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Abstract

One of the most significant strategic societal objectives for-@nm sustainable development is the
circular economy, or CE for shofthe Dutch building sector hasbig impact on reaching the set
ambitions of a CE in 2050he reuse of secondary materials will be important in achieving a circular
built environment. Bunow, this is challenging since material streams are not synchronized in terms
of space and timeBuilding material hubsa location wherematerials are gathered, examined, and
momentarily stored before being packed and sent to the building witéch, are a way to better
organize the flow of goods between parties, might be the ansagetheyhave a posive effect on
fewer transit movements, reduced traffic, and better air quality in the city or region.

By identifying building material hubs in relation to the realization of a circular build environment and
by defining thefactorsthat shape the emergercof the hubs, this study fills a gap in the literature.
The primary research question is therefot&Vhat different building material hubs in relation to a
circular built environment exist, and what factors explain their emergénce?

Thisexplorative researciks divided into two main partgssirst, a review of the available literature has
been done to gather data and learn more about the evolution of circular ak¥éh. all the available
data on circular building material hubsn analyticd framework is developedor assessindour
typologies Secondmultiple casestudiesand interviewshave beerundertaken to acquire insight into
the different factors explaining themergence of thalifferent typologies of circular building material
hubs.In total also fourcasesare examined.

This study identifid six primaryfactorsthat explain the establishment of construction material hubs
based on 26 sufactors Theseprimary factorsinclude (1)and-based (2) economic, (3) logistical, (4)
techndogy and knowledge, (5) social, and (6) governance factors. Every circular construction material
hub begins with a circular business case that demonstrates how the materials may be used more
effectively and with more efficiency. The hub's strategic logationnects the supply and demand of
building materials, ideally used ones. The building material hubs are shaped by a variety of knowledge
and experience as well as logistical accessibility to the main road netWwagknitiator from the hub
contributed equally by raising awareness and offering white label facilitieselation to the circular

built environment, there are four distingypologiesof circular building material hubg1) the circular

craft centre, (2) the circular multimodal building matdrhub, (3) the circular building material hub

and (4) the circular raw building material hukhis study emphasizes the development of typologies
and their connections to relevant territorial factors that explain their emergence, something that, as
far as is known, no other study has done. This study is consistent with the body of research from
research organizations on the topic of (circular) building material hubs and its potential. The report's
findings provide an intriguingarablefor cities and regions that have set the challenging objective of
attaining a circular built environmenf reasonale next step when enhancing the circular activities in

a region may be to implement a CBMH. The finished framewmaedble 1may be thought of as a two

sited design tool for the creation @BMH



Tablel: Compressed analytical framework

Circular Craft Centre Circular Multimodal BMH  Circular BMH + BMH with Circular raw BMH
urban development

Land Based

Economic

Logistical

Technological
& knowledge

Governance

Important for the emergence of the CBMH
Less important for the emergence of the CBMH
Not important for the emergece of the CBMH

This report was done in collaboration with LDE Centre for Sustainability: The Circular Blgltérigl
and (re)Manufacturingdub and the province of South Holland to contribute to the exploration of the
relevant factors of building material hubs.

Keywads ¢ Circular economy, circularitpuilt environment,circular building material hub
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1 Introduction

The circular economyereafterCEis becoming more widely recognized as one of the most important
strategic social goals for lorigrm sustainabledevelopment.In 2016 the Duch national government
initiated a governmentvide programme aimed at developing a fulgin the Netherlands by ZD
(Rijksoverheid, 2016)Within the economic system, CE emphasizes the redesign of processes and
material cycling. It seeks to use renewable energy to "design out" waste, recover nutrients, and recycle
durables(Williams, 2021)

This research will focus on tieitch built environmenasthe constructionsectoris the most material
intensivesectorin the Netherlandsaccountingfor half of all material consumption in the nation with

' YFaa 2F Hyod YAff A2y ({ChrogefESaomy, JORMNerealshtibrotshe 2 ¥ € cp
Dutch built environment involves employment and activities beytmal building industry, such as
professional services and manufacturing, and employs roughly 685,000 g&iple!, 2015)Next to

the relevance of theonstruction sectofor the Dutch society, theectorhasabig impact on raching

the set ambitions ba CEn 2050.The Netherlands' constructiosectoruses 50% of the raw materials,
40% of the nation's energy, and 30% of its water. Construction and demaolitiste make up an
estimated 40% of national waste, and the industsy responsible for 35% of CO2 emissions
(Rijksoverheid, 20160ne contributor to these emissions is construction traffic that causes a lot of
harmful emissions substances (C8Q, PM10) and has a major impact on both ttianate and the
quality of life, accessibility, and air quality in the cit®&an Rijn, Rondaij, Van Merriénboer, Kin, &
Quak, 2020 B)

Torealizea circular buit environment the re-use of secondary materials will play aedAdams,
Osmani, Thorpe, & Thornback, 2018\t currently this is difficulsincematerial streams do not match

in terms of geographical location and tirtidiete, Stengel, Ludwig, & Schultmann, 20BLi ifre-use

of secondary material to catch on, there is still a lot of work to be done. It will be necessary to develop
an adequate supply and demand fi(kbeber & Snoek, 2020he supply needwm effectively bemade
publicso that information on materials that have been released and their state is avaj\aidkagen,
Sauer, van der Voet, & Sprecher, 2021irdly, thesdnarvested secondanmyaterials need a temporary
storage locatio to bridge the mismatch in timév/an Merriénboer, Bastein, Rondaij, & Rabbie, 2022)
The idea of a hub may help achieve several policy objectives, including making it possible-for high
densitycarefree zonecommunities and miataining and improving accessibility decliningregional

areas. Although the idea has received a lot of attention lafelystgoedmarkt, 2019hubs arestill

being developed and is seen in various walydte, AlonseGonzalez, & Rongen, 2021)

A (circular) building material hub could besalution as building material hubare a way to better
organize goods flows between parties. This leads to fewer transport movementsharefdre less
congestion and better air quality in the city or region. Materials come together here, are checked, and
temporarily stored before being bundled to the construction site are transpofiietBes, et al., 2018)
Moreover, snart use of materials promotes circular construction (and demolit{@ognsuu, Edelman,

& Saari, 2020)

A lot of studeshas been done on @Eandin recent decadesThough according tqKirchherr, Reike,
& Hekkert, 2017}there is no agreement on whahe definition of the CEnd the definition ofa
(drculan buildingmaterialhubs (Ramli, 202Qfurthermore, nany papers have been written regarding
how drcularity may be implementedn a building scalethrough the means ofcircular design.
However the number of articles on thanplementationof a CEat a cityor regionalscaleis minimal
(Pomponi & Moncaste2017)



Consequently, the purpose of this study is to fill a gap in the literatuiddatifyingbuilding material
hub in relation to the realisation of a circular build environmant identifying the factors that shape
the emergence of théaubs.Therefore the main research questiors.

What different building materialhubs in relation to a circulabuilt environmentexist, and what
factors explain their emergence?

The following sulguestions are formulatetb answer the main research question:

1. What is the conept ofa circulareconomy?

2. What is the concept of aircular built environmer

3. Whatare the characteristics afonstruction logistics?

4. Whattype ofdifferent building material hubgxist?

5. Whatare the factorshapingthe building material hubs?

This thesis aims to get a better understanding of cincblailding material tubs by researchinthe
different typologies and the factorsxplaining their emergencé.he first chapter presented a brief
introduction to the probém and relevance of the researciMoreover, it presents the research
guestions that structure the thesis.The second chapter indes the literature study where the
concept of circularity, circular built environment andnstruction logistics are explore@he second
chapter concludes with aanalytical frameworkThe third chapter contains the methodologies for
answering each sufuestion of this thesis. The fourth chapfaresents the results of the case studies
and makes a crossase analysis of the flmrs influencing the emergence of the building hubs. The fifth
chaptercontains the discussiorChapter six is the conclusion, where an answer tostifequestions
and main research question is presented. Finally,deenth chapter is the reflection ofriting the
thesis.



2 TheoreticaFramework
2.1 Circular economy

Circularity derive$rom an ecological conceptualisation of the wdi(Williams, 2021)With circularity
the emphasis shifts from linear systems thahsume an infinite supply of new resources (inputs) and
produce "waste" (outputs) to circular systenit used the distinction between various gradations or

options for circularity in the RINA y OA LX S NI y 3 A y-BeuseReRydfe) thréugthedts wQ&a 06\

wQa

Circular Economy

6 -ReuseReaufactureRecyclev S 02 @S N
Reike, & Hekkert, 2017All the forms of the Rramework share a hierarchy as their main feature with
the first R viev to be a superiogradation to the second R and so @ran Buren, Demmers, Van der
Heijden, & Witlox, 2016)he principle of circularity has been applied to industrial systems (industrial
symbiosis), production processes (detb-cradle) and economic systenSH.

g2

Make product redundant by abandoning its
RO Refuse function or by offering the same function with
a radically different product
Smarter
Make product use more intensive (e.g.
product use 5 T S A ~ iy e
and R1 Rethink through sharing products, or by putting multi-
functional products on the market)
manufacture
Increase efficiency in product manufacture or
R2 Reduce use by consuming fewer natural resources
and materials
= Re-use by another consumer of discarded
‘E R3 Re-use product which is still in good condition and
200 fulfills its original function
=
=
=
v
Bo . Repair and maintenance of defective product
% R4 Repalr so it can be used with its original function
©
o
S
e | fExtend .
o ifespan o . ;
P R5 Refurbish || Restore an old product and bring it up to date
product and
its parts
R6 Use parts of discarded product in a new
Remanufactur product with the same function
Use discarded product of its parts in a new
R7 Repurpose product with a different function
Process materials to obtain the same or lower
R8 Recycle N
quality
Useful
application
of materials
R9 Recover |(|incineration of materials with energy recovery
Linear Economy

The concept of industrial metabolism was created by industrialists in the nineteenth century.

0 KS dgumsXYKirchher)

Innovations in core technology

v

A

Innovations in product design

Figurel: Rframework (adapted from Krichherr et al., 2017)

A

Innovations in revenue model

A

Socio-institutional change

Ol y

Resources were metabolized by industries, resulting in outputs that were frequently categorized as

trash but wereusefulto other sectorSimmonds, 1862)ndustries developed symbiotic connections
with one another, allowing the utilization of resources, energy, and wateproducts from one
industrial process by another. Physical closeness frequently made this @&dlerms, 2021)

Cradleto-cradle thinking has been used in the design and manufacturing processes for the
manufacture of goods. Through resource recovery, recycling, and reuse, it seeks to minimize waste



generated during the lifecycle of aquluct. The present concept is based on a "lifecycle development”
framework that was introduced in the 199QglcDonough, 2002)

Qurrently drculaiity is a hot topic among academic institutions, organizations,gmernments There

is a discussion about the definition of the concept, due to the argument that it means different things
to different people(Kirchherr, Reike, & Hekkert, 201 ppinting out the restraint on global resources
AY  W{ LJ O SBo#ding,) 1966)theliurgéncy for closing the lodPearce & Turner, 199@nd
general systems theor§Bertalanffy, 1968)Arguably, he concept ofCHsa model for production and
consumption (with a focus on productiomias the ainto achieve the decoupling of economic growth
from the depletion of natural resources and environmental dam@gekson, 2009)

Arguably themost weltknown framework showing th€E was developed by The Ellen MacArthur
Foundation (EMF) and is called RESOfiyilEd 2. It defines CE as a set of multiple valireation
mechanisms that are not dependent on the consumption of finite resourceatlihes six crucial steps
in the transition to a CEEllen MacArthur Foundation, 2012)

1. Ecological regeneration through a shift to renewable energy and materials, alongside the
return of recovered biologicaksources to the biosphere

2. Keeping components and materials in closed loops (reuse, recycle, recover, remanufacture),
prioritising inner loops (e.g., reuse) and thus reducing waste

3. Sharing resources to keep product loop speed low and maximise utilisatiproducts to
reduce waste

4. Optimisation of the performance and efficiency of products, alongside the removal of waste
in production and supply chains, leveraged by big data

5. Dematerialise resource use by delivering utility virtually

6. Replace existing produstind services with lower resource consuming options.

RENEWABLES & FINITE MATERIALS
ES FLOW T STOCK MANAGEMENT

o

PARTS MANUFACTURER

Voo

PRODUCT MANUFACTURER

Voo

SERVICE PROVIDER

o

NG/COLLECTION'

BIOCHEMICAL
FEEDSTOCK

REGENERATION RECYCLE

RBISH/
UFACTURE

DIGESTION
EXTRACTION OF
BIOCHEMICAL
FEEDSTOCK?

1 Hunting and fishing
2 Can take both post-harvest and post-consumer waste as an input

SOURCE
Ellen

MINIMISE SYSTEMATIC ELLEN MACARTHUR
A TERNALITIES T+ @Fouunmou

Figure2: Butterfly Diagram (Ellen McArthur Foundation, 2019)
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2.2 CirculaBuilt Environment

Buildings are special objects because they frequently originate noeroff projects. Due to the fact

that each of the materials employed has a distinct life cycle and interacts dynamically in both space
and time, this aspect increases their intrinsic complexity. Additionally, their long longevity and
changing uses througtut their service life raise the ambiguity of potential future events. As a result,
even though structures are built of manufactured parts, when those parts are put together, they
produce an entity that defies the logic of manufacturi{f@mponi & Moncaste 2017) Furthermore,
buildings are typically thought of as finished, permanent structures with an average technical and
functional life span of 50 to 75 yeaf®ebacker & Manshoven, 201®espite having a longhysical
lifespan, they do not provide the flexibility needed to prolong life. It is usual practice to separate
structural and sealing components for modifications, upgrades, and replacer{iuotsaro, Tavares,

& Braganca, 2020Becausebuildingsno longer suit the needs of their users, mastthem are
currently demolished after an average of 20 years. This shortens the facility's service life and causes
returns on investments to occur more quickrebaker & Manshoven, 2016)

¢KS 02y OSLIi Olaysysiers desighdd Koy GaRing lraBourde loops at different spatial
temporal levels by transitioning cultural, environmental, economic & social values towards a
sustainable way of living (thus enaty society to live within the planetary boundarieéyU Delft, sd)

The concept depicts different scajegarting with the fundamental construction ingredientsaterials

and Components Buildings are the next scaés they areconstructed as assemblages of numerous
building products, materials, and componenthe reighbourhoodscale, which is one level higher,
illustrates how circularity is currently prevaleateasor districts The mog significant resource flows

that enter, move through, and depart the urban environment each day are examined in Cities Scale.
And finally, the egional scale relates to the characteristics of urban metabolism and the significance
of examining economic aeity to pinpoint material, product, and waste movements and stadkd

Delft, sd)

When the notion of CE is applied to theilt environmenton for example thenaterial and component
scalethe purpose is to maximize the use lofiilding materials by determining if the material may be
reused in new structures. The entire supply of virgin materials will be conserved, or reduced at a slower
rate, in this fashion. Assessing how much building material will be utilized and how mbick mhde
available through future demolition in a specific location can be critical to increasing construction
material supply and decreasing material demgRamli, 202Q)

According to a recent study by Circle Economy anthbtic (2022)downcycling in the Netherlands

is greatly facilitated by the built environment. Accordiiogtheir numbers, the built environment in
the Netherlands i®n paper,a championof circularity: as we've seen, less than 10% of building and
demolition debris is landfilled or burned, and 88% is recy(figdre 3)

Thoughlow-value cycling where valuable and complex materials are crushed and used as aggregate
for backfilling, for eample, roads is prevalent just 8% of building materials come from secondary
sources, despite the fact that over 90% of the sector's waste is "cycled." Increasing circularity involves
more than just cycling; it also involves keeping materials' worth amdpdexity as high as possible
(Circle Economy & Metabolic, 2022)
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Building
stock

ENVIRONMENT

Incineration/
Landfill

Extraction
88%

Figure3: Material cycles for the built environment (Circle Econonvegabolic, 2022)

2.3Construction logistics

The effective anditmely delivery of goods or services has been referred to as logilttisa very broad

and ubiquitous termToday's logistics paradigm includes computing and smart plariSimgmanska,
Adamczak, & Cyplik, 2017and challenges are continually being solved through innovations. For
instance, as €ommerce expands, pressure is placed on logistics service providers, and technologies
are being created to further boost efficienci@Shajargar, Zenaai, & Montanaro, 2016)Anaspect to
consideris the requirement for the distribution of goods within the city for thecadled "last mile" in

order for delivery systems and packages to reach customers.|@siEniile" of a supply chain is the
least effective and can contribute to urban congestion and polluti{@®anieri, Digiesi, Silvestri, &
Roccotelli, 2018)This issue could be resolved by modelling how the goods can be routed from a central
hub to the destinations (spg@s) to reduce last mile effor(&reasley & Assi, 201Zapfel & Wasner,
2002) Hubs exist, in practice or in concept form, at different scale levels, from a neighbourhood facility
to an (inter)national main port. Hubs also differ in the transportatiervices they offer. This can be a
multimodal switch, but also access to shared mobility and light electric freight vehicles (W)
AlonsoGonzalez, & Rongen, 2021)

It is clear that logistics optimization has been enygld over the years when it is necessary for the
distribution of commodities in metropolitan areas to be affordable, ddisturbance, and low
polluting. The logistics of the built environment and the constructed sector can both be easily applied
using thisjustification, as onstruction logistics is one of the most important logistical flows of the
Netherlands, as in 201232 million ton was transported and accounts for almost 20 % of the total
transported volumesln terms of modal split, then-depth analysis of the composition of construction
logistics shows that most construction logistics volumes concern road transport (approximately 709%).
In addition, a substantial part of the volumes is transported by inland shipping (approximately 30%).
Rail transport is hardly use€ropsector Logistiek, 2020)

When looking more in depth at the supply chain of the building sector, it carhéeacterized by the
fact that t is a convergent supply chain that channels all §epgto the building site, where the product
is put together from the materials that arrivéependant on the building phasét is, with a few
exceptions, a transitory supply chain that produces -oft@-kind building projects by reorganizing
project orgarizations on a regular bagiBalm, Berden, Morel, & Ploos van Amstel, 2028)a result,
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the building supply chain is described by instability, fragmentation, and notably by the separation
between the design and the producti@i the completedbuilding The processan be very simildior
projects of a particular kindVrijhoef and Koskela (2000) identified four roles of supply chain
management in construction, where logistical gains can be achieved by improving the interface
between the site activities and supply chain. An overview of the roles can be seen irdfigure

Role 1: focus on the interface between the
supply chain and the construction site

Role 2: focus on the supply chain

Supply chain Building site Building site

| I ) M |

r
l
|
|
|
L

Role 3: focus on transferring activities from the
construction site to the supply chain

Role 4: focus on the integrated management
of the supply chain and the construction site

r———=—-=-== 1 r—-—— - " —=-"=—=-"=—==== 1
| I I N I
: Supply chain : Building site : Supply chain > Building site :
| | | )/ |
i S . | b o e o o o o e —— — . |

Figure4: Roles of Supply chain in construction (Adapted from Vrijhoef & Koskela, 2000)

According toa recent study byan Rijn, Rondaij, Van Merriénboer, Kin and Quak (20@6)e are
numerous ways to break down thegistics for thebuilding sector This study focusses otafgescalg
new construction projects and renovation residentialand norresidentid projects This indicates
that ground road, and hydraulic engineerings not included. The logistical arrangement inside and
across the sulsegments differs significantly. Themary differences are:

1 The party in charge of organizing and managingaléstics.
1 The typical vehiclesmployed.
1 The ride types.

Furthermore, Van Rijn et a{2020) identified eight types of material streams thatre typically
delivered at a construatn site.An overview of theeighttypes of construction flow typegan be seen
in table2.

Table2: Eight construction flow type#&dapted from (Van Rijn et al., 2020)

Type of Description Currently most usedype of
material stream transportation
1. Concrete This concerns liquid concrete that is poured fram
concrete mixer on the construction site. About 30% M
the currentridescan be attributed to this @@O@
construction flow type.
Structural Larger ancheavier elements, such as prefab, piles, ]
work ¢ floor elements, etc. Approximately 10% of the curre oee= @D@
Large Jf(l)OL:Lneys can be attributed to this type of constructig 555555 @
Structural Smaller elements on frames/pallets, for example ]
work - Load | facade parts, fints, glass plates, etc. Approximately oo @D@
carriers 10% of the current journeys can be attributed to thig T
type of construction flow. ©0O= 0o
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4. Bulk For example, soil or gravel. Approximately 0% of th m@
current tripsto construction site€an be attributed to 1PECE
this construction flow type.
5. Finishing Finishing work, installations and smaller building
materials transported on pallets or in containers. :@@n@o@ - ,(;nt
Approximately 35% of the current trips can be @ @
attributed to this construction flow type. 1000 E0F 00000
6. Waste Construction and demolition waste, but also
packaging materialand packaging. About 5% of the M i
current trips can be attributed to this construction =P
flow type.
7. Equipment | For example, construction machinery, construction
cranes and scaffolding. About 1@#¥tthe current trips ololoks @D@
can be attributed to this construction flow type.
8. Personnel Transport of personnel to and from the construction -E-';
site. (o=l

Since each stakeholdén the construction supply chairuns their business independently of the
others, there is minimal to no optimization (apart from personal activity optimization). The logistics
flows are not managed in an integrated chain. Due to inadequately specified preparations, supply firms
have unpredictable supply. Construction plannisighallenging because lastinute changes to plans
frequently make it difficult to carefully coordinate production and inventories. The low load factor,
which is a difficulty for transporters due to shoddy planning, impulsive ordering, and rushed dsliverie
to numerous cities building sites, is also a result of these factors. Additionally, transporters encounter
unclear delivery specifications, restricted access to building sites, and ad hoc interactions with foremen
(Van Rijn, RondgiVan Merriénboer, Kin, & Quak, 202Q B)schematic overview of theurrent
constructionlogistics carbe seen in figure5. The Pointto-point deliverieswith heavy vehicles in
constructionflow types(1) concrete, (2) structural work large,(3) structural work load carriers{4)

bulk and (7) equipment, are represented with the green arrow in figure 5. Tywllow arrows
represents therregular deliveries at different locations in the construction flow typdi¢$hing. And

finally, the mint-to-point deliveries in the construction flow type (6) wastepresented in blue,
generally go directly from the construction site to the supplier or the waste plant
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Figure5: Current construction logistics. Adapted froviag Rijn et al., 2020)
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2.4 (Circulay building material hub

Although the idea of reusing discarded materials for new projects is not new, it is challenging to
pinpoint the exact beginning of the “circular building material hult'is conceivable that thphrase
derives from the idea of reverse logistics for delivery optimization. Accordihgightonand Coakly
(1955) the word logistics is an old word that was taken from the Greek word "logistikos," which means
"skilled in calculating.” Even if they do in the context of armies and a country's economy, the writers
contend that supply and transportation are the most crucial elements of logistics. Accorddogper,
Lambert and Pagh (1997) logistics is the process of efficiently and economically prann
implementing, and storing raw resources, products, and inventdiye authors continue by
introducing the idea of "Supply Chain Management,” which entails the integration of business activities
that go beyond logistics, from suppliers to end users, including information, services, and products of
added value. Reverse lisgics are systematically linked to recycling, accordinrito (2004) who

also notes that names like "Reverse Channels" and "Reverse Flows" were already in use in the 1970s.
However, the author also acknowledges that it is challenging to trace theepbipeecisely O'Kelly
(1986) developed straightforward models for the placement of hub facilities to service a group of
interdependent cities and described the relationship between the location of a facility and spatial
flows. Numerous tasks that call rfoeffective connections between different nodes, such as
communication or distribution, can be applied to this idea.

The term "circular building material hub" is likely a reference to a central "hub" that employs effective
logistics and contain®materials that must be "circular" in terms of production and waste management.
The search for the term's origin can be regarded as arbitrary, although the purpose of such a system is
much more importan{Ramli, 202Q)

To deliver materials as effectively as possible, logistics were first employed, which necessitated careful
planning and storage. Smart computing, which may further reduce the cost and time associated with
transportation and storage, was part of the second waviegistics. What can be argued is that a new
stage of logistics is emerging right now. Clekeap supply chains, which recover endilife or end

of-use products for reuse, have gained popularity recently in addition to smart computing and careful
planningto reduce wastdGuide & Van Wassenhove, 20@@d forward and reverse logistics are now
much more integrateqYi, Huang, Guo, & Shi, 2018)nce such a hub can incorporate reverse logistics,
ciraularity, and emission reductions, the conceptafCBMHcan be seen as a reaction to reverse
logistics and waste management.

In literature there are three main functions GBMHslefined(Gemeente Amsterdam, 2022)he most
popular and welknownfunction of ahub is a construction logistics hub, which functions as a logistics
location outside of the city for the storage and distribution of construction supplies needed for the
building project.The constructionlogidics hub as a concept takes many different forms, such as
consolidation at the supplier, at a location of the municipality, at the construction site itself or at a
location chosen by a logistics service provideudema, 2013)The LCCC (London Construction
Consolidation Centre), a successful pilot of a construction logistics hub for the delivery of construction
projects in London, has shown that the number of transports (and therefore also the transport costs)
decreases when gy a construction logistics hub. For example, a 68% reduction in the number of
vehicle movements has been achieved at the LCCC, resulting in a reduction in CO2 emissions of
approximately 75%Lease, Excellence, & James, 2068)thermore TNO provided advice on the
implementation of construction logistics ideas to nine new construction projects, and the performance
and environmental effect were assessed. At three trial projects, much data was gathered, and cost
reductions wergoroven. Over 260,000 kilometres of travel were avoided in these three initiatives, with
savings of 50 percent, 65 percent, and 80 percent-&fissions were reduced by 40%, 85%, and 50%,
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respectively, because of these actiofi3e s, et al., 2018)Though,to its lack of attention to the
logistics surrounding the supply of secondary materials, its core function purpose is not always in line
with circularity principleg@nda circular built environment

The secondfunction of a CBMHis to store secondary materialghat are harvested from local
demolition projects Materials must be temporarily held since they are typically not used right away or
because of misaligned projetimetables.These functionganbe foundboth inside and outside the
city (Gemeente Amsterdam, 2022)

The thirdfunction is a repository and marketplace for released and unused building supplies from
various construction preicts and firms. Here, the materials are repaired and recycled for a different
use(Gemeente Amsterdam, 2022)
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Figure6: Functions of circular building material l(Gemeente Amsterdam, 2022)

Accordig to Gemeente Amsterdam (2022het lines between these thremain functionsare not
clearly drawn and can sometimes be blended in different configurations. A hub can also establish
supplementary businesses such as prefabricating items and providing smart logistics for both
equipment and building site employees, in addition tovegg the main objectives. Other secondary
activities can involve setting up and maintaining a physical store for secondary products or offering a
venue for educational exhibits, performances, and visitor centres. It's crucial to keep in mind that a
construction hub serves as a means, not a goal, and that the demands of the local construction chain
are what it most primarily servg§&emeente Amsterdam, 2022)

Table3 provides a shortlescription,or an examplef building materidhubs found in literatureThe
table also indicates what role the type of hub plays in thissis The circular craft centresircular
building material hub building material hub with urban development, circufaultimodal building
material huband ciralar rawbuilding material hukare treated in the literature study and elaborated
as a case study. The mandatory building material, mubitimodalbuilding material hub, raw building
material hub angrefabrication building material huére only discusseith the literature study. Other
hub types fall outside the scope of this stualythey are not in line with thimternal circularfunctions
earlier mentioned.

16



Table3: Type ofcircular)building material hubs

Type ofbuilding material Description Circular function Role in this

hubsand source (Gemeente thesis
Amsterdam,2022)

Construction site hub A dedicated location on the construction site | Notcircular function | Not

(Vrijhoef, 2022; Ludema, where materials are temporarily stored. isfacilitated discussed

2013)

{ dzLJLJ A SN& Q 6 df The location of a preselected supplier where | No circular function | Not

hub (de Nijs en Zonen, 2022;| construction materials and equipment are is facilitated discussed

Ludema, 2013) consolidated.

Floating building material hulj A floating location thata@n used for temporary | No circular function | Not

(Vrijhoef, 2022; Fynly, 2021; | storage and transhipment of building material{ isfacilitated discussed

Mulder, 2020) and equipment if the construction site is locate

adjacent to water.

Circular Craft Centre A location where a collection of existing (or Repository and Literature

(Neuberger, Weidner, & new) initiatives are cleverly situated and marketplace and case

Steane, 2019Verner, Albers,| organized in relation to each other, to realize study

Verschuurden & Dierdorp, high-quality product and material reuse.

2020)

Mandatory building material | A location where building materials are Construction Only

hub (Van Rijn, Rondaij, Van | consolidated for several construction flows ani logistics literature

Merriénboer, Kin, & Quak, is that is mademandatory for large new study

2020 B) construction projects in a city.

Circular building material hub A location where the collection, sorting and Secondary material | Literature

(Van Merriénboer, Bastein, | processing of nofbulk waste into secondary storage and and case

Rondaij & Rabbie, 2022). materials takes place. repository and study
marketplace

Multimodal material huliVVan | Alocation that, depending on the construction| Construction logistic| Only

Rijn, Rondaij, Van phase, type of transport flow and construction literature

Merriénboer, Kin, & Quak, site, uses other modalities next to the road study

2020 B) where possible to transport construction flows

Circular multinodalbuilding | A location where the collectigsorting and Construction Literatue

material hub(\VVan processing obulk and norbulk waste into logistics and and case

Merriénboer, Bastein, secondary materials take place secondarymaterial | study

Rondaij & Rabbie, 2022). storage

Building material hub with A location that coordinates construction Construction Literature

urban developmentVan Rijn, | logistics across multiple projects in an urban | logistics and case

Rondaij, Van Merriénboer, area. study

Kin, & Quak, 2020 B)

Raw building material hub A (production) location thaits primarily used for| Construction Only

(Van Merriénboer, Bastein, | the processing bulk flows, such as concrete, | logistics literature

Rondaij & Rabbie, 2022). gravel and asphalt. study

Circular raw building material| A (productionjocation where bullconstruction | Construction Literature

hub (Van Merriénboer, and demolition materials are processed into | logistics, secondary | and case

Bastein, Rondal] & Rabbie, | circular(raw) buildingmaterials material storage study

2022).

Prefabricatiorbuilding A production location where prefabricated Construction Only

material hub(Van Rijn, elements are produced for modular logistics literature

Rondaij, Van Merriénboer, construction. study

Kin, & Quak, 2020 B)

Even though there are many definitions and terms likedh8 NavculaPbuildingmaterialhdzo Q> i K S NB
is no clear agreed definition or term for the concept of a location where secondary materials are
collected and reused to reduce the use of virgin materials. Therefore, a CBMH can be considered an
umbrella termfor similar concepts of reusing building materials originating from demolition and
construction waste.

17



Circular craft centre

This firsttypology of aCBMHcan be characterised ascacular craft centrdfigure 5) The term®@ NJ F (i Q
refers to a collaborative and individual activity applied in various ways and encompassing various
meanings such as tinkering and small manufactufdigderson, 2012)The goal ofthese type of
CBMHssto make sustainable andrcular material loops operationalo compensate for their limited

scale and lack of resources, circular businesses typically operkteaimetworks They believethat

the CHs based on networksvhich include not only value chain partners like @s&nd complementing
enterprises, but also associations, research institutes, and occasionally local gover(fuectsella &
Urban, 2019)It isalocation wherepeopk can meetshare knowledgeand createawareness around
circular activitiesby giving the practical tools to move beyond traditional concepts of reuse,
repurposing, and sharintgp address more basic concerns of consumptibleuberger, Weidner, &
Steane, 2019)This type of hub is usually capable of generating income by providing space and
equipment for companies and individuaisterested in circular practicesproviding educational
services like workshopsand teambuilding activitiesand sellingsecond handconstruction materials

that can be used for DFprojects this represented with the red arrow in figure The materials
originate from a variety of sources, includitmral building and demolition projects, people and
businesses, andultural events likeexhbits and festival§Buurman, sd)this is represented with the
yellow arrow in figure 7Byusing the network andollaborating with localvaste separation stations
certainquality materials can b# & | @ S R Qcirduld@adivitiésiddver on theircularity framework.
However, some materials cannot be saved and will be transportedhie treatment, represented in

the blue arrow.
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Figure7: ScenaricCircular Craft Centr@wn figure

A circular craft centre consists of collaboration betwe¥ndzf G A LJX S WodzAf RAy3a ot 2C
incorporatesa recycling centre, thrift shop and repair workshop. But other parties that can contribute

to reusesecondary building material&o also take part in thaetwork. There is ayreatopportunity

for an online marketplace where all the materials wilMigible for other local companies and residents

(Werner, Alberts, Verschuuren, & Dierdrop, 2020)
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Thecircular craftcentre is made up of multiple main physical locations that will be briefly discussed
below:

1. Material collector

TheY I G SN&A | £ méareaint iSt@dolRdEa resources, materials, and products independently
from residents to rese as much as possible. Wood, metal, minor chemical waste, textiles, paper, and
cardboard, (big) yarevaste and electrical appliances are only a few examplesaterials that are
collected at the locationPursuant to Article 10.22 of the Environmental Md@ement Acteach
municipality in the Netherlandmust ensure that there is at least one location where residents can
dispose of bulky household waste (municipal recyctegtre). For receiving and stocktaking the
incoming materials that are send in dyetpublic.

2. Dismantling station/ workspace
With the function of dismantling and (re)manufacturing the materials that have been received from
the recycling centre and finally

3. Hardware store or thrift store

The thrift store receives reusabpeoducts and parts for sale, such as: furniture, seebadd bicycles
(and parts), clothing, audio equipment, toys, household items and bdksthere arealso second
hand building materials stores springing up, in the municipalities of Utrecht, Amet,sbo®otterdam.

Mandatorybuildingmaterialhub

In thissecond type of hufthe focus shifts to practices withihe construction sectarThe goal of tis
type ofbuilding material hubs to better cope with construction logistics artbcreaseconstructbn
traffic into the city. This is achieved bgnaking thebuilding material hub mandatoryor several
construction flows forone specific projectHere the materials will be consolidated into week/ day
packagego be more efficient use of the transport cagty, these material flows are represented in
yellow in figure 8

The consolidationn week/ day packagedoes not apply tastructural construction flows like as bulk
and concrete, which are already delivered to the job site on fully loaded trueggesented in green.
These are already quite effectias they areoint-to-point deliveriesBy makinghis type of building
materialhub mandatory, a series of construction hubs will function on the outskirts of the city and the
logistics of all constiction logistics flows, both construction materials and construction equipment per
construction project, are organized via these hlan Rijn, Rondaij, Van Merriénboer, Kin, & Quak,
2020 B) A visual representation of the Bding material hub can be found in figue
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Figure8: Scenario randatory material hubgdapted fromvVanRijn et al., 2020)
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Existing case
There are some cases where the building material isuget up by a maioontractor for one or more

specific projects, in a local work area. In principle, this hub has a temporary character and is not open
to access for third partie§van Luik, 2021)An example of this is BAM's hub for the Zalmtoren in
Rotterdam where the buding materiahub is used for consolidation, buffering and prefabrication.

this particular casethe trucks withstructural elements and concretalso arrive at themandatory
building materiahub firstas his increasd the predictability of the delivey (Rozendaal, 2020)

Circular building material hub

Thethird type of building material hub is the circular building material hub. This is a hub where the
collection, sorting and processing nbulk construction and demolitiowaste to secondary materials
takes placeFurthermore the hub can providétemporary)storage space for secondary materitiat

were harvestedfrom demolition sites and has a secondary logistical funcfltns hub is typically run

by an independent bsiness with a permanent characterhd materias are primarily finishing
materials, such as frames and do@wsd wooden productgVan Merriénboer, Bastein, Rondaij, &
Rabbie, 2022)As theCBMHhas a marketplace function, the secondary materials are sold to suppliers
that resell it for other construction projects (see red arrow in figure 9).
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Figure9: Scenariaircular building materighub (own figure)

Multimodalbuildingmaterial hub

The fourth type is a multimodal material hulffigure 10). Partly due to the EU policy to remove
transport flows from the road, transport modalities other than road transport are liis¢his scenario
Depending on théuildingphase, typeof transport flow and location, other modalities are used where
possible to transporthe building materiaflows. The use of waterand to a lesser extent railequires
multimodal building materiahubs, where the transfer dfuilding materialsand building equipment
takes place from road to water and/or vice versas is represented with the light blue arrow in figure
10. In that case, thduildinghub serves as a decoupling point on the edge of the city from which the
materialandequipment can be transported just-time to thebuildingsite in a bundled manngRijn

et al., 2020) This type ofhub istypicallyrun by an independenbusinesswith a permanent character
that actsasa logistical centr@f various constructiomprojects, supporting a mgater surrounding area
(Van Luik C. , 2021)
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FigurelO: Multimodalbuilding materiahub. Adapted from(VanRijn et al., 202®)

Existing cases

This type of building material hub can be found in Brussel, Belgium. TheRuiliing Material Village'

is a critical link in the transition to @E it is home to construction materials companies that, among
other things, may recycle materials from thigy's destruction of buildings into new building materials

for the city. Furthermore, thaBuilding Material Villagés suitable for businesses who want to take
advantage of thdocation next to the canalDudal, sd) The watervay and the Vergote Dock can
activate inland shipping and contribute towards the huge logistical turnaround that is designed to keep
heavy goods traffic out of the inner city since they carry shipping deep into the heart of the ¢Bpital
Caigny, sd)

Another example can be found in Amsterdam whareltimodal building materialhub has been set
upto facilitate the last mile over water. Because of thifficult accessibility of the construction project
by roadin the centre of Amerdam, the starting point for this projecivas thatall logistics to the
building site will gdy water, unless this is not possil{dan Rijn, Harmsen, Rondaij, & Eckartz, 2020
A). The hub was in Amsterdam North and was accessible by roatidauppliers From there the
supplies were delivered twice a weblta barge that was powered by a hybrid enginklarge part of
the innercity journeys by road consists of transport of $haand light construction material3hese
are transported to the construction site in an electric delivean (Van Rijn, Harmsen, Rondaij, &
Eckartz, 2020 A)

Circular multimodal building material hub

The fifth type is the ecular multimodal building material huff his typology is based on the multimodal
building material hub, buhas that added facilities focollection, sorting and processing nbalk
construction and demolition waste to secondary materiédan Merriénboer, Bastein, Rondaij, &
Rabbie, 2022)Furthermore, his hub can alsgrovide (temporary) storage space for secondary
materials that were harvested from demolition sitd$heprocessedsecondary materials are supplied

to supplies who then resale them for use in other construction projects as part of its market function
(see red arrow in figure 11Thisbuilding material hulhad a permanent character arisl operated by

an independent company.
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BuildingMaterialhub with urban development

This type of building material huhtegrates the construction logistics of anban development of a

city. This carbe assisted by aareaoriented control tower in conjunction with a construction hub
results in more accurate and faster construction logistics processes and reduced construction logistics
traffic within cities due to the high integration of ICT technologies in different developpiegses.

The difference betweethe mandatorybuilding materiahub andthistypology ighat the supplychain
management of all construction flows occurs here at the individual project level (per construction
project) over all construction flows betweethe suppliers of one construction project and the
construction site, rather than across multiple projects that overlap in tifieis type of hub is
characterized with a permanent location central to the urban development of a region and run by an
independat businesgVan Rijn, Rondaij, Van Merriénboer, Kin, & Quak, 202TH®) suppliers are
unloaded without waiting times, the deliveries are consolidated into day packages and are transported
to the construction projects in the@ner cities in the smartest way. Open data is used for this. Products
are also prefabricated on theonstruction hub Furthermore, he construction hubalso serves as a
parking space from which the construction site employees are brought to the constrsite
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Figurel2: Scenario bilding material hutwith urbandevelopment Adapted from(VanRijn et al., 202®)
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Raw building material hub

The raw building material huis a (production) location that is primarily used for {m@cessing bulk

flows, such as concrete, gravel and asphalt. This concerns a collection of companies, often with a high
environmental category, which means that obstadtirclesmust be taken into accountVan
Merriénboer, BasteinRondaij, & Rabbie, 2022)his type of hub is characterised by with a permanent
characterand is run by multiple independebmpanies.

Existing case
Binckhorst is an example where two concrete batching plants, a waste processor and a sand trade are

close by.
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Figurel3: Scenarioaw building material hub (own figure)

CirculaRaw building material hub

Even though they share a common ba#isg,circularbuilding materiahubnd acircular raw building
material hubare fundamentally distinct from one another.@BMHis a point of spatial logistics that
aids in the construction process by providing a central location for the storage and delivery of building
materials. ACBMHis substantially smaller thanarcularraw building material hubDue to the fact

that obstacle circles is a grouping of high environmental category 4+ (HMC4+) firms, it must be taken
into consideration(Van Merriénboer, Bastein, Rondaij, & Rabbie, 202®)ecircula raw building
material hubis frequently sufficient for each big city and/or region due to its @zeeft & Vonk, 2019)
These processem the buildinglogisticsaffect the flows inside and beyond the city, in terms of
deployed vehiclesand frequency of deliveries This hub us characterized by theanufacturing
companies witha high environmentalevelwill be clusteredhat lay a bigger claim on the available
spaceln this locatiorhigh energy demanding facilities like concrete, aspplalitsandthe production

of other materials will béhere. As thesenanufacturing facilitiesvill share theenergy, theaccessibility

to mass energy is a key consideration in tigise of cluster(see red arrowsin circle in figure 18
Furthermore,bulk materialsthat come fromurban mining can beemanufactured in this location.
Urban minings a concept for recovering and hitgvel recycling resources from the built environment
can be used to avdithis wasteful kind of reuse.
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Prefabrication building material hub

In thisfinal typology new (logistical) construction processes, such as prefalcmodarconstruction,

are central.Building with prefab building elements (modular) is widely used, which significantly
reduces the amount of construction logistics flows in the cities. Here, construction work is moved from
the construction site to the @nt of the logistics chain,e.,to the factory/production location. During
construction, the prefab building elements are transported directly from the factory to the
construction site for assembly¥he easiest way to explain the logistics idea that imescthis working
technique is as a logistics chain process, wherein when many prefab building pieces are placed on the
construction site, serial logistics actions are performed. A logistical train between the factory and the
construction site will be creatl by carrying out these operations in succession for an entire series of
homes in a housing project or building layers in a-nesidential building project, allowing for the
application and improvement of logistical optimizatiofy&an Rijn, Rondaij, Van Merriénboer, Kin, &
Quak, 2020 B)

Existing cases
In Dokkum, the firsprefabrication building material hubf DijkstraDraaisma, opened its doors in

2017. On théKanaalbusiness park in Heerenveen, construction company Van Wijnen is constructing
a prefabrication building materighub now. The factory is 15 meters tall and had.d-hectaresize.
Starting in 2022, 4,000 dwellings can be built annually. The plant prodbeesomponents. Small
teams work on assembly on the construction site after that. The homes are entirely modular, allowing
for rapid disassembly and assembly in a different site. The first of five manufacturing halls for the
residential factory being builby Plegt Vos in Almelo's Business Park Twente will be operational in
2022. 6,000 dwellings are intended to be built per y§@rarringa, Juijn, van Heest, & Hagens, 2022)
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2.5Territorialfactorsof CE

Despite globalization, there are still notable variances in economic specialization, competitiveness,
convergence/divergence patterns, and general samionomic differences among territories
(lammarino, RodriquePose, & Storper, 2019)Theseinclude aspects connected to the physical
endowment, such as infrastructure, as well as immaterial assets derived from soeg&fuctions,
such as political and administrative jurisdictions, institutions, cultural values, and gaoording to
Tapia, Bianchi, Pallaske, & Ba&X)21) there are six territoriafactors that shape the closetbop
systems, upon which a territ@i definition of the Chs developed. The factors are: (Bnht-based
factors (2) economicfactors, (3) logisticalfactors (4) technical andknowledgefactors (5) social
factors andfinally (6)governance and institutiondhctors These siexternalfactors are adapted to
analyse theemergence of thelifferent typologiesof (circulan building material hubs this thesisThe
twenty-six sub-factors must be considered as a whole rather than individually in order to fully
understand the concept of eadigpology.Isolated approaches towardhe individual factors might
result in incomplete and, therefore, less effective conceptualizations of the vatygpes of the
(circulap building naterial hubs.

Landbasedfactors

Landbasedfactors emphasize the relevance afatural building resource$o satisfy the growing
demand for(secondaryyaw materialdor a circulatbuilt environmentin the province of Sath Holland

Even thouglenergy andCEransitions may reduce demand for some types of basic raw matetfias,
demand for metals and biological materials is predicted to grow significantly in the next decades as
fossitbased fuels and materials are repdacby alternativebiobasedsources (Bell, Paula, Dodd, &
Németh, 2018)Therefore, lhe availability of secondary and biobased raw materials and (construction)
elements will be an essential starting point for project developrsant the development ofcircular)
building materiahubs Currently, there is a significant concentration of natural resources in buildings
and infrastructure, products, and waste deposits, implying that these accumulations may become
temporary material storage to meet the future deman@anchez & Haas, 2018At a time when
resources are becoming severely scarce, these tedpheric resource reserves can offer a chance for
more environmentally sustainable developnigor at least provide a local alternative to imported,
virgin materials and waste recycliffrook, Svensson, & Eklund, 2Q1&pwever, until the building
stock is fully saturated a mismatch in the availability of circularen flows will occu(Heeren &
Hellweg, 2018)

Central to demolition and construction projects

Typically,there isnot much room on the construction site to stooenstruction materialor waste
until they can be used or disposed of in inoilly construction projects because of the confined spaces.
Therefore the circularconstruction hub can senia the first placeas a storage facilitip deal with the
time variance of supply and deand, makingone-on-one reuse (R3 on-Rdder) feasiblglLoeber &
Snoek, 2020Modular construction also requires the hub to be closé&i®construction sites, because
otherwise logistic become too expensiv&.circular construction hub with @egionalsupply area is
best situated on the outskirts or right outside the city. Locations on the outskirts or close to the city
keeps supply traffc separate from urban traffidvioreover, he location of the construction hub should
be carefully considered in respect to the source of workeos However, he degree of fit of certain
sites and the likelihood of developing a strong business caségiéicantly influenced by the scarcity
of open space and the high cost of lafian Merriénboer, Bastein, Rondaij, & Rabbie, 20ZBp
location of the construction site largely determines the real need for a constructiostitghub. If the
area is densely buitip and difficult to reach with large trucks, it is necessary to deliver to the
construction site with adapted transpofDe Vries & Lundema, 2012)
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Insights to available materials and stas

Building material databases have recently been released to harmonize the current data on building
materials and to enable crosmtional comparisons of research and déterhagen, Sauer, van der
Voet, & Sprecher, 2021Buildings as Material BankBAMB), an Elflnded project, is one of the key
projects in Europe to drastically convert the industry into a circular construction ecarifagmation

about the kind, configuration, volume, and location of materials can berdedd and shared
throughout the value chain by creating a database of materials known as materials passports. This
opens the possibility of generating a market for the reuse of building mateBiatebtaining accurate
information on the materials used ithe current building stock is still a challenge when generating
materials passports. It is not sufficient to know where and what materials are present to ensure that
measures can be implemented to collect and utilize the matefi@san, De Wolf, & Koutamanis,
2021) Besidesthe speedat which the buildings are plotted is still rather sl@woeber & Snoek, 2020)

At best, current estimates are untrustworthy, particularly in the localized contextimmelation to
renovation projects; there is a knowledge gap in knowing the precise context of a building component
so that information about how it is assembled and the changes to its state may be collected to assist
extraction for reuse, repurposing, reanufacturing, or recyclingKoutamanis, van Reijn, & van Bueren,
2018)

Temporary or permanent character

Local governmentsind it challenging to maintain control over the locations and the quantity of
construction hubs in each area when construction hubs are implemented on a wide scale at the
individual project level. This may result in unpleasant circumstances that caussdemble
annoyance in a particular locatiofVan Merriénboer & Rondaij, 2020Y0 be able to play a
fundamental role in the constructionbjective for the next ten years in theegion the permanent
circular construction hulis situated in astrategiclocation. It must be possible to set up the location
"robustly" because it must be used for a longer amount of time (i.e. not briefly or acciderfizdiy)
Luik C. , 2021However, somdocations ae not suited for the permanent intention of a circular
building hub, this is an important for addressing the malojective of the hub and select the most
suitable type of circular building hub to be implement&UCCESS, 2017)

Use of existing hubs

According tovan Merriénboer, Bastein, Rondaij, & Ral@i@22) the conversion of a construction hub
for nonbulk flows into aCBMHrepresents one of the biggegbotentials for increasing the
sustainability of the process of delivering building materials towards a circular process.

Space to expand business

It is necessary to consider the significant use of space for the ldager storage of reusable
secondary building eoponents. Even when spread out amongcsdled satellite hubs, the entire
process from recycling construction and demolitioaterialsto using secondary building materials in
new projects eventually results in a bigger storage requirement in the ovaah ¢/an Merriénboer,
Bastein, Rondaij, & Rabbie, 2022) astudy for thespace requirements for a circulauilding sector
for the Metropolitan Region Amsterdarny Kreeft & Vonk (2019)that a total of 30 to 50 hectares
needs to be added foreaching the circularity ambitions.

Economidactors

Economidactors are referred to aslusters of enterprises, consumers, and/or production elements
required to carry out specifi€Eactivities When diversity and complementarity are crucial enabling
variables, such as in industrial symbiosis programs, industrial agglomerations establish theiaporop
conditions for alliCEprojects(Brown, Bocken, & Balkenende, 2019)
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Economies of scale can also help with the recovery ofValue materials that require large volumes

to keep the reclamation facilities financially viablt is generally understood that thivwer the
material's value, the greater the quantity required for a profitable prog@sdler, Towa, Degrez, &
Achten, 2019)As argued bRremoy, Wandl, Ceric, & Van Timmer@919)the CEshould be designed

and executed structurally and on a large scale, expanding beyond cities, to produce a resfbcieet

built environment. Local governments, individuals, and other stakeholders will require a collaborative
and sciencénformed decsion environment to create diverse waste and resource management
choices and analyse their implications on the environment, resilience, spatial quality, and quality of
life to achieve thisFurthermore, there is great pressure on existing manufacturingkgp@r South
Holland through space claims from the housing crisis, energy transition and climate adaptation. In
addition, there is still an expansion demand for industrial estéEsBouwcampus, 2020)

Operational scale

Thissubfactorrelates to the capacity and theperational scale of théub. According to De Vries &
Ludema (2013) the operational scale of the hub is an important variabli relates to thecapacity
for storage of materials and space foarking trucksand trailers The operational scale of the hub is
also determined by the range of ZE vehicles (electric truvelss,and cargo bikeg)Van Luik C. , 2021)

Facilities on Radder

Various parties are currently experimenting with the mechanical recycling of material fractions in
concrete. For example, the knowledge platform CROW has developed a method with which sand and
gravel fractions can be recovered from used concrete, and tite Eroup has developed a technique

with the Smart Liberator for recycling ceme{@E Delft, 2020)n addition to mechanical recycling,
thermal recycling is also possible. With the combination of mechanical and thermal #rtgm
concrete rubble can in theory be completely recycled into individual fractions.

Business case

According to Loeber & Snoek (2028positivebusiness case is whetiee CBMH's success begins. If a
hub is solely losing money, it is not serving itsmaed purpose. For firms to be willing to operate one,

it must have a compelling business rationale or at the very least be cost neutral. According to a recent
study on circularity in the built environment, haviagundefinedbusiness case is the biggesistacle
(Adams, Osmani, Thorpe, & Thornback, 20Agording to TNO (2022), to achieve a positive business
case for circular reuse of ndryulk construction and demolition materials, operating on a regional scale

is required tocover the transport cosand the high land pricesWithin the different typologies of
Building Materiahubs theamount of circular business cases varies.

Connecting supply and demand

Temporary storage to bridge the supply and demand of secondary mat&@isiderable use of space

for the storage of reusable secondary building materials for a longer period of time must be taken into
account(Van Merriénboer, Bastein, Rondaij, & Rabbie, 2022)

Logisticafactors

Powerful CEnetworks may notonly involve marketsin terms ofsize and shapeClosingbuilding
material loops also necessitatbasinesseblaving easy access to secondary materials angrbgiucts

as it can greatly affect running expenses of firms adaptincular business models or participating in
industrial symbiosig¢Holgado & Aminoff, 2019)ndustrial symbiosis is a branch of industrial ecology
that brings together historically separate organizations in a cooperativatefi gain a competitive

edge through the physical interchange of materials, energy, water, aqpldijucts. Collaboration and

the synergistic opportunities given by geographic closeness are the keys of industrial symbiosis
(Chertav, 2000) Another driver of accessibility factorsmérastructure facilitatess it determineshe
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efficiency oftransportation and reallocation of stocksAs argued bialinauskaite, et a(2017)having

in place efficient(inter)national transportation systems and logistic hubs can be significantly
advantaged when it comes to triggering the economies of scale related to for example the processing
of secondary raw materialand/or low value waste déection and recycling.However, a stated by

TNO (2022)due to the poor economic worth of many building materials, the viability of reuse is
immediately constrained by an increase in logistics costs

The port area of Rotterdam is of course an importiamport location for the province of South Holland,
importing wood now takes place a lot from within Europe and follows the Rhine and Waal. In addition
to the North Sea route, much use will be made of the Dutch inland waterways to supply raw materials
and materials for constructiorfVan Schaick, 2021)

Accessibility to main road network

De Vries & Ludema (201&)gued that the accessibility the road was aleterminingfactor for the
location of the construction huliGiven the elatively heavy vehicles that are used to supply the hub, a
location at a (very) short distance to the main road network is importéf/tien the location of the

hub ison the edge or just outsidef the city, it pevents supply traffic from mixing witlrban traffic

(Van Luik C. , 2021¥oreover, if approach routes to the construction site have limited capacity or
vehicle restrictions apply, the hub can bundle loads and thus reduce the number of trips to the actual
constructon site.

Accessibility to water quay

De Vries & Ludem@012) also tooknito account the accessibilityia the water as a determining factor

for the location of a construction hublhis is especially useful for transporting (bulk) materials
between thehub and building sites (if these are located on the water). Because transportation by
water is not always practical, everything associated to water gives the location an added bonus but is
not a requiremen{Van Luik C. , 2021)nly a watetbound construction hub with extensive harvesting
('urban mining") and circular reuse of building and demolitinaterialsmight be necessary from a
logistical cosviewpoint(Loef, 2021)

ZeroEmission zones

According to the Climate Agreement, thirty to forty larger municipalitiethe Netherlandswill begin
implementing mediurrsized zereemission(ZE)zones for city logistics as of 20ZBero Emissie
Stadslogistiek, @20) TheZEzone is the geographical area in a city to which this declaration of closure
applies, and certain vehicles are not allowed to drivéferent municipalities within the province of
South Holland are implementing ZE zones at varying ratesimplementation oZEZones in smaller
municipalities has received little to no attention, in contrast to thd@municipalities that are actively
working on this. It is also remarkable that the towns that do not create ZE zones are also startlingly
ignorant of the effects that these ZE zones do h&van Luik, Lubberding, Peskens, Jesus, &
Regterschot, 2021)fo permit the usage afEvehicles, the distance to the circular construction hub
must not be too considerable (icks, delivery vans, cargo bikes).

Logistical information system

There are various options for shaping collaboration. For example, the LCCC in London started as a
partnership between various companies from the construction logistics chain gavdrnment
authorities. A construction company in the Netherlands that has investigated the possibilities of using

a dedicated construction logistics hub has held talks with a logistics service provider, an ICT supplier
and several supplierddere he ICTsupplier supplies the ICT system to establish communication
between the various parties (wellased).The municipality employs a model for logistical forecasting

in both Rotterdam and Amsterdam. With the help of this model, a prediction for (big) constucti
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projects and the associated construction traffic may be made (both passenger and freight traffic in the
various construction phases). The model reveals whether and where in the road network accessibility
or safety bottlenecks occur. These results migiampt actions to scale back transportation or to
suggest a less obtrusive path for construct{dan Luik C. , 2021)

For information sharing regarding the logistics process connected to the tactical and operational
planning d the construction process, the construction sector now lacks good supportindpECBes,
et al., 2018)

The lack of coordination between the numerous parties involved is a significant issue in the building
industry. Therefoe, acomprehensive planning software #dso necessary to make this better. To
coordinate their operations, everyone involved in this will need to communicate inform@dileuigel,

et al., 2021)

Technologicaandknowledge factors

In today's dynamic business environment, decigioakers are frequently faced with the task of
gaining a competitive advantage over their competitors. Technetbigien, innovatiorbased
competition tactics are frequently used to seek apbmote competitive advantag€Grillitsh &
Asheim, 2018)Not only doinnovation intechnologies enable the adoption GfEactivities along the
value chain, but they also play a crucial role in unlocking the market fevddwe secondary materials
(Jawahir & Bradley, 2016lhe significance of new technologies in supporting circular transformations
and as a crucial facilitator for industrial variatiob.connects automation and data exchange to
industrial production using smart sensors, big data, the internet of things, automation/robotics, and
other technologies. Existing products and processes develop in intelligence and effillenegver,
manufacturing processes are becoming smaller, quidéms destructive, and more diffused because
of technological advancemen{slatuka, Berloseph, & Peterson, 2017)

Changing constructiomethod

The firsttechnological factor is the changing construction method in the Netherlahtsdular
construction {nhdustrialisatiol enhances the possibilities of of®&-one reuse ofconstruction
materials and can have a positiaddition the scaling of a circulbuilt environment in the province of
South HollandThis necessitates tHarge production locationsstorage facilities, specialized vehicles,
as well as other things likeide accessoutes. This form of building goes hasid-hand with an increase

in prefab costructions and standardized and modular building parts. In the long run, this could have
consequences for the net use of materials in residential construction, if efforts are made in time to
facilitate the reuse of modules in residential constructigh'an Merriénboer, Bastein, Rondaij, &
Rabbie, 2022)Thecircular construction hubs can play a big role in facilitating (ttief, 2021)

Innovation and product development

According to(Warringa, Juijn, van Heest, & Hagens, 2@Bgje is a clear trendh using einforced
concretein more circular waysnd biobasedmodular construction A common factor in this shift will

be the goal to lower CO2 emissiofi$ie usage ofeinforced concrete might be largely replaced by
modern timber construction, which is a renewable material. Gtassnatedtimber construction
(CLT), timber frame construction (HSB), and timber module construction (HMB) are the three most
popular types ofwood building(Centrum Hout, 2021)Timbermodule construction combines cross
layer and timber frame constructiosimilarly,to the concrete chain, prefabricated components are
assembled on the construction sit€ompared toa terraced house built based on a concrete
construction, CO2 emissions fall by about 30% (Centrum Hout, 2021). When the CO2 captured in wood
also counts as negative emissions, this rises to more than %@%ge, prefabricated building
components need to beansported frequently when using modular construction.
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However, he province of South Holland does not have forests to provide the wood and time to grow
trees on this regional sca{®an Schaick, 202150 next to the use afecondary materials and biobased
materials from the region of South Holland, importing biobased materials like wood will be necessary
to deal with the demandSirce January 1, 2022, the Russian government has imposed export
limitations that have an impaabn wood imports from Russia. Timber imports from this region of
Europe are at a standstill due to European sanctions on Belarus and Russia as well as the conflict in
Ukraine.lIt is anticipated that the other woogroducing nations, particularl$candinavia, Germany,

and the Baltic States, will only be able to take in a small portion of this valdmtblad, 2022)

Balanced mix of knowledge and skills

The availability of legal and technical capability, skills,iafedmation, as well as access to advice and
the ability to gather and absorb knowledge, are known as knowledge factors. For corporations,
governments, and individuals, knowledge considerations are equally important. These considerations
become essentiahi the private sector for the creation of more sustainable products and services
through initiatives such as edatesign, life cycle thinking, and circular business moghds Jesus,
Antunes, Santos, & Mendonca, 2018} statecby (Marra, Mazzocchitti, & Sarra, 2018)arger body

of knowledgeis required to pasinformation from micro to macro level policies for CE, as well as a
deeper integration of varied skillRegional places with the most batad mix of knowledge sources,
encompassing symbolic and analytical aspects of knowledge, have been the most innOVEtdeS i 2 z
& Kadlec, 2018However due to digital knowledge sharing, the physical clustering of knowledge is no
always requiredDe Bouwcampus, 2020)

Resource sharing

Collaboration across enterprises in the (higleh) value chain is becoming increasingly vital to stay
innovative and competitive. This leads to others shadogpany premises, amenities, and services
at the location leve(Stec Groep, n.d.)

Social factors

The execution of circular transitions and the acceptance of circular consumption relaipaiblicQ a
understanding and congrueadetween public and governmaeattinterpretationsof the CHBorrello,
Caracciolo, Lombardi, Pascucci, & Cembalo, 20hé)likelihood of a shift to circular construction and
demolition decreases if there is little understandithat there are issues with resource scarcity, poor
waste management, or emissions.

Initiator

According to Loef (2021) there are many reasons to init@teular business modeld.he most
important motivations for public parties are to play an exemplary rokhilenging the climaterisis
They see iccularity as a sustainable source of employmeamtd making an impact through SRP.
Furthermore, ontractors are mainly driven by stomer demand and ambitions of public parties. In
addition, it has been found thdbr contractors the intrinsic motivation of sustainability pioneers has
played an important role to act in the field of circular constructidimere are social entrepreneurs
bottom-up urban developmentThese actors strive to provide social benefit while challenging
established institutions because they are dissatisfied with conventional procedures and are taking
advantage of opportunities presented by the 2008 financiédi€(Mens, van Bueren, Vrijhoef, &
Heurkens, 2021)

Public awareness

Publicawarenessonsiders the perception of theublic government,and market on circularity in the
built environment Van Buren et al. (2016) claim thainsumer and logistics industry awarenassut
circularity and optimizing construction flows underdeveloped. This lack of urgency precludes a
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widespread transition to circular building and demolition, and it places the onus of driving change on
businesses with longerm goals (IMSA Amsterdam, 201i8)2017the Green Deal Sustainable Logistics

in Construction (DLByas launchedhat focuses mainly on increasing awareness in the chain and
optimizing construction logistics processes, especiadlysport(GreenDeal, 2017)

White label

In previous study the term shared hub was use as a definition for a construction hub that wdemsed
multiple construction sitedt was uses a one of the variables for the realisatbaconstruction hub
(De Vries & Lundema, 2012lhe Some transportersf construction materialare equipped with
dedicatedstorage, making them capable of serving as their own kdwever, tansporters also see
chances in'white labeling,"their hubs,which enables the delivery of bundled items from many
suppliers to building sites in a single, tiksaving journey This already happerfsequently in bulk
deliveries(De Vries & van Duin, 2021)

Type of clients

According to Loef (2021), there is a wide variety of motivations among public organisations, housing
associations, project developers, contractors and within the organization categories itself to ask for
circularity during construction pjects. Increasinglysociallyresponsible procurement and tendering
practices include circularity. Because it is viewed as a source of employment, circular construction is a
top priority in the big cities (Rotterdam and Amsterdam). The topic can devedagpegradministrative

ability and, as a result, be profiled more effectively in the implementation of the circular policy by
taking a more holistic approach to(itoef, 2021)Next to that the involverrent of all partiesin the
processin a timely matter after the start of the project important, fromarchitect to skilled worker

on the construction siteensuringsupport throughout thewhole team(De Beset al., 2018 Ludema,

2013)

Governancédactors

Governance and institutional factors helpferilitate the circumstances foCEactivities to take root

and materialize in real act¢Kanda, del Rio, Hjelm, & Beinkowska, 2008)e of the five sectors
emphasized by the EU amti plan on reducing transit loops to CE is "construction and demolition”
waste(European Commission, 202®etting recycling standards for building and demoliti@ste, as

well as embracing eedesign to increase competitivess and reduce waste output, are the top
priorities at this levelGovernance and institutional arrangements not just to encourage the adoption
of CEprincipals, but also the development of other variables such as information spreading and
enhanced collab@tion among businessefNiesten, Jolink, Lopes de Sausa Jabbour, Chappin, &
Lozano, 2017)

Environmental zoning category

Environmental zoning is the creation of a necessary spatial separation between environmentally
harmful and environmentally sensitive functions in order to protect or improve the quality of life
(Kenniscentrum InfoMil, sdYhepublication Companies and Environmental ZonefviyG, 2009is
animportant standard work for environmental zoning. The publication indicates for many industries
and installations: which environmental issues can play a role and which average distances to residential
buildings are 'appropriate The environmental zoninghat makecertain (re)manufacturingactivities
possibleon locations. Intable 4 an overview of the different categories
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