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Abstract This chapter presents a deep discussion of the recent case studies on
implementation of best practices and strategies for the circular economy, and an
integrated approach to CE management in the built environment. The case studies
were evaluated by the following aspects: Design for Circular Economy; Resource
Optimization; Collaborative Approaches; Digital Technologies; Policy and Regula-
tory Frameworks; Consumer Engagement; Life Cycle Assessment; Circular Busi-
ness Models; Smart Monitoring and Evaluation; Stakeholder Collaboration. These
studies indicated the diversity of best practices in CE management in different fields.
On the other hand, a strategic planning and collaborative development of circular
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practices with relevant stakeholders are crucial for the effective development and
implementation of circular capabilities and initiatives in the built environment.

Keywords Circular economy *+ CE management - Built environment -
Implementation + Circular materials - Stakeholder

23.1 Case Studies—Best Practices in Management

Circular economy (CE) management refers to the implementation of best practices
and strategies aimed at achieving CE within organizations, industries, and societies. It
involves adopting a holistic approach to resource management, focusing on reducing
waste, maximizing resource efficiency, and promoting sustainable production and
consumption patterns.

Best practices in CE management encompass various aspects, including:

Design for Circular Economy;
Resource Optimization;
Collaborative Approaches;

Digital Technologies;

Policy and Regulatory Frameworks;
Consumer Engagement;

Life Cycle Assessment;

Circular Business Models;

Smart Monitoring and Evaluation;
Stakeholder Collaboration.

23.1.1 Design for Circular Economy

Incorporating principles of circularity at the product and process design stage, consid-
ering factors such as material selection, durability, recyclability, and reparability.

Case Study I Design for Circular Economy: The Circle House

The Circle House project, commissioned by Lejerbo, is pioneering the
construction of the first social housing units based on circular principles. This
ground-breaking approach ensures a higher level of flexibility throughout the
building’s lifespan, with 90% of its materials designed to be disassembled and
reused at a significant value.
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The Circle House project consists of 60 social housing units in Lisbjerg
(Aarhus, Denmark) and represents three typologies: a mix of two- and three-
story terraced houses and 5-storey tower blocks with an overall 100 m? of
communal facilities. The building density on site is 65-80%.

Lisbjerg is a development zone focusing on sustainability. Thus, the Circle
House is designed and built according to the principles of the Circular
Economy. Therefore, it becomes a scalable lighthouse project that will bring
new know-how about circularity in architecture and construction to the building
industry. The objective is that 90% of the building materials can be reused
without appreciable loss of value. To enhance the re-usability, the structural
system is limited to a few different elements: two sizes of wall elements and
two lengths of beams and deck elements. The approach is rooted in the 15 prin-
ciples within the categories Design for Disassembly, Material ID and Circular
Economy, which have been developed as guidelines and strategies for imple-
menting reuse and circular economy in the building industry. Accordingly, the
Circle House consists of a range of building systems that can be disassem-
bled, reused or reassembled into outer buildings while the value is preserved.
Thereby, great architectural freedom and creativity are achieved in terms of
material selection and circular construction.

A project like Circle House makes cross-industry collaboration necessary
in order to enable a circular building practice. Accordingly, the entire value
chain of the building industry needs to be engaged. The project Circle House
involves more than 60 Danish companies from the construction sector. It was
made possible by the funding’s from the Danish Environmental Protection
Authority and the Realdania philanthropic association.

23.1.2 Resource Optimization

Maximizing the use of resources through strategies like recycling, remanufacturing,
and refurbishment. This involves minimizing waste generation and extending the
lifespan of products and materials.

Case Study II Resource Optimization

The case study centers on the construction of a three-story building, where the
basement is designated for parking, and the remaining two stories consist of
residential flats. The project involves a variety of interconnected activities with
different dependencies, highlighting the significance of resource management
for successful project execution [1].
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Organizing and training the project team: Human resource manage-
ment plays a vital role in ensuring exceptional project achievements. Proper
organization and training are crucial for team efficiency and performance

Equipment resource management: Careful selection of equipment is essen-
tial for cost control and timely completion. Factors such as availability,
mobility, versatility, suitability, and equipment capability must be considered.

Material resource management: Timely provision of materials in the right
quantities and locations is crucial for achieving scheduled production levels at
minimum cost. Monitoring material information and flow is key to effective
material resource management.

Resource levelling technique: Resource levelling ensures a balanced distri-
bution of resources to avoid exceeding availability. It aims to maintain uniform
resource levels during peak and off-peak periods. Labor and equipment
resource management are fundamental parameters in resource levelling.

Techniques for resource levelling: Fast-tracking, crashing, delay-critical
path tasks, extend-critical path tasks, non-sequential task divisions, authorized
overtime, and MS Project are used to optimize resource allocation and meet
project goals.

Resource Levelling with MS Project: MS Project offers a comprehen-
sive resource levelling feature for efficient project management. By inputting
resource schemes, activity types, and dependencies, MS Project enables
automatic or manual resource levelling. It provides flexibility to resolve
resource conflicts through activity delays, additions or removals, resource
reassignments, and dependency adjustments. Manual resource levelling is
recommended for better alignment with real-world conditions.

The case study concludes that manual resource levelling using MS Project
is the preferred option due to its flexibility and ability to consider on-site condi-
tions. Extending activity durations to address resource overallocation is accept-
able. However, MS Project does not allow a single resource to be allocated to
parallel activities. The study emphasizes the productivity and efficiency of MS
Project, particularly for small construction projects with limited resources.

Recommendations: Based on the findings of this case study, it is recom-
mended that project managers utilize MS Project for resource levelling and
enhance productivity in construction projects. Regular checks and revisions
of the project schedule are necessary to align with real-world conditions.
MS Project’s features enable optimal resource allocation, ensuring timely
completion and cost control.
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23.1.3 Collaborative Approaches

Encouraging collaboration and partnerships across value chains to promote resource
sharing, product-service systems, and closed-loop systems. This includes estab-
lishing networks for material exchanges and fostering collaborations among different
stakeholders.

Case Study III Collaborative Approaches

One of the newest examples of industrial symbiosis is the Port of Rotterdam
in the Netherlands [2]. The port has developed an innovative circular economy
program called “Rotterdam Circularity Program” that aims to transform the
port into a sustainable and circular hub.

Under this program, various initiatives have been implemented to foster
industrial symbiosis and resource efficiency. For example, waste heat from
the refining and chemical industries is captured and used to provide heating
for nearby buildings and greenhouses. The excess CO, emissions from indus-
trial processes are captured and transported to greenhouses for enhanced plant
growth. Additionally, residual heat from data centers is utilized to warm water
for local households.

Through these collaborative efforts, the Port of Rotterdam is creating a
circular ecosystem where waste streams are turned into valuable resources,
reducing environmental impact and promoting a more sustainable economy.

23.1.4 Digital Technologies

Utilizing digital innovations, such as the Internet of Things (IoT), Artificial Intelli-
gence (Al), and blockchain, to enhance resource tracking, supply chain transparency,
and product traceability, enabling better management and optimization of resources.

Case Study IV Digital Technologies

Blockchain technology is mentioned as a potential enabler for circular economy
practices. It can provide transparency and traceability in supply chains, facil-
itate material and product tracking, and enable secure transactions in circular
business models [3].

One example of utilizing blockchain technology for circular economy prac-
tices is the Plastic Bank initiative. Founded in 2013, the Plastic Bank aims to
reduce plastic waste in the oceans while creating socio-economic opportunities
for communities in developing countries.
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The initiative utilizes blockchain technology to create a transparent and
traceable system for recycling plastic waste. Local communities can collect
plastic waste and exchange it for digital tokens, which can then be used to
purchase goods and services. The entire transaction process is recorded on the
blockchain, ensuring transparency and accountability.

By using blockchain technology, the Plastic Bank provides a secure and
reliable platform for plastic waste collection, recycling, and monetization. It
enables individuals to become active participants in the circular economy by
incentivizing the proper disposal of plastic waste and promoting its recycling
and reuse.

23.1.5 Policy and Regulatory Frameworks

Implementing supportive policies and regulations that incentivize circular practices,
such as extended producer responsibility (EPR) schemes, tax incentives, and waste
management regulations.

Case Study V Policy and Regulatory Frameworks

The European Union’s Waste Framework Directive, which sets out waste
management principles, including waste prevention and recycling targets, is
considered a best practice in circular economy policy.

One of the newest examples of policy and regulatory frameworks promoting
the circular economy is the European Union’s Circular Economy Action Plan,
adopted in March 2020 [4]. This plan builds upon the Waste Framework Direc-
tive and sets ambitious targets and measures to transition Europe to a more
sustainable and circular economy.

The Circular Economy Action Plan includes a wide range of initiatives and
policies to promote waste prevention, improve resource efficiency, and foster
the transition to CE. It sets targets for recycling and reducing waste, encourages
eco-design and product durability, promotes the use of secondary raw materials,
and aims to tackle key sectors such as plastics, textiles, and electronics.

The plan also emphasizes the importance of sustainable production and
consumption patterns, innovation, and investment in circular economy projects.
It aims to create a supportive regulatory framework that encourages businesses,
consumers, and governments to embrace circular practices.

By implementing this comprehensive policy and regulatory framework, the
European Union seeks to accelerate the transition to CE, reduce environmental
impacts, create new business opportunities, and promote sustainable growth.
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23.1.6 Consumer Engagement

Educating and engaging consumers in circular behaviors, such as reuse, repair, and
recycling, and promoting sustainable consumption patterns. This can be done through
awareness campaigns, product labelling, and consumer incentives.

Case Study VI Consumer Engagement—Whole House Reuse

One of the newest examples of consumer engagement in the building industry is
the “Whole House Reuse” campaign launched by the Building Materials Reuse
Association (BMRA) in New Zealand [5]. The campaign aims to raise aware-
ness among homeowners and builders about the environmental and economic
benefits of reusing building materials.

The “Whole House Reuse” campaign promotes the concept of deconstruc-
tion, which involves carefully dismantling a building to salvage reusable mate-
rials instead of demolishing it. By emphasizing the value of reclaimed materials
and the importance of diverting construction waste from landfills, the campaign
encourages homeowners and builders to consider reuse as a sustainable and
cost-effective option.

Through educational resources, case studies, and partnerships with industry
stakeholders, the campaign provides information and support to those inter-
ested in incorporating reuse practices into their building projects. It high-
lights the environmental benefits of reusing materials, such as reducing carbon
emissions and preserving natural resources, while showcasing the potential
cost savings and unique design opportunities that arise from using reclaimed
materials.

By engaging consumers and promoting the reuse of building materials,
the “Whole House Reuse” campaign contributes to the circular economy by
extending the lifespan of materials, reducing waste, and fostering a more
sustainable approach to construction and renovation.

Case Study VII Consumer Engagement—Reducing Waste in Fit-Out
Processes through AI-Enabled Reuse [6]

The construction sector faces a critical challenge in reducing waste gener-
ated during fit-out processes to achieve net zero carbon targets and minimize
environmental impact. Time pressures often hinder the reuse or recycling of
materials, resulting in a significant increase in carbon footprint. To address this
issue, the ‘LINK’ project, funded by Innovate UK, aims to revolutionize waste
reduction in fit-outs using artificial intelligence (AI) and machine learning.
By rapidly identifying reusable materials and connecting those who wish to
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dispose of materials with those in need, the project aims to facilitate the CE
approach and decrease waste in the construction sector.

The primary objective of the ’LINK’ project is to develop a mobile app
that enables the rapid listing of reusable materials. The project aims to engage
all stakeholders in the fit-out and interior design sector to transform the reuse
process and establish it as the norm in construction. By harnessing digital
technology, the project seeks to revolutionize the way materials are reused,
promoting sustainability and reducing waste throughout the industry.

Industry Workshop: The project partners hosted an industry workshop to
gather insights on challenges and opportunities in March 2023. The workshop
was held online. It invited stakeholders from the fit-out and interior design
sector, including designers, clients, manufacturers, contractors, and individuals
passionate about promoting reuse. The workshop aimed to explore the potential
of digital technology and identify key drivers and success factors in making
reuse a common practice.

Workshop Program: The workshop featured presentations covering various
aspects of sustainability, reuse, and the role of Al in revolutionising the industry.
The presentations include.

Sustainability for Finishes and Interiors: lain Mcilwee, CEO, and Flavie
Lowres, Sustainability Champion, Finishes and Interiors Sector (FIS).

The workshop also included interactive discussion groups focusing on
information needed for facilitating reuse and exploring the roles of different
stakeholders in achieving higher levels of reuse.

Workshop Registration and Contact: Interested participants can register for
the workshop, and attendance is free of charge. The project team welcome indi-
viduals who are passionate about promoting reuse or seeking more information
about the project.

23.1.7 Life Cycle Assessment (LCA)

Conducting comprehensive assessments of the environmental impacts of products
and processes throughout their life cycles to identify areas for improvement and
inform decision-making.

Case Study VIII Life Cycle Assessment [7]

This case study focuses on the development of comprehensive circular
economy (CE) indicators for port clusters, aiming to support port managing
bodies (PMBs) and stakeholders in monitoring the transition towards CE [2].
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The study utilizes a multimethod qualitative research approach, including
content analysis, focus groups, a gap analysis, and a qualitative survey, to
establish a set of 12 actionable CE indicators for ports. The feasibility and
relevance of these indicators are evaluated, highlighting seven highly feasible
and five moderately feasible indicators. Additionally, the study discusses the
limited CE ambition levels of PMBs and variations in indicator values across
different port typologies. The findings of this study provide practitioners with
an actionable set of key performance indicators (KPIs) to support their efforts
and communication related to the circular economy transition in port clusters.

The transition towards CE in port clusters is gaining importance in facili-
tating regional and global transport within circular production chains. However,
there is a lack of in-depth research on the development of circular economy
indicators specifically for port areas. This case study aims to address this gap
by developing a comprehensive set of relevant and feasible CE indicators to
monitor the circular economy transition in ports.

Methodology: The case study employs a multimethod qualitative research
approach. Content analysis, focus groups, a gap analysis, and a qualitative
survey are conducted to gather data and insights. These methods allow iden-
tifying relevant CE indicators and assessing their feasibility and stakeholder
relevance.

Development of CE Indicators for Ports: Through the research methods
employed, a list of 12 actionable CE indicators for ports is developed. These
indicators cover various aspects of the circular economy, including resource
efficiency, waste management, reuse, and stakeholder engagement. The indi-
cators are categorized based on their feasibility, with seven identified as highly
feasible and five as moderately feasible.

Findings: The study highlights two key findings. Firstly, it reveals the
overall limited CE ambition levels among PMBs, indicating a potential area for
improvement in promoting circular economy practices. Secondly, variations in
indicator values are observed across different port typologies, suggesting the
need for tailored approaches to circular economy implementation in diverse
port settings.

Value for Practitioners: This case study provides practitioners with an
actionable set of CE indicators that can support their efforts and communi-
cation regarding the transition to CE in port clusters. The identified indicators
enable PMBs and port stakeholders to monitor progress, identify areas for
improvement, and effectively communicate their circular economy initiatives.

Developing comprehensive CE indicators for port clusters enhances the
monitoring and evaluation of the circular economy transition. By offering a set
of relevant and feasible indicators, this case study empowers practitioners to
drive the implementation of circular economy practices in ports. The findings
highlight the importance of strengthening CE ambition levels and tailoring
approaches based on port typologies. The study underscores the continual
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contribution of life cycle assessment in advancing the circular economy in the
built environment and presents a proposal for a circular and sustainable future
in the sector.

23.1.8 Circular Business Models

Adopting innovative business models, such as product-as-a-service, sharing economy
platforms, and leasing arrangements, which prioritise access over ownership and
promote resource efficiency.

Case Study IX Circular Business Model—The Circular Retrofit Lab

in Brussels, Belgium

The Circular Retrofit Lab is an innovative project based in Brussels, Belgium,
that focuses on applying circular economy principles to retrofit existing build-
ings. It is a collaborative initiative between various organizations, including
research institutes, industry partners, and government agencies.

The pilot project tested and implemented different scenarios for reusing and
refurbishing the VUB Campus’ prefabricated student housing, without gener-
ating a large amount of waste. Strategies have been explored for internal trans-
formations, external transformations, and the module’s multiple functional
reconfigurations.

Depending on their expected rate of change in the floor plan, three different
types of walls were defined, analyzed, constructed and transformed: walls with
(1) a high rate of change, (2) a high degree of flexibility for the integration of
technical infrastructure and (3) a low rate of change.

The project aims to transform traditional linear renovation processes into
circular ones by adopting strategies such as:

® Material Recovery and Reuse: The Circular Retrofit Lab explores ways
to recover and reuse building materials from demolition sites or renova-
tion projects. Materials such as bricks, concrete, and wood are carefully
deconstructed, sorted, and prepared for reuse in future building projects.

® Value Chain Collaboration: The project encourages collaboration among
different stakeholders in the construction value chain, including archi-
tects, contractors, material suppliers, and waste management companies.
This collaboration enables the identification of opportunities for material
recovery and facilitates the development of innovative circular business
models.

® Design for Disassembly: The project promotes Design for Disassembly
(DfD) the concept, which involves designing buildings and components
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with easy disassembly in mind. This enables the separation and reuse of
materials at the end of a building’s lifecycle, reducing waste and maximising
resource efficiency.

e Circular Procurement: The Circular Retrofit Lab incorporates circular
procurement practices by sourcing materials with high recycled content and
low environmental impact. This encourages the use of sustainable materials
and supports the market for circular products.

® Knowledge Sharing and Capacity Building: The project organises work-
shops, seminars, and training programs to share knowledge and build
capacity among professionals in the construction sector. This helps dissem-
inate best practices and encourage the adoption of circular approaches in
building retrofit projects.

e The Circular Retrofit Lab serves as a demonstration and research platform
for circular retrofitting, showcasing innovative techniques and technologies
that can be replicated in other building projects. By integrating material
recovery, collaboration, DfD principles, circular procurement, and knowl-
edge sharing, the project contributes to the advancement of circular economy
practices in the building industry

Case Study X Circular Business Model—The BLOXHUB Circular
Building in Copenhagen, Denmark [8]
The BLOXHUB Circular Building is an innovative construction project located
in Copenhagen, Denmark. It is a collaborative initiative between BLOXHUB, a
Nordic hub for sustainable urban development, and a group of industry partners.
The circular business model employed in the project focuses on the
concept of “demountable construction,” aiming to maximize material reuse
and minimize waste generation. Some key features and practices include:

® Modular Design: The building is designed with modular elements that
can be easily disassembled, allowing for the reuse of materials in future
construction projects. The modules are carefully documented and labelled
to ensure efficient disassembly and reassembly.

® Material Passport: Each component used in the building is assigned a unique
identification code, which is recorded in a digital material passport. This
passport contains detailed information about the origin, composition, and
quality of the materials, facilitating their future reuse and recycling.

® Material Reuse and Recycling: The project prioritises the use of recycled
and reused materials, including timber, bricks, and insulation. These mate-
rials are sourced from existing buildings, construction waste, and local
recycling facilities.
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® Circular Collaboration: The BLOXHUB Circular Building serves as
a collaborative space for various stakeholders in the building industry,
including architects, engineers, contractors, and researchers. This fosters
knowledge sharing and innovation in circular construction practices.

e Life Cycle Assessment: The project utilises life cycle assessment method-
ologies to evaluate the environmental impacts of different design choices
and construction techniques. This allows for informed decision-making and
optimisation of resource use.

The BLOXHUB Circular Building showcases how circular business models
can be applied in the building industry to promote resource efficiency, reduce
waste, and enable material reuse. The project exemplifies the transition towards
a more circular and sustainable built environment by integrating modular
design, material passports, collaboration, and life cycle assessment

Case Study XI Circular Business Model: Resource Optimisation [2]

The Ellen MacArthur Foundation’s report on the circular economy in
cities highlights the case of Amsterdam’s circular economy program [9]
which includes initiatives like recycling construction and demolition waste,
promoting circular procurement, and implementing material passports for
buildings to enable future reuse.

This program encompasses various initiatives aimed at promoting circu-
larity in the city. Some key initiatives mentioned in the report include:

® Recycling Construction and Demolition Waste: Amsterdam has imple-
mented strategies to promote the recycling of construction and demoli-
tion waste. By diverting waste from landfills and reintroducing materials
back into the economy, the city aims to reduce resource consumption and
minimise waste generation.

e Circular Procurement: The city of Amsterdam has embraced circular
procurement practices, which involve sourcing products and services that
have a lower environmental impact and can be easily reused or recy-
cled. Circular procurement supports the development of CE by stimulating
demand for circular products and services.

® Material Passports for Buildings: Amsterdam has introduced the concept of
material passports for buildings. Material passports provide detailed infor-
mation about the composition and characteristics of building materials,
enabling efficient and safe dismantling and future reuse. This approach
facilitates the circularity of building materials and promotes the transition
towards a more sustainable built environment.
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The case of Amsterdam’s circular economy program serves as an example
of how cities can implement a range of strategies and initiatives to foster circu-
larity. By adopting measures such as recycling construction waste, promoting
circular procurement, and implementing material passports, Amsterdam is
striving to create a more sustainable and resource-efficient city

23.1.9 Monitoring and Evaluation

Implementing monitoring and evaluation systems to track progress, measure the
effectiveness of circular initiatives, and identify areas for continuous improvement.

Case Study XII Smart Monitoring and Evaluation for CE
Implementation at University of Birmingham Campus Building

The University of Birmingham (UK), in partnership with Siemens, is
combining digital sensor and analytics technologies, artificial intelligence,
decentralized energy generation and storage, renewable energy and concepts
that help change users’ behavior to transform the University’s Edgbaston and
Dubai campuses into the world’s smartest global campus, creating a ‘Living
Lab’ where research, teaching and learning all benefit from access to new data
and connectivity for circular economy and sustainability. The ‘Living Lab’
will capture data from the University’s building technologies, estate infras-
tructure and energy plants and use it for innovation, R&D activities, as well as
teaching. Scrutinizing energy demand and production with live data from across
the sites (for both new and existing building stocks) provides students with a
unique opportunity for applied learning and creates a platform for cutting-
edge research. Siemens sponsors a team of PhD studentships at the University
based in the UK and Dubai. Their research projects are co-designed by Siemens
and the University to address important challenges in data, technology, urban
systems and the NetZero goal.

In 2023, the University of Birmingham became the first university in the
world to roll out Internet of Things (IoT) technology at scale. Starting in
Autumn 2021, the first phase of this major energy efficiency project included
the rollout of 23,000 Enlighted IoT sensors across the University estate. As
one of the largest universities in the UK—with a global community of more
than 38,000 students—the university is already an energy prosumer, and these
technologies are further optimized in the system we are now working on
together. Partnerships like this are extremely important for gathering new
insights, testing and developing new technologies and creating efficient and
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sustainable energy infrastructure. The university’s campus in Dubai is a global
example of sustainability at the rescheduled Dubai Expo 2020.

CEO Siemens, GB & Ireland stated that, “We are excited to be working with
the University of Birmingham on this project and confident that together we
can develop a clear pathway to the University becoming a smart campus and net
zero. Our goal is to apply the University’s strategic vision to their campus. We
will uncover where carbon savings are possible by managing resources more
efficiently in a system that is adaptable to changing demand. All of this can
be achieved with a combination of connected digital technologies, artificial
intelligence, decentralized energy generation and storage, renewable energy
and ideas that help change users’ behavior.” In addition, Siemens will deliver a
10-year bureau for Energy and IoT services to ensure that the University reaps
the full potential of both the technology and industry expertise. The University
has already made significant progress in making its operations more sustain-
able, including achieving its 2020 target of reducing carbon emissions by 20%
and is constantly looking to improve the environmental performance of its
buildings, including a reduction of 2,856 tCO, annually, equivalent to 5% of
the University’s current emissions. Earlier this year, the University of Birm-
ingham signed up to the United Nations Global Compact—the world’s largest
corporate responsibility initiative—as part of its commitment to reducing its
environmental footprint and maximizing the impact of its research. The Univer-
sity of Birmingham is also a participant in the COP26 Universities Network
and will have a presence at the COP26 conference in Glasgow in November.

This case study at the University of Birmingham highlights the implementa-
tion of the circular economy program and its real-time monitoring and perfor-
mance management using advanced sensors and IoT. It serves as an example
of how a cluster of integrated new and existing building stocks can implement
a range of strategies and initiatives to foster circularity towards net zero.

23.1.10 Stakeholder Collaboration

Engaging a diverse range of stakeholders, including businesses, government enti-
ties, academia, non-profit organisations, and local communities, to collectively work
towards circularity goals and address systemic barriers.

By implementing these best practices, organizations and societies can move
towards CE, where resources are utilized more efficiently, waste is minimized, and
environmental impacts are reduced, leading to a more sustainable and resilient future.

Above are a few examples of best practices in circular economy management
mentioned in the literature.
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These examples demonstrated the range of best practices in circular economy
management across different domains, including design, resource optimization,
collaboration, technology, policy, consumer engagement, and business models.
Implementing these practices can contribute to the transition towards a more circular
and sustainable economy.

23.2 An Integrated Approach to CE Management
in the Built Environment

Following from the section above, it is clear that the extant literature suggests that both
strategic planning and collaborative development of circular practices with relevant
stakeholders are necessary for the effective development and implementation of
circular capabilities and initiatives in the built environment. From a strategic planning
perspective, first, there is a growing body of literature exploring the issues around
material resource planning and management. Viewing buildings as material depots
changes how resources need to be managed within the construction sector and the
built environment. Such a view requires documentation and communication of which
materials in what quantities and qualities become available for reuse or recycling
where and when [10]. To facilitate this documentation and communication, several
material cadaster projects have been developed [10-13]. Second, and in connection
with the first point, there has been a growing number of publications on material
flow analysis because it is only through a good understanding of the flows that
effective material resource planning and allocation can be achieved. While some
of these material flow analyses focus on individual material types, such as timber
in residential buildings [14], some others focus on individual sectors, such as road
transport [15], and others focus on specific territories [16].

Several publications implicitly or explicitly stated that issues around material
resource planning and management cannot be thought of independently from wider
socio-economic and technological barriers/enablers of circular economy [17]. There-
fore, it is important to develop enabling legislation and policy [18, 19], develop and
capture viable business models [20], circular building materials [21], and end-of-
life strategies (e.g., construction and demolition waste strategies) [22]. Furthermore,
considering the wide range of material types and cases, as well as stakeholders,
involved in the built environment, there is a strong emphasis on the use of digital tools
and capabilities as an enabler for strategic planning and management of circularity
in the built environment [23].

At the same time, there has also been interest in empirical exploration of circular
initiatives on the ground, which provided insights on operational development and
management of circular capabilities and initiatives in the built environment. For
example, [24] present a case where a team of experts from the UK and Nigeria
worked with local Nigerian entrepreneurs to build a prototype home from upcy-
cled materials, such as plastic bottles and agricultural waste in construction. They
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conclude that adopting a user-centered, co-creation methodology and working with
local skills, allowed for a solution (a prototype home), with improved functionality
and sustainability. Giorgi et al. [25] conducted interviews with construction stake-
holders in multiple European Union countries to explore the gap between the EU
construction circular economy policy and practice. They found that certain strands
of circular initiatives tend to be driven by certain stakeholder groups on the ground.
For example, while the legislative framework promotes waste management strate-
gies focusing on recycling, the design strategies for reversible buildings are generally
private initiatives driven by market competition. Arora et al. [26] study two cases of
component-focused urban-mining and highlight that what is required is the engage-
ment of local stakeholders (i.e., potential consumers and real estate developers) with
the demolition contractors to salvage the required building components. In a similar
line of thought, Joensuu et al. [27] emphasize that a successful plan with the main
objectives of a circular economy in the built environment could only be “achieved
with inclusive and location-sensitive politics functioning from both bottom-up and
top-down perspectives”. This implies that there is a need for simple, innovation-
positive rules which leave room for stakeholder inventions. However, so far, there
has not been a universally accepted, or used, comprehensive management framework
that integrated both perspectives.

References

1. Hamad S, Khan M, Ali SM, Hussain S, Zaman L (2022) Optimization of Resources of a
Building Project. Eng Proc 22(1):1-19. https://doi.org/10.3390/engproc2022022019

2. FautL, Soyeur F, Haezendonck E, Dooms M, de Langen PW (2023) Ensuring circular strategy
implementation: The development of circular economy indicators for ports. Marite Transp Res
4(2023):100087. https://doi.org/10.1016/j.martra.2023.100087

3. Zhang A, Zhong RY, Farooque M, Kang K (2020) Venkatesh VG (2020) Blockchain-based
life cycle assessment: An implementation framework and system architecture. Resour Conserv
Recycl 152:104512

4. European Commission (2020) Waste framework directive. https://environment.ec.europa.eu/
topics/waste-and-recycling/waste-framework-directive_en, last accessed, 2024/07/17.

5. Zaman AU, Arnott J, Mclntyre K, Hannon J (2018) Resource Harvesting through a systematic
deconstruction of the Residential House: a case study of the ‘whole House reuse’ project in
Christchurch. N Z Sustain 10(10):3430. https://doi.org/10.3390/su10103430

6. Reusefully Homepage, https://www.reusefully.co.uk/increasing-circularity-and-reuse-in-fit-
out-projects, last accessed 2024/07/17

7. Lei H, LiL, Yang W, Bian Y, Li CQ (2021) An analytical review on application of life cycle
assessment in circular economy for built environment. J Build Eng 44:103374. https://doi.org/
10.1016/j.jobe.2021.103374

8. Circular Built Environment Network, https://bloxhub.org/circular-built-environment network/
, last accessed 2024/07/17

9. City of Amsterdam, Policy: Circular economy https://www.amsterdam.nl/en/policy/sustainab
ility/circular-economy/, last accessed 2024/07/17

10. Heisel F, Rau-Oberhuber S (2020) Calculation and evaluation of circularity indicators for the
built environment using the case studies of UMAR and Madaster. J Clean Prod 243:118482.
https://doi.org/10.1016/j.jclepro.2019.118482


https://doi.org/10.3390/engproc2022022019
https://doi.org/10.1016/j.martra.2023.100087
https://environment.ec.europa.eu/topics/waste-and-recycling/waste-framework-directive_en
https://doi.org/10.3390/su10103430
https://www.reusefully.co.uk/increasing-circularity-and-reuse-in-fit-out-projects
https://doi.org/10.1016/j.jobe.2021.103374
https://bloxhub.org/circular-built-environment
https://www.amsterdam.nl/en/policy/sustainability/circular-economy/
https://doi.org/10.1016/j.jclepro.2019.118482

23

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

CE Management 753

Schiller G, Liitzkendorf T, Gruhler K, Lehmann I, Moérmann K, Knappe F, Muchow N (2019)
Material flows in buildings’ life cycle and regions—material inventories to support planning
towards circular economy. In: IOP Conf Ser: Earth Environ Sci, 290 (1), 012031. https://doi.
org/10.1088/1755-1315/290/1/012031

Lanau M, Liu G (2020) Developing an urban resource cadaster for circular economy: A case of
Odense. Denmark. Environ Sci & Technol 54(7):4675-4685. https://doi.org/10.1021/acs.est.
9b07749

Raghu D, Bucher MJJ, De Wolf C (2023) Towards a ‘resource cadastre’ for a circular
economy-urban-scale building material detection using street view imagery and computer
vision. Resour, Conserv Recycl, 198, 107140. Available from: https://doi.org/10.1016/j.rescon
rec.2023.107140.

. de Tudela ARP, Rose CM, Stegemann JA (2020) Quantification of material stocks in existing

buildings using secondary data—A case study for timber in a London Borough. Resour Conserv
Recycl 5:100027. https://doi.org/10.1016/j.rcrx.2019.100027

Miatto A, Schandl H, Wiedenhofer D, Krausmann F, Tanikawa H (2017) Modeling material
flows and stocks of the road network in the United States 1905-2015. Resour Conserv Recycl
127:168-178. https://doi.org/10.1016/j.resconrec.2017.08.024

Schiller G, Gruhler K, Ortlepp R (2017) Continuous material flow analysis approach for bulk
nonmetallic mineral building materials applied to the German building sector. J Ind Ecol
21(3):673-688. https://doi.org/10.1111/jiec.12595

Mhatre P, Gedam V, Unnikrishnan S, Verma S (2021) Circular economy in built environment—
Literature review and theory development. J Build Eng 35:101995. https://doi.org/10.1016/j.
jobe.2020.101995

Lucertini G, Musco F (2022) Circular city: urban and territorial perspectives. In Regen Territ:
Dimens Circ Healthy MetabIsms, 123—134. Cham: Springer International Publishing

Yu Y, Junjan V, Yazan DM, lacob ME (2022) A systematic literature review on Circular
Economy implementation in the construction sector: a policy-making perspective. Resour
Conserv Recycl 183(1):106359. https://doi.org/10.1016/j.resconrec.2022.106359

Munaro MR, Freitas MDCD, Tavares SF, Braganca L (2021) Circular business models: Current
state and framework to achieve sustainable buildings. J Constr Eng Manag 147(12):04021164.
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002184

Smol M, Kulczycka J, Henclik A, Gorazda K, Wzorek Z (2015) The possible use of sewage
sludge ash (SSA) in the construction sector as a way towards a circular economy. J Clean Prod
95:45-54. https://doi.org/10.1016/j.jclepro.2015.02.051

Mahpour A (2018) Prioritizing barriers to adopt circular economy in construction and demo-
lition waste management. Resour Conserv Recycl 134:216-227. https://doi.org/10.1016/j.res
conrec.2018.01.026

Cetin S, De Wolf C, Bocken N (2021) Circular digital built environment: An emerging
framework. Sustain 13(11):6348. https://doi.org/10.3390/sul13116348

Oyinlola M, Whitehead T, Abuzeinab A, Ade A, Akinola Y, Anafi F, Farukh F, Jegede O,
Kandan K, Kim B, Mosugu E (2018) Bottle house: A case study of transdisciplinary research
for tackling global challenges. Habitat Int 79:18-29. https://doi.org/10.1016/j.habitatint.2018.
07.007

Giorgi S, Lavagna M, Wang K, Osmani M, Liu G, Campioli A (2022) Drivers and barriers
towards circular economy in the building sector: Stakeholder interviews and analysis of five
European countries policies and practices. J Clean Prod 336:130395. https://doi.org/10.1016/
jjclepro.2022.130395

Arora M, Raspall F, Fearnley L, Silva A (2021) Urban mining in buildings for CE: Planning,
process and feasibility prospects. Resour Conserv Recycl 174:105754. https://doi.org/10.1016/
j.resconrec.2021.105754

Joensuu T, Edelman H, Saari A (2020) Circular economy practices in the built environment. J
Clean Prod 276:124215. https://doi.org/10.1016/j.jclepro.2020.124215


https://doi.org/10.1088/1755-1315/290/1/012031
https://doi.org/10.1021/acs.est.9b07749
https://doi.org/10.1016/j.resconrec.2023.107140
https://doi.org/10.1016/j.rcrx.2019.100027
https://doi.org/10.1016/j.resconrec.2017.08.024
https://doi.org/10.1111/jiec.12595
https://doi.org/10.1016/j.jobe.2020.101995
https://doi.org/10.1016/j.resconrec.2022.106359
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002184
https://doi.org/10.1016/j.jclepro.2015.02.051
https://doi.org/10.1016/j.resconrec.2018.01.026
https://doi.org/10.3390/su13116348
https://doi.org/10.1016/j.habitatint.2018.07.007
https://doi.org/10.1016/j.jclepro.2022.130395
https://doi.org/10.1016/j.resconrec.2021.105754
https://doi.org/10.1016/j.jclepro.2020.124215

754 D. Bajare et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative Commons license and
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


http://creativecommons.org/licenses/by/4.0/

	Preface
	Contents
	Part I Multi-level Approach from Urban to Buildings to Materials
	 

	1 Circular Economy Best Practices in the Built Environment
	1.1 Introduction
	1.2 Circular Economy
	1.3 Circular Economy in the Built Environment
	1.4 Case Studies and Best Practice Examples
	1.5 Challenges Faced in Implementing Circular Economy Practices in the Built Environment
	1.6 Success Factors for Circular Economy Implementations in the Built Environment
	1.7 General Conclusions and Future Trends in Circular Economy Practices for the Built Environment
	References

	2 Circular Materials—A Multiscale Approach to Circularity at a Building, Components and Materials Level
	2.1 Introduction
	2.2 Building Level
	2.3 Component Level
	2.4 Material Level
	2.5 Circular Materials
	References

	3 Energy Systems and Building Services Level
	3.1 Introduction
	3.2 Building Services Engineering
	3.2.1 Energy Efficiency and Energy Sources
	3.2.2 Waste and Water Management
	3.2.3 Building Services—Materials, Use and Reuse

	3.3 Energy Transition and Circular Economy
	3.3.1 Photovoltaic—Trend in Installation
	3.3.2 Wind Energy—Installation Trend and Materials
	3.3.3 Thermal Solar Collectors
	3.3.4 Geothermal Energy—Trend in Installation

	3.4 Conclusions
	References

	4 Circular Manufacturing
	4.1 Definition and Principles
	4.2 Steel
	4.3 Concrete
	4.4 Timber
	4.5 Additive Manufacturing
	References

	5 Recovery and Reuse of Salvaged Products and Building Materials from Existing Structures
	5.1 Introduction
	5.2 Pre-demolition/Deconstruction Audit
	5.3 Evaluation of Reusability: Materials/Structural Components/Entire Primary and Secondary Structure
	5.4 Ease of Recycling
	5.5 From Recycling to Upcycling
	5.6 Efficient Waste and Circular Resource Management
	References

	Part II Design Strategies and Tools for Circular Buildings
	 

	6 Design Frameworks for Circular Buildings: Circular Principles, Building Lifecycle Phases and Design Strategies
	6.1 Introduction
	6.2 Materials and Methods
	6.3 Circular Building Definitions
	6.4 Circular Building Lifecycle Phases
	6.5 Building Layers and Lifetime
	6.6 Design Frameworks Based on Circular Principles
	6.7 Design Frameworks Based on Building Lifecycle Phases
	6.8 Discussion
	6.9 Conclusions
	References

	7 Circular Material Usage Strategies—Principles
	7.1 Understanding Circular Economy and Material Usage Section
	7.1.1 Eliminating Waste and Pollution
	7.1.2 Use of Circular Products and Materials
	7.1.3 Regenerate Nature

	7.2 Design Principles for Circular Material Usage
	7.2.1 Designing for Circularity
	7.2.2 Material Selection and Management

	7.3 Circular Material Usage Strategies and Principles in Construction Activities
	7.3.1 Extending Product Lifespan and End-of-Life Strategies
	7.3.2 Collaborative Approaches and Business Models
	7.3.3 Technological Innovations for Circular Material Usage
	7.3.4 Barriers and Enablers of Circular Material Usage

	7.4 Case Studies and Best Practices
	7.4.1 Case Study 1—Gonsi Sócrates Bio-building (Barcelona, Spain)
	7.4.2 Case Study 2—Urban Mining and Recycling (UMAR) Experimental Unit (Dübendorf, Switzerland)
	7.4.3 Case Study 3—Open-Spaced Apartment (Prague, Czechia)
	7.4.4 Case Study 4—“Escuela Politécnica Superior” (Burgos, Spain)

	7.5 Final Remarks
	References

	8 Modularity and Prefabrication
	8.1 Introduction
	8.2 Historical Context
	8.3 Prefabricated Building Types
	8.4 Prefabrication Approaches
	8.5 Prefabricated Building Material
	8.5.1 Wood Prefabricated Buildings
	8.5.2 Concrete Prefabricated Buildings
	8.5.3 Steel Prefabricated Buildings
	8.5.4 Composite Systems
	8.5.5 Nature-Based Solutions

	8.6 Comparison Between Prefabricated Buildings
	8.7 Prefabricated Buildings’ Refurbishment
	8.8 Prefabricated and Modular Components in Buildings’ Refurbishment
	8.9 Benefits and Challenges of Prefabricated and Modular Construction
	8.9.1 Benefits of Prefabrication
	8.9.2 Challenges of Prefabrication

	8.10 Modularity, Prefabrication and Circular Construction
	8.11 Bibliometric Analyses
	8.12 Case Studies
	8.13 Discussion
	References

	9 Design for Circularity, Design for Adaptability, Design for Disassembly
	9.1 Introduction
	9.2 Design for Circularity
	9.3 Design for Adaptability
	9.4 Design for Disassembly
	References

	10 Reversible Buildings and Products. Transformable Buildings
	10.1 Introduction
	10.2 The Background
	10.3 Applying Reversibility in Building Structures
	10.4 Challenges and Barriers for Reversible Buildings and Products
	10.5 Benefits and Enablers for Reversible Buildings and Products
	10.6 Examples of Reversible Buildings
	References

	11 Adaptive Reuse of Existing Buildings
	11.1 Introduction
	11.1.1 Materials and Methods

	11.2 Results and Discussion
	11.3 Conclusion and Way Forward
	References

	Part III Criteria and Indicators for Circularity in Construction
	 

	12 Circularity Criteria and Indicators at the Construction Material Level
	12.1 The Significance of Construction Materials in Circular Economy Systems
	12.2 Circularity Criteria for Construction Materials
	12.2.1 Traditional Construction Materials
	12.2.2 Novel Sustainable Construction Materials

	12.3 Circularity Indicators at the Material-Level in Buildings
	12.3.1 Strategic Indicators Based on MFA
	12.3.2 Generic Performance Indicators for Assessing Material Circularity in Industrial Products
	12.3.3 Performance Indicators to Measure Construction Material Circularity
	12.3.4 Water Consumption Indicators

	12.4 Environmental and Economic Impact of Construction Materials
	12.4.1 Carbon Footprint Impact of Construction Materials
	12.4.2 Energy and Indoor/Outdoor Climate Impacts of Construction Materials

	12.5 Conclusions and Recommendations
	References

	13 Circularity Criteria and Indicators at the Building Component and System Level
	13.1 Introduction
	13.1.1 Thematic Analysis for Building Components and Systems (BC&S)
	13.1.2 Design for Adaptability (DfA)
	13.1.3 Design for Durability
	13.1.4 Design for Disassembly (DfD)
	13.1.5 Modular Construction and Prefabrication
	13.1.6 Adaptive Reuse
	13.1.7 Easy Maintenance (Maintainability)
	13.1.8 Component Recovery for Reuse and Recycling
	13.1.9 Product Responsibility
	13.1.10 Sharing and Exchange Opportunities

	13.2 Circular Economy for Building Components and Systems: R-approaches and ReSOLVE Framework
	13.3 Classification of Circularity Criteria and Indicators for Building Components and Systems (BC&S)
	13.3.1 The Characteristics of Building Components and Systems
	13.3.2 Construction and Demolition Waste (C&DW) Management
	13.3.3 Connections Conditions
	13.3.4 Regulation and Documentation
	13.3.5 Stakeholder Involvement

	13.4 Case Studies on Best Practices for Circularity at Component and System Levels
	13.4.1 Wire Arc Additive Manufacturing (WAAM) for Steel Production
	13.4.2 Renovation of Old Existing Buildings Using Aerogel Insulation
	13.4.3 Green Roofs Using Recycled Substrates: A Pilot Experience at the University of Córdoba, Spain

	13.5 Conclusions and Remarks
	References

	14 Circularity Criteria and Indicators at the Whole Building Design Level
	14.1 Introduction
	14.2 Review of Policies and Standards Related to Circularity Indicators in Building Design-Level
	14.2.1 European Policies on Circularity Indicators in Building Design-Level
	14.2.2 International Frameworks on Circularity Indicators in Building Design-Level
	14.2.3 International and European Standards on Circularity Indicators in Building Design-Level
	14.2.4 National-Level Standards, Policies, and Regulations on Circularity Indicators in Building Design-Level

	14.3 Categorisation of Circularity Indicators in Building Design-Level
	14.4 Conclusion and Remarks
	References

	Part IV Design-Support Tools and Assessment Frameworks for Circularity
	 

	15 Circularity Tools and Frameworks for Existing Buildings
	15.1 Challenges and Opportunities for Circularity Tools in Existing Buildings
	15.2 Method for a Structured Analysis of Tools, Methods, and Models for Existing Buildings
	15.2.1 Type of Approach
	15.2.2 Type of Circularity Strategy
	15.2.3 Information Requirements
	15.2.4 Level of Detail
	15.2.5 Connected Circularity Indicators
	15.2.6 Case Studies

	15.3 Tools for Material Flow or on a Material Level
	15.3.1 Material Circularity Indicator (MCI)

	15.4 Tools for Material Stocks Modelling
	15.4.1 Dynamic Material Inputs, Stocks and Outputs Model (MISO)
	15.4.2 High-Resolution Maps of Material Stocks in Buildings and Infrastructure
	15.4.3 Material Stock Estimation Using 4d-GIS

	15.5 Tools for Adaptability and Refurbishment
	15.5.1 Transformation Capacity (TC)
	15.5.2 ISO 20887:2020 - Sustainability in Buildings and Civil Engineering Works—Design for Disassembly and Adaptability—Principles, Requirements, and Guidance
	15.5.3 Circular Building Assessment Prototype (CBA)
	15.5.4 Building Circularity Index (BCI)

	15.6 Tools for End-Of-Life (EoL)
	15.6.1 Urban Mining Index (UMI)
	15.6.2 BIM-Based System for Demolition and Renovation Waste Estimation and Planning
	15.6.3 Circular Construction Evaluation Framework (CCEF)

	15.7 Summary of Reviewed Tools and Methods
	15.8 Conclusion
	References

	16 Circularity Tools and Frameworks for New Buildings
	16.1 Introduction
	16.2 Circularity Assessment Parameters: The Variation of Criteria and Indicators
	16.3 Development and Design of Circularity Indicators
	16.4 Development of Circularity Indices: Aggregation of Indicators
	16.4.1 Common Weighting and Aggregation Methods
	16.4.2 Common Normalisation Methods

	16.5 Examples of the Circularity Indices for New Building Assessments and Their Methodologies
	16.5.1 Material Circularity Indicator (MCI)
	16.5.2 Building Circularity Indicator (BCI)-Based Tools
	16.5.3 HOUSEFUL’s Building Circularity Methodology (BCM)
	16.5.4 Circular Construction Evaluation Framework (CCEF)
	16.5.5 Disassembly and Deconstruction Analytics System (D-DAS)

	16.6 Insights for Future Work and Further Improvements
	References

	17 Driving the Built Environment Twin Transition: Synergising Circular Economy and Digital Tools
	17.1 Introduction
	17.1.1 The Twin Transition—Green and Digital
	17.1.2 Key Enabling Technologies (KETs)

	17.2 Analysis of Existing Key Enabling Digital Technologies for the Construction Sector
	17.2.1 Building Information Modelling (BIM)
	17.2.2 Digital Twin
	17.2.3 Additive Manufacturing (3D Printing)
	17.2.4 Blockchain Technology (BCT)
	17.2.5 Scanning Technologies
	17.2.6 Internet of Things (IoT)
	17.2.7 Artificial Intelligence (AI)
	17.2.8 Big Data Analytics (BDA)
	17.2.9 Cloud Computing and Applications
	17.2.10 Virtual and Augmented Reality (VR/AR)
	17.2.11 Geographic Information System (GIS)
	17.2.12 City Information Modelling (CIM)
	17.2.13 Digital Platforms and Market Places
	17.2.14 Material Passports (MP)

	17.3 The Role and Benefits of Digitalisation in Promoting More Circular Buildings
	17.3.1 Managerial Value
	17.3.2 Environmental Value
	17.3.3 Economic Value
	17.3.4 Social Value

	17.4 Barriers and Critical Success Factors (CSF) for Digitalisation
	17.4.1 Technical and Technological Challenges
	17.4.2 Resource Challenges
	17.4.3 Cultural Challenges
	17.4.4 Critical Success Factors (CSF)

	17.5 Discussion and Conclusions
	References

	18 Material and Building Passports as Supportive Tools for Enhancing Circularity in Buildings
	18.1 Introduction
	18.1.1 Motivation
	18.1.2 Circular Economy in the Construction Sector
	18.1.3 Digital Technologies for the Construction Sector
	18.1.4 Twin Transition Through Digitalised Circularity
	18.1.5 Study Scope and Structure

	18.2 Passports Development and Variations
	18.2.1 Historical Background and Passports Evolution
	18.2.2 Definitions and Terminologies for Passport Variants
	18.2.3 Regulations and Standards

	18.3 Application Scope and Requirements
	18.3.1 Application Scales
	18.3.2 Outlines and Structure
	18.3.3 Data Sources and Data Acquisition Methods
	18.3.4 Inventory Supply Chain and Data Management Tools for Passports

	18.4 Passports Values in Promoting Circularity in Buildings
	18.4.1 Certification and Integration into Sustainability Schemes
	18.4.2 End-Of-Life and CDW Management
	18.4.3 Renovation and Rehabilitation Projects

	18.5 Integrating Material and Building Passports into BIM Models
	18.5.1 BIM-Based Material Passports
	18.5.2 BIM-Based Building Passports

	18.6 MPs and BPs European Initiatives and Pilots
	18.7 Barriers and Challenges Against the Uptake of the Passports
	18.7.1 Lack of Legislations and Standards
	18.7.2 Insufficient Stakeholders Collaboration and Unbalanced Responsibilities
	18.7.3 Lack of Data Availability and Accessibility
	18.7.4 Financial Barriers
	18.7.5 Lack of Knowledge and Expertise

	18.8 Discussion and Conclusions
	References

	19 Implementation and Consideration of Circularity Within International Sustainability Assessment Methods
	19.1 Introduction
	19.2 Sustainability Versus Circularity
	19.3 Analysis of Circularity Implementation in Five Well-Known International Methods (BREEAM, DGNB, LEED, Level(S), SBTool)
	19.3.1 General Information
	19.3.2 BREEAM
	19.3.3 DGNB
	19.3.4 LEED
	19.3.5 Level(s)
	19.3.6 SBTool

	19.4 Conclusions
	References

	Part V Stakeholders and Circular Value Chain Management Editorial
	 

	20 Stakeholders’ Role, Inter-Relationships, and Obstacles in the Implementation of Circular Economy
	20.1 Principles of the Circular Economy
	20.2 Stakeholder Roles in Driving the Transition to CE: Collaboration, Challenges, and Opportunities
	20.3 Stakeholder Engagement and Collaboration in Circular Value Chain Management
	20.4 Strategies for Overcoming Stakeholder Obstacles in the Implementation of the Circular Economy
	20.5 Exploring the Significance of Locality in Enabling Circular Solutions in the Built Environment
	20.5.1 Exploring the Significance of Locality in Enabling Circular Solutions in the Built Environment
	20.5.2 Locality of Physical Space
	20.5.3 Locality of Social Space/place
	20.5.4 Locality of Knowledge and Circular Economy
	20.5.5 Localizing Role of Cities and Circular Economy

	References

	21 Defining the Project's Lifecycle Stages and Their Related Decision-Making Activities
	21.1 Identification of the Project Lifecycle Stages
	21.2 Stakeholders Role, Inter-Relationships and Obstacles in the Implementation of Circular Economy in Albania
	21.2.1 Connection of the Construction Sector with Other Economy Sectors
	21.2.2 Stakeholders in the Construction Sector and Their Important Role
	21.2.3 Regulatory Efforts and Albanian—EU Projects to Apply CE to the Construction Sector
	21.2.4 Obstacles in the Implementation of CE in the Construction Sector

	References

	22 Circular Value Chain Management—Barriers and Opportunities
	22.1 Identification of the Barriers and Opportunities in the Construction
	22.2 Case Study Albania—Actual Situation of Albanian Economy in General and Construction Sector in Particular
	22.3 Summary of Barriers and Tentative for Implementing CE Approach
	22.4 Comparison of Albania and Countries of EU in Terms of CE (in Construction Sector)
	22.5 Relationship-Building and Shared Learning Through Training, Education and Digitalization to Promote the Implementation of Circular and Sustainable Approaches in Construction
	22.5.1 Training to Promote Circular Economy and Sustainable Approaches
	22.5.2 Study Course Program “Sustainable Management of CDW”, the Case of Latvia
	22.5.3 Case Study in Malta for Education in Circular Economy (CPD—Continuous Professional Development)
	22.5.4 Case Study Summer School—EPICENTRE. Educational Platform Life Cycle Assessment Structures
	22.5.5 Case Study—Digitalization, Latvia
	22.5.6 Educational Case Studies: Sustainability Competency Requirements Within an Engineering Degree in the UK
	22.5.7 Educational Case Studies: CESBA Med eLearning Platform (Malta)
	22.5.8 Educational Case Study—Turkish Circular Economy Platform

	22.6 Barriers and Opportunities in the Field of CDW Management
	22.6.1 Case Study—Circularity of Household-Generated Construction and Demolition Waste: Management Principles for Green Transition in Latvia
	22.6.2 Case Study—Stakeholder Opinion About CDW Management in Latvia
	22.6.3 Case Study—Stakeholder Opinion About CDW Management in Cyprus

	22.7 Comparisons of Stakeholders’ Influences, Inter-Relationships, and Obstacles in the Implementation of Circular Economy on Existing Building Sectors in Europe
	22.7.1 Review of Current Market Barriers to Building Retrofit and Renovation
	22.7.2 Concepts of Circular Economy Implementation for the Existing Building Sector

	22.8 An Assessment of European Stakeholders’ Opinions on the Costs and Benefits of Circular Economy Implementation in the Construction Value Chain
	References

	23 CE Management
	23.1 Case Studies—Best Practices in Management
	23.1.1 Design for Circular Economy
	23.1.2 Resource Optimization
	23.1.3 Collaborative Approaches
	23.1.4 Digital Technologies
	23.1.5 Policy and Regulatory Frameworks
	23.1.6 Consumer Engagement
	23.1.7 Life Cycle Assessment (LCA)
	23.1.8 Circular Business Models
	23.1.9 Monitoring and Evaluation
	23.1.10 Stakeholder Collaboration

	23.2 An Integrated Approach to CE Management in the Built Environment
	References


