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E X E C U T I V E S U M M A R Y

Climate change has dominated a lot of recent political debates about the construction industry. A
shortage of fossil raw materials will be an emerging problem in the coming decades. This may cause
significant problems to earth-living, in all its aspects such as physiology, effects on distributions, phe-
nology and adaptation of species. The national government of the Netherlands decided to focus on
a perspective for a futureproof, sustainable economy, for future generations. Therefore, it set up a
national program to achieve this named: Nederland circulair in 2050.

In order to reach the goals of this program, it is of the utmost importance to change the construction
industry. The construction industry is one of the most underlying reasons for the mentioned problems.
The assignments in the construction industry are mainly put on the market by public clients. This
research focuses on the water boards and their influence on the construction industry. Changing the
way the water boards initiate projects and organise their asset management is complicated and will not
give the desired result at once. Therefore, this research aims to answer the following question:

How can water boards use and implement circularity and thus contribute to the prevention
of resource depletion and counteract climate change?

Key developments concerning circularity are derived from academic and grey literature, such as policy
documents that initially mentioned the goals for 2050. It can be concluded that one of the main goals
mentioned in the policy documents is the avoidance of primary raw materials. This research argued
this is not likely to be achievable in the coming decades. Moreover, circularity is being treated as
a goal, instead of being used as a method to overcome certain problems. This seems to bring forth
positive results at first, but it will not solve the problems of resource depletion and climate change
over time. Circularity should not only solve the resource depletion but should be in conjunction with
other themes such as climate change, the energy transition and the reduction of greenhouse gasses.
This is according to the core principles of circularity. It is argued that circularity should be used in
a systematic approach, rather than a project-based approach. The research reviews multiple circular
measurement tools and assigns the Core Measurement Method (CMM) as an appropriate systematic
method for the construction industry. This method uses circularity to achieve three main goals:

• Protecting materials streams;

• Protecting the environment;

• Protecting or creating value.

Problems regarding implementing circularity are identified and have various underlying reasons. The
key factors in these are identified as low virgin material prices, high investment costs and a hesitant
innovative culture. Especially the first two can be attributed to the fact that our (construction) economy
still is linear and project-based.

These results from the literature are used in semi-structured interviews with different actors within
the chain. The gathered data is used to sketch the water board as an organisation. Water boards are a
form of public clients in the Netherlands and their core business closely relates to the problems such
as GHG. It turns out that an overarching circular strategy with clear ambitions and implementation
strategies for the water boards is absent. Most of the water boards are experimenting on their own.
Condition of assets, information provision or maintenance strategies are examples of things that vary
between the boards. Innovative ideas are mostly applied in the realisation phase of an asset, whereas
little or no attention is paid to circularity in the maintenance part due to various reasons, such as
internal conflicts of interest. Most of all, the maturity of the asset management of water boards lacks,
resulting in not making full use of possibilities that are already available.
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This research sketches how circularity as a systematic method can contribute to a (partly) solution
to climate change and resource depletion. It is explained that the use of primary materials does not
necessarily need to be a problem. However, insight into what exactly is the problem for which material
is needed to tackle the problems. This is required for the use of circularity for the water boards, as
they have the power to steer the actors in the material chain. These actors need to have a stable future
perspective to ensure that they have a business case in the future. Therefore, it is important that the
investments these actors do, actually contribute to the use of circularity.

The research developed an implementation tool that can be used by the water boards. It shows
which design criteria exist within the CMM. These design criteria consist of 7 indicators. It is advised
to use these indicators as circular ambitions for the water boards. These indicators can be measured
over time, in which the water boards can effectively steer and measure these ambitions. This research
showed 42 circular strategies, which have been connected to the ambitions of the CMM through an im-
plementation tool. Strategies are connected to one of the 9 life cycle stages of an asset. These strategies,
however, can conflict which each other. For example, solar panels might generate green energy, but if
the alloys used can not be recovered, this results in a valuable loss of scarce materials. Moreover, some
strategies are dependent on other strategies or can create synergy. An overview of these interactions is
provided.

In order to use this tool, the water boards should have a widely supported definition of circularity as
a systematic approach. The acting of water boards as separate islands does not contribute to a system-
atic approach. Secondly, all the boards together should define clear circular ambitions for each type
of material, as this research shows that different materials require different moments in their chain in
which circularity can be used. It is therefore argued this needs to be done by as many actors within
a chain because otherwise skew growth and divergent processes might happen. The market benefits
from an unambiguous vision and working method to have a stable perspective of the future. For this
research, this would mean that all water boards in the Netherlands share these actions.

The systematic approach discussed in this research emphasises that implementing circularity re-
quires a fundamental shift rather than an incremental shift of the current system. Currently, the pre-
vailing thought is to treat circularity as an ’extra item’ in program requirements. This might lead to
some positive results at first, but will very likely not contribute to circular intervention development, let
alone a successful systematic approach to the real problems of resource depletion and climate change.
Intervention developments enable actors to apply new circular solutions in the construction industry.
These intervention developments should be high on the agenda of all water boards, as most of the
interventions cannot be executed by one actor. Multiple actors need to contribute to these interven-
tions. This research shows a systematic approach aiming for jointly developing knowledge and further
developing circular strategies, which enables not only the waterboards, but the full sector to learn and
apply these interventions to use circularity and thus prevent resource depletion and climate change.
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N O M E N C L AT U R E

CDW Construction demolishing waste

CE Circular Economy

CMM Core measurement method of circulair bouwen 2023

EAF Electric arc furnace

EoL End of Life

GHG Green house gasses

GWW Grond- weg- en waterbouw

MEAT Most economically advantageous tender

POV Project overstijgende verkenningen

RCC Rapid circular contracting

SMSC Stony materials supply chain
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1 I N T R O D U C T I O N

This chapter aims to clarify the theoretical background of the problem. Topics included within the
research are briefly introduced. Thereafter, the problem is defined, followed by the main research
question and relevant sub-questions. The method which is used to answer the questions is addressed
thereafter, followed up by an elaboration of scientific and societal relevance.

1.1 background of the problem

1.1.1 Depletion of resources

Climate Change has dominated a lot of political debates about the construction industry. Pachauri and
Meyer [2014] states that the high greenhouse gas emissions caused by humans since the pre-industrial
era are most likely the main cause of global warming. Countless reports state that this event is likely
to evolve in long-lasting climate change. This may cause significant problems to earth-living, in all its
aspects such as physiology, effects on distributions, phenology and adaptation of species [Matthews
et al., 2017]. A shortage of fossil raw materials will be an emerging problem as well in the coming
decades [Ritchie, 2017], mostly because of the increase of usage, but partly because of redundant waste.
In the past century, the world has consumed 34 times more materials [Shafiee and Topal, 2009]. Reduc-
ing the CO2 emission and dealing more consciously with the use of materials can reduce the earlier
addressed consequences and bring the world to a better future.

The construction industry is one of the most important sources within these problems, as it produced
25 million tonnes of waste in 2012 which is more than three times as much as all the household
waste in the Netherlands [Bouwagenda, 2020]. European countries do not perform better. The built
environment is estimated to be responsible for around 40% of energy consumption and 36% of CO2

emissions in the EU [EU, 2019], as well as 50% of all extracted materials. On top of that, 40% of
used materials are imported from outside the EU which in which the current linear economy might be
threatened by price volatility as well [Bourguignon, 2018]. Therefore, it is conceivable to wish to limit
the use of these resources for the sake of, for example, the environment. This means that limiting the
import of new raw materials into the economic system is needed as much as possible - whether because
of necessity or wish. The same holds for reducing waste. All these events have been on the political
agenda for quite some time, and the subject came to a climax in 2015 during the Climate Conference
of Paris.

1.1.2 Circularity, from concept to policy

After the conference, the national government of the Netherlands decided to focus on a perspective
for a future-proof, sustainable economy, for the future generations and has therefore set up a national
program to achieve this named: ”Nederland circulair in 2050” [Dijksma and Kamp, 2016]. This program
relates to all industries and sectors in the country. As said before, the construction industry is one of
the most important areas to apply this vision as it produces significant amounts of waste [Bouwagenda,
2020]. Recycling these materials is not enough to fulfil the national program. Recycling does not imply
that the material holds its original value as a building material. An example is using concrete as a
foundation slab for a road. Although this may seem like recycling and therefore re-use, concrete does
not has its original function anymore and new raw material needs to be added to the chain of materials.
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According to Schut et al. [2015] in the end, this will not be sufficient and stated that an important
tool to reach the goals of the national program is to apply circularity within the construction sector.
Circularity closes the cycle of materials, as shown in Figure 1.1. The national government strives for
a circular construction economy [Compendium voor de Leefomgeving, 2015]. That is: building, using
and reusing buildings, areas and infrastructure, without:

• unnecessarily depleting natural resources;

• pollute the living environment;

• affecting ecosystems.

This should be executed in a way that is economically responsible and contributes to the welfare of hu-
mans and animals [Compendium voor de Leefomgeving, 2015]. However, especially the construction
industry is known for a lack of innovation [Koenen, 2013] and the people involved tend to be sceptical
about the need for change and the beneficial results. MacArthur et al. [2015] addresses this problem,
and resolves some of the basic counter-arguments for a circular economy, such as: ’Let the market do
its work’ or ’It is not cost-beneficial to built-in a circular way’. Although the second argument is true for
now, MacArthur et al. [2015] state that the public clients steer the market of today, through infrastruc-
ture investments, public transport, zoning laws and building standards which is why circular building
is not profitable by now or sometimes even impossible because the plans are not accepted. Besides
regulations and investments, there are more methods to steer the market [Coste, 2019] such as soft and
economical instruments. Soft instruments are applied in The Netherlands by making CE an obligatory
part of every relevant study [De Groot, 2019], while subsidies for circular initiatives are available as
an economic instrument [Rijksdienst voor ondernemend Nederland, 2019]. These subsidies might be
a thorn in the eye for some criticisers, as this looks like a non-realistic economy. However, as several
studies show, a circular economy may, when managed in a proper way, economically compete with the
economy of today [MacArthur et al., 2015].

Figure 1.1: Types of economy
[Milin, 2017]

Besides that, it will create employment opportunities and will strengthen or even highly improve
the position of the Dutch knowledge economy [Stegeman, 2015], due to price volatility which is being
expected [TNO, 2013]. On top of that, rebound effects will happen after the circular economy has
been implemented [MacArthur et al., 2015]. The increases in resource productivity in the study sectors
have historically responded to elastic demand response. When relative prices fall, consumers use more
individualized transport, floor space and food, while a circular economy aims to make all this more
efficient: ’Sharing is caring’. That’s why there is a big opportunity for public clients such as the water
boards to steer the market towards this change and making an impact by innovative projects as an
early adopter.
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However, just changing the way of initiating projects for the sake of circularity will not give the
desired result at once. The government strives to gradually change this process together with the
market and consumers [Rijksoverheid, 2018]. Where possible, changes should be made on a global level
which might be possible, as comparable developments are going on [Corona et al., 2019]. Implementing
Circularity within a centuries-old building economy raises questions. Examples are: ’What is the
definition of circularity?’, or: ’How can circularity be measured?’ [De Valk and Quik, 2017]. In order
to realise this ambition by 2030, several short term actions are defined within the transition agenda
[Rijksoverheid, 2018]. This agenda describes an urgent need to define circular construction. Several
tools have been developed to measure the degree of topics touching upon circularity, such as the MKI
[Hillege, 2019], DuboCalc [Rijksoverheid, 2019] PRP-tool, Circular IQ and EcoChain [Overmars, 2020].
A circular material passport has been initiated [CB23, 2020b]. A fully operational material passport
provides insight into the materials and resources used in buildings and other works and facilitates the
exchange of data. This information is at first needed to evaluate new projects, but the real circularity
shows up at the end of the project. As shown in Figure 1.2, at the end of the lifetime, these building
will be dismantled and the materials again in the construction cycle. Used materials have to be suitable
for re-use, that is why the ability of materials’ re-usage should be evaluated on beforehand. Or even
better, circular materials and principles should be at the start of every design.

[Rijksoverheid, 2018]

Figure 1.2: The intended circular process according to the transitionagenda

1.1.3 Life cycle of materials

As Figure 1.1 shows, the input of materials should be brought to zero. Therefore, new buildings
should be designed with products already existing in the current supply. Nowadays designers design
according to linear standards, with no limit of material types. When trying to implement circularity
in the procurement process, companies try to focus on the use of recycled materials, or materials from
recycled raw materials (such as concrete with recycled concrete granulate); recycled products (such as
StoneCycling bricks or New Horizon window frames). Other possibilities are future reusable materials
or products (such as the metal framework of The Green House) or bio-based products, such as the
wooden structure of Circl [Overmars, 2019]. In current projects, designers and project managers strug-
gle to design with re-usable materials as their availability is unknown. One of the main characteristics
of current developed circular prototypes is that they are most often temporary and therefore modular.
Modularity is a principle that can contribute to a circular economy, but the concept itself is not one
of the main problems within the building sector [Potemans, 2017]. Modularity can be useful, but it
is not a condition for circular construction. However, it is a potentially important building block for
circularity in construction practice. The chain of materials is all that matters. In order to achieve this,
some local clients run their own initiative. For example, the waterboard of Drents Overijsselse Delta
has its own database of available materials. Other projects look for nearby demolition assignments and
try to combine that with a construction assignment. Based on this course of action, circularity will
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be marginally embedded in projects, as the right materials are unlikely to be there on the right time.
Moreover, an integral approach of circularity seems to be absent.

[RecyclingNL, 2021]

Figure 1.3: The ladder of Lansink

As mentioned before, the construction industry does perform well in terms of recycling materials.
However, numbers can be deceiving. Recycling in terms of circularity means that materials remain their
value. A well-known model of determining the value of recycled materials is the ladder of Lansink,
see Figure 1.3 in which circular recycling is reducing and re-using. The currently used definition of
recycling is different. A well-known example in which things can be improved is concrete being re-
used as a foundation of roads. This can be categorised as recycling, however, the cycle of Figure 1.2 is
not being closed. If the road will be replaced, the foundation will most likely be landfill or waste. In
front, new concrete needs to be added to close the cycle.

1.1.4 Public clients

Public clients are some sort of customers. They have a need for specific objects. They require different
kind of products, such as buildings, infrastructure, waterworks, etc. Hermans [2014] illustrates the
difference of a client from a customer given the fact their objects mostly are about coherently func-
tioning systems. A highway is not an object on its own. Moreover, the client does not only buy the
object, the object becomes part of the asset management of that specific client. In the building sector,
public clients act together with semi-public clients and private parties. Hermans [2014] explains the
difference between public and private clients as an organisation with a specific social core business,
such as managing the waterchain or providing housing solutions for social rent. Besides their core
business, Hermans [2014] claims that public clients need to contribute more than private parties to
spatial quality and sustainable solutions.

The 21 water boards in The Netherlands are public clients within a particular region in the Nether-
lands, and have the task of regulating water management and related subjects. The water boards core
business is highly influenced by the pre-described climate change and depletion of resources, as their
main assets are closely related to nature. Therefore, circularity is something which might contribute
to an enhancement of the activities of the water boards. Water boards have the power to influence the
market and use circularity by their purchasing power. However, water boards cannot just buy what
they want where they want. They are required by law to execute their purchasing management ac-
cording to procurement law. Procurement is a phenomenon in a lot of industries, each with each own
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procedures. From the circular projects until now, conclusions about whether the current procedures
facilitate circular projects are that possible restrictions are limited. Regular procedures are barely used
yet for this kind of projects. A review of Mutsaers [2019] recommends to further enhance tools to judge
tenders, to smooth-en the procedure. Pots [2018] concludes that current procedures are sufficient to
include circularity principles, but participants should be aware of the fact that the procurement process
is different from current procurement processes because it focuses on realizing an ambition, instead
of finding the solution. Burger et al. [2020] evaluated current circular principles within the Dutch
Construction sector and concluded that circular procurement demands a better systematic and integral
approach. It also encourages to scale up, as enough pilots have been finished.

This up-scaling currently is hard to achieve. Ashokkumar [2020] has investigated how to implement
design for disassembly, which is one of the strategies in CE, in the purchasing process to realize cir-
cular ambitions. The client has to include eligibility requirements for the design team as well as the
contractor. Burger et al. [2020] concluded from evaluating projects of Rijkswaterstaat that there is a
demand for other collaboration forms as barriers are experienced within current circular projects, and
innovative circular ideas are not entering the market. This claim is supported by Ashokkumar [2020].
This research gap is expressed as well by Sönnichsen and Clement [2019], which described the need for
practical hands-on to bring this policy to success. Examples for such a hand-on is the CO2 Prestatielad-
der, which is considered as a success and can be a base for future guidelines [SKAO, 2017].

Special attention needs to be given for the asset management. Circular building is a hot topic, but
how about circular asset management? Hermans [2014] points at this as well, given the fact that for a
public client the spendings on maintenance and operations more or less equalise the spendings for the
realisation of new objects. Moreover, the asset portfolio of public clients of course already exists and
just a minor part will be added in the future.

1.1.5 Civil objects

Earlier in this proposal, the transition agenda [Rijksoverheid, 2018] has been addressed. An impor-
tant policy instrument that is being used is the stimuli for R&D, experiments, prototypes, and specific
projects through prototypes. Between now and the release date of the document, several projects have
been initiated. Well, known is the temporary court building of Amsterdam, realised back in 2016 which
will be disassembled in 2021 [Jeltya, 2016]. Rijkswaterstaat has, in collaboration with some contractors,
also carried out a pilot project for a circular crossover [Rijkswaterstaat, 2019]. This project has been
finished on December 4, 2018, with the placement of the circular viaduct near Kampen. However, as
these projects might give the signal that we are heading in the right direction, the general opinion from
market involved specialists is quite negative. According to Koenen [2013], circular building strategies
are hindered by fear of not executing procurement processes in the right way. These rules also hindered
some potential advantages in the city court hall of Amsterdam [Burger et al., 2020], and this research
states some examples from other projects.

The water boards have done some pilots with embedding circularity as well, but a clear definition
amongst the water boards about what it is and how to use it is nowhere to be found. Moreover, it is the
question of whether concepts used today such as modularity actually solve the problem. The usage of
frequently used products in the assets of the water boards such as concrete and steel are at question as
well.

Per inhabitant of the Netherlands, every year 0.75 m3 concrete is produced in the industry, summing
up to 14 million m3 every year which is added [Kramer, 2020]. The main components of concrete are
a binder (often cement), aggregates (sand and gravel) and water. With the production of cement, large
amounts of CO2 are produced. According to [Favier et al., 2018], the production of concrete on its
own is the source of 8% of the global emissions produced worldwide. The material steel is just like
concrete a widely used material in the construction industry. Steel consists of two main components,
iron and carbon. According to Kuijpers [2020], the production of steel is the source of 7% of the global
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Co2 emissions. Thus, comparable with concrete and therefore an important subject within the topic of
climate change.

However, just replacing these cornerstones of their assets is barely possible. Therefore the need arises
to dive into the chains of these materials in order to investigate where possibilities for circularity arise
and how these chains differ and how that impacts the steering possibilities of the boards.

These problems are being acknowledged by To Interface (graduation company) as well. In their
expertise of project and tender management, they recognise these problems in conversations with the
water boards. During the project of the replacement of 60 weirs and pumping stations carried out
by the water board Drents Overijsselse Delta, quite some attention is paid towards sustainability and
circularity within the selection and awarding criteria [WDO Delta, 2019]. These criteria are quite a
struggle to define and assess, everyone understands that a modular weir can be moved to another
location, but what if the new weir is needed earlier than the older one can be removed? How can this
weir be developed in a way that no new raw material is being used, and no waste is produced? This
arises a specific demand for research to what circularity exactly is, how it can and should be used by
water boards, and how they accordingly can implement it, in order to counteract resource depletion
and related problems.

1.2 problem definition
Currently, the research conducted to climate change and the importance of changing our behaviour on
this earth is enormous. As the literature has shown, several plans have been developed for the con-
struction industry. To reach the goals of the Circular Economy treated in the literature for the Dutch
construction sector, it is of the utmost importance that within the transition the circular cycle is making
progression until further closing. However, barriers and challenges hinder the transition, while also an
environment of complexity and uncertainty exists since this domain does not yet know the majority
and is seeking to properly manage circularity. Several strategies such as modularity or re-use are often
mentioned, but how can water boards use these strategies in such a way they actually contribute to the
problems of resource depletion and climate change properly? To Interface, the graduation company,
acknowledged that this question yet is unsolved for water boards. The research to practical implemen-
tation tools concerning closing the cycle of materials from the client perspective is very limited and the
market is struggling. Just a few projects have been finished and possibly could be evaluated in order
to improve the process. Meanwhile, water boards have the opportunity to use circularity in the way
they set up procurement and close contracts with the market, in order to counteract resource depletion
and related problems.

Therefore, the question arises how water boards can use and implement circularity in their assets in
order to contribute to the prevention of resource depletion and counteract climate change.

1.3 research questions
The results of this thesis can help improve the transition of a circular economy in the Dutch construction
sector by giving handhold and guidance in the perspective of water boards. In line with the problem
definition and literature review, the main research question can be framed as:

• How can water boards use and implement circularity and thus contribute to the pre-
vention of resource depletion and counteract climate change?

In order to answer the main research questions, multiple sub-questions are formulated to support the
realisation of the research question and cover relevant key aspects within the topic of interest:

1. What is circularity, and what are current developments and bottlenecks within the Dutch
construction sector regarding this theme?
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2. What are current innovation enablers and bottlenecks within the Dutch water boards with
respect to the implementation of circularity?

3. How do the chains of concrete and steel as a building material look like, which (type of) actors
are present within that chain and what do they need to implement circularity?

4. Which ambitions and different circular strategies can be defined for civil structures, and how
can these be combined towards a circular implementation tool for the water boards?

1.4 scope of the research
Defining the scope and the boundary of this thesis is crucial to clarify the domain in which the re-
search takes place. After finishing the research, the thesis should provide direction to investigate more
knowledge within the domain. This research has a limited duration of 22 weeks of 40 effective hours
of work per week, thus setting scope constraints.

The Circular Economy is an enormous subject. This thesis focuses on the circular transition of a
specific type of public client, the water boards. The water boards are closely connected to nature in
multiple ways, therefore having a great need to implement circularity. The thesis addresses the circular
developments of today and aims to provide insight into the question of how to achieve the desired
goals in 2030 and provides context for these goals. Moreover, the water boards are in close contact
with nature, hence experiencing the consequences of climate change, making them one of the main
stakeholders of the transition towards a circular economy.

Within the CE, multiple topics could be addressed. This thesis aims to provide a clear insight into rel-
evant topics, but mainly focuses on closing the circular cycles with respect to the usage of construction
materials. On beforehand, this theses addresses mostly the construction itself, thus ignoring biodiver-
sity themes. In more detail, it addresses the supply side of the materials to the construction industry,
or more generally its business operations. Material streams within the construction sector of the water
boards are countless. The number of used types of materials are huge, not to talk about different
substances applied within those materials. Each of the materials has its own part in the context of
climate change. Wood for example requires a lot of space, while cement produces a lot of GHG. More
specifically, the water boards have quite a broad portfolio. This research, therefore, focuses on two
of the most used materials with a high damaging influence on the climate; concrete and steel [Favier
et al., 2018] [Carles, 2019]. This means that activities in quarries of mines are barely treated. Instead,
attention is drawn to different involved market stakeholders such as bigger contractors but also the
material suppliers.

The thesis aims to create a clear overview of which circular strategies can be used in the coming
years by water boards and in what way they contribute to circularity. In order to illustrate the theory
of this research, an implementation example is given regarding a pumping station. Pumping stations
are important objects for water boards in their core business. On top of that, they are largely built from
concrete and steel, thus fitting the scope of this research and being a suitable example for this research.
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1.5 methodology
This section elaborates the approach which is used to answer the different research questions men-
tioned. Within this research, a variety of tools is used. Before the start of the actual research, ex-
ploratory research has been conducted to the main problem by means of a research proposal, to inves-
tigate the main principles of a circular economy, and its relevance towards the construction industry
and the problem statement. This has been presented at the kick-off stage of this research.

1.5.1 Method description

This research focuses on a relatively new concept and therefore uses an exploratory method approach.
This method generally is studied with qualitative data [Binnekamp, 2020]. Qualitative research aims
to define and interpret unclear phenomena, such as circularity, through non-quantitative methods of
research that focus on meaning and insight [Kakabadse and Steane, 2010]. This type of research tends
to be descriptive and depends on the experience and interpretation of the authors [Gioia et al., 2013].
As this research is about exploring and implementing new scientific concepts and policies, only desk
research would not suffice due to a lack of literature and the fast developments in the field. Therefore,
a mixed-method approach is chosen and the literature study is combined with desk research to grey
literature. Moreover, interviews are conducted to gain real-time data and insights to provide insight
into the current state of affairs and to obtain additional information, in order to supplement or validate
literature.

1.5.1.a (Grey) literature review

According to Creswell [2014], a literature study is useful in every research as this helps to investigate
research gaps. It provides information from previous research but also integrates the current state of
the art of the construction sector. Due to the fact that the number of scientific publications related to
circular implementations is limited, grey literature is used to gain supplemental insights. Moreover,
internal documents of the water boards addressing the topic are analysed as well.

1.5.1.b Interview methodology

Within the gathering of data, several methodologies can be used. As argued before, this thesis uses a
qualitative approach. Interviewing with a qualitative approach can be achieved using different types
of structure.

structured interviews is a method where all the questions being asked are prepared beforehand.
The questions are close-ended. Amongst different persons, the interviews are the same and have a
standardized format. The strengths of this method are: easy to quantify and reliability testing. Large
samples are possible due to the short period both of the interview and processing. However, answers
from structured interviews do not contain specific details and guide answers in a certain kind of
direction. Therefore this method a barely used as a qualitative approach Dew [2007]

semi-structured interviews within this method, the interviewer may have lists of themes or
problems to be addressed. It up to both the participants and interviewer to treat the themes in a way
that suits them. Participants can appoint relevant themes or problems that were not initially identified
by the researcher Dew [2007].

unstructured interviews is a very flexible method, in which every interview feels like a natural
conversation without any bias. Moreover, it generates increased validity as it gives the interviewer the
possibility to dive deeper into a topic for better understanding. The limitations of this method however
are that it is a very time-consuming way of interviewing, as is the processing. Comparison of results
is very difficult and requires a lot of work. On top of that, it requires specific skills from the interviewer.
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This research is exploratory and therefore new concepts or ideas are being discovered, evaluation
barely takes place. However, certain themes are being identified in the literature study, thus giving
possibilities to structure the interviews. The method of semi-structured interviews is, therefore, most
suited.

1.6 interviewees and subject overview
The people involved in the interviews need to be in a key position of implementing circularity in their
organisation, because it is a new subject not everyone has experience with. Relevant organisations of
which their participation is included:

• Contractors;

• Water boards;

• Concrete and steel manufacturers/ suppliers.

See Figure 1.4 for an elaborated list of companies and people of interest and corresponding positions
within the company. As the circular economy has just recently gained massive interest, no long ex-
perience can be desired from the participating people. Therefore, this thesis aims for front runners
organisation within the contractors, client and manufacturers with at least some circular projects.

The interviews have been planned as a 60 minutes schedule, in which first the participants and the
research itself are introduced. The interview protocol that is used is shown in Appendix B. The persons
who were interviewed are asked for permission in order to tape the audio.

Figure 1.4: Interviewees overview
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1.6.1 Data analysis

Within the inductive semi-structured analysis, the Gioia et al. [2013] approach is selected to analyse
the data. The Gioia approach is a way of 2-stage open-coding data assessment. It consists of first-
order categories which are derived from interview or literature quotations. These categories are then
collected in second-order themes. This open-coding assessment takes place in Miro and are obtained
by means of visual displays, diagrams and memos made by hand. Therefore, this approach is suitable
to analyse the gained data through the semi-structured interviews.

1.6.2 Quality of the research

Qualitative research depends on the interpretation of the researcher. This interpretation may be subject
to subjectivity. In order to validate quality in qualitative research, Lincoln and Guba [1985] propose
the concepts of credibility, transferability and consistency. For multiple sub-questions in this research,
obtained information (by interviews, grey literature and scientific literature) is compared. The applica-
tion of multiple sources of data (triangulation) can enhance the reliability of the study results [Fusch
and Ness, 2015]. A triangulation qualitative approach is therefore considered suitable for this research
since it cross-checks a topic through different channels [Kakabadse and Steane, 2010]. The method
therefore can combine theory from practice, internal documents and literature. The criteria mentioned
are supported by different tools, which are shown in Figure 1.5

Credibility

Consistency

- Using multiple methods (interviews, (grey) literature) (triangulation).
- Make use of scientific literature.
- Make use of grey literature (policy documents, newspapers).
- Different viewpoints within interviews (multiple departements within 
multiple water boards, multiple contractors, multiple material suppliers).

Transferability
- Thick description of the findings.
- Implementation example through chapter 5.
- Relatively large variation in the interviewed organizations.

- Triangulation is used to ensure a consistent thesis. If data contradict each 
other, it is argued why which data is preferred.
- A validation session with relevant actors could possibly have improved the 
implementation tool.

Figure 1.5: Criteria for quality in research
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1.7 approach to sub-questions
In the next sections, the approach is elaborated for each of the sub-questions. The thesis outline is
shown in Figure 1.6, which gives an overview of the cohesion between the sub-questions and the
desired outcomes.

What is circularity, and what 
are current developments 
and bottlenecks within the 
Dutch construction sector 

regarding this theme?

SQ 1

What are current innovation 
enablers and bottlenecks 

within the dutch water 
boards with respect to the 

implementation of 
circularity?

SQ 2

SQ 4

Barriers for implementing 
circularity within the water 
boards - validated overview 

through interviews

How do the chains of 
concrete and steel as a 

building material look like, 
which (type of) actors are 
present within that chain 

what changes do they need 
to implement circularity?

SQ 3

Indication of where in 
the chain circularity is 

required

Which ambitions and 
different circular strategies 

can be defined for civil 
structures, and how can 

these be combined towards 
a circular implementation 
tool for the water boards?

Circular implementation 
tool

Behaviour of actors 
during the transition

Definition of circularity 
with accompanying 

assessment framework

Barriers for 
implementing circularity  

- literature review

Key elements of water 
boards which can 
contribute to the 

implementation  of 
circularity

Figure 1.6: Thesis outline

1.7.1 Approach to sub-question 1

1. What is circularity, and what are current developments and bottlenecks within the Dutch construction sector
regarding this theme?

The first sub-question is defined in order to define the current state of the art of circular developments
and bottlenecks recently encountered in the construction industry. Where possible, developments
within the cycle of materials are highlighted. Key developments are investigated and analysed in
relation to their specific position within the transition, in order to prepare for the second to fourth
questions and related interviews. In order to substantiate the answer to the first question, a literature
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study is executed to examine the state-of-the-art of the circular economy and its specific regulations set
in current policy. The findings of the first chapter form a basis for the thesis. Which key developments
do we need to take into account for an implementation tool and why? Which barriers possibly can
prevent this implementation?

1.7.2 Approach to sub-question 2

2. What are current innovation enablers and bottlenecks within the Dutch water boards with respect to the im-
plementation of circularity?

The second sub-question focuses on the public client which is being addressed in this thesis. In
order to substantiate the questions which determine the strategy for the water boards, these type of
organisations and their current focus on circularity and procurement strategies are analysed. The main
objective of the analysis is to get insight into the water boards as a construction client, key moments
in which innovations can be applied and possible organisational barriers. The findings of the second
chapter provides insight into the way the water boards are organised, and how that influences their
decision making in project realisation and asset management. A literature study is executed, supple-
mented with interviews and grey literature from the water boards themselves in order to understand
which aspects contribute to the transition. Where do innovative ideas tend to be successful, and why
is that?

1.7.3 Approach to sub-question 3

3. How do the chains of concrete and steel as a building material look like, which (type of) actors are present
within that chain and what do they need to implement circularity?

The third sub-question focuses on the current chain of materials used within the construction sector,
more detailed to concrete and steel. How does such a chain look like and which part is problematic in
a circular economy? Which actors are involved and which place do they have within the chain. How
are responsibilities divided within this chain and which actor has which incentives to move towards a
circular economy? This question provides an answer to changes that are going to be the consequence
of this transition or which changes are needed to achieve the circular ambitions.

1.7.4 Approach to sub-question 4

4. Which ambitions and different circular strategies can be defined for civil structures, and how can these be
combined towards a circular implementation tool for the water boards?

The fourth sub-question starts by defining circular design criteria. Key developments and measure-
ment tools from chapter 1 are used to define to which extent circular levels can be defined, in relation
to the 50% demand in 2030. These design criteria and accompanying assessment say something about
how circular a building is at certain particular criteria. After that, the question addresses the imple-
mentation of circularity. How can the degree of circularity between different criteria be defined and
which strategies of circular building can be used within those levels? The goal is to create a systematic
approach in which the water boards can steer on a circular ambition in the long term. Circular strate-
gies which can realise these ambitions are showed. These strategies are determined with the results
from the literature review from sub-question 1 and grey literature. Moreover, this question combines
the measurement tools with the available strategies in order to develop an implementation tool. If
designed as such, lessons learned can be applied in a systematic way in order to upscale circularity
towards the future.
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Figure 1.7: Triangulation

1.8 relevance of this research
This research is carried out with the scientific support of Delft University and by a market company To
Interface, together with some other experts from other market parties. Therefore, the expected result
should be relevant to the academic world as well as to the market. In underlying chapters, relevance
for both sectors is explained.

1.8.1 Scientific relevance

The Circular Economy has gained a lot of attention in the past few years, not only within the politi-
cal debate but in science as well. At the current state, literature most often has addressed issues on
defining circularity as a concept to involve within certain sectors [Kirchherr et al., 2017]. The national
government has taken the lead in tackling these issues by setting the standard for circularity in the
Netherlands. Before these standards, some literature was published to give guidance and show possi-
bilities for circularity in practice [Tsolis, 2017].

However, as some more detailed plans are yet to be worked out or unknown, circularity still raises
a lot of questions. This leads to confusion and difficulties for the market to achieve the ambitions
set by the government [Mentink, 2014]. This implies a gap between the theory and application of the
principles developed in practice which is supported by the company of To Interface as well. Despite
all the literature published about Circularity, it is not focused on the process that is required for its
implementation.
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Therefore, this research is one of its own because:

• It provides insight on which areas barriers are experienced and which changes are therefore
needed to close the cycle of materials in practice. This is done for the construction sector, material
chain and the water boards in particular;

• It clearly defines what the core principles are of circularity and what that implies for the current
project-based approach of the water boards;

• It provides an implementation tool that incorporates existing measurement tools that focus on
materials in the Dutch construction sector, such that it can be used for multiple assets of the water
boards.

1.8.2 Societal relevance

The European construction industry is a major contributor to climate change, as it uses a major part
of all extracted materials. It is therefore needed to handle the resource usage within the construction
sector to reduce the usage, as materials are not inexhaustible. The Dutch government has set the target
for the Netherlands to be at least 50% circular by 2030. Therefore, the government has decided to take
to lead and circularly procure all projects by 2023.

In order to prepare the market for this change, public clients such as Rijkswaterstaat and water
boards have initiated several platforms and pilots. Several ideas are being implemented and tested. As
normal decision-making within civil projects has a long lead time, the market expects several problems
and hick-ups by this goal. Therefore, this research aims to help avoid the mentioned negative side-
effects by providing the water board with an implementation tool to contribute to the implementation
of circularity for these public clients.
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2 T H E O R E T I C A L B A C KG R O U N D, K E Y
D E V E LO P M E N T S A N D B A R R I E R S

This chapter provides an answer to the first sub-question of this research, which has been formulated
as:

• What is circularity, and what are current developments and bottlenecks within the Dutch con-
struction sector regarding this theme?

The chapter starts with mentioning the results from the literature study to the motivation and an ex-
planation of the circular economy in scientific literature and Dutch policy documents, which is treated
in Section 2.1. Thereafter, the definition of circularity is addressed in Section 2.2. How materials should
be observed and assessed and what requirements that brings, is addressed in Section 2.3. Assessment
frameworks are discussed in Section 2.4. The chapter closes in Section 2.5, by addressing and iden-
tifying barriers for the circular economy as a whole and comparing those results specific with the
construction sector.

Figure 2.1: Chapter overview

2.1 the need for change
Climate change has dominated a lot of political debates about the construction industry. Various plans
have been made in order to prevent these problems to grow further. This section addresses the need
for change and how the Dutch government wants circularity to solve these problems.

2.1.1 Problems of this earth

Pachauri and Meyer [2014] states that the high greenhouse gas emissions (GHG) caused by humans
since the pre-industrial era are most likely the main cause of global warming. Countless reports state
that this event is likely to evolve in long-lasting climate change. This may cause significant problems to
earth-living, in all its aspects such as physiology, effects on distributions, phenology and adaptation of
species [Matthews et al., 2017]. It also resulted in a higher demand for resources. A shortage of fossil
raw materials becomes an emerging problem in the coming decades [Ritchie, 2017], mostly because of
the increase of usage and partly because of redundant waste.

In the western world, the energy and material consumption usage levels are so high that approx-
imately 3 worlds need to exist in order to have enough resources and CO2 healing abilities to fulfil
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these demands [European Commission, 2020]. In the past century, the world has consumed 34 times
more materials than the century before, and this trend will not relapse [Shafiee and Topal, 2009]. The
construction industry is one of the most important sources of these problems, as it produced 25 million
tonnes of waste in 2012 which is more than three times as much as all the household waste in the
Netherlands [Bouwagenda, 2020]. European countries do not perform better. The built environment
is estimated to be responsible for around 40% of energy consumption and 36% of CO2 emissions in
the EU [EU, 2019], as well as 50% of all extracted materials. On top of that, 40% of used materials
are imported from outside the EU, which causes the current linear economy to be threatened by price
volatility as well [Bourguignon, 2018]. Therefore, the sector has a huge negative impact on climate
change (external drive) and might as well shoot themselves in the foot (internal drive) when not ad-
dressing the resource scarcity properly [Ghaffar et al., 2020]. Reducing the CO2 emission and dealing
more consciously with the use of materials can reduce the earlier addressed consequences and bring
the world to a better future.

Between today and 2050, the expected rise of the world’s population is about 2 billion people. There-
fore, the demand for housing and infrastructure and therefore material sources will not decline [Favier
et al., 2018], thus emphasizing the need for change. 100% circularity in the form of re-used products
will therefore be very hard to accomplish.

Figure 2.2: Demand for steel and concrete vs world population
[Favier et al., 2018]

2.1.2 Circularity as the solution

The given problems show that limiting the import of new raw materials into the economic system is
needed as much as possible - whether because of necessity or wish. The same holds for reducing
waste. Resource scarcity and CO2 emissions can be reduced by various measurements and tools. The
Dutch government has decided to focus on a circular economy, to meet the arrangements of the Cli-
mate Conference of Paris. The government aims for a future-proof, sustainable economy, for future
generations and has therefore set up a national program to achieve this named: ”Nederland circulair in
2050” [Dijksma and Kamp, 2016]. A program that relates to all industries and sectors in the country.
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The policy document of Dijksma and Kamp [2016] addresses five specific areas of the Dutch economy;
biomass and food; plastics; manufacturing industry; consumer goods and the construction industry in
which circularity can solve the named problems. The construction industry can be viewed as key since
its emissions and resource usage are enormous. The strategic goals for the construction industry are
defined as:

• Raw materials in existing chains should become high-quality utilized;

• If new raw materials are needed, fossil, critical and non-sustainable produced raw materials
should be replaced by sustainability produced, renewable ones and commonly available raw
materials;

• New production methods are being developed, usage chains might be changed which leads to
developments to reduction and circular replacement.

The Netherlands Environmental Assessment Agency (PBL), the Central Bureau of Statistics (CBS)
and the National Institute for Public Health and the Environment (RIVM) will monitor the arrange-
ments set in the Rijksoverheid [2018] of the circular construction economy [Arnoldussen et al., 2020].
In the end, this goals will have to lead to:

• Reduce CO2 emissions by 49% in 2030 compared to 1990;

• Reduce usage of primarily raw materials with 50% by 2030 since 1990;

• Ambition of procuring all tenders circularly by 2023.

2.2 defining circularity
The concept of Circular Economy is developed to change the current way of consumption and pro-
duction mindset. In the previous section, it is explained what circularity can be used for. It should
reduce input and waste of resources, emissions and energy leakages can be minimized by slowing,
closing and constricting energy and equipment loops [Afshari and Górecki, 2019]. This can be realised
and implemented in all parts of the construction process, such as design, but also and mainly within
the period after lifetimes such as maintenance, repair, reuse, remanufacture, renovation, recycling and
upcycling [Geissdoerfer et al., 2017]. This means that circularity should not only be implemented in
the realisation phase, but also in the asset management.

The circular economy applies to five main sectors of the economy. Therefore it has gained traction
by all types of participants of the industries, such as practitioners and scholars, because it is viewed as
a future-proof business plan [Kirchherr et al., 2017]. This resulted in many studies, policies and other
activities regarding circularity and therefore the circular economy can be interpreted in many ways,
leaving no key player with the authority to define the circular economy [Prieto-Sandoval et al., 2018].
Moreover, it creates the risk of naming wrong concepts circular, thus not heading in the right direction
[Moss, 2019]. Therefore, the question arises of what the definition of circularity is.

2.2.1 The definition of circularity in policy documents

Worldwide, one of the most accepted definitions of the circular economy is defined by Ellen MacArthur
Foundation [2017], which defines a circular economy as:
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Looking beyond the current take-make-waste extractive industrial model, a circular econ-
omy aims to redefine growth, focusing on positive society-wide benefits. It entails gradually
decoupling economic activity from the consumption of finite resources and designing waste
out of the system. Underpinned by a transition to renewable energy sources, the circular
model builds economic, natural, and social capital. It is based on three principles:

• Design out waste and pollution;

• Keep products and materials in use

• Regenerate natural systems

The circular approach of the Dutch government in Dijksma and Kamp [2016] elaborates on the focus for
the Dutch circular economy. The policy plan adopted the definition of Ellen MacArthur Foundation
[2017]. In more detail, the policy plan of Dijksma and Kamp [2016] states the use of a certain R-
Framework, which has been derived from the given definition, showed in Figure 2.3. Hanemaaijer et al.
[2019] created such a framework, forming the base for multiple policy documents. This framework was
derived from Potting et al. [2017] (some authors overlap) and first published by Meijdam et al. [2015].
Its main principles are that in a certain activity, every element needs to be assessed on this framework,
and if an element is higher on the framework, the more circular it is.

Figure 2.3: 9R Strategy
[Meijdam et al., 2015]

In the evaluation and monitoring reports of IenW [2020], it is argued the use of the R-framework is
successful and therefore continuation of this framework is supported. However, [De Valk and Quik,
2017] - a policy document especially for the circular construction industry - already mentioned the
pitfalls of this theory for the construction industry. This is being acknowledged by a recent monitoring
report for the Dutch economy Hanemaaijer et al. [2021], opting for another approach.

The pitfalls of this framework are being discussed in Reike et al. [2018] in which the biggest argu-
ment against the framework is that one needs to fundamentally rethink production and distribution
and consumption processes before using the recycling process and thus essentially maintaining a waste
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hierarchy which essentially is a part of the linear economy. R-frameworks are considered as a tool that
one can use in today’s processes, but which will eventually run up against the limits of the linear
market. For example, the R-frameworks does not think beyond 1 lifecycle.

2.2.2 The definition of circularity in scientific literature

In the previous section, it is explained that the construction industry plays a major role in the circular
economy. However, the definition of circularity in policy documents is not yet unambiguous for this
sector. Therefore, no clear definition of circularity can be defined from policy documents for this re-
search and the water boards. In order to determine a correct definition, this section addresses the core
principles of circularity in scientific literature.

The definition of CE or circularity, in general, is being addressed quite a lot in scientific research.
Kirchherr et al. [2017] performed a review of the definition of circularity, and gathered 114 CE differ-
ent definitions which have been coded on 17 dimensions. The findings of this paper show that the
definition of circularity frequently depicted as a combination of reducing, reuse and recycle activities,
resembling the R-frameworks used by the Dutch government, whereas it is oftentimes not highlighted
that CE necessitates a systemic shift, a claim set by Kirchherr et al. [2017]. The paper codes all the prin-
ciples and concludes that two core principles can be identified, both of which arose with the definition
of Ellen MacArthur Foundation [2017] as starting point:

1. r-frameworks R-frameworks have been used to define CE quite a lot over time. No singular
definition of these R-frameworks can be found. 3R frameworks have been proposed by Ghisellini et al.
[2016] and Manickam and Duraisamy [2019], defining Reduce, Reuse, and Recycle as the core elements
of CE. Kirchherr et al. [2017] uses the 4R principle introduced by European Commission [2008], which
adds the R ’recover’. 5R - 10R principles exists as well [Chen et al., 2020] [Jawahir and Bradley, 2016]
[van Boerdonk et al., 2021]. The definitions of these R globally can be seen in Figure 2.3. Most of
the R-frameworks also include a waste hierarchy, which is assumed to be circular. Essentially, this
framework treats circularity as a goal. The higher on the framework, the better.

2. systems perspective The papers mentioned by Kirchherr et al. [2017] emphasize that CE re-
quires a fundamental shift rather than an incremental shift of the current system, a shift that is accepted
as sufficient for the R-Framework. Cited papers such as Jackson et al. [2014] but also various Dutch
policy documents mention the system approach which requires a radical change in thinking and doing
as it comes to the macro, meso and micro levels of the economy. A systematic approach does not
treat circularity as a goal, but as a method to gain certain results over time [Moss, 2019]. Kirchherr
et al. [2017] claims that this approach becomes more dominant when it is about defining the circular
economy and implementing it on a bigger scale.

The dominant R-framework principle is criticised because it would oversimplify the circularity con-
cept, therefore not being suitable for long-term transitions Reike et al. [2018] de Jesus and Mendonça
[2018]. Current policy documents in the Netherlands acknowledge this as well. Therefore this research
adopts the systematic perspective as the main definition to explain what circularity can be used for.
It is a method, and therefore not a goal, which can contribute to the prevention of various problems,
such as resource depletion and climate change, over time. Moreover, this means that circularity is not
limited to material streams only, but incorporates problems such as GHG as well.

2.3 requirements for measuring circularity
In order to full fill the requirements of the circular ambitions, a project or building should be measur-
able. In the previous section, it is argued that circularity should be treated as a method to reach certain
goals over time, not in a specific project. Therefore, the need to be able to measure this progress arises.
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This section treats elements or tools mentioned in literature which can meet this need.

As circularity can be used as a systematic process, a building can be partly circular and partly linear.
Potting et al. [2017] describes what is meant by ultimate circularity. This is a status in which used ma-
terials from products normally addressed as waste, function as a resource material for a new product.
However, 100% circular state is quite difficult by now, and might never be achieved by 2050 [Mentink,
2014]. This is because the building sector will be developing more than demolishing. So input will be
needed, even if every demolished element is being re-used.

This means that 100% circularity maybe is not a suitable goal. However, certain goals, for example
the amount of re-used materials, need to be measurable. On the one hand for politics and climate goals,
on the other also for assessing designs. Different literature describes methods to do so. Geldermans
[2016] composed two main elements of an object, which both are more elaborated.

• Intrinsic elements

– Quality of functional aspect

– Sustainable origin and future

– Non-toxic elements or used processes

• Relational elements

– Dimensions (over dimensioning might ensure future employability)

– Connections (Standardisation)

– Performance time (defining the lifespan)

Analysing the list of properties, it could be concluded that homogeneous products which therefore are
easier to recycle are preferred over more complex systems with high maintenance. Geldermans [2016]
states this is not the case but it is important to think about possible use and reuse paths in a certain
object before using them.

Measuring the circularity at a certain point is not enough. For example, one of the most often named
counterarguments regarding the R-Frameworks is that a certain position on this ladder indicates noth-
ing about the future. For example, reducing the amount of concrete now, may reduce the chance of
re-using it in the future.

To tackle this issue, research recommends using LCA based methods to assess circularity [Medina
and Fu, 2021]. The document of De Valk and Quik [2017] proposed the first strategy to define and
measure circularity, based on the current knowledge of LCA-experts [RIVM, 2011]. In order to develop
an LCA tool for circular objects, seven specific points are allocated to include within that tool [De Valk
and Quik, 2017]. If done properly, this should lead to a usable measurement method in the Netherlands.
The goal for such a method is defined as [RIVM, 2011]:

An LCA method such as the Assessment Method aims to calculate the environmental
performance over the life cycle of products, construction works and civil engineering works
in an unambiguous and verifiable manner.

An extensive elaboration on LCA can be found in Appendix D.

This tool should be combined with a product life cycle, which shows the steps of the life of an object
De Valk and Quik [2017]. There are various variants for a product life cycle. A product life cycle for
civil objects with enough attention between stages with possible circular components is derived from
Ellen MacArthur Foundation [2017] and shown in Figure 2.4. This figure aims to provide enough life
cycles to explain that circular choices need to be made in every stage of an asset. Later on in this
research, this figure will be used to explain different circular strategies for each phase.
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Figure 2.4: Circular value chain of an object (own image, adapted from Ellen MacArthur Foundation [2017])

In conclusion, a suitable method to asses circularity would consist of:

• A systems perspective;

• A LCA;

• Intrinsic and relational elements;

2.4 assessment frameworks for circularity
The previous section described the need for an assessment framework of circularity. This section
describes existing frameworks which can be used to assess circularity. A method to define and assess
will be selected, for the further course of this research.

2.4.1 Existing frameworks

Since the publication of De Valk and Quik [2017], which described the need to assess circularity,
multiple organisations have been working on the assessment of circularity, incorporating the before-
mentioned items. The tools they developed are showed in Figure 2.5 and Figure 2.6. The different tools
aim at different products and therefore require different data parameters. Concepts from different
tools can however inspire.
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Figure 2.5: Circular tools aimed at organisations
[Beumer, 2020]

Figure 2.6: Circular tools aimed at products and services
[Beumer, 2020]

It is important to note that circularity incorporates different subjects and goals. The original goal of
the government for implementing circularity is (see Section 1.1.2)

• Unnecessarily depleting natural resources;

• Pollute the living environment;

• Affecting ecosystems

The mentioned measurement methods in Figure 2.6 all focus on different areas within circularity, but
the method of CB23 stands out right away. This method is developed by the Dutch construction in-
dustry, initiated by two of the biggest public clients of the Netherlands (RVB & Rijkswaterstaat). This
method has been specifically developed for construction, thus unique in that aspect. Moreover, it in-
cludes an existing successful method, the milieu-kosten indicator (MKI), a single-score indicator, which
simplifies and unites different environmental data points into one number [Hillege, 2019]. In addition,
it has the advantage of being developed by a public body, which makes the method public available.
As a result, no problems are experienced by measuring methods that are commercial and therefore
opaque, an issue which a lot of the other showed methods have.

Moreover, the CB23 method meets the requirements set in the previous section:

• A systems perspective: by including multiple life cycles, and multiple sustainability issues;

• A LCA: the assessment framework uses the LCA principle;

• Intrinsic and relational elements: by using the MKI which incorporates relational elements such
as performance time and initiating intrinsic elements for the asset itself.

Therefore, it is concluded the ’kernmeetmethode’ (CMM) of CB23 is suited and will be used in this
research. It must be noted that all of these tools are in a preliminary stage and therefore a complete
evaluation is suggested for later further research.
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2.4.2 Framework: Circulair bouwen’23 - CMM

This section will elaborate on the method selected in the previous section which will be used further
on in this research.

Circulair bouwen 2023 is an organisation launched in 2018 by Rijkswaterstaat, RVO, NEN and the
bouwcampus [RWS, 2018]. Platform CB’23 has the intention to act as a connector between the many
existing initiatives, share knowledge and offer a place where all parties involved build joint images and
reach agreements. This platform executes some of the plans mentioned in Rijksoverheid [2018] and its
related program [IenW, 2020]. It has determined its goals as:

• Building and sharing knowledge;

• Identifying and putting obstacles on the agenda;

• Drawing up construction sector-wide agreements.

In other words: co-create, construct and conclude. The intended result is a joint route to circular
agreements. CB’23 has multiple focus areas, in which measuring the circularity of a building is one. In
CB23 [2020a] the ’Leidraden voor het meten van circulariteit’ are being published. Within this guide,
three goals are being determined which follow from the basic circular principles of the government
mentioned in Section 1.1.2:

1. Protection of material supplies;

2. Protection of the environment;

3. Protection and creation of existing value.

The developed method of CB’23 is known as the ’kernmeetmethode’ (Core measurement method)
(CMM) and based upon existing tools used in the Dutch Construction sector such as the MKI. It uses
the same way of thinking in life cycles and the basis in material flows and a material balance. Therefore,
the needed input data is the same. However, the protection of the material supplies and existing value
are not part of existing LCA methods. These parts do play an important role in the circular economy
and therefore are embedded within the CMM.

In line with earlier defined core principles of circularity, the CMM does not use the R-Framework but
incorporates systematic perspective together with the thematic fields of Kirchherr et al. [2017], which
states that when defining the CE, most often the approach is one-sided by excluding one of the goals.
As the report mentions itself :

A modular bridge deck can be re-used four times in two hundred years. Parts of the
bridge deck are then no longer functional or technically adequate. If a new bridge deck can
be made from composite materials (recycle), the use of primary raw material will also be
avoided after those two hundred years. If this is not possible, it must be weighed whether
the advantages of modular design for four cycles outweigh the disadvantages of a design
that is not recyclable after those cycles.

By the introduction of the CMM, the organisation wants to emphasize that circularity should not be
the goal. A systematic approach argues choices for the best situation over time. Space is needed for
development, long term strategies need to be set out to come towards the best solution regarding the
basic three principles. Circularity can play an important role within the principles, in order to enhance
the current situation of the earth. The design of the CMM is further elaborated on in the following
subsections.

An important tool to execute a measurement method is the so-called material passport. A framework
for this is developed by CB23 and is introduced in Appendix F, but not further elaborated in this
research.
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2.4.2.a CMM - Overview

The CMM created by CB23 [2020a] consists as mentioned earlier of 3 main pillars. These lead together
towards a certain end score. This is illustrated in Figure 2.7. The figure shows the principle of the
CMM and it can be observed the CMM has three main pillars:

1. Protecting material supplies;

2. Protecting the environment;

3. Protecting and creating existing value.

These pillars all have their own assessment framework, with input and output indicators and with a
certain impact assessment, leading to an overall circularity score. It should be noted that this version
of the CMM is still in development and a revised version is expected to come out in July 2021.

  Impact
  assesment

 Goal

MKI

Environmental impact 
analysis (LCA)

   Input
   indicator

   Output
   indicator

Core measurement method

Results of the raw and re- 
used material stock

Results for the 
environmental impact

Results for the existing value

Total circularity score 
of the object

Extract for material 
stock indicators

Value analysis

4. Extract for 
environmental 

indicators (Impact 
categories)

Protecting material streams Protecting environment Protecting or creating value

1. Amounts 
used
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availabe 

for re- use
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of initial 
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of  value for 
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lost current 

value

Percentage shares of materials Reference units TCO and N/A

Indicator 1 - 3

Indicator 4

Indicator 5 - 7

Figure 2.7: CMM method to determine circularity in an object (Own figure - derived from CB23 [2020a])

2.4.2.b Protecting material streams, indicator 1 - 3

Each material flow is assigned to one of the indicators between 1.1 and 1.2.2. in Figure 2.8. A distinc-
tion is made between primary and secondary material. Primary material becomes then subdivided
into renewable (which becomes renewable material subdivided into sustainably produced and non-
sustainably produced) and non-renewable material. Secondary material is divided into reuse and
recycling. After the materials have had a score for indicator 1, materials are jugded again to their
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physical scarcity and socioeconomical scarcity. These don’t exclude each other, so a material can be
both physical and socioeconomical scarce. In total, these scores combined are called input indicator 1.

Figure 2.8: CMM - indicator 1 (Own figure) derived from CB23 [2020a])

All of the used materials are then assessed again, but focused on their up following life cycle. Mate-
rials either be assigned in indicator 2, when they are available for re-use. If not, they are assigned to 3

and considered not usable again, thus lost materials. This is being shown in Figure 2.9.

Figure 2.9: CMM method - indicator 2 and 3 (Own figure) derived from CB23 [2020a])

2.4.2.c Protecting environment, indicator 4

Indicator number 4 is the already mentioned MKI-score or climate impact (pillar 2). It uses several
sub-indicators, which in total form the score on this indicator. These sub-indicators are shown in Fig-
ure 2.10.

This indicator is not further elaborated in this research, as there is no research gap identified re-
garding this indicator and the level of detail within the different themes mentioned are out of scope.
Therefore, the different sub-indicators will be considered as one in this research, being indicator 4.
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Figure 2.10: CMM - indicator 4 (Own figure) derived from CB23 [2020a])

2.4.2.d Protecting or creating value, indicator 5 - 7

The value of the object, pillar three is assessed as well, showed in Figure 2.11. Circularity can improve
the value of a certain element, by improving it’s functionality possibilities thus increasing technical
and economical value. Technical value can contribute to the implementation possibilities in a second
life cycle, while economical value can contribute to a viable business case.

Figure 2.11: CMM - indicator 5 till 7 (Own figure) derived from CB23 [2020a])
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2.5 barriers for the circular construction sector
Circular initiatives are going on for a few years. By now, hick-ups and potential barriers in various
areas are being experienced by different parties involved. Research towards barriers to the implemen-
tation of the circular economy worldwide has been done by Kirchherr et al. [2018] and de Jesus and
Mendonça [2018], which reviewed n=114 and respectively n=141 literature findings towards the circu-
lar economy. Independent from these results, Rotmans [2021] evaluated that despite all the effort that
has been done, no significant changes can be noted in emissions or used materials in relation to the
goals of the Dutch government.

In order to gain insight into the barriers for the Dutch construction market, various articles have
been read and will be analysed in the following sections. Thereafter, the results will be compared to
provide insight into whether the general bottlenecks of a CE overlap with specific bottlenecks from the
construction industry, and which elements differ. A visual result of this analysis is being shown in
Figure 2.12.

2.5.1 Regulatory

Amongst De Leeuw [2020a] PIANOo [2019a] and others, it is mentioned that a lack of circular selection
criteria (such as TCO) are hindering market parties in their need to innovate. If they do so, their
investments are not valued accordingly. These investments themselves are relatively high which makes
it even more unattractive to do the transition yourself [Vos, 2018]. If a market party does decide to
invest in circularity, it requires more guidance. As this thesis has shown so far, defining circularity
is a troubling issue. Valuable circular examples are therefore lacking as well which deters stragglers
both at the market and client-side [Koops, 2020]. Practical guidance through design standards is highly
desired [Jongeneel, 2020] and multiple parties demand more input from the government [De Leeuw,
2020b]. The fact that multiple organisations are publishing about the subject (even multiple ministries)
without a clear ’leader’ is confusing as well [De Vries et al., 2018].

2.5.2 Technological

In the technological aspect, it is mentioned as well that clear standards are missing to design and quan-
tify circularity [Vos, 2018]. This has as a result that guarantees are difficult to specify. Clear rules for
guarantees and certificates hinder the re-use of materials as well [De Vries et al., 2018]. Knowledge
sharing lacks as well, available knowledge is not shared efficiently [Castelein, 2018] which might call
for another way of collaborating.

Available design standards such as the MKI do work well in practice. However, databases (such as
the NMB) that exist for these tools are not obliged and therefore a lot of data is not available [Oostdijk
et al., 2019] which hinders the circular progress. In 2020, some improvements are possible since the
publication of the ’Leidraad’. This document is highly appreciated by the market [PIANOo, 2019b] and
has been mentioned earlier in this thesis.

2.5.3 Micro - Market

The building industry is doing well since the crisis of 2008. Generating revenue is not a problem
and therefore the financial need for innovation or changing building methods is absent [De Leeuw,
2020a] [Vos, 2018]. On top of that, the culture of experimenting is not embedded in the construction
industry. Involved stakeholders would not bet their money on experiments [Oostdijk et al., 2019]
[De Vries et al., 2018]. On the other side, clients have a lot of projects to develop and are risk-averse.
especially smaller clients who do not want to be early adopters and would rather wait and see which
developments and examples work best in practise [Koops, 2020]. The underlying reason for this might
be that circular building is labour intensive. Labour costs are highly taxed, while re-used materials are
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taxed as well while there are no real financial disadvantages to new raw materials. On the contrary,
those materials are relatively cheap [De Vries et al., 2018]. According to Emmelot [2021] this is because
the omission of external costs (social, environmental) are not included in the raw material price. In
the way to a different approach, the biggest obstacles are laws and rules. Projects always span a (very)
limited timeframe. Market parties must have sufficient time to earn what they use to pre-finance their
innovation. Many processes are too short to be able to apply the innovation and earn back while we all
want to go that way. At last, there is the problem that the offer of secondary materials is expected to be
way lower than the demand for materials [Hanemaaijer et al., 2021]. [De Vries et al., 2018] [Rotmans,
2021]

2.5.4 Legal

Some legal problems can be seen upfront as well, even though legal problems tend to show up dur-
ing or at the end of the realisation of a project. An example can be found in the section on water
management, in which the waterboards already wrote advice on how to overcome these problems ”
Adviesrapport Taskforce herijking afvalstoffen”. Two of the most mentioned laws which quite be a prob-
lem, especially for modular building, is the fact that Dutch property law makes a distinction between
movables and immovables (Book 3, Article 3 Dutch Civil Code) [Ploeger et al., 2017]. The same can be
encountered in (Book 3, Article 5 Dutch Civil Code) [Van de Vondervoort, 2019]. On top of that. envi-
ronmental permits are not designed for possible displacements of objects [Burger et al., 2020] [Castelein,
2018]. Practical laws such as the Building Decree are designed to guarantee safety by law but therefore
might hinder innovative products of services from entering the market [Jongeneel, 2020]. For example,
the Building Decree provided only guidelines to calculate with cement. organisations have to use the
crisis and recovery law in order to achieve this, but obviously, this is not the way to go.

2.5.5 Macro - Market

The above-written problems are all about implementing circularity in a linear system, which is a sys-
tem that uses primary material and production waste, showed in Figure 1.1, with accompanying stan-
dards, certificates etc. Organizations, construction projects, methods and contracts today have this as a
starting point [Castelein, 2018]. Voices raise that circular working requires a different approach, with
different perspectives on for example ownership. This system perspective has been addressed earlier
in Section 2.2.2. Changes could be for example a change from ownership to leasing [Ploeger et al.,
2017] [Castelein, 2018]. Ownership creates certain demands for risk division and financial obligations
[De Leeuw, 2020a] [De Vries et al., 2018]. Product as a service is frequently named as well. Rotmans
[2021] claims that one should get rid of the traditional client contractor relationship - some sort of ser-
vice relationship is required to speed things up and accompanying risk division and business models.

The outcomes of the previous 5 sections are summarised in Figure 2.12.
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Figure 2.12: Bottlenecks from literature compared with desk research (own image)
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2.6 learned lessons and conclusions from sq1
This chapter elaborated on the problems of this earth and how circularity can be used as a solution
to this. Section 2.1 mentioned five sectors in which the Dutch government would like to work with
circularity, of which the construction industry plays a significant role. It is mentioned that certainly
by 2050, the construction sector will be developing more than demolishing, so material input will be
needed in the coming decades. This already concludes that closing the circle is not achievable, however,
it even more challenges the market to achieve the targets op 2030 by focusing on eliminating waste and
optimise material input for circularity by focusing on multi-purpose design.

Section 2.2 described the subject of circularity and the issue of being used frequently in policy doc-
uments and literature, leaving no one with the authority to define what circularity exactly is. The
section described the developments of defining circularity and showed that it first has been defined by
the R-frameworks, but a gradual change can be observed towards a more systematic approach. This
change can be observed in literature as well and it is argued to use the system perspective for this re-
search. This means that circularity should not be the goal, and is not restricted to material streams only.

Section 2.3 described the requirements and need for measuring circularity and argues that an LCA
should be used. On top of that, this framework should adopt a systems perspective to ensure a correct
definition of circularity. Moreover, it explains the difference between intrinsic and relational elements
and argues this should be part of such a method.

Section 2.4 reviews the current frameworks of circularity that exists and argues that the CMM method
of CB23 immediately stands out. The CMM is further introduced in this chapter. It builds upon the
MKI, extending this LCA with other concepts besides material streams, thus defining circularity in a
systematic view. The CMM includes the pillar of ’protecting material streams’ and ’keeping and creat-
ing value’ on top of the current environmental MKI approach.

Because the CMM is developed by the Dutch construction industry, it builds upon the successful
MKI and defines circularity with a systematic approach, this study will use the CMM as a base for
further study in order to transfer the concept of circularity to reality.

Barriers regarding implementing circularity have various underlying reasons which are mentioned
in Section 2.5. This section compared key literature towards the barriers of a circular economy with the
literature of the construction industry, to provide an overview of barriers and accompanying typology.
The key factors in these are identified as low virgin material prices, high investment costs and a hesitant
innovative culture. Especially the first two can be attributed to the fact that our (construction) economy
still is linear based and project-based. Moreover, the absence of a clear leader or definition of circularity
is recognised as well.
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3 W AT E R B OA R D S A S P U B L I C C L I E N T

This chapter provides an answer to the second sub-question of this research, which has been formulated
as:

• What are current innovation enablers and bottlenecks within the Dutch water boards with respect
to the implementation of circularity?

Note: the answer to this question is limited to the scope of the research, as a complete answer would be
too extensive, take too much time and have little added value. Section 3.1 introduces the water boards
as an organisation and their core task. The section address the role of the water board as a public client,
and their motivations to use circularity. Section 3.2 dives more deeply into the water boards and their
recent developments, internal policies directed at innovations or circularity. Moreover, it uses interview
data to expend these developments, and uses this data in Section 3.3 to address specific barriers for the
water boards which might hinder the correct use of circularity.

Figure 3.1: Chapter overview

3.1 introduction
The 21 waterboards in The Netherlands are a public body within a particular region in the Netherlands,
and have the task of regulating water management. The term water board is also used to indicate the
region over which that body has control. The 21 different regions are depicted in Figure 3.2.
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Figure 3.2: Waterboards in The Netherlands
[UVW, 2021]

Holland is known for its well-regulated water management and its waterworks designed and im-
plemented. The objects, such as several huge flood defences are not only impressive to look at, but
they also ensure the safety of almost 10 million people who are living below sea level. Besides safety,
water boards are responsible for dry feet, clean drink water and water management. In order to reach
these goals, they manage different assets, for example, dikes, waterways, pumping stations and sewage
treatment plans.

The water boards have a large variety of assets. The 21 water boards ensure dry feet, clean water and
sufficient water. To this end, they manage approximately 18,000 km of dikes, 225,000 km of waterways,
6175 pumping stations and 325 sewage treatment plants, on which 2 billion m3 of wastewater is treated
annually. 5 water boards also manage roads. Together they manage some 6,600 km of roads [UVW,
2021].

The waterboards in The Netherlands have had quite some changes in the last few years [UVW, 2021].
Back in 1950, there were 2600 of them which since then are combined. The 21 boards that exist today
are united in an overarching organization, the Unie van Waterschappen, which provides advice on
policies and implementation plans.

The water boards are a unique form of a public body in the World. The boards are represented by
a general board and a daily board, of which the general board is elected for four years through water
board elections. This seems like a normal procedure, however in recent years a lot of discussions have
been going on about the future of these waterboards and whether they should be removed/replaced
or not, which doesn’t influence policymaking positively. Activities of the water boards are not being
paid by national tax funds. Instead, water boards levy tax, which they use to finance their tasks almost
entirely. This means that the water boards differ greatly from provinces and municipalities, which
have a general task and are largely dependent on the national government for their income. With a
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purchasing volume of approximately € 3 billion per year [UVW, 2021], water boards are playing an
increasingly important role as a client and launching customer within different themes. Therefore
they can have a considerable impact on sustainability issues and stimulating a more environmentally
friendly construction industry, in order to counteract climate change.

Moreover, the Waterboards are internally driven to counteract climate change as their main assets
are closely related to nature. Nowadays, they experience the results of climate change in their portfolio.
The people involved within the water boards are likely motivated to accept the circular transition since
circularity strives to counteract climate change. The boards themselves have as a core task to protect
nature and ensure harmony between people and nature, a task which is becoming more difficult and
important at the same time, through climate change.

3.2 developments within the waterboards
In order to get insight into the recent developments of the boards, desk research has been done on
existing grey literature of the boards. However, the available literature is limited, therefore interviews
have been conducted with actors within or working with the boards, to present a complete overview
of recent developments which have happened in the water boards. The circumstances of these devel-
opments are analysed, in order to understand what is needed are to implement circularity.

3.2.1 Literature review on Developments

From the beginning of the 21st century, the collaboration between the water boards and market parties
can be described as one of fear [UVW, 2016a]. This culture has been identified and actively opposed
by both parties. It has resulted in various plans in which the desired way of being a public client and
collaborating with the market parties are described, in policies such as the ’De waterschappen als pub-
lieke opdrachtgever’. Developments since then could be monitored and evaluated. This resulted in an
extensive report in 2016 in which conclusions about the two topics are described and recommendations
are done [Groot and Visser, 2016].

Although a circular economy has been identified as a possibility for somewhere in the future, no real
direction can be observed. Sustainability and related innovations however have been evaluated. Four
key success factors are mentioned [Groot and Visser, 2016]:

1. Major programs such as the Flood Protection Program (HWBP) have been a strong catalyst for
innovation. However, the use of this programs still is limited across the water boards projects.
Within these overarching programs, certain best practices can be observed. For example within
the HWBP, there was a certain department called: ’POV’ (Project overstijgende verkenningen).
Through this POV, a fixed process for the innovations is set up every year, and money is available
for the discovered innovations. Evaluation and knowledge sharing were an important pillar of
these programs, to enable project overarching learning processes.

Figure 3.3: Evaluation process within HWBP
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A more recent example is a project procured by a water board to revise multiple bridges [De Saar,
2021], which focused on learning on the job, in which every new bridge project can improve by
the learned lessons from the previously realised bridges;

2. Innovations or developments are mainly focused on initiation design and realisation of a project.
Asset management and maintenance are much less connected to the new ideas, while projects
still are considered linear since the production of waste is not described as unwanted. The market
vision is therefore not yet having the desired impact in all directions;

3. Steering the market is being done by MEAT (Most Economically Advantageous Tender) criteria.
However, MEAT has not been applied on a bigger scale yet and just on certain small projects.
Therefore, price is something that still players a major role in tenders;

4. LCA’s are being initiated but not a standard process. However, Struker et al. [2020] mentioned
MKI (LCA) as a successfully implemented steering method. LCA’s can be part of a systematic
approach, as they are coupling multiple phases of an asset, such as the realisation phase and
maintenance.

As this document dates from 2016, items on this list might be outdated. More recent reports are in
development but not yet published.

The current diversity between the circular approaches and dealing with knowledge sharing of the
water boards still is quite high. This can be observed from different initiatives are going on which
use different core methods of circularity. Some use the R-framework [Struker et al., 2020], and system
perspective is in projects as well [De Saar, 2021]. In Chapter 2, it is explained that a correct way of im-
plementing circularity is by the use of a systematic approach. A systematic approach includes learning
beyond projects. Knowledge sharing is important in general, not only between clients and contractors.
The overarching programs of the water boards such as the HWBP seems to be a sufficient base for such
processes and thus could kick-start implementing circularity.

Moreover, knowledge sharing processes are initiated by the UVW, which tries to offer a platform
for knowledge sharing. The UVW could also help by offering a clear strategy upon which the water
boards could rely. During this research, the Unie van Waterschappen reflected on the report from PBL
[Hanemaaijer et al., 2021]. From the abbreviations mentioned, the UVW want to improve on [UVW,
2021]:

• Further stimulate collaboration between market parties;

• Further improve knowledge sharing of the circular economy between different boards.

At this point, a great opportunity arises for the use of overarching programs to achieve these goals,
thus contributing to the implementation of circularity. Beyond the UVW, water boards can also take
part in Buyer Groups, which focus on specific innovations such as concrete in relation to procurement.
Another opportunity arises in just collaboration with some other boards. In all three options, water
boards should work together with the same definition of circularity and determining suitable ambitions
for those programs. It is suggested that, the UVW, as an overarching organisation, is perfectly suited to
take the lead within determining circular ambitions and discover which ambitions are suited for which
materials, and be responsible for the evaluation part.
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3.2.2 Interview Review of Developments

Literature towards developments within the water boards lack. Therefore, all interviewees have been
asked about elements or processes, in order to understand what is needed are to implement circularity
within the water boards and their assets.

Because of the reorganisation of the recent years, there is a knowledge shortage of the current assets
of the water boards (interview 5). Monitoring of current assets does barely happen (interview 5 & 9).
Therefore, asset management is not properly organised by the boards and the boards see future prob-
lems arising by for example material passports (interview 5). This can partly be explained because of
the division of time and money between the internal departments (interview 4 & 5). Water boards have
a project-based approach towards their assets. This comes forward in new projects having relatively
high budgets (interview 4), while little money is available for maintenance which sometimes results in
a replacement decision while maintenance is very well possible (interview 4). Moreover, project design
specifications are framed to come up with solutions with a long lifespan even in integrated contracts,
with as little maintenance as possible (interview 4 & 5). The aim is to reduce maintenance and therefore
uncertainty in exploitation as much as possible (interview 4 & 5).

People matters. The people working in the water boards are likely to have a connection with the
system of the water boards, as at a certain point they chose to work at the water boards because they
wanted to stay in touch with nature (interview 6, 7, 8 & 9). As climate change influences this system,
the water boards might be internally motivated (interview 6, 7, 8 & 9). However, within the water
boards, different levels have different tasks, which causes the levels to have different interests and am-
bitions towards circularity. Some levels may want to take more risks in new ways of working, while
others may be more risks adverse (interview 4, 5 & 6).

The different ambitions of the levels are caused by the prior tasks of the internal levels. The advisory
boards are dealing with long term ambitions and barely have to deal with the main tasks of the water
boards today (interview 4, 5 & 6). The project management teams are busy with implementing these
ideas into new realisation objects and try to implement the ambitions in their project initiation and see
the results back in a timespan of 3 years. However, the asset management department see the influ-
ence of their decisions immediately and therefore have serious issues if something turns out wrong
(interview 4, 5 & 6). This internal situation may work as a boomerang and result in self-censorship (in-
terview 7), which may block internal initiatives. Successful implementation of innovative ideas closely
seems to be correlated with the attention a certain project has had in contract management, by for
example an own IPM team (interview 6). Moreover, the success of a clear strategy such as the HWBP
is acknowledged (interview 4, 6)

The UVW helps the water boards on a strategic level. However, the UVW and the water boards
acknowledge a real clear strategy or overarching program for circularity such as the HWBP is missing
(interview 4, 6 & 7). The water boards experience circularity as an ambition of their own organisation
and therefore something they need to deal with their own organisation. Knowledge sharing does hap-
pen but is the first thing being wiped from the agenda (interview 4 & 5). The UVW try to stimulate
knowledge sharing between the boards but see that the subject is becoming way to complex to discuss
just a few times a year (interview 6). Moreover, there is a need for more extensive knowledge sharing,
as contractors argue the water boards do not use the existing knowledge to the full potential (interview
8 & 9). Also, finding the right people within a water board who can contribute to the transition still
is a challenge and is caused by the lack of prioritisation circularity has within the boards (interview 7).
This is key, as this most likely will result in a successful implementation but is a big pitfall which has
been observed before (interview 4).

Water boards are internally divided about whether 50% circularity is the best possible agreement,
but all departments agree on setting hard demands on certain ambitions instead of process agreements.
Hard quantifiable agreements make people aware that something is getting real (interview 6).
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3.2.3 Analysis of literature and interview data

Implementing circularity means that a shift is required from the current project-based approach to a
systematic approach for the water boards, whereas circular strategies on LCA phases such as asset
management and realisation are combined. These two phases of an object therefore both are key mo-
ments for water boards to implement circularity. The literature review shows that the use of LCA offers
possibilities in terms of combining strategies in a systematic approach for the water boards, but is not
being used frequently. This will enable innovations to be applied in asset management too. Circular
strategies in a systematic approach therefore need to be derived from overarching programs, which
focus on systematic goals such as resource depletion, not restricted to realisation only. However, such
an overarching program for circularity does not exist, the most recent strategy still considered project-
based projects [UVW, 2016b]. It is therefore advised to create overarching programs like the HWBP for
all the water boards to implement circularity.

From the interview review, it can be observed that the recent reorganisations of water boards men-
tioned in the literature still causes problems. For example, a lot of up-to-date information is missing
about the current state of the objects. The state of the objects also varies a lot. Asset management
is not properly organised. It can be observed as well that when it comes to innovation success, in-
novations in new projects are way more likely to be a success than implementing innovations in a
maintenance phase, thus showing the water boards still are project-based. Interview data shows that
actors acknowledge the need for a better asset management system, which will very likely be needed
for circular strategies.

Moreover, the differences in time and money between the realisation department and the asset man-
agement still is possible due to the current focus of projects specifications. From the interviews, it can
be observed that objects are designed for a long life span with as little maintenance as possible. How-
ever, due to the ambitions of the strategy and advisory departments, the possible circular approaches
are expected to conflict with this, as circularity sometimes require more attention from the asset man-
agement department, which does not have the time and money to do so in combination with their
main tasks. This makes the asset management department unwilling to adopt some circular strategies.
This fear can be removed as well by overarching programs in which knowledge sharing happens more
frequently.
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3.3 barriers for circularity in water boards
The results of Section 2.5 provided an overview of barriers mentioned in the literature of current circu-
lar initiatives. These results were addressed in the interviews, to gain insight into whether this scheme
was complete and correct. With these results, water boards have insight into which barriers need to
be tackled in determining circular approaches, for example procurement and contracting tools. The
people interviewed are showed in Figure 1.4 and the used interview protocol is shown in Appendix B.

3.3.1 Regulatory

Regulatory wise, contractors criticize the way contracts are used by the clients. The obstacle for circu-
larity is not in the procedures themselves but in the way the water boards implement them (Interview
8 & 9). For example, there is no clear prospect of what is in the coming questions for the contractors
(Interview 8 & 9). Remarkable is that (Interview 6) at first blamed the procedures, but gradually re-
alised that a lot is possible and mentioned that other factors hinder the correct use of these procedures
for the implementation of circularity. Material suppliers have possibilities to replace primary raw ma-
terials but are hindered by law and building standards and business models (Interview 1 & 2). This
comes for example forward in the way specifications are drawn (Interview 6). Traditional specifications
are demanded, and because of that traditional design standards should be met (Interview 6, 8 & 9).
Different interviewees acknowledge the lack of successful examples (Interview 1 & 4).

Therefore, it can be concluded that current procurement tools do fulfil the needs of today’s market.
Clients should use them correctly, which can be explained as more systematic, where the same ambi-
tions and thus prospects are applied within multiple procurement procedures. More example projects
are likely to change the current fear and might contribute to future developments for building and
design standards. However, the current way in which standards are drawn may disappear, and new
forms will occur, for example, performance standards. Water boards must be open to this.

3.3.2 Legal

Some small legal issues are expected by the clients when using circularity (Interview 6), other inter-
views indicated that they did not see this as a problem. Therefore, no clear expectations or conclusions
about changes in the legal aspect can be drawn based on the data obtained.

3.3.3 Micro Market

Micro market-wise, low virgin material prices are a problem, together with a high tax on labour and
low tax on products (Interview 8). Moreover, all material suppliers describe the lack of availability of
second-hand materials as the main reason for not being able to build everything circular by now, and
they doubt whether this is possible in the future (Interview 1, 2 & 3). Some renewable material flows
are not big enough to immediately support the transition of primary to secondary material use with
respect to a positive business case (Interview 1 & 3). A hesitant innovative culture within the water
boards is experienced as well, because of for e.g. performance demands and shortage of budget and
time (Interview 4 & 5). This leads to hesitation for new investments. However, contractors mention
they need to invest anyway and it is up to the internal motivation of the buyer if those investments
contribute to the circular economy (Interview 8 & 9). .

Moreover, the water boards are not very enthusiastic about replacing the legal ownership of their
assets and circular strategies which incorporate that (Interview 5 & 6). It is considered as moving
their main task to the market (Interview 5 & 6). Moreover, recent events in history resulted in the de-
sire to have full power over the instruments in order to provide water quality and safety (Interview 4).
However, possibilities for strategies for a specific product are considered as an option (Interview 4 & 6).
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Within the water boards there is a lot of attention for the realisation phase, rather than for the asset
management, avoiding high maintenance activities or spendings. The interview data of Section 3.2.2
showed this extensively. Circular strategies have the need to adjust things during the life cycle of an ob-
ject, which increases the need for labour and money. This is a problem, as new projects have relatively
high budgets (Interview 4), while little money is available for maintenance which sometimes results in
a replacement decision while maintenance is very well possible (Interview 4).

It is expected that the focus of taxes might change in the future to support a change of focus from the
realisation phase to asset management strategies (interview 8). Moreover, as the transition continues,
a new market within secondary materials is expected. There may also be skewed growth in the life of
various parts within an asset. The water boards should adjust their asset management plan accordingly,
in order to prevent that a part needs to be removed because another part is out of its lifespan.

3.3.4 Technological

Technological wise, the expectations around digital twins, material passports and information distribu-
tions are high (Interview 5, 6, 8 & 9). However, water boards are mainly acting on their own (Interview
4 & 6) with just little shared guidance (Interview 7). Moreover, the expectation is that monitoring will
play an important role in the specifications of products (Interview 1, 6 & 8). However, this is option is
barely used (Interview 1 & 8). Construction techniques are not going to be the problem (Interview 4 &
6), it is more about the ownership of the risk and responsibilities (Interview 4 & 6).

Therefore, it can be concluded no problems are expected when it comes to building techniques. How-
ever, the question is who is going to be the risk owner of an object, in which still a lot is uncertain and
the expectation is that companies are more cautious about this. Moreover, as well as concerning other
topics, it is expected that monitoring will be more important in the future, in order to successfully
manage the ambitions and interventions. The data obtained from this monitoring will then also pro-
vide a possible solution to the guarantee and certification issues, as through for example performance
certificates insight can be provided into a certain material.

3.3.5 Organisational

A new barrier introduced through the interviews is the aspect of organisational challenges. Although
the barrier hesitant innovative culture is identified under the label micro-market and can be assigned to
the organisational bar, interviewees thought that the organisational challenge is the biggest challenge
of all (Interview 6, 7, 8 & 9). Convincing all people to the importance of circularity, and to make
circular choices every day, will be hard (Interview 6, 7, 8 & 9). Therefore, a new organisational bar is
added to the overview of barriers. Eventually, it are the people that decide which decide on ambitions,
policies, budget and people etc. The attention to the organisational element will have to result in a
better evaluation and learning processes, to enable circular strategies (interview 8).

In Figure 3.4 the results of this analysis are shown. This figure is a validated form of Figure 2.12,
which came forward out of the literature.
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Figure 3.4: Barriers for implementing circularity (own figure) - validated overview after interviews of Figure 2.12
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3.4 learned lessons and conclusions from sq2
The water boards are decentral organised. Section 3.1 showed that changes have happened quite a lot
in this area by decreasing the number of boards in the last few years. Circularity relates closely to the
core task of the water boards. Therefore, internal people are likely to be motivated, since the water
boards are pre-eminently the organization that experience the effects of climate change directly in their
daily work.

However, the history of the water boards causes them to differ quite a lot in asset management lev-
els, the status of assets etc. Nowadays, water boards differ to those topics between themselves, but
within a single water board, these topics differ as well. Section 3.2 shows that despite the existence
of the overarching UVW, the waterboards experience the transition as something which mainly plays
a role in their organisation. Moreover, the internal organisation of the water boards have different
interests and different definitions of circularity. This results in having different ideas about circularity
in the organisation and how to implement this. The analysis in Section 3.2 emphasizes the need for
a good implementation plan / overarching program. It shows that an overarching program such as
the HWBP can be beneficial. Such a program has several advantages, such as an overarching ambition,
possibilities to focus more on asset management, as was shown by the example of POV, thus enabling
knowledge sharing, which is key in a systematic approach. Such a program is necessary because the
water boards consist of separate departments, all with their own interests. The current lack of joint
goals results in different ambitions and visions of circularity in a project.

Besides the circular implementation of the water boards altogether, Section 3.2 has shown that inno-
vative ideas in water boards mostly occur in new realisation objects. However, in this way innovations
are only possible in a project-based approach. This research already argued that circularity should
be implemented of the whole life cycle and therefore barriers need to be removed in order to use it
in asset management. An LCA approach and according methods suit this. Asset management is im-
portant since most of the assets already exist and still have opportunities to use circularity, because
circular strategies can have some serious challenges for asset management. From the interviews, it
can be concluded that the asset management department requires more attention when it comes to
these innovative circular ideas. Improving the maturity of the asset management department might
result in a positive attitude of the asset management team towards changes in the design culture of the
water boards, for example designing with materials with a shorter lifespan or a higher frequency of
maintenance. Realisation and maintenance within asset management, thus the overarching phases in
an LCA are therefore moments to implement circularity.

At last, this chapter presented a validation of the barriers in of Chapter 2 in Section 3.3. The sec-
tion reviewed the barriers of literature by presenting which barriers are identified by the interviews
and added new undiscovered barriers. The point that current tendering forms would not suffice was
disputed. Moreover, it confirmed certain measures named by the literature and interviews, such as
reducing taxes on labour, to enable or accelerate certain cultural changes within the water boards.
Most importantly, the typology of organisational elements within a water board is addressed as barrier,
wherein the literature this typology has not been identified.
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4 T H E M AT E R I A L C H A I N A N D I T S A C TO R S

This chapter provides an answer to the third sub-question of this research, which has been formulated
as:

• How do the chains of concrete and steel as a building material look like, which (type of) actors
are present within that chain and what do they need to implement circularity?

This chapter focuses on the current chain of materials used within the construction sector in the Nether-
lands. Section 4.1 dives deeply into the concrete industry. Section 4.2 does the same for steel. The
chosen assessment method CMM, which states circularity is something one can use to overcome one
or more problems, will be used to evaluate both chains by assessing their needs for:

• Protecting material streams;

• Protecting environment;

• Protecting or creating value.

. Thereafter, Section 4.3 addresses the market of materials and shows the actors which are involved,
showing their position and need changes due to the transition.

Figure 4.1: Chapter overview
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4.1 the concrete industry
In the past years, enormous studies have been done to the material chain of concrete. In Figure 4.2, an
average chain for today’s industry is outlined.

Figure 4.2: An average concrete chain in the Netherlands. (Own image, adapted from Wouters [2019])

4.1.1 Concrete composition

Concrete roughly consists of 2 types of substances; cement and aggregates.

4.1.1.a Cement

Cement is a binding component and reacts with water and hardens. The cement hardens equally well
under and above water. Cement is made by burning limestone together and sand. Burning this mixture
at high temperatures creates clinker. There are different cement types, designated CEM I to CEM V,
with a smaller or higher content of Portland cement and blast furnace cement.

protecting environment The cement industry is viewed as a major shareholder in worldwide
GHG emissions. Countless studies named numbers about the Co2 emissions, most often about 5% to
8% of all worlds emissions [Favier et al., 2018]. For GHG and other environmental indicators, Figure 4.3
shows that the clinker production process is the main contributor. Final production of cement and
preparation of the materials do not have a significant impact on the environment compared to the
production of clinker.
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Figure 4.3: Environmental impact indicators
[Chen et al., 2010]

protecting material streams As cement is not a unique product, it consists of various elements
and is produced with different side materials. To judge whether or not all these materials are becoming
scarce is out of scope, but from literature can be concluded that certain elements do actually harm the
resources [Chen et al., 2010] [Miller, 2020].

protecting or creating value Little or no attention is being paid to the value after a life cycle.
Most of the concrete is being demolished into smaller parts and used as foundation layers for roads.
However, this is downcycling and losing value, thus unwanted in a circular system.

4.1.1.b Aggregates

Aggregates consist of sand and gravel, but depending on the demands placed on the concrete and the
availability of materials on-site, substances such as basalt, granite and rubble, slag are incorporated.

protecting material streams Sand and grind are worldwide the most extracted raw materials.
Although these materials look like they are widely available, the shortage of sand has already been
foreseen and is subject of current debate [Bendixen et al., 2019]. Although almost 20% of the world’s
earth crust consists of sandy desert, sand is not inexhaustible. Not all sand can be used for construction
purposes. Booming construction countries such as Qatar imported more than 6 million euro of sand
[Gavriletea, 2017]. Sand can be found onshore and offshore. Onshore sources consist of sand deposits,
rivers and floodplain alluvial deposits. According to Kowalska and Sobczyk [2014] the onshore de-
posits are located in environmentally valuable areas, such as mountains. Offshore deposits, potentially
less harmful than onshore, is practice in more developed countries due to the cost of heavy equipment
[Pereira, 2012]

protecting environment Besides the importance of resource protection, the mining industry for
aggregates has major environmental consequences for the planet producing GHG [Gavriletea, 2017].
Within the damage to the environment, the construction industry in general attributes to this prob-
lem in multiple ways. Besides producing concrete, it is important to note that construction transport
produces a significant amount of GHG in the material chain.

protecting or creating value See the paragraph of cement.

4.1.2 Circular concrete

Within the concrete industry, the waste sources of concrete are maintenance and demolishing of differ-
ent types of buildings, originating from different years and projects. This results in the concrete being
of variable composition. The amount of concrete that is ’recycled’ in the Dutch industry is about 95%.
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However, 90% is downcycled to something like road slab and only 5% is of high-quality reuse. The
amount of C&DW is expected to rise in the coming few years, as the construction works from the 50’s
is reaching its EoL status.

This provides the construction sector with various opportunities. The circular economy sees build-
ings EoL not as a demolishing project, but as a material bank. This development will be a continuous
challenge to get the waste level or low-value re-use in the chain of materials to zero.

The needed changes in the concrete chain are visualised in Figure 4.2 by the colours green and blue.
These material streams are desired and have to replace the red streams in the same figure. Waste
should be avoided and whereas possible, primary input should be minimised. This circular concrete
chain consists only of high-value reuse of materials. This is not only required to take steps towards
declining raw material usage, but as the demand for raw material will someday reach an equivalent
point of the secondary products, low-value reuse will result in waste again as the supply will be bigger
than the demand.

4.2 the steel industry
Steel is an alloy consisting of iron, carbon and limestone. The steel industry is one of the biggest in
the world. In 2017, worldwide 1700 million tons have been produced [Cramb and Amuda, 2017]. The
industry is a highly competitive globalized industry in which actors are enormous. The industry relies
heavily on international trade and manufacturing processes. This accounts for both raw materials
as (semi) finished products. Almost 30% of the finished steel products have been transported after
manufacturing [World steel association, 2018].

Figure 4.4: An average steel chain in the Netherlands (Own image)
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4.2.1 Steel composition

In general, steel is composed of three main components; iron, carbon (coal) and alloys. The existing
value of iron is kept relatively high compared to concrete. Steel always consists partly of recycled
material. There are two types of production processes:

• BF process, the blast furnace process and basic oxygen steel process, where 20 to 30% scrap is
mixed in.

• EAF process, the electric furnace process or electric steel process with almost 100%. Every steel
product can be produced by this method.

On average 56% of all steel used in Europe is produced through EAF [Peschier, 2019] which can be
considered as a high-quality reuse method. The challenge is to reuse steel without recycling since
recycling still means energy input with possible Co2 emissions by production or transport.

4.2.1.a Iron

protecting material streams With respect to iron, enough primary resources are available ac-
cording to [World steel association, 2018]. With the growth of the worldwide economy and its inhab-
itants, it is expected that the BOF process will remain the primary production stream till 2050. The
current supply of ferrous and scrap steel is not enough to fulfil the amounts of today’s steel demands
[Oda et al., 2013]. However, large quantities of scrap are not being used as input due to problems of
separating and collecting small parts [van Maastrigt, 2019].

protecting environment The mining of iron has a relatively low impact on GHG in comparison
with for example cement. Due to the widespread activities, however, it has a major contribution to
worldwide GHG [IEA, 2020] with approximately 1.9 % - 5.1 % of worldwide GHG [Delevingne et al.,
2020]. It must be noted that the transport which comes with the industry also seriously impacts the
GHG of the iron.

protecting or creating value Steel components cannot be degraded yet to a level in which the
basic components can be regained. However, EAF processes can reform amounts of steel to complete
new objects, even with enhanced stiffness capacities. However, sometimes new alloys need to be added.

4.2.1.b Carbon

protecting material streams The raw material stock is just as iron enough for the coming years
[World steel association, 2018]. In line with iron, it is expected that the primary raw material demand
will grow [Oda et al., 2013].

protecting environment The production of carbon is highly polluting as are most of the mining
activities. On top of that, the reaction of carbon with iron oxide produces GHG as well. Within this
production, different research projects are ongoing to investigate the possibilities to replace carbon
with hydrogen which would cause only water vapour. However, these technologies require about 5

times more energy.

protecting or creating value See the paragraph of iron.

4.2.1.c Alloys

protecting material streams Within the production of steel several smaller elements, known
as alloys, can be added. These can be added in order to give the steel other capacities such as being
stainless. As described before, the main components of steel are not very rare, however these extra
materials are.
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Figure 4.5: Expected stock of rare alloys processed in steel
[van Maastrigt, 2019]

protecting or creating value The prescribed recycle values do not apply to these materials
which is a major problem. Used scrap in the EAF process is barely sorted for the applied alloys within
it, so the renewal of these alloys out of the scrap is nearly impossible and therefore are lost [Björkman
and Samuelsson, 2014]. This actually means that new alloys have to be added and therefore this is low-
reuse. The global usage of these materials and the incapability’s will eventually result in worldwide
scarcity of these materials as depicted in Figure 4.5.

protecting environment Describing all specific alloys and their environmental pollution of CO2

is out of this scope, but generally it can be stated that the current production techniques of these alloys
harm the environment as well [IPCC, 2016].
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Figure 4.6: Ferrous Metals Waste Management
[EPA, 2021]

4.2.2 Circular steel

The needed changes in the steel chain are visualised in Figure 4.4 by the colours green and blue. These
material streams are desired and have to replace the red streams in the same figure. Waste should
be avoided and whereas possible, primary input should be minimised. It is important to note the
difference between for example iron and alloys. As described, alloys have the need to be protected and
resource depletion really is an issue. For iron however, resource depletion is less problematic, but the
GHG of the primary production processes are a burden to this earth.
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4.3 actors in the material market
As described in the previous section, the chain of materials does contain a lot of processes that harm the
goals of the CMM main pillars and therefore should be adjusted to make use of circularity. However,
as the GHG produced by the sector are enormous in percentages, so is the industry itself. The industry
is characterised by globalisation which makes huge changes almost impossible. Various interests of
various stakeholders must be positively influenced in order to create incentives. Note: from this point,
no distinguishing will be made between concrete and steel

An extended study of the current Dutch concrete chain, its actors and their responsibilities towards
the transition has been carried out by Schraven et al. [2019]. In the next sections, this paper and its
main findings will be treated as no other literature is available on this subject of matter. The actors
identified by literature have been interviewed, in order to understand how these actors differ and what
that means for the circular implementation of the water boards.

4.3.1 Actors typology

The paper claims that the actors within the Dutch concrete industry have had problems in addressing
points of change for the industry. These representatives of the Dutch Stony materials supply chain
(SMSC) have set up the fundamentals of the ’betonakkoord’, a voluntary document that has been
signed by a respective group of the industry. Different actors participate within the Dutch SMSC. This
chain has different types of actors.

At first, demolishing companies demolish buildings when the construction is in its end of life period.
These materials are up for sale. They try to sell their materials to recycling companies, but in the
traditional market, it could happen that they pay for those materials instead of getting money for it in
return. Currently, there is an incentive to do so, because landfill is prohibited and they can pass the
costs to their client [Schraven et al., 2019]. The most favourable way is when the recycling companies
are willing to pay for the materials, but they are only willing to do so if the complete composition and
associated information of the material are available and the material has a certain degree of purity.

Secondly, the recycling companies sort and process the materials even further in order to sell them
to traditional manufacturers. They are the buying party in this market and have a choice between
primary products and secondary products. This means that primary aggregate producers operate in
the same market as recycling companies. This fact may look like an unfair market since the steel and
concrete manufacturers are enormous companies that have a lot of power within the market and see
their business threatened by the recycling companies. The manufacturers can operate well in the linear
market when it is about certificates and the purity of the materials they sell. At last, the traditional
manufacturers produce materials and sell them to contractors.
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Figure 4.7: Actors visualised in concrete chain

4.3.2 Circular transition of the chain by actors

4.3.2.a Literature Review on the Circular transition of Actors

In order to transform the chain to a circular chain, Schraven et al. [2019] conducted research on the
involved actors. The paper investigates needed changes according to the actors and other stakeholders.
The research shows 40 different changes proposed by the participants which are needed to make this
transformation of which only 6 were named double. This indicates that each actor has its own stakes
but also a diffusion of responsibility. Furthermore, traditional manufacturers only named changes
applicable to their own branch while demolishing / recycling companies named more fundamental
changes which indicates that they see more need to change than the traditional manufacturers. The 6

changes that were named more than once:

• New ways of appraising value;

• Formulating circular economy;

• Real cost of transport;

• Integration of the supply chain;

• Raising awareness;

• Adequate pricing for demolition companies.

To the question of who should lead the various changes, it is remarkable that only 25% of the proposed
changes by the stakeholders are assigned to themselves. This indicates that the parties involved do not
think they are responsible for the transition to the circular economy. Schraven et al. [2019] concludes
as well that in the variety of changes, no clear assignments or responsibilities can be found amongst
the involved stakeholders. There is however one actor of which most of the interviewees think that
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it is responsible; the government. More inclusive; clients and investors. The government accounts al-
most for 50% of the proposed changes. A last remarkable note is about traditional manufacturers, they
are not responsible for any changes which might indicate that they don’t play a part in the future chain.

Schraven et al. [2019] states that there are two main contributors to the transition; a systemic role
of government and a resource-oriented approach of supply chain actors. It advises the government to
take a strong position as an early adaptor as the market of materials have bilateral dependencies which
unlikely will result in a smooth transition. The actors shift the responsibilities to one another, partly to
protect their own business case.

4.3.2.b Interview Review on the Circular transition of Actors

Interviews have been conducted with the actors named in Figure 1.4 respectively, material suppliers,
recycling company, contractors and clients. Through these interviews, insight is provided into the
changes in the material chain because of the transition.

material suppliers At first, two traditional manufacturers of concrete and steel and the recycling
company define circularity as a closure of the material streams only (interview 1, 2 & 3). This implies
the end of the primary production chain. However, all manufacturers (interview 1, 2 & 3). are aware of
the fact that in the coming decades the supply of secondary materials will not be enough to fulfil the
material demands of the economy. This is the area in which the manufacturers of concrete and steel
identify their future business cases. (Interview 2 & 3) are extensively busy with the reduction of GHG
and emphasises the possibilities of maintaining the value of the material.

However, manufacturers of concrete and steel use different strategies for the future. Manufacturers
of concrete and recycling companies focus on hybrid delivery options (interview 1 & 2). with second-
hand materials and primary materials, while manufacturers of steel (interview 3) do not focus on
production processes aimed at the use of second-hand materials, due to the globalised steel industry
which makes it very expensive to change production processes. Besides their core activities, manufac-
turers of concrete and steel and recycling companies understand the need for change and acknowledge
that the market + clients has difficulties implementing new material solutions. Therefore, manufac-
turers of concrete and steel and recycling companies extensively share knowledge and measurement
methods (interview 1, 2 & 3) by connecting through branch organisations, participating in partner net-
works with specific knowledge about certain materials. This had led to more opportunities for the use
of other materials (interview 1 & 3).

Manufacturers of concrete and steel and recycling companies see that the need for building materials
will not disappear in the coming few decades (interview 1, 2 & 3). However, the focus on reducing
primary resources is a risk for them, especially for the steel manufacturers who cannot combine pri-
mary and secondary material production processes (interview 3). Therefore, it is in the interest of steel
manufacturers to focus on GHG reduction when producing materials and make sure materials keep
their value in their life cycle (interview 1 & 3). However, they may have an uncertain business case in
the coming decades.

Recycling companies experience risks when implementing new solutions in a linear system (inter-
view 2). Certification often is mentioned as a risk for not being able to use new solutions in a project,
which makes investments risky and unprofitable. This comes together with the current thought: ’Or-
dered today, delivered tomorrow. The circular material market works in another way and requires a
different approach. Therefore, it is in their interest to make clients aware of this and use partnerships
to speed up knowledge sharing and certifications of materials (interview 2). To the question of who
should lead the change, the material suppliers all included themselves (interview 1, 2 & 3).

contractors The contractors come up with circular ideas, however they are drawn back by pro-
curement systems used wrongly by the clients (interview 9). Fulfilling life time specifications or certi-
fications most often is a hard requirement in a linear material system, which implies they cannot use
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re-used materials (interview 8 & 9).

When offering circular ideas, contractors come up with a larger variety of solutions than in a normal
situation, cause the solutions depend on the availability of secondary materials. Although the contrac-
tors agree this is the risk and challenge of the contractor, they experience a reluctance within the clients
(interview 9).

According to the contractors, their circular innovations are not dependent from material suppliers.
Instead, the contractors think material suppliers are the most innovative partner in the chain (interview
9). Contractors think that current material suppliers will stay in the market but need to accept urban
mining ideas and keep reducing GHG (interview 8 & 9).

The risk position of the contractors is dependent from the type of contract that will be used in the
circular future. The contractors advocate more functional specifications within the contracts to create
more room for circular solutions (interview 8 & 9). Contractors experience difference in the supply of
material origin information. Some suppliers are front-runners, others are not. In the future, contractors
only want to buy their materials from suppliers with complete information on all aspects of the object
(interview 8).

Project-specific risks of contractors depend on the type of project contract. Contractors expect that
in a circular economy they still will be carrying the main risks when it comes to used materials and
that material producers won’t extend their responsibility (interview 8 & 9). However, the contractors
interviewed have the ambition to built circular as fast as possible, and therefore it is in their interest
that clients offer a circular perspective on which they can prepare their future business case, with the
given risks involved. To the question of who should lead the change, the contractors all included
themselves (interview 8 & 9).

clients (water boards) The water boards are organised in several layers. The advisors think that
the organisation need to be aware of material possibilities the market offers instead of crossing out cer-
tain ideas in advance. On top of that, they think asset management does not know how circular they
are today in terms of secondary materials. This awareness could take away cold feet for new materials
(interview 6 & 7).

The water boards are split in the circular mindset. Advisors think that one should accept the chance
that a solution, in the end, could fail, why the asset manager says: ’If a product does not meet the re-
quirements, we cannot fulfil our function’ (interview 4 & 6). In general, the water boards are organised
in a way that new buildings are designed for a very long period with as little maintenance as possible.
This hinders other materials to enter the market (interview 4 & 5). The asset management department
is considered as not mature enough for circularity.

Due to recent reorganisations, asset management and their knowledge about applied materials in
their portfolio fall short (interview 4). Asset management experiences a very diverse supply market.
Regular concrete and steel products are not their main concern. The supply market of specific prod-
ucts, for example pumps or moving objects which are fish friendly, is very specific and small for the
water boards. Innovative producers are scarce and therefore asset management is not willing to specify
circularity, because they fear unsuitable products (interview 4, 5 & 6).

Water boards have the risk that they will end up having internal differences in the approach to a
circular economy. Beyond circularity, the different types of layers have different interests (interview
4, 5, 6 & 7). Although they all somehow want a circular future, the strategy how to achieve so is not
available and therefore the boards do not have an internal shared vision on which they can decide their
actions (interview 4, 5 & 6). Therefore, it is in their interest to come towards a shared vision about
what, when and how to change. To the question of who should lead the change, the water boards all
included themselves (interview 4, 5, 6 & 7).
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4.3.2.c Analysis of literature and interview data

From the interview review, it can be derived that the given definition of circularity of the suppliers is
in contrast with the circular ’actions’ the traditional suppliers take. While their given definition of cir-
cularity all stated closing material streams would mean the absence of need for suppliers, the actions
of the suppliers include them into a circular future. This mainly is based on the lack of secondary
materials. This is also the biggest contradiction between the literature review and the interview review.
The literature review indicated no responsibilities for the traditional manufacturers, while the inter-
view review showed they are likely to have a circular future business case and thus are responsible
for a solution to the problems. Moreover, it can be concluded that the change proposed by literature
’Formulating a circular economy’ is recognised by interviews.

The future business cases of traditional manufacturers marginally involve material streams. Instead,
they incorporate GHG reduction within circularity and undertake actions to reduce GHG in their cur-
rent primary material production. From the interviews, the researcher argues a clear difference can
be seen between the steel and concrete chain. The concrete market is a more flexible market than the
steel market because there are far fewer steel producers worldwide than concrete producers. Steel
production processes are complex and require extensive investments to change marginal things in the
production processes. Moreover, a steel company cannot change between the EAF / BOF processes,
which makes the distinction between primary and secondary materials. The market is structured in
such a way that some manufacturers use EAF techniques and others use BOF. This is in balance with
the supply of scrap. Concrete supply chain a more local chain with shorter lines, flexibility, less com-
plex processes and therefore more laborious.

Circular material suppliers have set foot in the market of traditional manufacturers. The key to suc-
cess in this entry was the focus for knowledge sharing, focusing on certain material streams and hybrid
delivery options. With the hybrid delivery options, they became a stable supplier for their customers.
With certain material streams, they make themselves available to a lot of contractors by providing the
most used materials in a circular manner. At last, they assigned knowledge sharing as the key factor
to set foot in a huge market. Collaborating with partners creates synergy.

Regarding the contractors, it immediately can be derived some circular solutions are not being ap-
plied yet, due to various reasons. They indicate that water boards are not yet in a position to assess
circular ideas and therefore do not value ideas, thus supporting the change proposed by literature ’New
ways of appraising value’. Contractors themselves have the power to buy at certain material suppliers,
given the ambition for a circular transition. They indicate they might exclude some suppliers if they
don’t provide full information of the materials. However, nowadays that is not yet the case as they
indicate material suppliers are the front runners of the transition.

Regarding the water boards, it can be concluded that the way they are organised influence the inter-
nal approach to the material chain. The way in which materials are chosen relies heavily on the long
lifespan approach of the waterboards objects. Circular strategies for using re-used concrete or steel in
maintenance are likely to fail, as the asset management wants to stick to the current approach because
they do not have the manpower and money to experiment with designs that require a higher effort
of the asset management. The advisors want the organisation to focus on the current knowledge of
circular materials, which might result in less fear for bad operations. For example, EAF steel is being
used quite often, while some people still are afraid of the performance issues of re-used steel beams.
It can thus be concluded that the change proposed by literature ’Raising awareness’ is recognised by
interviews and needed in the boards. On top of that, a certain difference in the approach of the circular
material chain has to be made into which objects are common (e.g. concrete floors) and waterboard
specific objects (e.g. fish-friendly steel pumps).

Regarding the responsibility of the change, the literature review mainly appointed the government.
Meanwhile, the interview review shows that in the intervening years this is changed which indicates
that everyone is aware of the need for the transition.
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4.4 learned lessons and conclusions from sq3
This chapter offers insight into the material chains of concrete and steel. The chain of concrete in is ad-
dressed in Section 4.1 and steel in Section 4.2. The differences between these materials on the different
CMM pillars show that is important to look beyond circularity. The various parts of the chain require
different approaches to use circularity. This is important for the water boards, as they have the power
to influence the chain and have to use this power effectively. Circularity should not be the goal. It
is important to see where in a material chain circularity is required. Actors need to have and provide
insight into the real climate and material problems and use circularity as a tool to effectively counteract
these problems. The CMM helps to identify this needs through its three main pillars. This shows for
example that focusing on material streams for iron might not be the most problematic issue, because
there is still plenty of it. Meanwhile, alloys do have short-term problems with respect to availability
in the earth’s crust. GHG are a problem in relation to iron. Regarding concrete; GHG appears to be
a bigger issue than the availability of the cement and aggregates. In reality, awareness of this seems
absent. Preventing the usage of iron might seem circular, however it is the question whether that is
effective. Focusing on the reduction of alloy usage certainly is effective. It can be argued that circularity
is treated as a goal on its own.

The actors in the chain are identified and discussed in Section 4.3. They are aware of the fact that
the demand for primary materials is not likely to disappear in the coming decades, given the economic
growth and corresponding material demand. With respect to this subject, a gap can be spotted between
the interview and literature analysis in Section 4.3. Literature concluded no specific task or future is
relevant for current material producers, while interviews conducted appoint the opposite. This means
that primary material producers need to be included in circular strategies. Moreover, a difference can
be observed between the concrete and steel chain. The concrete market is a more flexible market than
the steel market because of various reasons (e.g. globalisation of the steel market), which the wa-
ter boards need to take into account when determining circular strategies for these specific materials.
Moreover, the water boards need to create space for recycling companies in their material portfolio.
They can do so by accepting hybrid delivery options. It is up to the water boards to create incentives,
thus supporting these initiatives. It is remarkable to see that actors interviewed define circularity in a
multiple ways. Together with the fact that some circular actions are not in accordance with the given
definition, it can be concluded that circularity is not unambiguously defined in the chain.

In specific, the water boards mainly need to provide incentives in three topics, which have been
identified in both literature and interviews as widely supported requirements for the implementation
of circularity:

• Formulating a circular economy

• New ways of appraising value

• Raising awareness

This needed changes strengthen the earlier selected approach of the CMM, which clearly frames
circularity with respect to underlying climate change topics, thus formulating a circular economy and
offering a method to assess circular ideas and design.
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5 C I R C U L A R D E S I G N C R I T E R I A A N D
I M P L E M E N TAT I O N S T R AT E G I E S

This chapter provides an answer to the fourth sub-question of this research, which has been formulated
as:

• Which ambitions and different circular strategies can be defined for civil structures, and how can
these be combined towards a circular implementation tool for the water boards?

This chapter starts with introducing key elements for circularity and water boards in Section 5.1, which
thus need to be included in the implementation tool. Thereafter, practicalities of such a tool are ad-
dressed in Section 5.2, in order to understand how water boards can use this tool. Not only today but
also towards the future. Section 5.3 Determines and explains circular strategies suitable for the water
boards are determined and connects them to an LCA approach. Section 5.4 brings all of this together,
by showing and explaining the implementation tool.

Figure 5.1: Chapter overview

5.1 requirements for an implementation tool
This research presented several items which where argued to be successful for the water boards and
therefore should be included in the implementation of circularity for the water boards:

• The need to formulate circularity in a systematic approach (mentioned in Section 2.2.2 and Sec-
tion 4.3.2.c)
This is achieved in Section 5.1.1

• A method to assess the value of an asset differently (mentioned in Section 4.3.2.c).
This is achieved in Section 5.1.2 and Section 5.3.2.

• The inclusion of primary material manufacturers in circular strategies (mentioned in Section 2.1.1
and Section 4.3.2.c).
This is achieved in Section 5.3.2.
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For each of these requirements, this section explains how they are incorporated in the design of the
implementation tool or advise is given for the water boards on how to treat this item besides the tool
to make the tool a success.

5.1.1 A systematic approach

In order to understand how circularity can be implemented in a systematic approach, this thesis dis-
covered some specific systematic points in Section 3.2.1 which have been successful in the past for
implementing innovations in the water boards.

• The use of overarching programs;

• The use of an LCA based method;

• Circular strategies which concern both asset management and realisation.

These strategies should help the water boards to overcome the identified barriers which can be experi-
enced when implementing circularity.

overarching programs It is recommended to set up overarching programs for circularity as water
boards. Within these programs, the water boards, preferably all together, should adopt a systematic def-
inition of circularity and set circular ambitions accordingly. These programs are identified as a success
factor for innovations in water boards earlier in this research. When circularity and according to am-
bitions are clearly defined, these programs can help to execute circular ambitions in multiple projects,
which creates the potential for developing circular solutions between those projects. Moreover, these
overarching programs helped the water boards to execute certain strategies in the maintenance phases
as well. Due to long-term arrangements, the contractors also knew on beforehand which developments
would be appreciated and therefore could investing in these things.

lca The use of an LCA based approach is achieved by the use of the CMM based approach in the
implementation tool, which is discussed in Section 2.4.2. Moreover, the circular strategies are connected
to a certain life cycle stage, in order to show which strategies can be used in which life cycle stage.

circular strategies Circular strategies are elaborated in Section 5.3. In this section, it is explained
what these strategies are and for which phase of an asset they might be used.

5.1.2 Circular assessment / ambitions

In order to fulfil the need to assess the value of an asset differently in this implementation tool, the
CMM is used. It is recommended to use the CMM criteria as these ambitions so that it is possible to
focus on the problems that are located in the different pillars of the CMM. For example, water boards
can have as an ambition to focus on the CMM indicator 2.1 for alloys, to solve the problem of resource
depletion. The CMM provides circular value criteria that can be used to assess different designs which
claim they incorporate circularity. Moreover, these criteria can serve as ambitions for a water board.
For example, water boards can have as an ambition to focus on the CMM indicator 2.1 for alloys, to
solve the problem of resource depletion. This section presents CMM criteria that the water boards can
use to assess to which extend the designs comply with the principles of circular building.

The criteria covers the three goals of the CMM in which circularity can be used as mentioned in
Section 2.4.2, which are:

• Protecting material streams;

• Protecting environment;

• Protecting or creating value;
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The choice of this method has been argued in Section 2.6. With the chosen themes it is expected
that an integrated assessment of the circularity of a building is possible. In order to assess these
themes, the CMM is summarized in figures. In total, the CMM delivers 7 indicators which in total
deliver a circularity score of an object. An indicator can have multiple output numbers. In the visual
representation, these can be seen through the used colours in the title numbers.

5.1.2.a ’Protecting material streams’

For the theme ’Protecting material streams’ indicators 1 - 3 are assigned, visualised in Figure 5.2.

Primary raw 
materials

Secundary 
raw 

materials

Renewable

Not renewable (will 
result in waste)

Eco- friendly produced (Low 
MKI)

Not eco- friendly produced
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1.1.2

1.1.1
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3. 3.1

3.2

Indicator 1 - output 1

Ind 1 - output 2 Ind 1 - output 3

Indicator 2

Indicator 3

CMM pillar - Protecting materials streams

Figure 5.2: CMM indicator 1 - 3 (containing 5 output numbers)
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5.1.2.b ’Protecting environment’

For the theme ’Protecting environment’ indicator 4 is assigned and is visualised in Figure 5.3. Please
note that number 11 of the original MKI has been removed due to an overlapping theme in indicator 1.
Moreover, the CMM adapts the MKI or MPG method as leading for indicator 4, meaning that this part
has already been practised by several parties.

Climate change – overall

4.1

Climate change – fossil

Climate change – biogenic

Climate change – use of land 
and changes in use of land

Ozone depletion

Over- fertilisation - soil

Eutrophication - freshwater
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Depletion of abiotic  materials 
– fossil energy carriers
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Ecotoxicity (freshwater)

Human toxicity, carcinogenic

Human toxicity, 
noncarcinogenic

Impact/Soil quality related to 
the use of land

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

4.12

4.13 4.19

4.18

4.17

4.16

4.15

4.14

CMM pillar - Protecting environment
Indicator 4, output 1 - 18

Figure 5.3: CMM indicator 4, containing 18 output numbers

Note: as argued in the scope of this research, biodiversity themes will not be treated. Therefore,
this indicator will be treated as one, thus no distinguishing is made between the 18 sub-indicators in
further the implementation tool.
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5.1.2.c ’Protecting or creating value’

For the theme ’Protecting or creating values’ indicators 5, 6 and 7 are assigned and are visualised in
Figure 5.4.
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Figure 5.4: CMM indicator 5, 6 and 7, containing 6 output numbers
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5.2 using an implementation tool
The topic of circularity is about a transition. In a transition, actors can use various strategies in order
to get the transition going. In order to use an implementation tool with certain strategies, actions need
to be carried out. Using circularity at a project level can be characterized as an intervention [Górecki
et al., 2019]. This section elaborates on the definition of interventions, and uses literature and interview
data to do so, and what that means in a systematic approach.

5.2.1 Types of interventions

A transition is illustrated by several developments on interventions [Górecki et al., 2019]. According
to Górecki et al. [2019], it is essential to work together towards new interventions but also note which
developments exists.

This is acknowledged by the actors involved in the development of the water boards. New initia-
tives are very hard to launch on your own. A company can do something, but the subject should be
launched regional to make it to success (Interview 2, 3, 6, 7, 8 & 9). This indeed creates a transition on
different levels and speeds (interview 7), which implies synchronisation on a circular level is difficult
to achieve within one specific project.

Therefore, it can be argued that interventions can roughly be divided into:

• Existing interventions;

• New interventions;

existing interventions This type of intervention is considered to have a direct impact, it is some-
thing a water board department immediately can do today without any dependencies from the system.
No certain big issues are expected. Moreover, the material chain and the market are ready to apply
these interventions within the projects of the water board. Example: wooden quay walls

new interventions This type of intervention is considered to have an indirect impact, it is an inter-
vention that makes an impact on the given situation but cannot be done without an adjustment in the
system or collaboration with other actors and still needs to be developed over time. This adjustment to
the system can be needed within the water boards themselves or with other actors in the chain. Regu-
lation issues might need to be adopted by the government, or external organisations not mentioned in
the material chain, such as building standard platforms. Example: marketplace for second-hand iron
quay walls

5.2.2 Intervention development

Górecki et al. [2019] described the need to develop interventions to stimulate the transition which
needs to take place in a systematic approach. This is a process in which the market works together to
enable new interventions. However, the current market is a linear market, which has been identified
as a barrier, in which companies are not willing to share their expertise. In interviews, this tension is
addressed, in order to provide insight into how to tackle this.

In order to make new interventions possible, key is knowledge sharing (interview 2, 3, 4, 5, 6, 7, 8

& 9). One of the arguments against knowledge sharing is losing your business case (interview 2, 8, &
9). As a material supplier, this can be avoided by sharing knowledge through partnerships, in which
companies with different expertise can overcome different problems, such as certification issues (inter-
view 2 & 6). Moreover, together they speed up the transition and are a more stable partner for a client
(interview 2) . Moreover, certain suppliers actively see the need for change and already extensively
share their knowledge at for example universities (interview 3).
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Water boards can achieve this knowledge sharing through communication with other boards. Al-
though this initiated by the UVW, this is not sufficient (interview 4 & 5). Within the interviews held by
(interview 4 & 5), people involved were not aware of the developments of each others board. This is a
pity because the subject involved the same objects within the same transition. Moreover, water boards
also indicated that internal knowledge-sharing sessions are now far too non-committal and are the first
to be removed from the agenda (interview 4).

Together, the water boards can make a stand towards certifications instances and building standard
instances (interview 4 & 6) which was identified as a barrier as well, to speed up those revisions which
will make some solutions possible over time. The water boards can obtain their knowledge for this
internally (interview 5) or engineering firms (interview 4 & 5), however contractors think that water
boards can learn a lot from them which improves the joint stand even further (interview 8).

The evaluation and knowledge sharing part are therefore important in making new interventions a
success. Summarized, this can be achieved by knowledge sharing or partner-shipping. These processes
will enable the transformation of new interventions into an existing intervention. This process should
be strict with a high priority, as the interview data showed this is the first item to be removed from
the calendar. The figure of the evaluation process Figure 5.5 shows the process of intervention devel-
opments. Within multiple projects, attention needs to be paid to new interventions which might not
make an impact in the current project, but it increase the change of being transformed into an existing
intervention, thus deployable in a new project.

Figure 5.5: Developments of interventions over time (own image)
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5.3 life cycle phases and circular strategies
In this section, the life cycle stages identified in the theoretical background of this thesis once again are
showed. These phases are used in the implementation tool and connected to circular strategies, as the
research turned out an LCA method fits a systematic approach. Moreover, it provides the water boards
with circular strategies to incorporate in the asset management.

5.3.1 Life cycle analysis phases

Within the circular economy, products, objects and substances are used as long as possible, thus extend-
ing its lifetime or enhancing its quality in every phase. This thesis has been pushing for a systematic
circular approach, which means that circular strategies should be used in all of the life cycle phases. In
Figure 2.4 (again showed in Figure 5.6) these life cycle stages are showed.

Figure 5.6: Circular value chain of an object

5.3.2 CE strategies

The correct use of the strategies provides circular improvement within the construction industry. In
order to assign different circular strategies towards life cycle steps, a literature review has been exe-
cuted. Various strategies are published by Leising et al. [2017], Moreno et al. [2016], Kalmykova et al.
[2018] and Salvador et al. [2021], which carried out research towards theoretical approaches, strategies
and implementation cases in general. These strategies are thoroughly studied, in order to assess the
suitability for the implementation tool of the water boards. A suitable strategy should:

• be applicable in the construction industry;

• be applicable for multiple issues/materials;

• contributes to one of the three pillars of the CMM.

Subsequently, the strategies are assigned to one of the 9 life cycle value chain steps in Figure 5.6. The
suitable strategies are presented in Table 5.1 and Table 5.2.
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Table 5.1: Circular strategies per life cycle part 1
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Table 5.2: Circular strategies per life cycle part 2
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5.4 implementation tool

5.4.1 Strategies to intervene in certain circular ambitions

The implementation tool for implementing circularity is showed in Table 5.3. The presented circular
design criteria / ambitions of Section 5.1.2 are placed on the x - axis. At the same time, the circular
strategies of Section 5.3 are placed on the y-axis. The interaction of every ambitions and strategy shows
a color, indicating the type of intervention (see Section 5.2) or whether a strategy does not fit a certain
ambition. The insights of all interviews, literature study’s and other knowledge have been used to
draw this matrix.

Table 5.3: Circular strategies in relation to CMM (authors interpretation)

Trough this matrix, the water boards are provided with insight in which circular strategies can con-
tribute to certain CMM pillars, either now or in the future. It must be noted that indicators [3, 5, 7]
are not connected to strategies. This is because they work together with other indicators. For example,
indicator 2 measures the amount of reuse and recycling. If a material is not being reused or recycled,
the material will be assigned to either 3.1 or 3.2 which are not desired in a circular economy. Strategies
aiming for indicator 2, therefore, aim to lower indicator 3.
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An simple example of identifying strategies is made in Figure 5.7. It should be noted, in line with the
conclusions of Chapter 5, the need for particular ambitions for a material must be thoroughly explored.

Figure 5.7: Example of identifying strategies for a certain ambition related to a material

5.4.2 Analysis of circular strategies

In a systematic approach, strategies can have interaction with each other. These interactions can create
synergy but can also create potential conflicts. In order to determine which strategies are applicable
and can be used alongside each other with the optimal result, an analysis is carried out. On the
x and y-axis, all strategies are placed. The corresponding boxes in the matrix indicate the type of
interaction by a colour and a letter + number combinations. A clarification of the possible interactions
can be found in Appendix A, which elaborates on all the letter + number combinations. The numbers
within the matrix correspond with the numbers in the Appendix. This analysis was carried out by the
researcher and therefore prone to observers error and bias, caused by the subjective view and potential
misinterpretations of the researcher. The results are visible in Table 5.4. Both this matrix and Table 5.3
are to be used, evaluated and validated by the water boards and is out of scope for this research.

Table 5.4: Internal relations of strategies
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5.5 learned lessons and conclusions from sq4
This chapter uses key developments from the literature study and combines them in an implementation
tool. The requirements for an implementation tool are discussed in Section 5.1, which are mentioned
as:

• The need to formulate circularity in a systematic approach;

• A method to assess the value of an asset differently;

• The inclusion of primary material manufacturers in circular strategies;

The way in which a systematic approach can be included is being explained by earlier findings of this
research, thus arguing the inclusion of an LCA based method, the creation of an overarching program
for the inclusion of the circularity and circular strategies which concern both asset management and
realisation. The CMM fulfills these demands partly, and therefore it is argued to use the three pillars
and its design criteria as ambitions, in order to systematically improve these ambitions.

Section 5.2 describes the possible outcomes of the implementation tool; opportunities for interven-
tions. It introduces the concept and need of interventions and explains the difference between new and
existing interventions. Thereafter, the need for intervention development is described, which should
take care of a better use of circularity in the future. This enables clients as the water boards to be able
to counteract various problems more effectively in the future.

LCA and the its phases addressed earlier in this research are showed again in Section 5.3. It shows
9 phases of an asset, which do not only include the realisation phase, but also the asset management,
thus creating possibilities of using circularity in multiple phases of an asset, not being restricted to the
realisation. Circular strategies are identified and discussed as well in this section, showing strategies
for each of the 9 life cycle phases.

Section 5.4 shows the results of this chapter with the design of an implementation tool. It combines
the CMM indicators with circular strategies. Water boards, or preferably the UVW, can use the indi-
cators to define circular ambitions over time for each of the materials within their assets. With this
tool, they can connect these ambitions with strategies, in order to determine which strategy is suitable.
Moreover, insight is provided into whether a strategy can be used as an intervention now or in the
future and whether it creates synergy or conflict when used in parallel with other strategies.

The results of this chapter can be used as an implementation tool by water Boards for their assets.
Long term ambitions have to be set by a water board or, more preferably, the UVW, signed by all
the water boards. This implementation tool can be used twofold. At first, they determined ambitions
can be presented to the market. Through this, the market knows which developments will be likely to
happen and can adjust their business case and associated investments accordingly. Secondly, within the
internal organisation, the ambitions and strategies can be translated into the asset management strategy
of the water board and give direction to the implementation of circularity at the various intervention
moments. The presented implementation form is a base and acts as a starting point, continuously
evaluating and adjustments through a principle necessary as this subject is new to all actors involved
and considered as learning on the job.
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6 I M P L E M E N TAT I O N E X A M P L E : P U M P I N G
S TAT I O N

This chapter functions as an implementation example of this research, thus incorporating the results
of this research and explaining the developed implementation example. This is done with the example
of a pumping station, one of the important assets of the water boards. It is a device for moving water
from a lower to a higher level. It brings or keeps water in a water level at a certain level, which is a
major challenge in The Netherlands.

6.1 the use of the implementation tool
The implementation tool can be used to define circular ambitions over time for certain levels. With
respect to the strategic level, preferably the UVW prescribes the ambitions for certain materials such
as concrete and steel, after research to the material chain of all water boards, thus providing insight
which material has the need for which ambition. Thereafter, the individual water boards could use this
on a tactical level with an analysis for each type of its assets, thus identifying opportunities for certain
strategies. It is of course not possible/needed to use all strategies at once. On a operational level, the
water boards could apply a strategy to a certain material during a maintenance period, in accordance
with the set ambitions and opportunities on the tactical and operational level.

The interpretation of the strategic level is addressed in Section 6.2. The tactical level is skipped in
this example as this does not immediately contribute to the clarity of this example, thus moving on
to the results of the tactical level on the operational level for a water board, considering a pumping
station in Section 6.3.

6.2 ambitions in overarching programs - strategic level
In Chapter 3 it is mentioned that circularity should not be the goal. It is important to have insight
into where in the chain circularity is required. This insight is provided in Chapter 4 for the materials
concrete and steel, two of the most important and polluting materials in the construction industry and
in the design of pumping stations. In Chapter 5 the implementation of circularity is discussed and it
is argued to use overarching programs for the implementation of circularity in which ambitions for
circularity per material are set. These ambitions could be defined by using CMM indicator.

The asset management departments of water boards are not mature, compared to the department
of realisation. However, circularity should be used in all phases of an asset. Therefore, interventions
for the different phases must arise from joint ambitions, which requires the asset management to be
organised differently in terms of maturity in order to execute the joint strategy.

For this implementation example of pumping stations, the ambitions for circularity are defined.
These ambitions should be included in an overarching program. The material section of Chapter 4

gave the current state of the materials framed in this research, concrete and steel. Based on the current
state of those materials, the CMM indicators showed in Figure 6.1 are labelled as urgent. In order to
execute these strategies, the water boards need to determine their overarching program. This is needed
since a systematic approach requires something that ensures continuity along with multiple projects.
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Figure 6.1: Possible ambitions for a water board

Figure 6.1 shows the ambitions set for the materials concrete and steel for a pumping station on a
strategic level, thus not specified for a certain project. Steel and concrete are split in the same way as
in Chapter 4, thus iron & carbon, alloys, aggregates and cement. For each of these substances, two
ambitions are being determined a water board should focus on for that substance in all of their assets.
These are indicated by A - H, with a CMM indicator such as (4 - Protecting environment) functioning
as ambition. Two of the set ambitions are addressed in more detail below:

With respect to steel, Chapter 4 mentions that most of the scrap already is being re-used and it is
hard to improve that due to a shortage of scrap materials. Currently, the environmental damage is
considered as most at the fingertips of the producers, thus setting the ambition for this material for
the water boards. Through this ambition, different strategies can be used to lower the environmental
impact of the iron and carbon usage of the water boards.

With respect to alloys, Chapter 4 concluded that current possibilities of regaining alloys are limited.
This chapter concluded that alloys are at risk. Within the coming years, price rises are expected. These
can be observed already today. Some of them will be unavailable within a few decades. Therefore, the
ambition set to be able to regain these materials is of the utmost importance. Through this ambition,
different strategies can be used to lower the environmental impact of the iron and carbon usage of the
water boards.

72



Figure 6.2: Render of a pumping station
[HHDelfland & Kragten, 2021]

6.3 circular strategies and interventions for a pumping
station - operational level

Chapter 3 concluded that it’s obvious for the water boards to apply circularity in the realisation of new
assets. However, it is mentioned that in order to fully profit from circularity, it should be used in all
life cycle phases. For an operational level, this means that the strategic ambitions set earlier in this
example, are translated to specific operational interventions for a pumping station. In this example of
a pumping station, interventions for different life cycle phases will be highlighted.

At first, attention is drawn to the life cycle (8 - maintenance / re-use and 9 - exploitation) which
prevent the water boards to go towards replacement / new realisation of a pumping station. If these
cycles can be used, this most likely immediately results in a reduction and refusal of new materials.
Moreover, most of the assets already exist and newly built asset mainly arise from a replacement pro-
gram due to a lack of re-use possibilities.

Secondly, attention will be drawn to the life cycles regarding realisation (2 - Design, 3 - Procurement
and 4 - manufacturing). Although the use of circularity will decrease the need for new assets, it is
important to use circular strategies in new assets to decrease this even more.
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6.3.1 Maintenance and re-use

Within the life cycle phases of maintenance and re-use and the given ambitions of Figure 6.1, the
following strategies are identified for a pumping station using the implementation tool, thus using and
implementing circularity on an operational level. It must be emphasized that these are just a selection
of possible strategies. Moreover, the interactions named are just a selection as well, since the interaction
matrix Table 5.4 displays a various range of interactions for each strategy. The numbers A - H in front
of every intervention correspond with the strategic ambitions mentioned in Figure 6.1.

Ambition 4
27 - Reduce total energy usage by applying solar 

panels

Available spaces will increase the chance of storing 
parts, which are replaced during exploitation and 

refurbished, which can be of later use in a new 
project instead of being landfill.

Strategy - 3

Interaction D13

Strategy - 7

 Interaction C9

One might be able to not disassemble solar panels, 
which would create waste. Demand DfD solar panels.

Ambition 1.3
31 - Facilitate areas for a marketplace with other 

water boards for second- hand quay walls

Ambition 2.1

Ambition 1.1

23 - Trough selecting materials with product labelling 
a client can select on materials which contribute 

towards regaining alloys

Strategy - 2

Interaction D2

Regaining alloys will result in the possibility of re- 
using alloys instead of adding new ones.

27 - Focussing on reduction of total used energy 
during maintenance may reduce total GHG emissions 

needed for production

Strategy - 15

Interaction S20

Focussing on reduction of energy during 
maintenance may require large invesments from 

contractors which they can you more often, therefore 
contributing to the system.

Ambition 6.1

Ambition 4

Ambition 1.2

Ambition 6.1

23 Product measurement says something about the 
current state in the exploitation phase. When a 

replacement is needed in the exploitation phase, 
measurement may generate information beneficial 

for reuse.

Strategy - 10

Interaction S31

10. Monitoring instead of building standards may take 
away the fear for using second- hand materials, or 
reusing for example foundation piles on the same 

spot.

28. Ensuring the production of cement takes place 
with green energy improves the production process 

with respect to GHG.

32. When during exploitation concrete is removed or 
replaced, seperation may result in cement being re- 

used.

A data driven design may result in information which 
can say something on beforehand about when to 

replace something and how it thereafter can be re- 
used.

Strategy - 35/37

Interaction D11

Monitoring of an object is required to make a proper 
decision on element or substance recovery.

Strategy - 22

Interaction S22

Strategy - 27

Interaction S27

Focussing on reduction of energy during 
maintenance may require large invesments from 

contractors which they can you more often, therefore 
contributing to the system.

Seperation opens possibilities for high - quality 
recycling.

Ambition Strategy number + intervention
Example of 

possible
interaction
(Table 5.4)

Synergy / conflict / dependancy

Existing intervention New intervention

A

B

D

E

F

G

H

C

Figure 6.3: Strategies and intervention for life cycle 8 and 9 of a pumping station (own image)

Two of the mentioned interventions are explained in more detail below

existing intervention: Existing interventions displayed in Figure 6.3 in green can be the use of
solar panels, focusing on energy usage during the maintenance by for example mobile windmills or
applying monitoring systems during the performance. These can be immediately applied.

new intervention: new interventions displayed in Figure 6.3 in blue for the water boards can be
to facilitate areas needed to store quay walls with other water boards, as this is something the range of
a single water board moat likely is too small for.
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6.3.2 Realisation

Within the life cycle of (2 - Design, 3 - Procurement and 4 - manufacturing) and the given ambitions of
Figure 6.1 for the materials, the following opportunities for a pumping station are identified using the
implementation tool. It must be emphasized that these are just a selection of opportunities. Moreover,
the interactions named are just a selection as well, since the interaction matrix Table 5.4 displays a
various range of interactions for each strategy. The numbers A - H in front of every intervention
correspond with the strategic ambitions mentioned in Figure 6.1.

Ambition

Ambition 4
1 / 8 - Redesign the steel quay walls by certified 

wooden quay walls

It requires green procurement criteria to put this 
on the market.

Strategy - 14

Interaction D8

Strategy number + intervention
Example of 

possible
interaction
(Table 5.4)

Strategy - 9

Interaction C1

Synergy / conflict / dependancy

Eco design (wood) may require more materials to 
obtain the same specifications. Moreover, wood 

requires land use. Find a balance between the two.

Ambition 1.3
2/3 - If steel is required, prohibit new produced 

ones

Ambition 2.1

Ambition 1.1

6 / 7 - Offer the pump market a vision on your 
ambitions of pumps. This means separable parts of 

pumps and maybe pumps as a service.

Strategy 22

Interaction D14

Separable pumps require a special market in 
which standardization is required. This opens up 

for product as a service, as the producer becomes 
the expert

6/32 - Only permit applications in which alloys can 
be restracted, or suppliers who demonstrably 

invest in those techniques.

Strat 16

Interaction S32

Taxation or credits and subsidies can create more 
space for a viable business case with circular 

materials

Ambition 6.1

Ambition 4

Ambition 1.2

Ambition 6.1 
(H)

3 / 4 - Demand use or involvement of producers 
into HAS / ADR techniques.

Strategy 10

Interaction 
S4/8

2 - Demand concrete with maximum amount of 
concrete granulate

1 - Demand partly use of geo- polymers + 
involvement of producer in building standards

1 - Redesign the concrete foundation piles with 
wooden piles

By striving for a high proportion of secondary 
materials, monitoring the object can improve the 
current culture of secondary materials, in which 

fear plays a major role

Strategy 23

Interaction D6

It is required to use labelled concrete or measure 
the concrete capacities in order to use it within the 

project

Strategy 13

Interaction S26

Strategy 20

Interaction C12

This will make improve direct interventions on 
reuse of substances in the future

Bio- based materials may have a less longer life 
span than normal concrete. A balance between the 

two is needed

6 / 7 / 10 / 11 - Aim for standardisation in pumping 
stations

Strategy 42

Interaction S23

Additional, new taxation models might be needed 
to create a business case. Wood needs more labor, 

which is highly taxed.

Strategy - 12

Interaction S26

Standardisation incorporates principles that could 
enhance and complement the theoretical 

resuability of compontents and the quality of the 
materials after disassembly

A

B

D

E

F

G

H

C

Existing intervention New intervention

Figure 6.4: Implementation possibilities within realisation phase

Two of the mentioned interventions are explained in more detail below

existing intervention: Existing interventions displayed in Figure 6.4 in green name various ex-
isting interventions which could be applied in the realisation phase of a pumping station. Some of the
ambitions already are implemented in reality.

new intervention: New interventions displayed in Figure 6.4 in blue mention amongst others
modularity (Strat 7). Although executed in practice by now, standardization is absent (Interview 4).
This means that using the modularity concept in the future becomes difficult, as there is no vision
behind the modularity concept about whether the pumping station needs to be adjustable, versatile etc.
Standardization is a basic need for successful modularity. An existing intervention of modularity now
has the chance to become worthless in the future. A more systematic approach to this new intervention
is needed in order to create a successful existing intervention.
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6.3.3 Intervention development

Besides the application of certain circular interventions, Section 5.2.2 mentioned also to focus on the
development of certain new interventions, which can be developed towards an existing intervention,
thus usable in projects. This can be illustrated with strategy (G) of Figure 6.4. A good example of
an intervention that was new and became usable through intervention development is the use of geo-
polymers as a replacement for cement. This has been in development for quite some time, but through
knowledge sharing the start-up phase with accompanying fears for the product have been passed and
now is being used more frequently. The European certification system in particular was a barrier. The
trick was to use the so-called performance certification. They are therefore not working on a product
certificate, nor on a process certificate, but on a performance certificate. This is not obtained on the
basis of testing against a standard or assessment guideline, because there is no such thing, but on
the basis of a validated performance. It is based on experiences, projects and research elsewhere in
combination with current field trials.

This eventually has led that a new intervention became an existing intervention. With this, SCS
expects to convince all construction parties, including insurers, of the possibilities to use this product
[Tissink, 2021].

Figure 6.5: Photograph of a pumping station
[WDOD, 2021]
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7 C O N C L U S I O N

This research addresses the topic of circularity. More specific, it places the subject in the context of
climate change and conscious public commissioning. The research focuses on the water boards in the
Netherlands and outlines the necessity and possibilities for the use of circularity for this specific public
client. By doing so, the research answers the main question through its sub-questions:

• 1. What is circularity, and what are current developments and bottlenecks within the Dutch
construction sector regarding this theme?

Circularity should be seen as a method, which can be used to overcome the problems of resource
depletion, GHG and related problems. Circularity should be defined in a systematic manner, which
means the water board should assess and implement circularity not in one project, but on multiple
projects over time. Within this definition, multiple developments are appointed, with the CMM as an
outstanding development. The CMM fits the set criteria for assessing circularity in a systematic ap-
proach using an LCA, thus being suitable for this research. Bottlenecks regarding circularity have been
addressed and a typology is drawn. Based on the literature, barriers can be expected in Technological,
Legal, Micro-Market, Macro-Market and Regulatory aspects.

• 2. What are current innovation enablers and bottlenecks within the Dutch water boards with
respect to the implementation of circularity?

The water boards are closely connected to nature, as most of their assets have as a core task controlling
the behaviour of nature, for example, water level differences. The characterization of a water board is
not unambiguous. The history of the water boards causes them to differ quite a lot in asset manage-
ment levels, the status of assets etc. Nowadays, water boards differ to those topics between themselves,
but within a single waterboard, these topics differ as well. This results in having different ideas about
what circularity is and how to use or implement this. This research argued that these kinds of issues
can be overcome by the use of overarching programs and life cycle approaches. Examples such as the
HWBP show that these programs are a success factor for innovations in both the realisation and asset
management phases. Circularity is a systematic approach which means that water boards should im-
plement circularity in all life cycle phases of an asset. This research showed that the asset management
department requires more attention to increase its maturity when it comes to these innovative circular
ideas. Nowadays, innovations tend to happen only in the realisation of water boards. Besides the fact
this restricts innovations possibilities, it won’t allow circularity to function properly, as circular strate-
gies are connected throughout all life cycles. Moreover, the differences in time and budget between
the realisation phase and asset management is one of the reasons the asset management department is
anxious for circular innovations as it might be a threat to their core business. Therefore it is necessary
to get asset management on the same level as the realisation in the water boards.

• 3. How do the chains of concrete and steel as a building material look like, which (type of)
actors are present within that chain and what do they need to implement circularity?

Both of the chains are characterised as a chain with multiple phases. A difference can be observed
between the concrete and steel chains. The concrete market is a more flexible market than the steel
market because of various reasons (e.g. globalisation of the steel market). The differences between
these materials on the different CMM pillars show that is important to look beyond circularity. The
various parts of the chain require different approaches to use circularity. Circularity should not be
the goal. It is important to see where in a material chain circularity is required. This is important for
the water boards, as they have the power to influence the chain and have to use this power effectively.
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This research showed that over the years the actors in the chain have all become aware of the need
for change, even the primary material producers, which do have a future business case. This means
that primary material producers need to be included in circular strategies. The actors in the chain
indicated to require three specific changes: ’Formulating a circular economy’, ’new ways of appraising value’
and ’raising awareness’.

• 4. Which ambitions and different circular strategies can be defined for civil structures, and
how can these be combined towards a circular implementation tool for the water boards?

This answer is being given by using key developments from the literature study and combining them
in an implementation tool. It is argued to use the CMM indicators as ambitions for each material. It is
advised to agree on those ambitions in overarching programs, thus by multiple water boards together,
preferably all of them. 42 circular strategies are presented, connected throughout 9 LCA phases. These
strategies are connected to the CMM indicators with the implementation tool. This tool shows which
strategies can contribute to which indicators and thus help the water boards to use circularity as a
solution for a certain problem in a material chain. Moreover, the chapter explains the different types
of interventions and explains that circularity is a method that should be implemented over time. This
process will enable to develop new interventions. If attention is being paid to a new intervention now,
it might be applicable overtime in the next project. The implementation tool shows the current state of
interventions related to circular strategies and CMM indicators.

Through these sub-questions, the research can answer its main question:

• How can water boards use and implement circularity and thus contribute to the prevention of
resource depletion and counteract climate change?

The water boards should understand what circularity exactly is. They should realise that treating
circularity as a goal on its own will not have the desired results in 2030. A joint definition of what
circularity is will enable water boards to use circularity successful by identifying opportunities and
tackling barriers. This research presented an implementation tool according to a systematic definition.
It places circularity in the context of a systematic approach, rather than a project-based approach. This
systematic approach emphasises that implementing a CE requires a fundamental shift rather than an
incremental shift of the current system. Currently, the prevailing thought is to treat circularity as an
’extra item’ in program requirements. This might lead to some positive results at first, but will very
likely not contribute to intervention development, let alone a successful integrated approach to the real
problems of resource depletion and climate change.

The water boards can implement circularity by means of the developed tool, which guides the de-
velopment of interventions over time. Circularity therefore can not be implemented at once but in
a systematic way. In order to use this tool, the water boards should have a clear insight into what
the actual problems related to resource depletion and climate change are and how these problems
can be related to materials such as concrete and steel. If this is well understood, the implementation
tool can ensure the correct use of circularity to the solution of these problems. The water boards alto-
gether should set clear strategic ambitions for the materials in their assets, and use interventions on an
operational level to use circularity effectively.
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8 D I S C U S S I O N

8.1 discussion of the research design
A mixed-method approach was used to execute the research. The executed interviews, research to grey
literature and scientific literature study is a qualitative method discussed in the introduction of this
research. The validity of this research is discussed below.

8.1.1 Scientific literature

Regarding the use of scientific literature, it has been concluded that the term ’circularity’ has many
different interpretations. This has resulted in a very extensive literature review and the need to include
grey literature in order to define how circularity actually is defined in the Dutch construction sector.
Combined, this has led to an extensive elaboration on the chosen definition of circularity in this thesis;
a systematic definition, which came forward in the scientific literature and is validated in grey litera-
ture. This result provides the input for the choice in this research for a suitable measurement method
– and thus connects this graduation research to the existing body of literature.

Moreover, literature on the practical implications of circularity in the water boards was barely present.
This resulted in the contribution of scientific research not prevailing in answering the sub-questions
but that it together with the collected data, led to the conclusions. This means that literature with clear
conclusions was usually not available, leading to interpretations of the author, with pitfalls such as the
selection bias of the author, and the included literature not being individually appraised on validity.

8.1.2 Grey literature

This research uses grey literature, for example, policy documents, in order to gain insight into what
the actual goals of the Dutch government are with respect to circularity and which problems exist in
current material chains. These documents, therefore, provide, in combination with scientific literature,
the input for the problem statement, objectives and research questions – and thus connects this re-
search to the existing body of grey literature. Furthermore, grey literature gave further substance to
the systematic approach that followed from the literature study, by choosing the CMM as a suitable
approach and measurement method to use circularity in the construction sector, thus connecting the
research again to existing grey literature.

However, the use of grey literature is not without consequences. Although broadening the possible
sources of the research, it is a challenge to remain the quality at a constant level. As this research
was about exploring new concepts, the amount of scientific research is limited. The research topic,
however, is booming, resulting in a high amount of grey literature being produced and has therefore a
high potential for subjectivity. Adams et al. [2017] states that grey literature may be of use in research
aiming for guidance in practice. However, it also mentions the fact that there is no evidence for this
resulting in better outcomes. It recommends evaluating the outcomes after a certain period, and at the
same time combine it with other research methods.
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8.1.3 Interviews

In order to substantiate and validate the research with actual data and practical insights, interviews
have been held. The interviews were executed in a semi-structured manner, through an interview
protocol. This protocol was prepared with the information and data from the literature study. This
type of interview offers the possibility of steering the themes of the interview, but at the same time
offering space to the interviewee to introduce relevant aspects not addressed at first in the protocol,
thus providing new insights.

The interview data substantiated the description of the water boards as an organisation, thus pro-
viding insight into barriers and opportunities for circularity in the construction industry. The same
has been achieved for the material chains, which provides insight into how involved actors respond to
the implementation of circularity. Moreover, the interviews substantiated the choice for a systematic
approach, which therefore indicates that data from the interviews is in line with the earlier results from
the (grey) literature and thus connects the interview data to this research.

Regarding the set boundaries for this research, limitations have been encountered for this method.
This research mentioned the huge differences between the 21 water boards and their internal depart-
ments. This has been encountered by organising duo-interviews, with people from the same depart-
ments but from different water boards. However, results might differ when more or different boards
were included. The argument holds for the material suppliers as well. Only 3 interviews are conducted
with 3 different organisations in the material chain, while the material suppliers are widespread across
the world and therefore it is expected they differ quite a lot. Moreover, as this topic is social in the
sense that the behaviour of people highly influences the choices being made, it must be noted that most
of the people involved were strong supporters of the circular economy and therefore it is plausible that
they look at the subject unambiguously. More attention towards the more negative or less involved
persons could result in other insights.

8.2 quality and limitations of the research
As discussed in the introduction, the research aims to provide quality research throughout the concepts
of credibility, transfer-ability and consistency [Lincoln and Guba, 1985]. In this section, first, the quality
of the methods is discussed. Furthermore, the research outcomes are discussed.

8.2.1 Quality and limitations of the research methods

Credibility is achieved by using the concept of triangulation, to overcome the problems mentioned
above, thus comparing literature with grey literature and interview data. As mentioned, within the set
time and scope constraints, the interviews were held with a variety of people. This was achieved by
interviewing multiple departments of different water boards.

The transferability is cared for two-fold. Firstly, the concepts bespoken are described in detail, with
plenty of guidance to provide clarity and structure. Even a whole chapter is dedicated to an example.
Secondly, the presented implementation tool incorporates strategies which can be used for all type
of assets within a water board and is not restricted to a pumping station. Although the described
implementation tool is designed for concrete and steel and applied at a pumping station, the recom-
mendations and the tool are wide applicable amongst the assets of water boards.

The consistency of the research can be observed by the fact that triangulation is applied. Only the
first question is answered by literature, subsequent questions are answered by multiple sources. More-
over, consistency and clarity are achieved by closing every chapter with a summary of the chapter and
starting every new chapter by explaining which concepts of previous chapters are used.
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In conclusion, it can be argued that the three elements are treated within the possibilities of the
research has. Time constraints and the fact that semi-structured interviews require a lot of work, both
in scheduling and analysing, limited the number of interviews. On top of that, the CMM still is in
development and therefore this research should be adopted after the revision of the CMM. Therefore,
room for improvement on the quality of this research is certainly possible – although the quality could
be labelled satisfactory.

8.2.2 Quality and limitations of the research outcomes

Regarding the quality of the research outcomes, the research plan mentioned three scientific outcomes
in Section 1.8.1. The quality and limitations of these outcomes are discussed in this section.

• Providing insight on which areas barriers are experienced and which changes are therefore
needed to close the cycle of materials in practice. This is done for the construction sector, material
chain and the water boards in particular;

The research provided a literature overview of the expected barriers by means of a literature study.
Therefore, these results adopt the characteristics of a literature study. In this case, that implies that the
credibility of the sources is quite high, however, the transferability was in danger since the literature
conducted to specific the Dutch construction market in relation to circularity is very limited. Nothing
was to be found on the water boards. At the same time, literature conducted on the material suppliers
was enormous, as this is a globalised industry and they are under a magnifying glass everywhere. By
means of triangulation, this transferability has been enhanced. Specific attention and more time have
been spent on water boards in the interviews and new emerging parties. However, due to the earlier
described potential bias, the results of this overview could be not fully complete or correct. The same
accounts for the proposed changes within the water boards or the chain of materials.

This research focussed on circularity as a systematic approach, thus including problems like resource
depletion, GHG etc. The water boards however do not only deal with civil structures and related prob-
lems but have to deal with biodiversity as well. Biodiversity explicitly was not part of this research,
but is an important part of the asset management of the water boards and is represented in the CMM
as well (indicator 4). Therefore, indicator 4 is treated as one indicator, whereas in reality, 18 indicators
take place within this indicator, all relating to different sub-problems and therefore will need different
strategies to be tackled whereby in this study these sub-indicators are all lumped together.

Moreover, the material chain studied in this research did not incorporate the mining activities/s-
trategies of primary or secondary materials. It is likely that different methods of mining have pros and
cons, and can be translated into extra strategies for the implementation tool.

• Providing the core principles of circularity and what that implies for the current project-based
approach of Water boards;

The core principles have been identified by literature, leading to a distinction between a systematic
approach of the R-frameworks. (Grey) literature regarding this topic quite often addressed this. There-
fore, the shift to a systematic approach has been argued and tested as a hypothesis in the interviews.
This results in the high credibility of this research outcome. As this core principle automatically in-
cludes the bigger picture of the whole sector, this makes the results transferable to other sectors as
well. Moreover, this perspective runs like a thread through the research, making the implications of
this choice clearly outlined.

The core principle of circularity has as a starting point the infinite amount of available green energy.
This energy is needed to execute a lot of the mentioned strategies in this research. However, this infi-
nite amount is far from reality. It is therefore advised to be somewhat cautious with circular strategies
that require a lot of energy, and at the same time remain active with the development of green energy
and usage reduction. Until the moment green energy is widely accessible and available, this is a major
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limitation to the outcomes of this research.

• It provides an implementation tool that incorporates existing measurement tools that focus on
materials in the Dutch construction sector, such that it can be used for multiple assets of the
waterboard.

After the given definition of circularity as a systematic approach, the research provided a clear mea-
surement method of circularity, by the introduction of the CMM. It is explained how this method can
contribute to the successful use of circularity and which steps a water board should make in order to
achieve this. This method, therefore, is an important base for the results of this thesis. The method is
existing and even incorporates other tools such as the MKI, therefore perfectly suiting this objective.

The implementation tool in this research is built upon the CMM. This method has been established
with input from various actors within the Dutch Construction industry. The credibility of this method,
therefore, is quite high. Even though the CMM is widely supported within the Dutch construction
sector, the construction sector has not yet selected this method as the main method for working/imple-
menting circularity or made its use mandatory. This research argues this method is suitable and should
be adopted by the actors in the chain. Although assessed suitable, case studies could not be executed
as the first projects with this method just start. Therefore, validating this approach was not possible,
thus making the method and this research prone to errors. Moreover, validation of this research is not
something that can be done through usual validation tools, such as validation interviews. Validation
and evaluation is part of the process and therefore this research should be treated as learning on the
job. It can therefore be considered as a base for the transition, rather than being a rigid approach. On
top of that, after the CMM is finished, the presented implementation tool should be adjusted towards
the revision of the CMM.

The implementation tool further uses circular strategies. These strategies come from various sources,
thus enhancing credibility. Coupling the strategies to the CMM method has been done by the author,
discussing the choices with the direct mentors only. Validation was, as mentioned before, not possible
and the implications of these results are so big that multiple years of research should be conducted
to validate the developed tool. This means that the credibility of the method is not fully delineated.
By adopting this tool and fully describing it, including an implementation example, the transferability
has been covered and the outcomes of this research can be used for other materials and assets than
described in this research.

The used method for the implementation tool, the CMM, still is at its design phase and currently is
being evaluated. It is a widely supported method in the Dutch construction sector but also restricted to
the Dutch construction sector. However, this research has not been involved in the evaluation process
the developer of CB’23 has set up, therefore potentially missing pitfalls this method has. A new version
is to be presented in July 2021 and the theory of this research should be changed accordingly.

For all of these research outcomes, the consistency of the problems has been covered by the appli-
cation of triangulation, earlier described. This means that themes in the scientific literature have been
compared with grey literature, and are addressed in interviews.
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8.3 recommendations for future research
Generally, scientific research has scope restrictions or recommendations that arise from the discussions.
The recommendations following from this research are mentioned in this section.

Firstly, it is recommended to investigate the differences between the used version of the CMM and
the new version to be published in 2021. The indicators and the three main pillars might be adjusted,
thus having consequences for the presented implementation tool.

Secondly, in order to guide the water boards further towards successful use of circularity, it is sug-
gested to conduct research on all material streams ongoing in the water boards. This research scope
set the constraints towards steel and concrete, but it showed that the place in which circularity should
be used can differ quite a lot. In order to determine which changes in a material change are required
to change resource depletion, GHG and related problems, research towards all the material chains and
their real problems could be beneficial for the water boards in order to use the presented implementa-
tion tool for other materials too.

Thirdly, within the scope of this research, it is advised to investigate which interfaces the theme
of biodiversity has with the results of this research. Biodiversity is something influenced by resource
depletion and GHG. Biodiversity is very closely related to water boards. However, biodiversity cannot
only be viewed from a construction perspective, so the question is whether the CMM method is the
right method for determining and guiding the water boards to successful use of circularity within the
theme of biodiversity. If this is not the case, there is a risk that the CMM will not comply with the
systematic approach of circularity.

Fourthly, the transferability of the research could be enhanced, by performing cross-case research
into whether the presented theories can also be applied to other public clients, and to which extend
the observations and barriers presented for the water boards are comparable. This concerns on the one
end the organisational aspects, but on the other hand the differences in the types of assets and services
that these organizations manage.

Fifthly, it is recommended to investigate how circularity is treated abroad and the existence of mea-
surement methods in other countries. Scientific literature in this research is not restricted to The
Netherlands, but the grey literature is. Therefore, international methods comparable to the CMM have
not been made clear. Perhaps comparable methods can be found, perhaps not. If such methods exist,
comparing those methods and spotting important differences in research is not only fruitful for this
research or the water boards, but for the successful use and implementation of circularity across the
globe.

Sixthly, the interview data from this research showed that a potential research gap can be found
in the procurement tools of the water boards. Procurement is an important tool of the water boards
in order to steer the market, as the water boards cannot realise the ambitions to overcome resource
depletion and climate change on their own. Appendix G shows a preview of potential research topics.
Research to expertise development, the question of who should be the expert in a project with circular
ambitions and transferring knowledge of circularity to other projects, while at the same time protecting
circular business cases can improve the market to implement and use circularity.
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A C L A R I F I C AT I O N O F S Y N E R G I E S ,
D E P E N D E N C I E S A N D P OT E N T I A L C O N F L I C T S

Figure A.1: Clarification of synergies
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Figure A.2: Clarification of synergies
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Figure A.3: Clarification of dependencies
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Figure A.4: Clarification of potential conflicts
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B I N T E R V I E W P R OTO C O L

Name interviewee

Organisation

Role and experience

Date

Ask permission for recording

Acquaintance

• Student;

• Research;

• Interviewee.

Underlying topics are part of all interviews. However, depending on the knowledge of a interviewee,
a interview may head a certain direction and therefore skip themes.

b.1 general topics
• What defines circularity - systems perspective vs project approach;

• Barriers for implementing circularity in your project portfolio;

• Lessons learned from past experience of embedding circularity in projects;

• Low-hanging fruit vs High-hanging fruit for implementing circularity;

• Key developments and factors for 2030;

b.2 topics sq3
• Internal/external drive to implement circularity;

• Current developments within circular concrete and steel;

• Material solutions without a business case;

• Supply and demand of secondary materials - changes in position of the chain related to power
position related to unwillingness of parties;

• Role of marketplaces and future for material suppliers;

• Buyer - seller guidance within the chain;
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• Market forces which prevent circular solutions to embed;

• Certification of adjusted materials.

• Technical or data challenge?

• Which responsibilities do the clients have towards data management?

• Align current initiatives about Co2 emissions and energy usage with circularity?;

• Linear juridical system;

b.3 topics sq5
• Current initiatives within circular concrete and steel;

• Which role does you organisation play in the transition;

• Transition from a linear to circular market approach;

• Circular business case;

• Circular building standards and laws;

• Measuring, defining and performance (lifespan) circular modified concrete and steel;

• Which changes do you expect from a client in the project demands the coming years, in terms of
specification / approach and asset management?

• Procurement strategies for implementing circularity and new actors such as Marketplaces;

• Current contracts applicable, such as RAW or UAV-GC;

• Barriers in current market encountered by client / contractor / material suppliers
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C M E A S U R I N G C I R C U L A R I T Y - E X A M P L E F O R M AT
C B ’ 2 3

Figure C.1: Example of communication format
[CB23, 2020a]
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D L I F E C Y C L E A N A LY S I S

An Life Cycle Assessment (LCA) is a method of mapping the impact of products and human activities
on the environment. Special calculation models are used for this. In LCA, the entire life cycle of
a product or material is taken into account. The LCA is used globally and in The Netherlands for
comparable calculation methods and worldwide defined by ISO [2006]. An LCA may be used in
procurement processes, if designed according to the ISO standard Min. EZK [2016]. Within that
standard, four stages are being defined.

1. Goal and scope definition

2. Inventory analysis

3. Impact assessment

4. Interpretation

Figure D.1: LCA - model
[Liebsch, 2019]

phase 1: goal and scope In this phase, it is being determined what is going to be analysed, in
which way it will be analysed, and till what detail level the analysis will reach.

1. What will be assessed? Is it a product? If so, which part of the product will we assess (the func-
tional unit)? For LCA studies on cradle-to-gate (Boundary type) bulk materials, the functional
unit can be mass or volume can be a product; for example 1 ton of iron ore.

2. What system will be used for the assessment?

3. What are is not going to be assessed? The value chain can go very deep. However, reaching
a certain depth may not be of interest to the analysis. For example, one may conclude that the
details of the preforms of our raw materials wont be thoroughly analysed. These are also known
as the cut-off criteria
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Figure D.2: Cradle-to-gate and Cradle-to-grave approach LCA
[Min. EZK, 2016]

phase 2: inventory phase The Life Cycle Inventory (LCI) is the methodological step of identify-
ing the input and output streams of a product system. These flows include the supply of water, energy
and raw materials as well as emissions to air, land and water. This data can be based on historical
literature findings.

Figure D.3: Life cycle inventory - Flow model
[Liebsch, 2019]

phase 3: impact assessment With the information from the beforehand phases, and impact
assessment can be made. This assessment shows the severity of the environmental impacts that occur
in within the object.

• The first step within this assessment is the classification has to be carried out. Uses resources can
be assigned towards impact categories. An example of this can be abiotic depletion.

• Thereafter, characterisation has to take place. This means converting the results into the reference
unit of the corresponding impact categories. This could for example be a kg CO2-eq

phase 4: interpretation In the last phase, results are being intrepreted
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E M E A S U R E M E N T U N I T S O F T H E C M M

The CMM describes a way of measuring circularity. Although maybe not relevant for this thesis, the
reader may ask which starting points and boundaries the CMM has [CB23, 2020a].

• The life cycle of the object is the starting point which means that if parts should be replaced before
the life cycle ends, this replacement has to be included.

• Impact of users is not included such as old paper, waste of a restaurant etc.

• Materials that do not end up in the object or sub-object do not count for indicators 1 to 3 Materials that are
consumed but do not end up in the object or sub-object and are not production waste, do not yet
have to be counted as used material stock (indicators 1 to 3 including partial indicators) .30 They
do count as the impact of the production process on the environment (indicator 4 including sub-
indicators). This concerns, for example, (fossil) energy carriers, water and packaging material.

• Measurement unit is mass in kg

The required information for a specific object can be obtained in the following manner.

• For the materials used (in object parts) in all life phases, with the following information per
material;

– quantity in kilos;

– scarce / non-scarce32 in the list of Critical Raw Materials (CRM, see European Commission,
2017);

– physically scarce / physically non-scarce determined according to NEN-EN 15804: 2012 +
A2: 2019 (abiotic depletion potential, ADP);

– primary / secondary;

* as secondary: reuse / recycling;

* as primary: sustainably renewable33 / non-sustainably renewable;

– most likely end-of-life treatment: available for next cycle / unavailable for next cycle;

* as available for the following cycle: reuse34 / recycling;

* if not available for the following cycle: energy production / landfill;

• materials that are consumed but do not end up in the object or sub-object and are not production
waste (see section 5.1) for the calculation of the environmental impact35;

• emissions to soil, air and water for calculating the environmental impact;

• costs and benefits per phase in the life cycle, for GWW (partial) objects according to the Standard
System for Cost Estimates (SKK) and for B&U (partial) objects according to NEN 2699 or NEN-
ISO 15686-5;

• information about the adaptive capacity of the structure, including information about the detach-
ability of partial objects (see section 6.4.2 for details);

• estimated useful life of objects or sub-objects (per object sub-object). The SBK determination
method (Stichting Bouw Kwaliteit, 2019: 37) can be used for construction works. It is also possible
to work with a substantiated design lifespan.
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In everyday practice, the detail-level of used materials can differ quite a lot. A conceptual design will
not contain a lot of information about the resource of a specific element. Therefore, the CMM uses four
different levels of detail, which explain which data may be used to assess the circularity of an object.
These levels are:

• Level 1: Material is known (for e.g. concrete)

• Level 2: Product is known (for e.g. concrete beam)

• Level 3: Product is known in detail (for e.g. C30/C37 beam of 20x20x300) with a coating.

• Level 4: Product is known in detail, including data from manufacturing and resources.

This data can be obtained trough various methods.

• For specific data:

– The Environmental Product Declarations (EPD) on the base of NEN-EN 15804

– Specific for the Dutch Market: MRPI database;

– Manufacturer specific information;

• For generic input data:

– Dutch Nationale Milieu database with 3 products cards;

– In the process database of the NMD and EcoInvent44, generic data can be searched at raw
material or material level;

– For Europe, the generic dataset from the Product Environmental Footprint Pilot Guidance
(PEF) can be used.

• For generic output data:

– SBK-method appendix V;

– For Europe, the generic dataset from the Product Environmental Footprint Pilot Guidance
(PEF) can be used;

For further elaboration on the calculations of the CMM and the manner in which the end result is
composed, see chapter 5 of [CB23, 2020a]. This document describes the above-mentioned points
as well, with additional information on how to integrate this method into an existing LCA. An
example of how a circularity calculation result can look like is added in Appendix C.
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F M AT E R I A L- PA S S P O R T F R A M E W O R K C B - 2 3

Regarding the re-usage of materials, two main problems can be identified within the Dutch construc-
tion sector [CB23, 2020b]:

1. Too little information is available about existing used materials and constructions. As a result,
the risks using re-use materials are quite big;

2. Matching the supply and demand of available materials - in time, location and quality between
different parties in the chain is insufficient possible.

Shortly, when designing a structure, information about the what and when of available materials is
missing in the design phase of a project. A data system is suggested as a solution to overcome this
[De Valk and Quik, 2017]. The ’material-passport’ is a product from the ’transitieagenda’ in order to
implement circularity within the Dutch Construction Industry. The Rijksoverheid [2018] defines the
passport as:

A materials passport for a structure provides insight into which materials were used in
the construction and how they were used have been processed. That makes the reuse and
recovery of materials during demolition or dismantling a lot simpler and gives buildings
more value.
(Rijksoverheid, 2018, p. 20).

There is not and most likely won’t be one method for such a passport, just as with the MKI. Different
concepts already exist, such as Madaster and ReNtry. However, as early chapters have shown, defining
circularity is difficult and in order to measure circularity, data should be comparable. Therefore, it
is of uttermost importance that different passports include homogeneous data output which can be
compared. To realise this homogeneity, the organisation CB’23 [RWS, 2018] developed a document
’Paspoorten voor de bouw’ which include arrangements (no standards) for a circular future in order
ensure this homogeneity. This is further elaborated in the Lemma.

Lemma 1: Paspoorten voor de bouw - Circulair Bouwen 2023

This lemma will shortly introduce the ’Paspoorten voor de bouw’. At first, it is advised to split
the passport into different categories, because the determination and management of data sets
must be in line with the usual scales in the sector. These levels run from resource to area and will
result in a passport for:

• construction work or management object;

• element, building part or component;

• or construction product (the most detailed object level);

• material;

• raw material.

A passport for a building or a road uses the passports established at lower scale levels. The
passports are merged at a higher level in order to complete the passport of a certain object. This
distinction is made on an earlier treated division named in Section 2.3, in which a distinction is
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made within the physical space and object.

As the transition is a gradual process, so is this passport. Therefore, a complete passport is
difficult to obtain. The accuracy of a certain passport can be determined or influenced by:

1. the stage of life of a building, coupled with the effort (and therefore financial investment) it
takes to obtain and record the correct data;

2. the value that can be created with this data, which depends on the quality and quantity of
the data;

3. the degree to which the passport is kept accurately during the use phase;

4. the extent to which the government imposes an obligation;

5. the scale level on which the passport is drawn up.

Furthermore, the document includes existing standards such as the NEN-EN 15804 and EPD
certificates, and fits the document ’Meten van circulariteit’ [CB23, 2020a] substantiated with LCA’s
with the same life cycles. The information which can be included sometimes already is available
or can be made available easily by fitting these systems within a passport, such as BIM, Kadaster,
Decomposition NEN and manufacturing information when ordering a product

All the information within this lemma is substantiated by CB23 [2020b]

This passport is not yet obliged to use or to develop during a project. The minister postponed this
decision towards 2022, but different initiatives and documents conclude that a certain passport is
inevitable to reach 2030’s goals.
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G E X E R T I N G P U R C H A S I N G P O W E R T H R O U G H
E X I S T I N G P R O C U R E M E N T TO O L S

This appendix shows a preview of research gaps which exist in the purchasing power of the water
boards. The water boards cannot effectively use circularity without other actors in the chain, and have
to use their power trough purchasing, which need to be done by procurement. Within this research, this
subject is touched upon briefly, but not detailed enough to draw hard conclusions. This appendix aims
to show which elements are touched, to elaborate on the recommendation mentioned in Section 8.3.

The purchasing power of the water boards and the degree to which they can steer is reflected in
different elements [PIANOo, 2021a] [UVW, 2016b]. In this appendix, the following topics of this
process are briefly addressed.

1. Selecting of the tenderers

2. Specification of the object

3. Award criteria

4. Collaboration forms

Figure G.1: Water boards purchasing plan

Connecting themes such as tendering procedure are considered out of scope. The topics are dis-
cussed in up-following sections in order to mention which elements/methods can be used for a suc-
cessful use of circularity. Identified topics such as the CMM are mentioned, in order to provide insight
into where and why these tools can be used.

g.1 selecting of the tenderers (voortraject)
In order to achieve circular results by purchasing, the water boards should aim to collaborate with
parties who are willing to invest in these results. In this research, indirect interventions were intro-
duced. It is needed that selected tenderers are involved in the developments of circularity by investing
into indirect interventions, thus developing circular concepts over time. This selection can be made
through either selection criteria or suitability criteria [PIANOo, 2021b]. These selection methods can
be used by paying attention to, in addition to the usual requirements, the involvement of the tenderer
in knowledge sharing branches and their expertise.

The preservation of knowledge is mentioned in Figure 5.5 and quite important. Ensuring the preser-
vation of knowledge will enable other organisations and people to observe, learn and improve on
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certain indirect and direct interventions. The UVW could be an organisation to organise this preser-
vation of knowledge, however, they already acknowledged that the subject of circularity is too big for
them to cover all of the preservation of knowledge within the water boards (Interview 7). Therefore,
the three elements which are highlighted in Chapter 6 are explained in more detail below, to elaborate
on what requirements can be imposed on tenderers.

g.1.1 Partnerships

Partnerships can be found in many forms. Partnerships enable market parties to learn or use the
expertise of other parties to overcome knowledge gaps when they apply for a tender. This can, for
example, be achieved through a consortium when applying for a tender.

Within these partnerships, it is a challenge to convince market parties to share their expertise on
certain levels. General and disinterested knowledge sharing may not always be possible, not everyone
wants to give away the smith’s secret. However, this research has shown that contractors who want to
lead the transition do acknowledge the importance of this. Mutual agreements can be made in order
to learn from each other and built upon long term trust.

Partnerships can also be formed by collaborating on the same project. Another benefit of this is
that the client can collaborate as well. This client will have knowledge because of earlier projects done
within the same ambitions, thus striving for the same developments within the interventions. Enough
space should be embedded in the projects demands to fully profit from the knowledge of the client
and tenderers.

g.1.2 Knowledge sharing

Knowledge sharing on certain interventions can happen through various instances. This research
builds upon the CMM of CB’23, which has platforms to share knowledge, such as the ’Leernetwerk
Bouw & GWW’. Another example, especially focused on the procurement part, is the ’PIANOo Vak-
groep GWW en Bouw’. More specific, technical developments can be shared by organisations such as
’De betonvereniging’ or ’bouwen met staal’. This research has shown that these kinds of platforms also
emerge for the new urban mining markets and proved to be of great added value.

g.1.3 Governmental policies

Within a transition, there most likely will be leaders and laggards. The laggards can benefit from gov-
ernmental policies or pilots in the form of building standards or NEN standards. These will very likely
take away some of the risk involved during the process and therefore will be important to also include
those who stayed behind in the transition.

Sectoral governmental policies can also include guidelines for public clients in which ambitions on
knowledge are mentioned. Through these guidelines, specific requirements can be set when selecting
tenderer through the selection criteria. For example, active contributions in the partnerships in devel-
oping techniques to separate concrete substances can be required to steer the development of certain
ambitions. Another example is the CO2-prestatieladder, in which tenderers are obliged to qualify on.

g.2 specification of an object
Within a project, a client wants to design the procurement process in such a way that there the best
circular solution will be used in the project. The expert brings this solution to the table. A distinction
can be made in terms of cooperation between the market and the water boards, where the difference
is about which side acts as the expert. The expert should bring in the knowledge on various themes,
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such as knowledge sharing, interventions to be applied, developments of interventions aligning the
ambitions. This can be divided into three situations:

• Client as an expert;

• Combination of experts;

• Tenderer as an expert.

Within projects, the expert normally is appointed on beforehand. However, it can be the question
of whether throughout the whole process the same actor should act as an expert. It can be an option
to assign different process steps to different experts, or even different scopes within the same process
towards another expert. The tenderer can be an expert on, for example, implementation of a direct
intervention, but the client, for example, on knowledge sharing. Moreover, the evaluation of indirect
interventions can be a task for both of the actors, in which the tenderer has the technical know-how
and the client the overview of what is going on for which ambition / strategy.

g.3 award criteria
To assess the different bidders, a client has to draw award criteria in order to assess which bidder gets
the project. The award criteria need to be assessed based on quality / price ratio. [PIANOo, 2021a]
cites:

The Procurement Act 2012 prescribes that you, as a contracting authority, in principle
choose the best price-quality ratio (BPKV) when awarding contracts above the European
tender threshold (and when applying the Tendering Regulations for Works 2016 below
the threshold). The Proportionality Guide is also based on awarding based on BPKV. The
lowest price or lowest costs may only be used as an award criterion if you justify this choice
in your tender documents.

It is not advised to only assess on price. This is only a viable option if the specifications only tech-
nical. The circularity of the given design can be assessed through various instruments. This research
proposed to use certain ambitions for circularity and an assessment framework of the CMM (thus
including the MKI). Multiple circular design criteria can be included, with different weights. The men-
tioned indicators in Section 5.1.2 perfectly fit as these award criteria and serve the set ambitions by the
overarching program. [CB23, 2020a] proposed a framework for this, see Appendix C. This provides an
opportunity to implement the example of Chapter 6 with different possibilities for the water board, to
steer for example only on alloys, concrete or both of them.

g.4 collaboration forms
Collaboration requires agreements. These agreements are laid down in a contract, which follows from
a certain project delivery method, chosen by the client or an advisor. These PDM’s describes how the
responsibilities and arrangements are being drawn up Hermans [2020]. The contracts applied within
these models can be tailor-made, but most often standard contracts are being used, specified for a
project. In the Netherlands, usually, these contracts are traditional (e.g. DBB) with the UAV as general
conditions, or integrated contracts with the UAV-GC as general conditions. Other types, such as an
Alliance, Turnkey or Bouwteam are possible and used as well.

The contracts form an important part of the water boards tool. Although main procurement tools
are used as a project-based approach, this research has opted for a systematic approach. Therefore,
water boards should align ambitions along with multiple projects and use a programmatic approach
in order to live up to the ambitions.
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g.4.1 Current contracts

From interview data, it can be observed that the programmatic approach already is being used within
the purchasing of the water boards. Setting up structures in which different parties work together over
a longer period appears to play an important role in the field of knowledge sharing and the progress of
innovations (Interview 4, 6). However, not every challenge can be tackled by a construction team. It was
acknowledged that a shortage of work treated the work stock and therefore the continuity of the team
(Interview 5). Not every challenge contains enough work and cash flow for a construction team. A
framework contract could be an option but has its disadvantages as well, such as a less natural sharing
of knowledge. It is therefore not possible to conclude that water boards must from now on implement
everything in a construction team, or that a completely different form of cooperation must be initiated.
When we talk about the systematic approach of maintenance, there is little or no experience apart from
the use of some framework contracts (Interview 4).

g.4.2 Rapid Circular contracting

A new form of collaboration is the Rapid Circular contracting method (RCC), [Wuestman and Bakker,
2021]. It is more than a collaboration form, it includes the selection of contractors as well. The selection
is not about the design, but about the vision and ideas. After selecting partners, the parties lay down
the agreements in a collaboration and development contract, called the RCC commitment contract.
Besides regular needs, ambitions to which the partners are committed are being described, therefore
fitting this research results.

g.4.3 Transfer of ownership of an asset

Regarding ownership, a lot of strategies in Table 5.1 and Table 5.2 touch upon a change of the own-
ership of an object. Strategies such as product as a service or lease models influence this. A change
of ownership would have a major impact on the water boards, in their organisation structure, asset
management approach and culture.

Ownership can be divided into the ownership of the asset management and the legal ownership of
the object. Despite the examples of Phillips, the interviewee of the boards are not very enthusiastic
about replacing the legal ownership of their assets. It is considered as moving their main task to the
market [6]. Moreover, recent events in history resulted in the desire to have full power over the in-
struments in order to provide water quality and safety (interview 4). The way of outsourcing does is
considered as an option but for the far future (interview 4 & 6). Another specific reason for this is the
long lead time of projects, compared to other Product as a Service model, such as cars or light.

All material suppliers indicate they do not have the intention to replace their business case by busi-
ness case with some sort of ownership for them. They indicate that their current market with develop-
ments is so large that it is not an option to take up that challenge (interview 1, 2 & 3).

Contractors indicate they might see a shift in the legal ownership of the objects between different
public clients. It is indicated that this is not desired as well, as the activities involved are core in the
safety and prosperity of the country, which you do not want to be dependant on the mercy of the
market (interview 9). Moreover, contractors see developments in the light of urban mining, rather than
the transfer of ownership (interview 8).

However, water boards acknowledge that asset management could be procured as a service (in-
terview 6). Doing this by yourself makes an organisation vulnerable to certain sunk costs. Moreover,
specialities within the arsenal of objects could use the transfer of ownership as well, in order to improve
certain specific developments. This could be the case for example pumps.
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g.5 recommendation
This appendix showed that a potential research gap can be found in the procurement tools of the water
boards. Procurement is an important tool of the water boards in order to steer the market, as the
water boards cannot realise the ambitions to overcome resource depletion and climate change on their
own. Research to themes mentioned in this appendix, such as expertise development, CMM as award
criteria, the question who should be the expert in a project with circular ambitions and transferring
knowledge of circularity to other projects, while at the same time protecting circular business cases
can improve the market to implement and use circularity. Moreover, it is interesting to investigate
how project based procurement strategies can be transformed to the systematic approach needed for
circularity.

108



H I N T E R V I E W T R A N S C R I P T 1

109



I I N T E R V I E W T R A N S C R I P T 2

110



J I N T E R V I E W T R A N S C R I P T 3

111



K I N T E R V I E W T R A N S C R I P T 4

112



L I N T E R V I E W T R A N S C R I P T 5

113



M I N T E R V I E W T R A N S C R I P T 6

114



N I N T E R V I E W T R A N S C R I P T 7

115



O I N T E R V I E W T R A N S C R I P T 8

116



P I N T E R V I E W T R A N S C R I P T 9

117



colophon
This document was typeset using LATEX. The document layout was generated using the arsclassica

package by Lorenzo Pantieri, which is an adaption of the original classicthesis package from André
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Figure P.1: Sequence diagram
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