artifacts to see how this solution differs from others.
This is done through a case study.
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3.2. Literature review
The literature that is used for chapter 2 ‘’the literature review’’ is collected from different
sources. There are academic papers, books, articles, and PhD graduation reports. This
combined with webpages and brand-new report posted on LinkedIn make up the literature
that was used to describe the circular economy, the residual value and system dynamics.
Due to the network created within Heijmans on the topic of circularity combined with the
large information library created in Heijmans internally, the right direction when collecting
data was provided. A pool of circularity professionals created this data set and made sure it
was kept up to date. The key words residual value, material value, depreciation and
influencing factors were used within the database to look for the right information.

3.3. Expert interviews
Interviews with experts will be used as one of the main data sources when creating the system
dynamics model in chapter 5. The model is merely there to illustrate coherence between
factors within the material valuation. The interviews were used to gather the desired
information about these connections (What factor influences what aspect of the material or
product.) The interviews are used to gather insides, definitions, identify problems and
challenges concerning the topic of circularity and residual value. The interviews are also used
to validate the information found in the literature. The data from the interviews in
combination with the literature will eventually be used to determine the factors that influence
the residual value and the links between these factors. These will then be coupled to create a
model towards the residual value calculator. In the following paragraphs the interview design,
questions, participants, and the analyzation in the form of coding and transcription will be
discussed.
3.3.1. Interview design
The interviews are the main source of information for building a framework in Chapter 5, and
for this reason, two separate parts of the interview were created. The first part focuses on the
circular economy and the second part on residual value. The reasoning for this approach is to
validate the responses. It was chosen to first get a sense of their circular background and ideas,
to learn their basic knowledge of circularity and the challenges they are currently overcoming.
This serves to validate the answers given in the residual value section and determine if their
answers are adequate based on their general knowledge of circularity. This serves as
additional validation of the interviews and literature on circular economy. Table 1 shows the
desired objectives per topic of the interview.
Due to limited data on the topic of residual value, it was decided to conduct the interviews in
a semi-structured manner. A list of questions was created that allowed open-ended discussion
to create the opportunity to introduce new topics. This created the possibility, after the first
five interviews, to steer the next interviews in the direction of the previously gathered insights,
instead of sticking to a strict line of topics. The main disadvantage is that more energy is
needed to get all interviews into the same shape to create equality in the coding process later.

43

The main advantage is that, given the goal of answering the question but also gaining new
insights into the topic, all possible avenues are discussed or mentioned in the interviews. In
this way, a framework is created based on reality and not on knowledge previously gathered
through a literature study and inserted into an interview list.
Table 1 Goals of the general interview topics

Topic
Administrative
Circularity

Residual value

Idea/goal
To ask the expert in what format we can mention his name and
involvement in the thesis.
To gain insight in their general experience and knowledge about
circularity to create a starting point in evaluating their answers in the
section about residual value due to the limited literature about the
subject and the general insight that the answers are based on
experience
To find the factors that influence the residual value

3.3.2. Interview questions
As mentioned above, the interview consists of three parts that make up all the necessary
information. The first part consists of three questions about how the data will be handled later
in the paper. This includes naming the expert either by function, name or anonymously. Also,
a consent is recorded by the interviewer and information is gathered whether the participant
wants to see the transcription and quotes before final publication.
The next part is about the circular economy, focusing on gaining insights into their knowledge
of the circular economy. It's also meant to be an introduction for them to explain what they
are doing in the circular economy field and what challenges they identify.
The third part consists of the most important part of the interview; the questions about
residual value. Therefore, this part is also divided into three parts. First, the definition of
residual value, then the questions about the determination, the influences of residual value
and the impact that the residual value calculator will have on the circular economy. The last
part is about the factors that influence the residual value. The complete overview of all
questions can be found in Appendix 1. In Table 2, the objective and the task for each question
are explained in more detail.
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Table 2 List of goals per question

Topic
Circularity

Residual value

Question
What does your company do in
the field of circularity and what
are its challenges it is?
currently facing?
What is your personal experience
with circularity in your working
career?
Which challenges does the
industry
face
from
your
perspective?
Which challenges do you
recognize in material flows and
the supply and demand in?
the construction sectors?
How do you define residual
value?
What do you think that
determines the residual value?
What do you think that increases
the residual value?
What do you think lowers the
residual value?
Do you see residual value
calculation as a trigger in reusing
materials?
What factors can drastically
increase the usage of existing
materials and products?
From your experience and
opinion, what factors have
influence on the residual value
in general? Grade from most
important to least important.

Idea/goal
The goal is to get a sense of the
companies work and the day-to-day
activities.
This is used as a personal introduction.
Insight in the person.
Insight in the person.

Rest of the answers can be different due
to this answer.
Insight based on person experience.
Insight based on person experience.
Insight based on person experience.
Insight based on person opinion.
Insight based on person experience and
opinion.
Insight based on person experience.

3.3.3. Interview participants
To obtain the correct and valid information needed to determine the factors influencing
residual value, it is important to interview the right people. To ensure that the right people
were interviewed, a list was created by the Senior Circularity Advisor at Heijmans to ensure
that not only professionals in the circular economy field were interviewed, but also people
from companies that are trying to work with the reuse of materials and implement the ideas
of the circular economy. The list that was created consisted of a diverse pool of people such
as contractors, investors, banks, consultants in the field of circular economy and demolition
companies.
The resulting group rounded out the various expectations that were of interest to this study.
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A total of 17 interviews were conducted. Table 3 provides the general details of the
interviewees and their occupation and information. In accordance with privacy regulations, all
personal information was removed from the list.
Table 3 interview list

Profession
Circularity advisor for contractor (Heijmans)
Contractor (Heijmans)
Alba concepts
TNO
Copper8
IGG
Avans university for applied sciences
DGBC
Beelen next
Reborn
Deloitte
ING
Rabobank
Volantis
Wise brick earth
Madaster
BBN

Date
15-10-2021
07-10-2021
04-11-2021
05-11-2021
13-10-2021
27-10-2021
21-10-2021
11-10-2021
14-10-2021
13-10-2021
20-10-2021
18-10-2021
28-10-2021
13-10-2021
13-10-2021
21-10-2021
15-10-2021

Type of interview
Face-to-Face
Online
Face-to-Face
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online
Online

3.3.4. Interview transcription and coding
One of the first questions following the interview was for permission to record the interview
to allow the interviewer to transcribe the interviews. For all 17 interviews, this permission was
granted. Almost all the interviews were conducted through Microsoft teams and were
therefore easy to transcribe. The interviews that were face-to-face were recorded on a cell
phone. Because of the semi-structured interviews, it was necessary to transcribe the entire
interview, as each interview had some structure. This was necessary to find out later which
question was answered at a certain point of the interview.
With all the transcriptions, there are now about 19 hours of information put into words. The
next step is to gather all the correct information from each interview. This is done through
coding. The program Atlas.ti can be used to create a simple overview of each desired element
per ''tag'' of the subject. The main advantage of this program is the fact that all aspects of a
factor can be clustered under 1 topic. An example can be found in Table 4 where sub-factors
influencing reuse cost such as logistics, reuse scenario and maintenance are tagged under
reuse cost.

46

Table 4 idetification of the sub-factors

Tag
Reuse cost

Subject
logistical
Design for assembly
Design for manufacturing
reuse scenario
labor cost
negative business case
maintenance

All sub-elements that are part of the reuse cost can be collected and together form tags to
draw conclusions later in the analysis. Figure 17 shows the first step, where the tags are placed
next to the specific parts of the text. After this is done in 17 interviews, a complete overview
of all tags and topics per tag must be created.

Figure 17 Open coding in Atlis.ti with tags

Figure 18 shows an example of one of these overviews. It shows how the different topics make
up one tag. It shows how logistics, design for assembly, design for manufacturing, reuse
scenario, and labor costs make up the reuse cost tag. With all these associations, the data can
be used to build the framework with the right links.

Figure 18 Example of axial coding with reuse cost
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3.4. Case study
The case study is used to validate the framework, just as the expert interviews are used to
validate the literature. The framework was first validated by the theories and methods found
in the literature and adapted to these results. After this phase, the framework was complete
and able to calculate a residual value. The case study is used to validate and verify the final
framework.
By searching for a completed residual value calculation for a construction product, the input
can be combined with the residual value and the result compared when entered the
framework. Since the framework is built in Vensim PLE, it is an automated process that is
prone to errors. The case study can be used to test the effectiveness of the framework.
The case study we will use is a study by Heijmans and Han University of Applied Sciences. In
the study ''Transitieplan Binnewanden'' interior walls are studied to make them more suitable
for reuse. In this process, the residual value is established based on a set of input values or
product specifications. These calculations are used in the case study described in Chapter 6.

3.5. Intermediate conclusion
For this research, the Generic Design Science Cycle method by Keskin, D., & Romme, S. (2020)
will be used. This will be the method used to conduct this research. It contains four phases,
also known as design principles. There are the Explore, Synthesize, Create, and Evaluate
phases (Illustrated in Figure 16).
A literature study will be first conducted with. academic papers, books, articles and PHD
graduation reports. This combined with webpages and brand-new report posted on LinkedIn
the circular economy was described and analyzed combined with the residual value and
system dynamics theory. The key words residual value, material value, depreciation and
influencing factors were used within the data to look for the right information. After this an
interview series was conducted to validate the literature and get a practical look into the
problems concerning residual value and the transition towards the circular economy.
These results from both the interviews as the literature where then used to create a
framework in system dynamics that calculates and analyses the residual value development
wen impacted with certain factors. The. framework was then tested with a case study and
additional tweaks were made before a conclusion was drawn.
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4. Determining the influencing factors
This chapter identifies the final factors from both the literature and the expert interviews that
will be used to build the system dynamics model (previously referred to as the ''framework'')
in Chapter 5. First, the method of analysis of the expert interviews is discussed. These factors
from the interviews and from the literature are then combined into a final list of influencing
factors in an interim conclusion.

4.1.Residual value
In the study, the aim is to identify the factors that influence the residual value. In the literature
review, we saw a wide range of factors that can affect value. These factors were both
measurable and non-measurable, such as readiness. It was also clear from the literature that
these factors were both time dependent and case specific in their possible outcomes. Due to
the limited literature available, the decision was made to conduct expert interviews on this
topic. To look for experts who work in this field and advise in situations where the client asks
to work with reuse.
In the literature, we found that the TNO definition of residual value is the definition for this
study. TNO defines residual value as the financial value (that is determined up front) for the
end of its lifetime (Symposium TNO, n.d.).
Therefore, the research aims to provide a framework that can determine the residual value of
a material or building product at the end of its life in its current function. By determining
factors that influence the value, the framework can identify whether the residual value is
negatively or positively affected by the condition of the material based on the information in
the material passport. The goal is to reuse the material or building product in its current
condition. The cost of doing this is based solely on the factors described by TNO that are
required to move something to a new location, such as the cost of dismantling, maintenance,
reconstruction, transport, and logistics (Symposium TNO, n.d.). To create an optimal situation
where reuse is possible at the highest level, the right data must be included in the material
passport, leading to design parameters for the next building or material application.
Thus, the framework is not only used to determine the residual value but can also be used as
a steering object during the design phase. To show different impacts of factors over time. To
achieve this goal, the right factors need to be identified in this phase of the research to build
the framework in Chapter 5.
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4.2. Results from the expert interviews
This paragraph describes the results of the interviews. The aim of the interviews was to
identify the influencing factors, but also the definition of residual value and the impact of
residual value assessment on the construction sector. As described in Chapter 3, the
interviews were divided into different sections. The results are discussed for each section of
the interview.

4.2.1. Circularity
A total of 17 people were interviewed. The interviews were divided into two topics. The first
part was about circular economy, and the second part was about residual value. The first part
consisted of four questions related to the background of the circular economy in their
respective fields and the problems they have identified in their current careers related to the
circular economy in general and material flows. After that the question was asked,
‘’Which challenges does the industry face from your perspective?’’
The question was open to very broad interpretation and led to a wide range of answers and
problems to be solved. A financial advisor at IGG, summed it up as the urgency of the circular
economy and the knowledge of the urgency that needs to be publicized more to make it
mainstream. Other interviewees summed the issues up as,
-

Insufficient supply of biobased and secondary building materials.
Insufficient local production area for wood + bio-insulation materials.
Offering an alternative for farmers who stop their business.
Insufficient law and legislation obligation for tendering and construction.
No level playing field for wood in BENG MPG MKI codes.
Insufficient law and legislation incentive, e.g., with a lower VAT rate.
No match between demolition and construction permits at municipal level.
Insufficient financing options for small and medium enterprises.
Circular business case must be competitive with linear business model (Innovation,
information, financial/tax-wise.
There is a big gap in the business model within circularity if we focus on energy
consumption and the reduction of it, focusing for instance only on energy reduction.

All these problems are currently recognized by experts who deal with circular economy daily.
The aim of this question was to get an overview of the current problems that can be
recognized at this moment. Apart from the problems described in the literature section,
residual value determination is very much dependent on the current state of the economy
and the innovations that are being made. The goal of residual value determination is to
determine the price or value at a particular point in time. Most of the problems identified are
caused by uncertainty and can be partially solved by residual value calculation.
In general, there are a few problems that can be seen in the construction sector now. Cobouw
has identified the problem of material flow and demand as a very important factor in
determining the progress that the construction sector is currently making (Cobouw, 2021).
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One of the possible solutions is to reuse construction materials and increase the flow of
materials compared to the demand in the current market. To get an overview of the problems
that are recognized in the current construction sector, the following question was asked,
‘’Which challenges do you recognize in material flows and the supply and demand in the
construction sector?’’
A large proportion of respondents did not answer this question, stating that it had already
been answered in the previous question "What challenges do you see the industry facing?".
The conclusion that can be drawn from this is that material flow and demand is one of the
biggest issues that can be identified now. Nevertheless, there are still some challenges
recognized by the interviewees:
-

-

Supply is insufficient there is still not a full overview of applicable products/materials
with future proof performance for a reasonable price for circular building.
Material flows don’t return to the factory, especially on parts of the building with
shorter lifetime. Business case is not positive, no incentive to do something with this,
also not by the urban miners. There is currently only cherry picking going on without
full responsibility.
Insufficient supply of biobased and secondary building materials
Insufficient local production area for wood + bio-insulation materials
Insufficient local wood processing capacity (sawmills and CLT production)

The material aspects are a specific area of circulation problems that need to be addressed
according to the expert interviews. These problems are defined both in general terms by the
first question and by the later question about material flow and demand. Both give a large list
of problems that are currently identified.
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4.2.2. Definition of residual value
The second part of the expert interviews focuses on residual value. Residual value, as
discussed in this paper, is relatively new in the circular economy. With the emerging shortage
of building materials, it is becoming increasingly important to consider the potential of existing
building materials in new buildings. The key to this reuse is to keep the value of materials as
high as possible to ensure that no new materials or additional energy need to be brought to
market (Ellen MacArthur Foundation, 2012). Due to the speed at which this is happening,
there are many different definitions to explain what residual value is and what it does. In the
survey, the experts were asked to identify their definition of residual value. To give them an
idea, the following definitions were given as examples,
‘’The reuse value (or future value) of materials in a building relates to the gross value
of the materials corrected for demolition and dismantling, transport costs, processing
costs and size of the raw materials flows, a net worth in the context of this research.’’
-Deloitte-(Rau Rau Architects & Thomas van Bergen, n.d.-b)
‘’Residual value is the market value of products and raw materials at the end of them
useful life or technical life.’’ -CB-23-(CIRCULAR BUILDINGS MEETMETHODIEK
LOSMAAKBAARHEID VERSIE 2.0, n.d.)
The two definitions were chosen because of the different approaches to explaining residual
value. Deloitte chose a very financial approach to the definition and CB23 was chosen because
of the conceptual approach in determining residual value. After these two definitions were
given, the experts were asked to give their own opinion on residual value.
The definition of residual value was very extensive, but apart from that some marginal notes
were made which were important for the definition.
Deloitte, in accounting, it is very difficult to write off, say, 20% because the definition
list is "end-of-life". This means that an accountant who must assess the residual value
at the end of life will automatically go to 0 because of the words listed in the definition.
DGBC, it is important to not only look at the market value, but also the cost of assembly,
disassembly and maintenance that goes into the residual value. This needs to be
included in the definition, not because it defines residual value, but because these
costs are always incurred and therefore part of residual value.
IGG, ''Residual value must be determined not only at the end of life, but at any point
in time. '' Yield minus the cost of reusing buildings (parts) and at any point in time. At
any point in time, value must be determined.'' The temporal element is therefore also
very important to the definition.
These terms can be used to sketch a general picture of the definition of residual value and the
important factors that define and determine its terminology by the interviewees. As described
in the literature the definition of residual value was used of TNO. They define the residual
value as the financial value (that is determined up front) for the end of its lifetime (Symposium
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TNO, n.d.). When these side notes are taken into consideration the definition that will be used
for residual value in this thesis will be:
Residual value is the value (in euros) of a material or building product less the cost of reusing
it at any point in time.
Determined by: Price new product – disassembly cost – transport cost – repair cost – other
cost = Residual value
It combines the correction for reuse as described by Deloitte and the definition of lifetime
described by CB-23 due to the results of the interviews when most of the interviewees partly
agreed with both parts in both definitions.

4.2.3. Questions about residual value
The definition of residual value was the first part of the topic of residual value asked to the
participants. This was followed by five questions which further focused on the determination
of residual value and the purpose of the residual value calculator. The first three questions
were worded as follows:
What do you think that determines the residual value?
What do you think that increases the residual value?
What do you think lowers the residual value?
The outcome of these questions focused on the factors that determine residual value and very
quickly led to the list of factors discussed in section 4.2.4. The overall impression was that
there is a definite set of factors that determine residual value. The core of this thesis is based
on the fact that residual value can be determined by a few measurable factors. Overall, the
responses confirmed this assumption. Not all respondents gave the same individual factors,
but the general intention was the same and could be subdivided in three factor groups. These
three factor groups were then used in the determination of the residual value.
First, it is expected that the supply of building materials will decrease and the demand
for used materials will increase. Therefore, the general indication was given that TNO's
value calculator will result in a value equal to or even higher than the new value. This
was further elaborated by the thought ''if the demand is high enough, there will never
be a technical problem in mining the material.'' (Heijmans) This makes all other factors
irrelevant when demand goes through the roof.
Second, quality is the most important factor after supply and demand. If the quality of
the item is high, the item can be reused. With the current structure of responsibility in
the manufacturing industry, it is usually easy to make elements to last a certain
lifetime. Experience has shown that the quality of the basic product will be much higher
if the manufacturer's contract provides for buy-back, and that maintenance will be
structured to maintain the quality as much as possible to achieve the highest resale
value (Volantis).
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Third, ''We first need to know what we will be selling in 15 years. Documentation of
the construction phase and the products used in the manufacturing process is the most
important part in determining the price. Anything that is uncertain lowers the value.''
(Wise Brick Earth). If a third party is given the opportunity to mine materials in a
building that was built 15 years ago by a colleague, it is very important for them to
know what materials were used and how they were connected. This is important to
know the degradability and toxicity of the materials the third party is buying.
These three factors were mainly used for the question of what determines the residual value.
The next two questions related to what increases and what decreases this determined value.
This was independent of the previously mentioned three factors. As the amount of
information increases, the value increases despite the uncertainty. The same is true for
quality. Supply and demand are based on the increase and decrease in value due to demand
and supply. The thesis is based on the idea that the ability to calculate residual value will
further increase the use of existing materials (previously referred to as reuse of materials).
The first question of the interview was:
Do you see the use of residual value calculations as a trigger in reusing materials?
This question divided the experts into two groups. One group was more idealistic, and the
second group was very practical.
First group (approximately 10 of 17), the ''idealists,'' as defined by the second group.
Their general thesis is that it will help get the ball rolling, but there must be a general
and social drive to accept the need for reuse. There will be hype around reusing
materials with the salvage calculator, but this will quickly die down and the general
idea that we need to do better for the environment will take over and make reuse
mainstream.
The second group is more practical (approximately 7 of 17) and believes that
information is very important in making decisions. Without information, decisions can
provide the same security as a casino. The general feeling is that the residual value
calculator will give developers and builders a practical tool to use in their projects. It is
very difficult to explain the circular economy to people who are not invested in the
topic, because circular economy is generally very vague and people who are not
invested in the matter re not easily drawn into the process. Being able to show a
calculation and a value will improve that possibility.
The difference between the practical and the idealist lay in their profession. The practical pool
consisted of builders, bankers, and investors. The idealist pool consisted of thinkers of copper
8, Volantis, wise brick earth. Their job is to look at the big picture, while the first pool is more
project-oriented in their thinking. This question was based on the thesis that the residual value
calculator will increase the use of existing materials and products. Based on this thesis, the
question remained if people do not agree with it, then what? Which automatically led to the
next questions of the interview:
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What factors can drastically increase the usage of existing materials and products?
What factors can drastically decrease the usage of existing materials and products?
The factors that need to change to get more people involved in reusing building materials are
also the factors that can decrease the involved and that’s why the answers are invertible. The
factors are both practically and theoretically defined.
In practice, the current manufacturing industry is not set up to work with reused
materials or to take advantage of the potential in the factory to re-adjust, clean,
maintain, recertify, etc. materials. This whole process needs to change to facilitate the
transition (Heijmans). Due to the unique production processes that need to be set up,
there are high labor costs. This compared to factories where brand new products come
off the line at a rate of 10 per hour (Heijmans).
Another important factor is not only that the production process is not designed to use
reused materials, but also the structural calculations and energy level calculations, e.g.,
MPG. Legislation must enforce this process to reuse materials:
o
o
o
o
o

Law and Legislations requirements in tenders. (Rabobank)
Platform for demolition and permits to develop a rate of exchange. (Rabobank)
Tax deduction (Rabobank)
CO2 Tax (Volantis)
Law in reuse or consumption of new materials (IGG)

In Theory, the other reuse potential can be increased by changing the mental image
people have of reuse. The thought has been expressed that people do not want to sit
in someone else's toilet. This is combined with the thought that reused products are
always of lower quality than new products. It was concluded that the top layers of any
material need to be changed, but that the core can be reused in their opinion. For
example, the tapestry must go, but the concrete floor tiles can be reused, noting that
they are still of good quality.
These two main element groups led to the answer to the question of what factors increase
reuse. The full list of factors can be found in the Appendix 2. The examples given in the last
chapter are the most common in these lists.
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4.2.4. Influencing factors
The last element of the survey was the main objective of the survey to find out the factors
influencing the residual value. The above influencing factors were categorized from most
important to less important with their respective sub-factors as shown in Table 5. The amount
depicts the times it was directly mentioned in the interviews. The numbers in the sub-factor
column represent the amount the sub-factors where mentioned.
Table 5 List of influencing factors from expert interviews

Amount

Factor
11 Dismountable

8 Quality

Law and Legislation

7 Supply and Demand
Reuse cost

Culture

Information

2 toxicity
financial support

Sub-Factor
Design for disassembly
availability
details (2)
flexibility
retaining
technical specifications
materialization
CO2 tax (2)
law (2)
codes (6)
geopolitics
supply up
supply certainty
maintenance
logistical (3)
Design for assembly
Design for manufacturing
reuse scenario
labor cost
negative business case
looking further
motivation
end of life ecosystem
seeing waste as reuse
Investor is convinced
focus on reuse (2)
MP (4)
as build
developments in construction
standardization
business model
depreciation
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4.3. Comparison of influencing factors
Both the literature and the expert interviews provided a list of potential factors influencing
the residual value of building materials. This section compares the two lists. In doing so, the
literature and the expert interview findings are used to validate each other to produce a final
list of influencing factors, which is used in Chapter 5 to provide a framework for determining
residual value. Table 6 compares the factors from the literature with those elicited in the
expert interviews. The green highlighted text depicts the factors from the theory that are also
mentioned in the interviews. The amount depicts the times it was mentioned in the
interviews. (The amount depicts the times it was directly mentioned in the interviews. The
numbers in the sub-factor column represent the amount the sub-factors where mentioned.)
Table 6 Comparison of factors between literature and interviews

Amount

Factor
11 Dismountable

8 Quality

Law and Legislation

7 Supply and demand
Reuse cost

Culture

Information

2 Toxicity
financial support

Sub-Factor
Design for disassembly
availability
details (2)
flexibility
retaining
technical specifications
materialization
CO2 tax (2)
law (2)
codes (6)
geopolitics
supply up
supply certainty
maintenance
logistical (3)
Design for assembly
Design for manufacturing
reuse scenario
labor cost
negative business case
looking further
motivation
end of life ecosystem
seeing waste as reuse
Investor is convinced
focus on reuse (2)
MP (4)
as build
developments in construction
standardization
business model
depreciation
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4.3.1. Mismatch in factors
Table 6 gives the full list of factors in the context in which they were used. This gives, for
example, the factor Decomposable with four sub-factors. All these sub-factors place the term
"decomposable" in a different context. The list of factors mentioned in chapter 2.2.3. is then
compared with this list based on the context found in the literature. This comparison is made
in three categories. The first category captures the same factors and context in both the
literature and the expert interviews. The second category is based on the same factors found
in both the literature and the expert interviews but mentioned in a different context, and the
third category lists the factors that are completely absent in the literature compared to the
expert interviews.
First, the literature generally mentioned degradability, quality, toxicity, supply, and demand.
Subsequently, one can see a direct validation based on importance. These factors were also
the most important elements as they were mentioned most frequently.
Secondly, there were four factors that were mentioned in both the literature and the expert
interviews but had a different context or were missing from the list of sub-factors: Law and
legislation, reuse cost, culture, and information were four categories defined in this category.
1. Law and legislation are referred to in the literature as law and regulation. This implies
a protective role for laws and regulations. In the interviews, an additional role was
defined, which also deals with the Law and Legislation's ability to speed up the process
by using the "stick instead of the carrot". The carbon tax was an example that was
often cited.
2. Reuse costs: this category was created in the interviews based on TNO's residual value
calculator. It includes all the elements needed to move an object from one place to
another. Only a part of it was mentioned in the literature, which refers to logistical
elements.
3. Culture: is also a category of sub-factors created in the expert interviews based on
smaller elements that determine both readiness and a part of the business case that
starts with people's thought process.
4. Information: as mentioned in the interviews, information is the most important aspect
of managing uncertainty. The only sub-aspect mentioned was development through
knowledge based technological advances.
Thirdly, there was only one element in the expert interviews that was not mentioned in the
literature or can be subdivided into other factors. This was the factor "financial support". The
notion of this factor mainly focuses on creating a business model that helps the startup to get
financial support to start circular economy and reuse of materials.
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4.3.2. Final influencing factors
Combining the factors obtained from the literature and the expert interviews, a list of final
factors can be determined to be used in the development of the system dynamics model in
Chapter 5.
Table 7 Final factors

Factor
Disassembly

Sub-Factor
Design for disassembly, availability, details, and flexibility

Quality

Retaining, technical specifications, and materialization

Law and Legislation

CO2 tax, law, codes, and geopolitics

Supply and demand

supply up, and supply certainty

Culture

looking further, motivation, end of life ecosystem, seeing waste as
reuse, Investor is convinced, focus on reuse

Information

Material passport, as build, developments in construction, and
standardization

The factor supply and demand will not be used in the creating of the framework due to its
immense uncertainty when trying to determine the residual value over time.
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4.4.Intermediate conclusion
In the study, the aim is to identify the factors that influence the residual value. In the literature
review, we saw a wide range of factors that can affect value. These factors were both
measurable and non-measurable. It was also clear from the literature that these factors were
both time dependent and case specific in their possible outcomes. By determining factors that
influence the value, the framework can identify whether the residual value is negatively or
positively affected by the condition of the material. The goal is to reuse the material or
building product in its current condition. The cost of doing this is based solely on the factors
described by TNO that are required to move something to a new location, such as the cost of
dismantling, maintenance, reconstruction, transport, and logistics (Symposium TNO, n.d.).
In the interviews the question was raised on which factors determine the residual value.
The outcome of this question related to the factors that determine residual value very quickly
led to the list of factors. Overall impression was that there is a definite set of factors that
determine residual value. The core of the thesis is based on the fact that residual value can be
determined by a few measurable factors. Overall, the responses confirmed this assumption.
A conclusion was drawn that the following factors are the most important in determining the
residual value: disassembly, quality, law and legislation, supply and demand, culture,
information.
The factor supply and demand will not be used in the creating of the framework due to its
immense uncertainty when trying to determine the residual value over time.
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5. Creating a framework to assess the residual value
In the last chapter, the influencing factors were identified by combining the factors found in
the literature. Combined with the results from the expert interviews, these results are used in
this chapter to create a comprehensive model that depicts the relationship between these
individual factors and residual value. The method used is system dynamics (the background is
explained in the literature). This chapter will first explain the stock and flow diagram that
represents the model, followed by the individual sub-factors and the determination method,
and finally the model will be entered into Vensim so that calculations can be made in Chapter
6, the case study.

5.1.Relationships
Before a system dynamics model can be developed, it is important to get a handle on the
relationships that will be studied. These relationships are divided into two categories: linear
relationships (one direction) and circular relationships (never ending relationship circle). The
linear relationships are shown in Figure 19 and the circular relationships are shown in Figure
20 The theory of system dynamics is based on the relationships and causal theory. The circular
relationships are important to show these causalities and relationships. A loop is created that
influences each other to form a unit. With different reactions as a result. Residual value is used
as a central point to connect all the factors that lead to residual value. This section examines
the linear relationships used in Section 5.3 to simulate the influence on residual value in a
linear fashion. These influences are illustrated in Figure 19.

Figure 19 Linear relations

All lines shown in Figure 19 are used to simulate the linear impact on residual value. This is a
direct extract from the vensim simulation program that simulates the result. All these lines
are necessary to obtain a correct result, but not all the linear relationships are interesting to
magnify further. This is because they are often used to simulate/calculate results in
mathematics. The five relationships created specifically for this model are the relationships
between the factors identified in Chapter 4 combined with the cost of buying new products
and the cost of reusing products. These five are listed in Table 8. The background of the shape
and depiction of the model is further examined in chapter 5.2.
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Table 8 Linear relationships
First

Second

Explanation

Culture

Cost buying new
product

It is decided to approach culture in the direction of the negative side of the equations
of the buying of new products. Culture will be used as trigger in the form as a hype to
get the usage of second-hand materials going.

Law & Legislation

Cost buying new
product

Law and legislation have an impact on the cost of buying a new product because it is
currently fashionable in the industry to use new products instead of using secondhand materials. A CO2 tax is mostly used as a penalty when buying new products
instead of their being a bonus for reusing products.

Detachability

Cost reusing
product

Detachability is linked to the cost of reusable products because it is an element that is
interesting in reusable products compared to products that can be bought new,
because it sets them apart from the others.

Information

Cost reusing
product

When decisions are made, information assurance is very important to make an
informed decision. For new products, this information is available, but for older
products, this is not the case. Therefore, it is very important when deciding on the
price of reused products.

Quality

Cost reusing
product

Information and quality are basically the same thing. With new products it is selfevident, but with reused products we must wait.

In addition to the linear view of the origin of the residual value, it is also important to take a
closer look at the influence of the residual value on the influencing factors. Figure 20 visualizes
the most important relationships. The relationships that are not discussed are again based on
mathematical principles and have not been created specifically for this purpose.

Figure 20 Circular relationships

The figure shown above was generated directly from the Vensim model (to be explained later).
In the linear model, we zoomed in on 5 relations, all of which were factors described in Chapter
4. In the circular model, we look at two more relationships: the relationship between the
residual value and the market price of the new product, and the residual value combined with
the market price of the reused product. These two relationships are there to explain the
impact on the market price. It is a small element that still has influence on the supply and
demand factor, which was not included as an influencing factor in the simulation due to its
large uncertainty. Table 9 explains the relationships.
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Table 9 Circular relations
Influence

Loop Explanation

Culture -> Residual value

B

Culture can be used in the form of marketing. The value will increase over time due to the cultural
hype that is created. This can happen through awareness or a media attention. Culture describes
the general idea people have around a product or how it is used. When the hype eventually dies
down, the residual value will decrease again. Therefore, the loop is not balancing.

Law & Legislation ->
Residual value

B

The tax on buying new products could be increased to promote the use of second-hand
products. When the tax is low for buying new products, more new products will be used. When
the tax is higher, more second-hand products will be used. Indirectly, it means that the residual
value of second-hand products increases when the tax is higher on new products.

Market price new product
-> Residual value

The price will get lower because reused product price is getting lower if residual value increases.
There is an alternative now and the monopoly of new product dies down. This will result in
slimmer margins in the prices.

Detachability -> Residual
value

R

When the product gets more detachable, the residual value will grow due to the decrease in
assembly and disassembly costs. This will lead to more momentum due to a better business case
which will lead to more technological advancements and an even better residual value. This effect
will continue and lead to a reinforcing effect.

Information -> Residual
value

R

How more is known about a product how better the residual value, due to the lower level of
uncertainty and the accompanying assurance costs.

Market price reusing
product -> Residual value
Quality -> Residual value

Due to more interest, the price of reused products will lower due to more supply and demand.
R

The better the quality over time the better the residual value due to less process and processing
costs needed to up the quality. If there are a lot of costs involved in the restoration of the quality,
the residual value will go down.

In Table 9 there is also a column called loop. Here, each relation is assigned a B or R. B stands
for balancing and R stands for reinforcing. This explains how the loop, which will later
represent the circular relationship in the Vensim model, works. When it is balancing, the
momentum of the responding person balances. If it is reinforcing, it only gets stronger.
Examples from the table:
(Fiction) Balancing:
- Law and Legislation - Residual Value: the law will start with a ''fine'' for emitting CO2
and move to taxing reused products when enough people have moved to reuse instead
of buying new. This example comes from the electric car business. The early switch to
driving an electric car meant that driving was subsidized, not taxed. Nowadays there
are no subsidies, and you pay taxes to make sure the amount of tax income is secured.
(Fiction) Reinforcing:
- Quality - residual value: technological development will always continue. Even when
quality has reached the tipping point to a healthy business model, it will continue to
grow due to natural progress in science. Quality is therefore reinforcing on residual
value.
The combination of reinforcing and balancing loops explains the cohesion between all the
different factors and the effect they will have. These loops will be represented later in the
model explained in section 5.2.
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5.2. Stock and flow model
With both the linear and important circular relationships depicted in table 8 and 9 the system
dynamics model can be made. To create a model in system dynamics, different methods can
be used. To depict the relationship between the factors and the residual value a stock and
flow diagram is used.
‘’A stock refers to the value of an asset at a balance date (or point in time), while a flow refers
to the total value of transactions (sales or purchases, incomes, or expenditures) during an
accounting period.’’ (Sterman, 2000).
The stock and flow diagram consists of two main elements, stocks, and flows. The stocks
represent a particular quantity at a particular time and the flows feed these flows in their
amount. Figure 21 shows the stock and flow diagram that was created. This diagram was
created based on the information collected in the previous research and expert interviews
with three stocks, four direct flows and five influencing factors.

Figure 21 Stock and flow diagram

In the case of this model in Figure 21, there are three stocks that together form the stock and
flow diagram used to determine the residual value: The cost of buying new products, cost of
reusing products and the residual value. The cost of buying new product represents the
amount of money needed to buy a brand-new product directly from the production line.
Another stock is the cost of reusing products. The cost of reuse represents the cost required
to reuse a product and the expenditure required to adapt the product to be purchased second
hand. In this model, we take these two outcomes and use them to calculate the difference
represented in the final stock the residual value. This is the value left over when the cost of
reusing is subtracted from the cost of buying new and represents the net result of reusing
instead of buying new.
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When stocks are created, ''valves'' are used to control the inflow and outflow of stocks. These
are called flows. The model consists of four flows. The cost of buying a new product is fed by
the movement in the market price. The residual value is fed by ‘’the cost of reused product’’
as seen in figure 21 and ‘’the cost of buying new product’’. ’’The cost of reusing the product’’
is fed by the market price of the reused product. The 4 flows are defined as:
-

Market price new product: the market price determines the cost of buying a new
product based on material prices and supply and demand. It can change by the minute
and is the most important element in determining the current price of buying a new
product.

-

Cost of buying a new product: the price at which a new product can be bought.

-

Market price reused product: the price it costs to buy a reused product from the
perspective of the market. It is derived from the cost of reusing products.

-

Cost reuse product: The reuse cost is the cost of reusing products. They indicate how
much money it costs to maintain, disassemble, assemble, transport, and improve the
product to return it to its original condition.

The final element of the stock and flow diagram is the influencing factors. The six factors listed
in Chapter 4 (Culture, detachability, law and legislation, information, and quality) influence
the stocks and flows and determine their value by affecting the input value of the flow. These
influencing factors have their own stock and flow model, but in this model, they are only
shown as an influence. Further research can explain the specific background of these
influences, but for this model they are only explained theoretically. For each of the following
influencing factors Culture, Law & Legislation, Information, Quality and Detachability,
individual values are determined to explain the effect of these factors in euros. The next step
in the process is to input the percentages about the current quality, detachability, and
information level into the model to calculate the residual value by affecting the cost of buying
new product inventory and the cost of reusing products. As shown in Figure 21. The factors
are determined by calculation but may vary due to different reasons (like more quality loss
through the location). Therefore, they are adjusted by constants 1 to 4 Individual sliders can
be set to a specific amount based on the background of items used and discussed.
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Figure 22 Stock and flow model with sliders and input values

The background of these sliders is based on a different theory. The position of the slider varies
from case to case and depends on these six influencing factors.

5.2.1. Law and legislation
In 2030 the average CO2 production in the construction sector should be halved in comparison
to 1990. The hope is that this will speed up the energy transition (Visser, 2021). The ambition
is to have a 95% reduction by the year 2050. This will be done by the CO2 reduction in the
energy sector by investing in technology and cleaner energy through more wind powered
turbines. Most of these new technology’s still relies on a lot of investments to optimize its
performance to create a healthy business case (Symposium TNO, n.d.).
In different study’s the cost of CO2 ‘’catching’’ has been determined. In a Swedish case study
done by Stefanía ÓskGarðarsdóttir, it was determined that the average capital cost is 10-20€/t
CO2 (Ósk Garðarsdóttira, 2018). For a study done in the Brazilian industrial sector by
Henriques the average cost for creating a healthy level of CO2 is described as US$ 80/tCO2.
This is significantly higher than in Sweden but is due to the quality of the infrastructure and
the adoption potential of the current infrastructure to facilitate this (Mauricio F. HenriquesJr.,
2010).
These two case studies show the investment that is needed when the determination is there
to capture the CO2 expelled by the country in question. Apart from this there are also new
laws coming into place to tax the expulsion of CO2. The Dutch central plan bureau voor de
leefomgeving explained the possibility for further action into the taxation of CO2 as 12 €/t
CO2 towards 32 €/t CO2 by 2030 as listed in the climate accords (Herman Vollebergh, 2019).
When comparing the investment cost to the taxation cost it leaves a net average investment
of 38 €/t CO2 in the year 2021 and a net average. Investment of 18 €/t CO2 in the year 2030.
Which always bring a negative business case towards the current investment into CO2
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reduction. By having additional taxes this can be pushed into an investment of 0 €/t CO2 due
to all the taxes that need to be paid.
Apart from this, further influence can be generated by the government through Lowering
interest rates, provide bailouts when companies are failing, and create subsidies (Hall, 2021).
When the government forces companies and consumers by law to consume less CO2, it
encourages the use of second-hand materials.

5.2.2. Culture
The disposal fee is a method to encourage the reuse and recycling of products. It is already
used with batteries and light bulbs and is now being tried with building materials (Trouw,
2022). In Germany, a trial with cars has been very successful in taking the old cars off the road
and recycling them to help the environment in two ways.
Nowadays, buildings are demolished without hesitation. It is important that reuse and
recycling become more common in the building sector, as Masterbroek of the Dutch Chamber
of Architects notes. This can be triggered by a buy back guarantee for building materials, such
as the disposal fee. This eliminates the easy way out, as Mastenbroek explains. It helps people
to think before they act, because it has a direct impact on their wallet and not on the
environment, far away from their daily activities.

5.2.3. Information
The information that is available from a project and the value it has can be made quantifiable
through the Value of Information also known as VoI. VoI is the amount of money one is willing
to pay for a certain amount of information prior to deciding (Ronald, 2021). Which in turn can
be translated into the value a certain amount of information has when trying to price a
construction product. The US department of transportation has done a study on the benefit
to cost ratio of having a certain amount of information and the money it costs to get that
information (as seen in table 10) (US department of transportation, 1998).
Table 10 Benefit-cost Ratios for information services from different companies

Institution
Georgia Institute of Technology
Exxon
Minnesota
NASA
Paccar, Inc.

Benefit-cost ratios
16-1
11-1
9-1
8-1
3-1

Experience in data gathering and structuring is a mayor advantage in the benefit to cost ratio.
When decisions are made about a product to see if it is usable or non-toxic, information is the
most important tool. Therefore data-driven decision-making is key in assessing the possible
risks and roadblocks. five main categories are defined when assessing the quality of data as
seen in Table 11 (Sebastian-Coleman, 2013). It shows the how, and what of measurement
vertically and the why horizontally.
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Table 11 5 steps in assessing the quality of information

To value the construction documents, material passport, as construction documents at a
certain point in time it is important to focus on these five elements. The data will get less
abstract, and the understanding of the data will get better.

5.2.4. Quality
Since the year 2017, the Netherlands has a quality indexation of buildings from 1 to 6 as
described in the NEN 2760. It is a proven market wide system that is used to compare the
quality of real estate portfolios (NEN, 2021). This method can also be used to determine the
condition score of individual construction products as seen in Table 12.
Table 12 Condition score

Problem
Problem
Minor

Serious

Major

Intensity
Base
Serious
Major
Base
Serious
Major
Base
Serious
Major

Condition score (based on NEN 2767)
Scope of problem
<2%
2-10%
10-30%
30-70%
incidental local
regularly
considerable
1
1
1
1
1
1
1
2
1
1
2
3
1
1
1
2
1
1
2
3
1
2
3
4
1
1
2
3
1
2
3
4
2
3
4
5

>70%
general
2
3
4
3
4
5
4
5
6
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It depicts the quality of an element, material, or detail by three aspects: The level of necessity
scale 1 to 6, the scope of the problem identifies the reach of the problem, and the intensity
explains the need. The 6 levels that are used give the score of the quality:
-

1. Very good (New construction)
2. Good
(Comparably to new construction with a little age in the components)
3. Reasonable (No new construction but some maintenance required)
4. Mediocre (Clear need for maintenance and repairs)
5. Bad
(Mayor need for maintenance and repairs)
6. Very bad (No maintenance possible, replacement required)

After the individual scores are given a conclusion is drawn between the problem in relation to
the scope and the intensity. When the score is given, it can be compared to others (NEN,
2021).

5.2.5. Detachability
Alba concepts has created an index for determining the detachability of products in a building.
This method is one of the main design aspects to go from a linear economy to a circular one
(CIRCULAR BUILDINGS MEETMETHODIEK LOSMAAKBAARHEID VERSIE 2.0, n.d.). This method
is visualized in Figure 23.

Figure 23 Detachability index (alba concepts)

The figure describes the four separate elements of the detachability and how they come
together to create the detachability of a product or element. These 4 are then subdivided into
2 main parts that describe the index of the connection and the index of the compound. In the
detachability index the focus is on:
1. Detachability of the connection (LIc) (CIRCULAR BUILDINGS MEETMETHODIEK
LOSMAAKBAARHEID VERSIE 2.0, n.d.): Is the combination of the type of connection
compared with the accessibility of the connection. With the following formula,
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o The type of connection (TV) is scored from 0,1 till 1,0:
Dry connection
Connection with additional elements
Direct integral connection
Soft chemical connection
Hard chemical connection

1,0
0,8
0,6
0,2
0,1

o Accessibility of the connection (ToV) is scored from 0,1 till 1,0:
Freely assessable
Assessable with additional handling (no damage)
Assessable with additional handling (repairable damage)
Assessable with additional handling (semi repairable damage)
Not assessable

1,0
0,8
0,6
0,4
0,2

2. Detachability of the compound (LIs) (CIRCULAR BUILDINGS MEETMETHODIEK
LOSMAAKBAARHEID VERSIE 2.0, n.d.): Compares the crossings in the material with the
edge confinement. With the following formula,

o Crossings (DK)
No crossings
Incidental crossings
Full crossing of different materials on different layers

1,0
0,4
0,1

o Edge confinement (RO)
Open, no obstruction for intermediate detachment
1,0
Overlap, some obstruction for intermediate detachment 0,4
Closed, full obstruction for intermediate detachment
0,1
3. Detachability of the building is the last step in the figure and depicts the detachability
of the full building, element, or component. This is done through the detachability of
the connection and the component (CIRCULAR BUILDINGS MEETMETHODIEK
LOSMAAKBAARHEID VERSIE 2.0, n.d.). The combination formula looks as following:
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5.3. Simulating influencing factors towards residual value
Chapter 5.2 established that the result of subtracting the cost of buying new products from
the cost of reusing products (influenced by each factor) gives the residual value. This is the
underlaying formula in Figure 24. In this chapter, the formula and calculation behind this
determination are explained in more detail. The model used in the calculation in combination
with the linear and circular relationships is shown in Figure 24. In this paragraph, the model
combined with the explanation of each factor in the previous paragraph becomes a calculation
for simulating the result of the residual value.

Figure 24 Full model

The following formula forms the calculation of residual value as represented in the stock and
flow model. The model is presented from a cost perspective, as all elements are based on cost
(Detachability costs, maintenance cost, acquisition cost, etc.)

Figure 25 Residual value calculation

As seen in Figure 25 different elements are used to calculate the residual value. There is a
simple formula which is subtracting the cost buying new product with cost reusing products.
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Apart from that the different elements that are used in the formula are mentioned per
category:
First, the five actors that were determined in the interviews are listed and will be used
to determine the state of each factor with the method described in chapter 5.2 per
factor. The data will be entered in percentages to give them a scale from 1 till 100. This
is not the case for law and legislation. This will be used in euros.
Secondly, the constants are mentioned (C1/C2/C3/C4)) related to the different factors
these constants are used to give each factor an amount in euros. This is done to being
able to calculate the residual value in euro’s instead of percentages. These constants
are derived from different sources which will be elaborated on later.
Third, are the two material prices which are used as a starting point where the different
factors are subtracted from or added on to. The starting point of new materials is the
quoted price, and the starting point of reuse are the raw material prices This to put the
impact of each factor in euros.
With these elements the formula can be filled in that visualizes the impact each factor has on
the residual value of a certain element in euros. It can be seen as a conclusion or as a
simulation in advance.
To simplify the results of the calculation given the fact that reuse is still more expensive than
buying a new product due to the current design, (as explained in the literature) There is no
correlation between cost buying new product and cost reusing product in this formula as this
is part of the supply and demand aspect of the problem and this has been left aside due to the
uncertainty discussed earlier. The cost of purchasing a new product is then represented by the
following equation (Equation 1).
!"#$ &'()*+ ,-. /0"1'2$
= 4(!'6$'0- ∗ !4) + ;<. <*1 ;-+)#6<$)"* + =<$-0)<6 /0)2- ,-. /0"1'2$ >
Equation 1 Cost buying new product

In the cost buying new product calculation the materials price of a new product is interpreted
as a quotation. The factors of culture, law and legislation are added to the material price of a
new product as they are interpreted as additional costs (as already explained in 5.2) In
comparison to the influence of quality, detachability, and information on the reuse side of the
equation which are directly influencing the cost of reusing the product. That can be seen as a
bonus (equation 2). The material price reusing product is based on the raw material value of
the element.
!"#$ ?-'#)*+ /0"1'2$
= 4(@'<6)$( ∗ !1) + (B-$<2ℎ<D)6)$( ∗ !2) + ( F*G"0H<$)"* ∗ !3)
+ =<$-0)<6 /0)2- ?-'#)*+ /0"1'2$>
Equation 2 Cost reusing product
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To do the complete calculation visualized in Figure 25 the following list of data is necessary.
Table 13 Input data for calculation

Element
Culture
Law and legislation
Quality
Detachability
Information

Input sort
%
€
%
%
%

Source
Determined by theory
Determined by theory
Determined by theory
Determined by theory
Determined by theory

Material price new product
Material price reusing product

€
€

= Quotation
= Raw material price

Constant 1 (quality)
Constant 2 (detachability)
Constant 3 (Information)
Constant 4 (Culture)

€
€
€
€

= Processing and processing costs
= Demolition and disassembly costs
Determined by theory
Determined by theory

At Level

At 0,6
At 0,5

Most of the data is given by data gathered in the literature or the further field research
accompanying the thesis. The data that is element specific are the material prices and the
costs of demolition, disassembly, and processing. Related to detachability and quality. These
data are gathered based on the knowledge that the original new price is still relating to these
values. In Figure 26 the sub elements of the new price are divided in materials, production,
delivery, and assembly. On the other side of the figure the distribution is shown of the cost
price in reuse.

Figure 26 Sub dividing the new price of elements (Heijmans, 2022)
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From the figure a few analyses can be done:
-

With the given that it takes just as long to assemble than to disassemble if the
detachability is 1,0 the original assembly cost can be directly used as the current
disassembly cost.
The cost to fabricate can be directly related to the processing costs and processing
time with a 0% quality loss.
The original raw material cost is directly related to the current raw material costs given
the fact that the material is still in the same quantity.
The calculation needs to take transportation into consideration since it is a big
element.

With these given and the new price the raw material value, the cost of detachability and the
cost of processing (quality) can be gathered from the new price. In a study conducted by Han
university and Heijmans it was found that the elements are divided following the percentages,
35,3% assembly and disassembly costs, 36,2% processing and processing costs, 17% raw
material value, and 11,6% transport costs (20210120_Heijmans_Transitierapport_V1.1, n.d.)
It is important to correct the value for quality (processing and processing costs) and
disassembly (assembly and disassembly costs) to the correct level instead of 100% for quality
and 1,0 for disassembly as described previously.
To simplify this process all these values can be added in the model visualized in Figure 27 and
the residual value can be determined.

Figure 27 Model with changing scales
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5.4. Circular relationships
In the last paragraph a model was discussed to simulate the residual value based on input
values. In addition to predicting the outcome that minor changes would bring, it is also
interesting to see what influence these changes have on each other. System dynamics is part
of systems theory, which is a method of understanding the dynamic behavior of components,
but also the relationships between those components (Taylor, 2008). As discussed in section
5.1 Relationships, there is also a relationship from the residual back to the five factors that is
interesting to explore. When these relationships are coupled through the original model, loops
can be created that are either balancing or reinforcing. In the model shown in Figure 28, there
are five loops defined by combining the linear relationship with the loop relationship.

Figure 28 Model with loops

By adding these five loops, more complex systems can be studied. For example, the effect of
the cultural movement on law and legislation. As mentioned earlier, the loops are either
balancing or reinforcing. The loops that interact with reuse costs are all reinforcing because
of the level reuse has in the market. Now it is still very small and working towards a larger
share of the market. The quality, information and detachability are all contributing to the
reuse market growing and therefore reinforcing. The cost of buying new products will be
balancing since they will not improve significantly but can only be "attacked" by the
potential growth of the reused materials market. The individual impact of these balancing or
reinforcing outcomes is discussed per factor:
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Loop 1 Balancing:
Detachability – Cost reusing products – Cost RP – Residual value – Detachability:
Starting from detachability as shown in Figure 29. More detachable means less cost reusing a
product means less cost RP input and more residual value. The question then becomes what
happens to detachability when residual value increases or decreases.

Figure 29 Detachability loop

Loop 2 Reinforcing:
Quality – Cost reusing products – Cost RP – Residual value – Quality:
The second loop identified is quality and is the same as the detachability loop. As quality
increases, the cost of reusing the product decreases (because less maintenance, repair, and
upgrading of the material is required), the RP cost decreases, and the residual value increases.
As residual value increases, quality has the same effect as the cycle of detachability. As shown
in Figure 30.
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Figure 30 Quality loop

Loop 3 Reinforcing:
Information – Cost reusing products – Cost RP – Residual value – Information:
The third loop identified is the information loop, which again has the same polarity and
reinforcing features as the quality and detachability loop. The amount of information available
increases, the cost of reuse of products decreases, the cost of RP decreases, the residual value
increases, and the residual value affects the information. All illustrated in Figure 31.

Figure 31 Information loop

The three loops previously mentioned are all reinforcing and have the same polarity. The
reaction between each element of the loop and the following one is therefore the same. In
the calculation mentioned in 5.3 Simulating Influence, all are equally weighted and have the
same effect on the result. This means that quality, information, and detachability are all
related and have equal influence on the residual value. The following two loops are based on
the cost of buying new products and are also equally weighted in the calculation.
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Loop 4 Balancing:
Law and legislation – Cost buying new products – Cost BNP – Residual value – Law and
legislation:
The cycle starts with the law and legislation and leads to higher costs of buying new products
when the law and legislation increase, which in turn means higher BNP costs, which lead to
higher residual value. This is explained by looking at the cost aspect of residual value and
interpreting law and legislation as a penalty/tax rather than a subsidy on the reuse cost side
of the model. This will eventually even out as the shift from new to reuse is underway, and
the higher the residual value, the lower the laws and legislation. As shown in Figure 32.

Figure 32 Law and legislation loop

Loop 5 Balancing:
Culture – Cost buying new products – Cost BNP – Residual value – Culture:
The last loop identified is the balancing loop of culture. It has the same effect and result as
loop 4, the loop to law and legislation, where culture can be considered a negative effect due
to the more positive attitude towards reuse. Culture is negative and will therefore lead to a
higher price, which will become lower as the residual value increases. As shown in Figure 33.
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Figure 33 Culture loop

In a model, the overall balance of loops can be positive or negative. so, the residual in this
model will only be increased if the system model is correct and followed. If the reaction is the
same, then the model will balance at a certain level at a certain time. This will be further
elaborated in the case study.
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5.5.Intermediate conclusion
A comprehensive model is created that depicts the relationship between these individual
factors and residual value with both the linear and important circular relationships depicted
A system dynamics model was created to depict the relationship between the factors and
the residual value.
In the case of this model, there are three stocks that together form the stock and flow diagram
used to determine the residual value: the cost of buying new products, the cost of reusing
products and the residual value. The cost of buying new product represents the amount of
money needed to buy a brand-new product directly from the production line. Another stock
is the cost of reusing products. The cost of reuse represents the cost required to reuse a
product and the expenditure required to adapt the reused product to be purchased. In this
model, we take these two outcomes and use them to calculate the difference represented in
the final stock the residual value. This is the value left over when the cost of reusing is
subtracted from the cost of buying new and represents the net result of reusing instead of
buying new.
The final element of the stock and flow diagram is the influencing factors. The five factors
listed in Chapter 4 influence and determine the value of the main three stocks.
By adding these five loops, more complex systems can be studied using system dynamics on
how factors can be used to speed up the transition to a circular economy.
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6. Validation through case study
Up to this point, the paper has identified several factors that influence the residual value of
construction products. These factors were further investigated to determine in what way they
affect residual value. Using these findings and the theory of system dynamics, a framework
was created (Figure 34 to calculate the residual value based on these findings. Once the
residual value is created, the model can show the evolution of the residual value over time.
The influencing factors are built in as sliders so that they can be changed to show the impact
of changes on the residual value over time. In this chapter, a case of interior walls is used to
validate this model. Then, the results of the case study are used to show the impact of each
influencing factor on residual value to show the difference in the impact of the factors on
residual value. With these final findings, it can be determined which of the factors is most
important to residual value and which should be focused on when accelerating the transition
to a circular economy.

Figure 34 Full model

6.1. Case study
The model requires several inputs to determine the residual value of a building product. A
building product is a product that is not a raw material or a prefabricated element. This means
that it is already prepared in a factory or manufacturing process, but it also requires some
manipulation and additional energy at the construction site.
In Heijmans_Transitierapport_V11, a study was conducted on different sets of interior walls
to determine their reusability. In this study, the residual value was calculated based on
empirical values and used cases. To validate the framework, this study is used as an input in
our calculation to assess the residual value (market price and residual value). The factors that
are studied in this thesis (detachability, information, quality, culture and law and legislation)
are not directly mentioned but can be determined based on the reasoning described in 5.2.
The input that is needed is available in the Heijmans_transitierapport_V11. Combined with
the determination of the factors based on the theory presented in Section 5.2, the residual
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value could be calculated the glazed Internal walls described in the document will be used to
calculate the residual value in the previously described method in chapter 5.
First, Table 14 is filled with inputs from the case. It shows a list of 3 groups of information that
must be known. First are the factors, then the material prices for new and reuse, and finally
the constants 1 to 4. The table also lists the required input type, which has already been
discussed in Chapter 5.
Table 14 Input table for determining residual value

Element

Input sort

Source

At Level

Culture

%

1

Law and legislation

€

1

Quality

%

1 - 0,6 = 0,2

Detachability

%

1- 0,17 = 0,22

Information

%

1,0 -1 = 0

Material price new product

€

= 200

Material price reusing
product (material value)

€

= 6,73

Constant 1 (quality)

€

= 13,33

At 0,8

Constant 2 (detachability)

€

= 66,37

At 0,78

Constant 3 (Information)

€

=0

Constant 4 (Culture)

€

=0

If we take the values from the Heijmans_transitionrapport_V11, the blue values could be filled
in immediately, but the red values had to be calculated. The elements that needed to be
determined are as followed:
-

Quality: 0,8 based on theory in 5.2.4. due to the perspective of the calculation, it is
subtracted from 1 to determine the amount of quality missing 0,2.

-

Detachability: 0,78 based on theory 5.2.5. due to the perspective of the calculation, it
is subtracted from 1 to determine the amount of detachability missing 0,22

-

Information: Due to the amount of information known, the value of information was
set to 1. When we subtract that from 1 there is no information missing.

-

Material price new product (new value): Given in theory €200

-

Material price reusing product (material value): €6,73 is the amount of material used
to create a new material. This is just the materials itself and is a sub element of the
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€200 from the new value. The other €193,27 is energy and labor used. There cannot
be determined how much is left and as d. escribed in theory just the material value will
be used for the value in the reuse calculation.
-

Constant 1 (quality): given from the case study. It is expected a process and processing
cost of €13,33 to get the current level towards 100%. The current level is set at 0,8. So
this means that to get to 1,0 it costs €13,33. This is mainly the labor and energy aspect.

-

Constant 2 (detachability): The assembly and disassembly costs of the case study are
set on €60 and €6,37. This means that the complete disassembly cost is €66,37 because
we take the assembly into account in the disassembly costs.

-

Constant 3 (information): no further action required due to the 100% at the
information factor.

-

Constant 4 (culture): Set to 1 due to the carrying capacity of the issue in general.

In the study with Heijmans, the residual value is determined based on the following
calculation:
The market price of new product = Residual value + material value + demolition and
disassembly costs + transport costs + process and processing costs + assembly
(20210120_Heijmans_Transitierapport_V1.1, n.d.)
This calculation is comparable with the calculation used in this thesis but needs some
explanation. In the calculation explained in chapter 5 the residual value is determined by
looking at different costs and subtracting them from the value. The equation described above
is based on a value perspective. The value of both the new and reused material is added up
and subtracted with the costs. If we write this in the same form as described in the thesis the
result is as following:
Linear market price – culture = Cost buying new product
Demolition and disassembly costs + transport costs + process and processing costs + assembly
+ Material value = Cost reusing product
Cost buying new product – cost reusing product = Residual value
These values can be found in Table 15, which gives a residual value of 105,30 euros. In Table
15, the value for the material price new and reused can be entered. The values for the five
factors were not provided in the input and must therefore be determined. These can be
determined based on Chapter 5.2. and described above. If this is entered in the model in table
15, the residual value should be equal to 105,30 euros.
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Table 15 Input data for calculation

Element

Input sort

Source

Market Price new product

€ 200

33% (material, production,
and transport)
67% (labor)

Material value (scrap value)
new product.
Demolition
and
disassembly costs
Transport costs

€ 6,73

€/m2

€ 6,37

€/m2

€ 15,00

€/m2

Process and
costs
Assembly

€ 13,33

€/m2

€ 60,00

€/m2

€ 105,30

€/m2

processing

Residual value

At Level
€/m2

Now all values are known from both the case study and the theory previously determined in
chapter 5.2. The residual value can be calculated by the calculation in the thesis.
!"#$ &'()*+ ,-. /0"1'2$ = 4(!'6$'0- ∗. . ) + €0 + €200>
!"#$ ?-'#)*+ /0"1'2$ = 4(0,4 ∗ 46,67) + (0,83 ∗ 45,5) + ( 0 ∗ 0) + €21,87> = € 24,00
?-#)1'H6 IH6'- ≤ € 200 − € 24,00 = € 176,00
The residual value is 176,00 euros (The filled in schema is visualized in Figure 35).

Figure 35 Model with input variables
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If we compare the residual value of the case study with the residual value, the following
inconsistency arises. The residual value of € 176,00 was set at € 105,30 euros in the
Heijmans_transitierapport_V11. This is a difference of 70,7 euros per square meter.
This difference is explainable through the bases that the case study calculation utilizes the full
costs of the factors but in the calculation described in the theory there is an intermediate step
to determine how much of the costs is needed. The case study calculates the worst-case
scenario. But due to the theoretical base described in this thesis there can be concluded that
not all value is lost. in comparison with the case study due to prior calculation of the factors
based on the theory in 5.2.
This means that in this case study, €13,33 is required for process and processing costs. This
means that the item requires 13,33 € of labor to get back to the right level. There is also a level
set in the framework that determines if 80% of that €13,33 is insufficient or some other
percentage. The traditional calculation in the case study, based on TNO's calculation, does not
take this intermediate step, and always calculates the full 100% of all costs, resulting in an
inconsistency in the calculation.
When the costs are fully considered a difference of €15 euro’s results this is exactly the
transportations costs. The transport costs where not mentioned previously in the model due
to the large number of unknown factors that determine the transportation costs. It was
therefore not used in the model and framework but is needed to get the element to the new
location. But can lead to a very negative unneeded result since it is a new process to reuse
materials and the infrastructure is not large enough yet to optimize the transportation costs
and can therefore lead to a different result purely based on the current situation in the market.
The case of the glazed interior walls depicts a positive residual value €176 this manly arises
from the exceptional characteristics a glazed interior wall has. It is almost fully detachable and
has barely any quality loss over time. But when we look at massive internal walls also
described in the Heijmans_transitionrapport_V11 a negative residual value will arise. As
calculated in. the same fashion as with the. glazed walls:
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Table 16 All input values for the residual value calculation

Element

Input sort

Source

Culture

%

1

Law and legislation

€

1

Quality

%

1 - 0,6 = 0,4

Detachability

%

1- 0,17 = 0,83

Information

%

1,0 -1 = 0

Material price new product

€

= 42

Material price reusing
product (material value)

€

= 21,87

Constant 1 (quality)

€

= 46,67

At 0,6

Constant 2 (detachability)

€

= 45,5

At 0,5

Constant 3 (Information)

€

=0

Constant 4 (Culture)

€

=0

Demolition
disassembly costs
Transport costs
Process and
costs
Assembly
Residual value

and

processing

At Level

€ 22,75

€/m2

€ 15,00

€/m2

€ 46,67

€/m2

€ 22,75

€/m2

- € 65,17

€/m2
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If we take the values from the Heijmans_transitionrapport_V11, the blue values could be filled
in immediately, but the red values had to be calculated. The elements that needed to be
determined are as followed:
-

Quality: 0,6 based on theory in 5.2.4. due to the perspective of the calculation, it is
subtracted from 1 to determine the amount of quality missing 0,4.

-

Detachability: 0,17 based on theory 5.2.5. due to the perspective of the calculation, it
is subtracted from 1 to determine the amount of detachability missing 0,83

-

Information: Due to the amount of information known, the value of information was
set to 1. When we subtract that from 1 there is no information missing.

-

Material price new product (new value): Given in theory €42

-

Material price reusing product (material value): €21,87 is the amount of material used
to create a new material. This is just the materials itself and is a sub element of the
€42 from the new value. The other €20,13 is energy and labor used. There cannot be
determined how much is left and as described in theory just the material value will be
used for the value in the reuse calculation.

-

Constant 1 (quality): Given from the case study, they expect a process and processing
cost of €46,67 to get the current level towards 100%. The current level is set at 0,6. So
this means that to get to 1,0 it costs €46,67. This is mainly the labor and energy aspect.

-

Constant 2 (detachability): The assembly and disassembly costs of the case study are
set on €22,75 and €22,75. This means that the complete disassembly cost is €45,5,
because we take the assembly into account in the disassembly costs.

-

Constant 3 (information): no further action required due to the 100% at the
information factor.

-

Constant 4 (culture): Set to 1 due to the carrying capacity of the issue in general.

Now all values are known from both the case study and the theory previously determined in
chapter 5.2. The residual value can be calculated by the calculation in the thesis.
!"#$ &'()*+ ,-. /0"1'2$ = 4(!'6$'0- ∗. . ) + €0 + €42>
!"#$ ?-'#)*+ /0"1'2$ = 4(0,4 ∗ 46,67) + (0,83 ∗ 45,5) + ( 0 ∗ 0) + €21,87> = €78,30
?-#)1'H6 IH6'- ≤ € 42 − € 78,30 = € -36,30
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The residual value is - 36,30 euros in the theory it is -65,17 euros due to the already previously
mentioned bases that the case study calculation utilizes the full costs of the factors but in the
calculation described in the theory there is an intermediate step to determine how much of
the costs is needed. The case study calculates the worst-case scenario. But due to the
theoretical base described in this thesis there can be concluded that not all value is lost. in
comparison with the case study due to prior calculation of the factors based on the theory in
5.2.
Once again, this means that in this case study, €46.67 is required for process and processing
costs. This means that the item requires 46.67 € of labor to get back to the right level. There
is also a level set in the framework that determines if 80% of that €46.67 is insufficient or some
other percentage. The traditional calculation in the case study, based on TNO's calculation,
does not take this intermediate step, and always calculates the full 100% of all costs, resulting
in an inconsistency in the calculation.
The transport costs where not mentioned previously in the model due to the large number of
unknown factors that determine the transportation costs. It was therefore not used in the
model and framework but is needed to get the element to the new location. But can lead to a
very negative unneeded result since it is a new process to reuse materials and the
infrastructure is not large enough yet to optimize the transportation costs and can therefore
lead to a different result purely based on the current situation in the market.
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6.2.Residual value over time
The case study can be used to show the basic linear operation of the residual value calculator
based on the previously determined factors. It requires a set of input variables and uses them
to calculate a linear value. System dynamics is not required in these equations, as it is only a
simple calculation at t=0. Once the residual value is determined, the system dynamics portion
of the framework comes into play. With the residual value determined, a decision can be made
whether it is low, good, or too high. If it is decided that it is too low, two elements must be
known: How high should it be and when should it reach that value. The model is equipped
with sliders that allow you to change the values of the factors. This way, the evolution of the
residual value over time is shown in diagrams. As mentioned earlier, you cannot use systems
theory without having a loop in the model. In this part, a loop will be used to give an example
of how to answer the question "how much and when". The culture loop (Figure 36) is used to
change the input and show how this can solve the residual impact question. Later in the
chapter, different settings for the detachability, quality, and information factors are used to
show the impact that small changes in the design process can have to accelerate the transition
to a circular economy and which of the five factors have the fastest impact. To answer the
question of which path leads most quickly to the transition to a circular economy. In this case,
the model of solid interior walls with a residual value of - €36.30 is used as a basis to show
what impact these factors can have.

Figure 36 Specific culture loop

In the model, five loops form the complete circular model (Figure 37). The loop of
detachability, law and legislation, culture, information, and quality. These five loops have
either a reinforcing or a balancing effect. This means that some effects become stronger and
stronger, and some loops return to their origin after a certain time (balancing). This means
that by changing these loops, a change occurs. The system dynamics is based on the fact that
there is always cohesion between the effects. This means that a change in detachability will
eventually lead to a change in culture (for example). The framework brings all of this together,
as shown in Figure 37. One of the main reasons system dynamics was used is to show how this
effect works overtime. To show how this works, the culture loop is used as an example
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Figure 37 Full figure with circular loops

The culture loop is a balancing loop because of its unstable effect. An example of this is the
disposal fee that is already charged on light bulbs and batteries in today's market. The
detachability, information, and quality factors are all based on technological progress and are
immutable. Culture can be triggered by hype or an effect like a disposal fee, which can
dissipate at any time.
For example, suppose the manufacturer wants to create zero waste and offers a buyback
guarantee of €40 for the solid interior walls from the case study to be used to make new walls.
This effort by the manufacturer triggers a change in supply and demand due to a new cost
price. The buy-back guarantee can be seen as a delayed discount on the new price. In Figure
38, €40 is entered as a discount on the new price (shown in red).

Figure 38 Model with sliders open
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The 40 euro is entered both as a delay and as a ''IF THEN ELSE'' Rule entered the model. This
has a different rationale based on the theory described earlier:
-

Delay: this happens because all political changes must first take shape and develop
momentum. It always takes time for the effect to be known and used. There will not
be a positive case immediately at time= 0.
IF THEN ELSE: A policy is always time-limited to help early adopters. This means that if
enough people buy second hand, the residual value will become positive, and no
incentive is needed to encourage this. The IF THEN ELSE rule is there to show this ''IF
the business case will be positive THEN the policy will disappear ELSE it will continue
until it does.''

With these two rules, the following line is inserted into the model (see Figure 39).

Figure 39 A buyback guarantee of €40 combined with the delay and the IF THEN ELSE rule.

After this is filled in, the model is RUN. This means that the model first calculates the residual
value again in a linear way and then focuses on the culture cycle by adding the €40 buyback
guarantee. Since the effect is balancing, the residual value is determined until it reaches its
origin again (see Figure 40). The y-axis shows the residual value in euros and the x-axis the
time factor in months.

Figure 40 Residual value graph with culture input
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In Figure 40, the residual value grows after a certain time (delay) to a peak of €300 before
moving back toward 0. After reaching 0, it increases again due to the IF THEN ELSE rule, with
the €40 buyback guarantee starting again with a negative residual value, as can be seen in
Figure 41, where the culture cycle is visualized. But as can be seen in Figure 40, the effect will
be less effective because it is already used and no longer original.

Figure 41 IF THEN ELSE rule visualized

From the diagram shown in Figure 40, we can infer that changing the cultural factor will help
residual value develop in the short run but will not be very effective over time. When the
policy eventually increases the residual value, it will decrease again. It is therefore important
that a different effect occurs, and that culture is no longer the main factor stimulating positive
residual value because of its high uncertainty. Technical progress in detachability, quality or
information is preferred. These loops are reinforcing and do not go back to 0 like culture (the
reinforcing and balancing loop is described in chapter 2.3).
So, by including a change in the factors (must have a positive effect), the residual value can
become positive. It is therefore important that the framework provides a quick result to show
the impact on the residual value so that strategies can be established. The same effect occurs
with the law and legislation factors as with culture because it is a balancing loop. The loops of
detachability, quality, and information are more solid in their calculation because of the
reinforcing effect and the ongoing process of a climbing residual value. When a value needs
to be reached, it is difficult to reach it with a balancing loop because it is tied to its peak, while
the reinforcing loops will reach any desired value over time.
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6.3. Transition to a circular economy
Following the example in 6.2 based on the case study in. 6.1 culture is a factor that can be
used in certain shapes and forms to help get a positive residual value. But as previously
described in chapter 4 there are more influencing factors. Detachability, quality, information,
and law & legislation. This means that there are more ways to influence the residual value
over time. This is also the bases of the main question of the thesis were:
How do various factors influence the residual value of construction products in the built
environment over time, and can these be used to speed up the transition to a circular
economy by working with System Dynamics?
In the culture example just the culture factor is changes but what will happen of more factors
change at one time and what is the difference in terms of speed if we compare the different
factors.
To first compare the difference in terms of speed the difference of detachability, quality, or
information concerning the speed in which they result in a better business case will be
examined on top of the case study. Law and legislation and culture are not taken into
consideration since they are balancing and will eventually go back to null where solid technical
advancements will lead to a stable backing for the residual value business case.
To make the comparison the following elements are known:
-

The case study is performed with solid interior walls and follows the explanations in
Section 6.1. of the linear calculation.
Following the case study, the culture factor was assumed with the €40 buyback
guarantee.
The diagrams used to compare the detachability, information and quality are therefore
located above the diagram in Figure 40.
There are 3 diagrams created where the factor is set to 100%. This means that the level
of detachability, quality or information in their respective diagram does not need to
be improved.

There will be a difference in the rate at which the single factor will positively affect the residual
value. One of the main objectives of the research is to obtain a positive business model.
Therefore, the entire focus was on creating a positive business model rather than what
happens after a positive business model is achieved. This means that the graphs all go to
infinity without a stopping point. The residual value can never exceed the new value, but for
this exercise it is visual that it does because there is no study done into the modelling after a
positive business case has been reached.
In Figure 42, the different lines are plotted showing the residual value development over t = 2
months on the x-axis and the value development on the y-axis. As mentioned earlier, it is on
top of the graph in Figure 40, which means that the reinforcing effect for both detachability
and quality and information is stronger than the balancing loop of culture and the line takes
over to create a reinforcing effect. In Figure 42, the different lines are plotted showing the
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residual value development over t = 2 months on the x-axis and the value development on the
y-axis. As mentioned earlier, it is on top of the graph in Figure 40, which means that the
reinforcing effect for both detachability and quality and information is stronger than the
balancing loop of culture and the line takes over to create a reinforcing effect.

Figure 42 Difference in terms of speed (left to right) Detachability, quality, and information.

In the. Study, the focus was on creating a positive business case, but not on the effect that
occurs after a positive effect is achieved. The framework is now based on the residual value
calculation cases. This creates a basis for validating the model and provides a stable level of
certainty in the results that the model produces. If the model is used after the business case
is positive, a certain number of case studies are required to validate the impact when the
residual value becomes positive. This means that the framework, as built, must be used first
before further research can be conducted on the impacts that occur when the residual value
becomes 0. The exact results are otherwise too uncertain to say anything. The graphs
examined in this chapter are therefore used only to see differences in the resulting effects.
The focus is on the steepness and shape of the lines compared to others. The exact data on
the scales have not been validated. A separate study will need to be conducted to validate
this.
On page 94, the 3 graspers are arranged back-to-back to see the different shapes of the lines
on a larger scale. In this case, the detachability was set to 1.0. And it showed that the line has
a persistent positive effect due to the reinforcing effect of detachability. It is reinforcing and
therefore takes over the balancing effect of the culture. Where the line goes down in Figure
40, detachability will pick this up because of its more solid base and effect. This is a
prerequisite for residual value to have a positive business case. Either a big detachability,
quality, or information. But there is a difference in impact between these three. As you can
see in Figure 43, 44 and 45. All lines are basically the same but differ in steepness. It shows
that when everything is set to the original setting as described above, information has the
steepest
rising line, followed by quality and finally detachability.
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Figure 43 Detachability to 1.0

Figure 44 Quality to 1,0

Figure 45 Information to 1,0
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The residual value in the charts continues to grow (figure 43,44,45), but must be limited to
the new price of the item under consideration. In these charts, the lines continue to grow
because different new prices may appear in the calculations when different elements are
considered. In Figure 46, you can see that the balancing effect is canceled out by the
amplifying effect of the factors. The model can generate all diagrams life to show every desired
effect. The Detachability, Quality and Information factors are applied to the current culture
loop and the second ‘’bump’’ in the culture loop has disappeared (as shown previously in
Figure 41).

Figure 46 Takeover effect from balancing to reinforcing

From the comparison of the 3 factors, it appears that information, compared to detachability
and quality, has the greatest impact on the speed with which attempts are made to move to
a circular economy by creating a positive business case for residual value. The reason for this
is the overlapping importance of information. For example, if an item is 100% detachable but
cannot be determined, it might as well be 40% detachable so there is a correction for
uncertainty. Therefore, information has the steepest line because it affects the other factors.
This means that information management is the key to a rapid transition to a circular
economy.
Another option is to use multiple factors to accelerate the evolution of the residual value
(FastTrack). In Figure 47, both the Disassembly factor and the Information factor are used and
set to 100% in the model. As you can see, the model has the same shape and form as before.
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It starts with a steep line to show the initial momentum, and then increases over time. This
was also the case in the previous diagrams, but with a different growth line. It can be
concluded that the effect is the same, but the slope can be affected by changing the factors.
In Figure 47, both disassembly and information are set to 100%.

Figure 47 Residual value development (detachability and information factors)

When these effects are considered in the possible combination (for the reinforcing factors),
Table 17 can be produced. It shows the various effects that can help in finding the best
cost/time combination, given how easy it is to make a change to the element. Investors or
contractors can look at their skills and expertise to focus on quality and removability, for
example, since they have a lot of experience in this area. Investors may choose to combine
with information to focus more on their expertise. Table 17 describes the development of
residual value with these different cases.
Table 17 Growth in factor combinations

First factor

Steepness

Second factor

Combined

Quality
Information
Quality
Quality

25 €/month
36 €/month
25 €/month
25 €/month

Detachability
Detachability
Information
Detachability and information

30 €/month
41 €/month
61 €/month
66 €/month

Detachability

5 €/month

Quality and information

66 €/month

Information

36 €/month

Quality and detachability

66 €/month
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6.4.The full system
In this chapter, four main elements are discussed: the case study, the temporal element
introduced by the system dynamics, the speed at which the transition can occur, and finally
the underlying linear residual value calculator that is constructed. All these elements come
from one model (Figure 48).

Figure 48 overall model

If we take these 4 elements from this chapter, we can make two essential calculations:
-

First, the linear equation using the input of the factors, constants, price of new and
reused material in combination with the determination methods described in the
previous chapter. This results in a residual at t=0 with the desired graphs and tables.
Second, the time element is added to this equation and the factors are changed to
produce a residual value at a time when that residual value is desired. The result is a
residual value at t=(desired) with the associated graphs and tables.

These two elements must also be executed in this order since the calculation of the residual
value at t=0 is the basis for the calculation at t=(desired). These two main calculations are
shown in Figure 49. Here, the basic calculation is shown in gray and the calculation over time
in red. With their inputs and outputs. The input and the output are only the basis of the
possibilities that can be achieved with the system dynamic model. With the system dynamics
method, a whole era of options and functions is available to enable many more features to
the system. The use of SD future-proofs the framework both as a control object and as a
visualization tool.
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Figure 49 Input and output diagram

6.5.Intermediate conclusion
In Heijmans_Transitierapport_V11, a study was conducted on different sets of interior walls
to determine their reusability. In this study, the residual value was calculated based on
empirical values and used cases. To validate the framework, this study is used as an input in
our calculation to assess the residual value combined with the determination of the factors
based on the theory presented in Section 5.2, the residual value should be the same.
In the calculation of the case study inconsistencies arise. The transportation cost is not taken
into consideration due to the large uncertainty and distorted image it gives about the value
due to the bad infrastructure based on the novelty of reuse within materials. Furthermore,
the additional step in the calculation that determines the amount of costs that need to be
taken into consideration based on chapter 5.2. this is not done in the Heijmans report. They
just take the worst-case scenario and add up 100% of all costs.
Once the residual value has been determined, the model can be modified to see what effect
decisions have on the residual value. As mentioned earlier, one cannot apply systems theory
without having a loop in the model. In this part, the culture loop is used to change the input
and show the impact on the residual value. Culture describes the ideas, customs, and social
behaviors of a particular people or society. To show the change the model with impact on
culture.
Information has the greatest impact in terms of speed with which attempts are made to move
to a circular economy by creating a positive business case for residual value compared to
detachability and quality. As described in Chapter 5, the reason for this is the overlapping
importance of information. For example, if an element is 100% detachable but we do not know
that it can just as easily be 40% detachable so there will be a correction for uncertainty.
Therefore, information has the steepest line because it affects the other factors.

7. Conclusion
''A little push in the right direction, can make a big difference'' -Sandip Karmakar-.
This research aims to provide that push toward a circular economy by creating a framework
that not only calculates the residual value of building products, but also visualizes the impact
of small changes on residual value assessment over time. By creating a framework that
visualizes the impact of decisions, the goal is to make a very abstract topic a little more real.
The desired finding of the research is described in the following research question,
How do various factors influence the residual value of construction products in the built
environment over time, and can these be used to speed up the transition to a circular economy
by working with System Dynamics?
Short answer: Using system dynamics a very complex system can be visualized, manipulated,
and influenced over a timeline by a set of main factors that determine residual value. This will
result in a very clear view on how the residual value is determined and there is the possibility
to steer towards a better and quicker circular economy transition by adopting the factors and
seeing the effect in a certain time frame. Using system theory.
The main research question includes a few different aspects that can be broken down into the
following sub-questions that need to be answered to come to the previously mentioned. main
research conclusion.

7.1. Concluding
In both the thesis and the main research question, four main elements are very important:
determining the residual value, determining the influencing factors, adding a time element to
determine the residual value, and how all of this can help accelerate the circular economy and
how fast. These elements are divided by five research questions:

7.1.1. Influencing the residual value
What influences the value (or/and residual value) of construction products and materials (like
machined wood or a prefab door) negatively or positively over time and how can they be listed
by importance?
Five main factors affecting residual value were identified. Law and legislation, culture (in the
form of lifestyle), information, quality, and detachability. These five elements can all be
interpreted as negatively and positively influencing residual value. In the research, many
different factors were listed through extensive literature study and field research. Done by 17
interviews throughout different fields. These five factors were created by bundling all the
different sub-factors that were mentioned under different synonyms. The total list with subfactors is depicted in Table 6 The list consists of both the factors found in the literature and
the factors found in the interviews. These two lists where than compared and validated to
form the list in Table 17. The listing of most important is also following the Table 17 Although
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the case study later showed that there are differences depending on the specific case.
Therefore, there is no specific listing of importance within the building products.
Table 18 Factors with sub factors

Factor
Detachability

Sub-Factor
Design for disassembly, availability, details, and flexibility

Quality
Law and Legislation

Retaining, technical specifications, and materialization
CO2 tax, law, codes, and geopolitics

Culture

looking further, motivation, end of life ecosystem, seeing waste as reuse,
Investor is convinced, focus on reuse
Material passport, as build, developments in construction, and
standardization

Information

These five factors can be considered the five issues in determining residual value.
Detachability affects residual value because it determines how easily an item can be reused.
Quality affects the value and current condition left by a material and the investment that can
be made to reuse a material. Law and legislation, on the other hand, can force the reuse of
materials regardless of what condition a material is in, or they can make reuse impossible
through rules and regulations that a material must meet. Culture can help in the form of a
hype or movement. And finally, information, which can lead to less uncertainty about reuse.
These factors can have both a positive and negative impact on the outcome and, in a specific
case, can decide whether to reuse.

7.1.2. Calculating the residual value
How does the built environment currently calculate the residual value of materials in existing
buildings?
Residual value is often confused with the material value of a building. Although the meaning
is correct, it is only a part of the residual value. The material value is the value of all the raw
materials that were used to build the building. After these raw materials are gathered to
construct the building, a lot of energy is used to put it all together. This energy is not easy to
quantify. The Residual Value Calculator is there to quantify the value of all the processes and
make it useful for price and reinvestment calculations. It attempts to determine product value
instead of material value. The calculator is trying to capture what they call the loss of value.
At any given point in time, the residual value calculator shows the user the product,
component value of their real estate portfolio. In the study a comparison was made between
the theory and the current practice in the market which led to the following conclusion:
Residual value is the value (in euros) of a material or building product less the cost of reusing
it at any point in time.
Determined by: Price new product – disassembly cost – transport cost – repair cost – other
cost = Residual value
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TNO is the most advanced in these calculations and therefore has the greatest relativity to the
provision described. This is because the market currently all uses the TNO method, but due to
the lack of standards and an established definition for residual value, there are many different
approaches even within this method.
This method was used to calculate the linear residual value in the framework and later
validated by the case study. Their where some inconsistencies because the case study
calculation utilizes the full costs of the factors but in the calculation described in the theory
there is an intermediate step to determine how much of the costs is needed. The case study
calculates the worst-case scenario. But due to the theoretical base described in this thesis
there can be concluded that not all value is lost. in comparison with the case study due to
prior calculation of the factors based on the theory in 5.2. The model is more accurate in the
determination of the status the element has and therefore gives a more positive result. Due
to the knowledge about what is left in comparison with the method used in the case study.

7.1.3. Comparison in importance of factors
What is the difference in importance one factor or influencer has on the value as compared
to others?
This work identified five factors that influence residual value. To accelerate the circular
economy, it is also important to investigate which of these factors influences residual value
the most. In 6.2, the influence of the factors on the residual value was visualized when it was
set to 100%. This led to the conclusion that culture together with law and legislation will lead
back to 0 due to the balancing loop. But the factors detachability, quality and information keep
the residual value going due to their reinforcing loop. The Information factor has the fastest
impact on residual value. That's because it underlines the other factors. For example, if it is
not known that the product is very detachability it may as well not be. The information factor
is then followed by the quality and removability factors.

7.1.4. Adding a time element to the equation
How can system dynamics help in predicting the value of materials and buildings over time?
In short, "adding an element of time." System dynamics is a part of systems theory, which is a
method for understanding the dynamic behavior of components as well as the relationships
between those components. Its foundations lie in the structure of many circular, interlocking,
and time-delayed relationships between components. Residual value is a circular, ongoing
process based on relationships over time. The residual value calculator can determine the
value at time t=now. To accelerate the circular economy, it is important to add a time element
to this equation that can be used to determine the residual value at time t=5 or t=2000. This
is the main reason why system dynamics was chosen. System dynamics can show how quickly
the residual value changes and when the business case becomes positive, leading to faster
implementation of the circular economy. This makes it immediately clear how much the
development will accelerate. Once the difference in speed is known, decisions can be made
to determine the fastest path to this circular economy.
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7.1.5. Speeding up the circular economy
How can a framework for assessing the residual value of materials and existing buildings help
in boosting the circular economy in the built environment?
As noted in 7.1.4, system dynamics is used to introduce a temporal element into the process
to show the fastest path to the circular economy. Another important element is to show these
effects. With the framework, the speed difference can be modeled, and decisions can be made
to move faster from a negative to a positive business model. This will lead to a full circular
economy in the built environment as materials are reused. The framework is there to show
the changes and impacts of decisions. It can be seen as a steering tool on the way to a circular
economy, showing the fastest path. It takes the conceptual thinking out and makes it
measurable. This means that the risks of investments can be determined and scaled. This leads
to more solid information in decision making.

7.2. Recommendations and Limitations
Apart from the conclusion, there are also some limitations in the research that will lead to
recommendations for future research.
Exclusion of supply and demand from the list of important factors.
The study originally identified six major factors that influence reusability. However, due to the
overall uncertainty regarding supply and demand, they were set aside to further investigate
the elements that are more specific to the build environment. As a result, the results and
charts of the valuation tool are not based on supply and demand and therefore may be
completely different in a different economic cycle. The uncertainties inherent in supply and
demand and how to incorporate them into the framework require further research.
Further research is needed to evaluate the time element.
The final step of the research shows how different factors affect the residual value over time.
The graphs that are made have no ending and continue to grow due to the reinforcing loop.
Due to the uncertainty wat will happen when the sloop goes positive further research needs
to be done in the positive business case. What will happen with the residual value after it is
positive?
The model is not relevant once a positive business case is achieved.
The model is based on the theory that if the business case for reusability is positive, some
momentum will set in, and reusability will lead away from there. When it does not, the model
breaks down again. It is interesting to take a closer look at this phenomenon to find out which
effect occurs and drives the business model to infinity.
Uncertainty in assumptions
As described in the case study, some assumptions were made in the research. These are the
detachability, quality, and information level used in the factors. These assumptions may seem
small and perhaps even unimportant, but because of the way system dynamics works, they
can have a large impact due to the exponential growth that occurs in the underlying
calculations. To calculate the residual value, the factors for the element must be determined.
These factors are supported by the theory from Section 5.2, but they are still filled in based
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on what people perceive about the element. These three factors need to be subjected to
sensitivity analysis to further explore the significance of their "interpretation" and the range
in which they may affect the outcome.

7.3. Societal and scientifical relevance
The research has contributions both societal and scientifical due to the relevance of the
research and the current societal interest into the topic.

7.3.1. Societal relevance
The Ellen Macarthur Foundation argues that continuing the linear mode of operation will
eventually deplete all our material reserves and help us reach the unreversible end of society
(Ellen MacArthur Foundation, 2012). CBS has found that the construction industry is the
largest producer of waste compared to other industries. Ruffle 25% of all waste produced in
the Netherlands comes from the construction industry, about 11 billion kilograms per year.
This does not include waste produced during the demolition of buildings. It comes from the
production and handling of new products, such as packaging, and intermediate construction
during the process. If we also consider the demolition of buildings, the construction industry
generates 50% of the total waste in the Netherlands (Delahaye, 2019).
If the world wants to keep turning, the current process must change, or it will come to an end.
It has been noted that there is a general lack of knowledge about what can be done with
products at the end of their life. This in turn creates incentives for the use of secondary
materials. The goal of the research is to clarify this by creating a more solid business case that
can be explained through a model/framework. This will help to show people the impact of
their behavior on reusability.

7.3.2. Scientific relevance
Making the circular economy a reality requires greater acceptance in the marketplace, both
on the supply and demand side. The circular economy has quickly moved up the priority list
of contractors and construction professionals. But it's still not really taking off because we are
still trying to build in a more traditional sense. That's because real estate investors struggle to
have a valid business model to calculate with the circular economy and see what it does to
their investment. With the combination of unforeseen costs and returns, it's easier to fall back
into old habits.
In this research, we looked at some of this unfamiliar business model. A shortage of materials
is currently emerging in the construction industry. Prices are rising and delivery times have
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quadrupled. Many projects are stagnating due to these circumstances. Circularity can help by
reusing materials and returning them to the cycle. Before this can happen, it is important to
know the value of these building products. Several factors influence the value of materials and
building products.
When these factors are predictable, some ability to add value to existing materials over time
in their reusability emerges and strengthens the willingness to use a circular approach to
design and construction because of the validity of the business model. The research focuses
on creating a framework that maps value over time. This will help further research that focuses
on specific elements of the framework such as the deeper definitions and calculation methods
of factors or the general calculation of residual value.
But the focus is on time. When will it happen, not how? In theory and in the knowledge of
experts, there is always an existing knowledge of how the transition can happen. Less waste,
more reuse, and better technology to facilitate it. But there is no theory about the speed at
which the change can occur and the associated time frame. So, the study is there to add a
time element to the existing knowledge. This was gathered and packaged as part of the study.
With the input of the element in combination with the desired slider settings, a suitable time
frame can be visualized, and an action taken towards the fastest route towards more residual
value and a possible circular economy.
The framework was created with the existing knowledge from field research, interviews, and
literature. All these elements can be further explored based on this study. This saves time
when trying to answer a specific question about a sub-element of the data.
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Appendix 2: List of all mentioned factors
What factors have influence on the residual value in general? Grade from most important to
least important.
Heijmans
1 LMBH
2 Kwaliteit bewaren
3 CO2 taks
4 Onhoudskosten
5 Verder kijken
Heijmans
1 Vraag en aanbod (marktwerking) (ook vanuit logistiek)
2 Technische kwaliteit (over 10 jaar)
Geld om van kwaliteit a naar y te gaan
3 (''Verplaatsingskosten/onderhoud/demontage'')
Moment van vrijkomen (logistiek) (budget woningcorporatie
4 bepaald tempo) wordt niet gepland om materiaal waarde.
Als er waarde inzit is technisch alles op te lossen dus andere
5 gedachtegang
TNO
1 Kosten van onderhoud tijdens gebruiksfase
2 Samengestelde, hybride producten
3 Producten met (elektro-) technische componenten
Producten die aan de buitenlucht worden blootgesteld
4 (veroudering, verkleuring, degradatie, etc.)
5 Producten die bovenmatig onderhevig zijn aan prijsfluctuaties
Copper 8
1 Design for disassembly
2 Design for asembly
3 Design for manufacturing
4
5
IGG
1 Tijd (wordt meer waard wegens schaarste)
2 Vraag en aanbod
3 Kwaliteit (onderhoud) (technische specificaties)
4 Beschikbaarheid en losmaakbaarheid
Hergebruik scenario (afstand tot hub en nieuwe toepassing;
5 tijd tussen demontage en hergebruik; eventuele opslag)
Avans
1 Vraag en aanbod
2 LMBH (arbeidsloon)
3 Kwaliteitsbepaling Oud/nieuw
4 Arbeidskosten/kosten
5 Kansberekening
Negatieve business case for manufacturiers (het levert nog
DGBC
1 geen geld op) RW-calculator
2 Costs end of life vs. costs virgin production
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Beelen Next

Re:born

Deloitte

ING

Rabobank

Volantis

Wise Brick Earth

3 Bad return/ end of life ecosystem
4 Low Tax/costs on waste vs. virgin materials
bad digital support in identifying ‘waste’ as possible source for
5 re-use/recycle.
1 LMBH
2 Technische specificaties bekend zijn
3 Technisch voldoen
4 Locatie ook geografische
5 Organisatie/ logistiek
1 Technische conditie
2 LMBH (arbeidsloon)
3 Zuiverheid van de materialen
De mogelijkheid om het meteen te hergebruiken op hetzelfde
4 niveau
5 Materiaal code
Materialiseren (waarde vast hoge eigenschappen lange
1 levensduur)
2 Detaillering (LMBH) (standaardisatie/ repetitie)
Opdrachtgevers (betrokken bij hele proces als je dat achteraf
3 gaat doen)
As built (info is heel belangrijk voor restwaarde bepaling
4 demontage voorschriften)
5 Focus op hergebruik
1 Kwaliteit
2 LMBH Verzilvering
3 Schaarste (marktwerking)
4 Wetgeving
5 Flexibiliteit in elementen
Technische ontwikkelingen (gebruiken we over 20 jaar nog
1 steen/glaswol of staal)
2 Geopolitiek
3 Leveringszekerheid
4 Bouwbesluit
5 Financieringsopties voor MKB-bedrijven
1 Her certificering
2 Transport kosten
Afspraken met betrekking tot businessmodel (financiële
3 afdeling en juridische afdeling)
4 LMBH
5 Afschrijving
1 Connection type
2 Condition
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Madaster

BBN

3
4
5
1
2
3
4
5
1
2
3
4
5

Compliance over time
Standardization (sharing of information)
Hazardise material
Technische staat
LMBH
Kennis / informatie vastleggingen
Marktwerking
Norm in hergebruik (zorgt voor meer opties) (doormiddel van
hergebruik)
LMBH
Vastleggen in MP (bijhouden van de informatie)
Wet en regelgeveing
Certificering en voldoen aan deze (wegens gebrek aan
rekenmodellen)
Vraag en aanbod (bouwtijd/ materiaalgebruik) Marktwerking
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