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Abstract: The circular economy (CE) is about a system-level change towards sustainability, and it
aims at keeping products, components, and materials at their highest utility and value at all times,
covering both technical and biological cycles. This study aimed at exploring, discovering, describing,
and synthesizing the characteristics of CE development in the construction sector in Japan based
on the perspectives of sectoral organizations and focusing on the following themes: (1) sustainable
production; (2) sustainable consumption; (3) creation and maintenance of value in a CE; (4) CE
innovations; (5) CE of material and energy use; (6) technological, economic, and social barriers to
CE; (7) CE guidance; and (8) specific CE aspects in the construction sector. This study applied a
qualitative research approach, including a questionnaire survey as the specific method. This study
addressed a gap in the research and helps to improve understanding of the CE development priorities
based on the perspectives of organizations operating in or related to the construction sector in Japan.
The findings indicate that the priority CE development focus areas in the construction sector in Japan
encompass, for example, the use of sustainable and renewable raw materials; consumer awareness;
and the design, use, and manufacturing of sustainable, recyclable, reusable, and repairable products,
components, and materials. The barriers to CE that need to be overcome encompass, for example, the
lack of general knowledge about circular economy opportunities and of seeing the “big picture” as
well as issues related to economic benefits and the development of CE and sustainability-oriented
products, components, and materials. Particularly important CE aspects in the construction sector
include the maintenance of existing buildings; sustainability and the long-life cycles of products,
components, and materials; CE-oriented product design; and sustainability criteria and cooperation
between parties covering the whole life cycle of construction.

Keywords: circular economy; construction sector; Japan

1. Introduction
1.1. Circular Economy Development in the Construction Sector in Japan

The circular economy (CE) is designed to be restorative and regenerative and it aims at
keeping products, components, and materials at their highest utility and value at all times
(technical and biological cycles) including (1) a focus on rethinking value creation and
materials and energy use (e.g., due to growing resource pressures and supply chain and
price risks); and (2) drivers such as alternative business models, economic losses, structural
waste, regulatory trends, technological advances, and degradation of natural systems (due
to a linear model) [1]. The overall aim of this study was to explore the characteristics of
CE development in the construction sector in Japan based on the perspectives of sectoral
organizations on the following themes: (1) sustainable production; (2) sustainable consump-
tion; (3) creation and maintenance of value in a CE; (4) CE innovations; (5) CE of material
and energy use; (6) technological, economic, and social barriers to CE; (7) CE guidance;
and (8) specific CE aspects in the construction sector. Globally, there are many drivers
for CE development in the construction sector, encompassing environmental concerns,

World 2022, 3, 1–26. https://doi.org/10.3390/world3010001 https://www.mdpi.com/journal/world

https://doi.org/10.3390/world3010001
https://doi.org/10.3390/world3010001
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/world
https://www.mdpi.com
https://orcid.org/0000-0001-8502-1131
https://orcid.org/0000-0003-4908-5749
https://doi.org/10.3390/world3010001
https://www.mdpi.com/journal/world
https://www.mdpi.com/article/10.3390/world3010001?type=check_update&version=1


World 2022, 3 2

climate change, resource and energy use, emissions, waste, and various sustainability
concerns [2–9]. There is also a limited number of studies on CE and material efficiency in
the Asia region, despite the boom in building construction [10].

The second World Circular Economy Forum (WCEF2018), which took place in Yoko-
hama (Japan), concluded that CE plays a significant role in addressing the global sustain-
ability crisis, including a reduction in global warming and emissions. Transition to the CE
requires a shared vision of the CE that is connected to the Sustainable Development Goals
(SDGs) [11], considering that there is an urgent need for both CE leadership and educa-
tion for CE [12]. The Circular Economy Vision 2020 of Japan highlights the 3Rs (reduce,
reuse, and recycle) which encompass the promotion of, for example, new business models
(based on circularity as a management and business strategy), digital technologies, the
establishment of a resilient resource circulation system, and consideration of new drivers
(such as environmental considerations from society and markets) [13]. In Japan, the Sound
Material Policy, which included a strong focus on the circulation of resources, has been a
key instrument for the advancement of CE [12].

Advancement of CE requires collaboration between public and private sectors, in-
cluding the role of the public sectors as the creator of a good operating environment to
promote CE and the need to establish an institutional system that allows appropriate
evaluation of companies and rewarding of their investments based on disclosed circular
activities [11]. Japanese governmental approaches to promote CE and circularity have
encompassed (1) education for awareness raising; (2) the development of circular trading
markets for companies; (3) incentives; (4) public collaboration; (5) the customer-friendly
collection of old appliances; (6) recycling laboratories and waste recycling; (7) the design
for repair, reuse, and recycling; (8) long-lasting products and the use of recycled materials;
(9) renewable sources; (10) recycling fees; (11) sorting and segregation; and (12) legislation
and regulations (e.g., related to living and consumption) [14].

CE has not yet penetrated Japanese companies to a great extent in general. Even if
the companies know the concept of CE, they often view it as an extension of conventional
environmental measures and as one of the regulatory responses. As well as in the con-
struction sector, CE has also not been positioned in an effective manner in management
strategies, and there is a lack of close coordination on the issue between management and
business units in Japan [15]. CE development aims to achieve sustainable development
and the CE concept is developed in four stages (including in Japan): (1) design; (2) pro-
duction; (3) consumption; and (4) waste management [14]. For example, business model
development and digital technology are essential for increasing the effectiveness of the
CE. The development of B to C and B to B business models and the effective use of digital
technology will be key to increasing the effectiveness of the CE [15]. CE is oriented towards
market solutions; therefore, firms and consumers are important actors which offer benefits
for reducing transaction policy costs [16].

At present, there is no specific law to promote a circular economy in Japan. The
closest law is the Act on the Promotion of Effective Utilization of Resources, which aims to
break away from an economic society of mass production, mass consumption, and mass
disposal, and achieve sustainable growth within the constraints of the environment and
resources [15]. It has been noted that premature obsolescence could be addressed through
a scalable demolition tax and that the government could introduce renovation or relocation
incentives, inform stakeholders about the need to improve the quality of living to address
living in delayed obsolete buildings, and address the issue of empty houses [17]. The
Construction Recycling Material Act has been enacted in Japan and covers demolition work
related to buildings using concrete, asphalt concrete, or wood as specified construction
materials, or new construction work that uses specified construction materials. Specifically,
for construction work above a certain scale (subject construction work), the contractor is
obligated to carry out sorted dismantling and recycling [15].

In the past, recycling generated wastes (reuse as raw materials) was the core of the
measures; however, in order to comprehensively promote reduce, reuse, and recycle,
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measures are now being taken under seven schemes, including specified resource-saving
industries and designated reuse-promoting products [15]. CE-related development in Japan
has mainly focused on the recycling and reduction in waste generation (e.g., use of policy
and legal instruments) [18]. It has been noted that recycling has been successfully increased
in Japan, including a significant reduction in landfilled waste [19]. There are approaches
related to the measurement of CE in Japan that have contributed to very high recycling rates,
including an indicator for the cyclical use rate of materials, resource productivity indicator,
and an output indicator for landfilled waste. Furthermore, these are also supplemented
by sector-specific measurements. Indicators of societal effort towards CE have also been
applied in Japan, including the size of the market for rental and leasing of goods, the
amount of sold reusable packaging, and the number of local authorities that charge for
residual waste collection [20].

Important future CE development focus areas include e.g., the increase in public
awareness creation (e.g., consumers) and involvement of both the civil society and the
business community [18]. Enabling regulations and policies, collaboration, and support
from all stakeholders (e.g., consumers) are important for the successful implementation
of CE [14]. In general, the Japanese system for the design of a CE is based on compre-
hensiveness, collaboration, and incentivizing all actors to do the right thing (e.g., public
spirit) which encompass several elements. These include (1) co-ownerships of recycling
infrastructure (e.g., whereby companies invest in recycling infrastructure and disassembly
processes, and manufacturers operate disassembly plants to recover materials and parts);
(2) consumer-friendly collection; and (3) upfront consumer fees [20]. There is a need to
develop new policies to advance CE in Japan, including specific policy concepts and institu-
tional infrastructure, which cover, e.g., the promotion of the concepts to reduce and reuse,
end-of-product attitudes, and the handling of potentially polluting parts and materials [19].

It has been noted that all residential buildings should serve the society in Japan, and
there is a need to design different strategies in the built circular environment for differ-
ent population segments and to apply specific measures to counteract the psychological
causes of the current situation including focus on markets, governance, taxing, and local
and national governmental programs that address specific social norms and encourage
longer use, improvement, and maintenance of houses [17]. In addition to the construction
of systems to expand the value of CE, it is also necessary to develop human resources
involved in CE. Thus, there is an urgent need for industry–academia–government co-
operation to develop human resources with sensitivity who can incorporate coexistence
with nature into their daily lives and business [21]. For example, Japanese buildings are
short-lived due to non-technical reasons, and a people-centered approach is the most
effective method to address premature obsolescence, including a case-by-case focus and
objective assessment/judgement of the time of justified obsolescence which consider mul-
tiple stakeholders, benefits, costs, and the cradle-to-grave environmental assessment of
benefits associated with the construction of a new building and of the lifespan extension of
the existing building [17].

1.2. Pre-Study Survey

Prior to the initiation of this study, a questionnaire survey was implemented in
the World Circular Economy Forum Side Event (Construction and Circular Economy)
in Helsinki on 5 June 2019, and its results provided some orientation and background
information for this study. This qualitative research approach [22] applied a questionnaire
survey [23–26] as a method including focus on CE drivers, opportunities, barriers, and
steering approaches in the construction sector. This seminar type event provided an op-
portunity to implement a brief as well as an overall and initial scoping of the topic. The
objective was to collect general information to describe knowledge and preferences of
respondents [27] that had interest on and experience of CE, specifically in the context of the
construction sector. This approach was chosen due to its short implementation time, easy
analysis, and potential to provide a lot of information from a lot of people [24], considering



World 2022, 3 4

that closed questions are easy to compare and process as well as suitable for testing specific
focus areas [28].

The survey focused on both opportunities and problems [29] and were designed
professionally [30] based on responses that were specified by researchers [31], including
clear questions that were easy to answer [30]. The structure of questionnaire was formal
and structured with multiple choice closed questions, including the provision of an open
“Other” answering option for both CE drivers and opportunities and barriers to CE in
the construction sector. The answering options for two questions were: “please select 1–5
options” and for one question there was a selection between “very important”, “impor-
tant”, “partly important”, or “not at all important”. The specific survey questions and
answering choices/options were based on (1) a literature review and previous studies; (2)
the key aspects of circular economy development with particular emphasis on the con-
struction sector; and (3) own previous research, including face validity (peer review) [29],
to check the quality of the questionnaire in terms of the purpose of this event and the
needed information.

The survey was anonymous and voluntary for the participants of that event. Its
respondents encompassed 27 people from many sectors related to construction (Figure 1),
including participants from other sectors, such as infrastructure- and sustainability-related
organizations. The results are presented as figures based on the chosen key themes and
associated answers to the survey questions with the idea to both identify and indicate
the most preferred options in each theme. The results indicated that the most important
CE drivers and opportunities in the construction sector (Figure 2) are (1) products that
are designed to be repairable and reusable; and (2) sustainability and long-life cycles of
products, components, and materials. Other important areas included (1) the maintenance
of existing buildings (renovation and restoration); (2) components and materials that are
designed to be dismantled and reused; (3) digital solutions for building/material recycling
(buildings as material banks); and (4) the utilization of construction and demolition wastes
as raw materials.
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The most important barriers to CE in the construction sector (Figure 3) included (1) low
economic benefit associated with sorting and recycling (profitability) and (2) insufficient
monitoring data about construction wastes (for example quantity and quality). Other
important barriers included (1) the design and implementation practices that prevent
material-saving demolition and (2) the lack of general understanding of CE opportunities.
An open “Other” answering option was also provided for both CE drivers and opportunities
in the construction sector (Figure 2) and barriers to CE in the construction sector (Figure 3).
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The answers to the former included consideration of existing buildings as valuable
(demolition not as a baseline) as well as planning and development of the operating
models of areas and the society, whereas the answers for the latter encompassed legislation,
permitting, know-how, a visionary approach, and difficulties related to recycling and reuse
of the products in existing buildings. The most important steering approaches for CE
in the construction sector (Figure 4) included (1) cooperation between the parties of the
construction life cycle; (2) sustainability criteria for the whole life cycle (environmental,
economic, and social); (3) the loosening of waste and chemical legislation to promote
product recycling and reuse; and (4) CE criteria for all project stages.
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2. Materials and Methods

This study aimed at exploring, discovering, describing, and synthesizing the charac-
teristics of CE development in the construction sector in Japan based on the perspectives of
sectoral organizations and the following themes: (1) sustainable production; (2) sustainable
consumption; (3) the creation and maintenance of value in a CE; (4) CE innovations; (5) CE
of material and energy use; (6) technological, economic, and social barriers to CE; (7) CE
guidance; and (8) specific CE aspects in the construction sector. This study is important
because it addresses a gap in the research and contributes to an improved understanding
of the CE development priorities based on the perspectives and organizations operating in
or related to the construction sector in Japan.

This study applied a qualitative research approach based on the idea that the research
approach needs to be defined based on the purpose of the study [22]. The chosen method
was a questionnaire survey [23–26]. An online survey was applied as an information
collection method to describe, explain, and compare knowledge, preferences, attitudes,
values, and behaviors of respondents [27], as well as to gain benefits associated with
questionnaires (such as short implementation time, easy analysis, and a lot of information
from a lot of people) [24]. In addition, closed questions (1) are easy to compare and process;
(2) do not require much time; and (3) are good for testing specific focus areas [28]. The
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construction of effective questions often requires both creativity and expertise, supported
by the review of both opportunities and problems [29]. Closed-end questions also include
all possible responses, as specified by the researchers [31], and the questionnaire should be
professionally designed and look easy to answer with clear questions [30].

The questionnaire was formal and structured with multiple choice closed questions.
However, some questions allowed optional own answers under the “Other” choice. In the
beginning, there were two questions pertaining to the sector of business and the number
of employees. In the chosen approach, the survey questions focused on the following
themes: (1) sustainable production; (2) sustainable consumption; (3) the creation and
maintenance of value in a CE; (4) CE innovations; (5) CE of material and energy use; (6) the
technological, economic, and social barriers to CE; (7) CE guidance; and (8) specific CE
aspects in the construction sector. This study focused on overall themes that can be applied
in many contexts/levels, and our further research will address more detailed areas and
themes, including more in-depth focus on cultural/traditional, sustainability, design, and
engineering aspects.

The specific survey questions and answering choices/options were based on (1) liter-
ature review and previous studies; (2) the key aspects of circular economy development,
with particular emphasis on the construction sector; (3) previous research and online
sources on CE in Japan, including focus on the construction sector and buildings; (4) sus-
tainability considerations; (5) own previous research; and (6) the earlier orientation and
background pre-study survey that was implemented in the World Circular Economy Forum
Side Event (Construction and Circular Economy) in Helsinki on 5 June 2019. Face validity
(peer review) [29] was also applied to check the quality of the questionnaire and of specific
questions and themes, considering that the construction of effective questionnaires requires
both creativity and expertise supported by the review of both opportunities and problems.

The questionnaire was sent to 324 respondents, and the response rate was 35% (113 or-
ganizations). The sectors and profiles of the respondents are presented in Figures 5 and 6.
The questionnaire was only sent to full-time experts of each organization (via email) and
the respondents were asked to answer each question from the point of view of their or-
ganization. The administrative staff, technical staff, and temporary workers were not
included. The answering options for the closed question of the survey were: “please select
1–5 options”, except for one question that included selection between “very important”,
“important”, “partly important”, or “not at all important”. The results are presented as
figures based on the chosen key themes and associated answers to the survey questions
with the idea to both identify and indicate the most preferred options in each theme.
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3. Results and Discussion
3.1. Sustainable Production

The results indicate that the best approach to promote sustainable production is the use
of renewable raw materials (Figure 7). Other preferred options encompassed (1) recycling;
waste minimization and utilization of wastes as raw materials; (2) sustainable, recyclable,
reusable, and repairable products, components, and materials; and (3) the enhancement
of economic and social benefits. In addition, the answers for the other approaches to
promote sustainable production encompassed (1) the promotion of ESG investment to
evaluate sustainability (which tend to be focused on large companies) and the support
system for sustainable manufacturing facilities for SMEs; (2) the establishment of a cycle
of reproduction (sustainable resource) of wood (currently scarce); and (3) contact with
countries (such as China) that have a large negative impact on the environment.

It is highly noteworthy that renewable raw materials are highlighted in this context,
which implies that strong focus is needed on, for example, the sustainable use of wood
in construction and buildings, considering the sustainability and circularity of associated
products, components, and materials (including sustainable forest management). Interest-
ingly, sustainable and renewable raw materials were also identified to be one of the most
potential areas to create significant CE innovations, as a particularly important area in the
development of CE guidance. These findings support some previous ideas [11,12] about
CE development in Japan, including the importance of sustainability, as outlined by the
SDGs, including, e.g., the sustainable use of all natural resources. They also support the
findings of previous studies about the importance of renewable sources [14]; sustainability
strategies for the realization of a circular built environment in Japan (e.g., to address soci-
etal and environmental concerns related to short-lived buildings, including social circular
strategies for the residential built environment) [17]; and sustainable development for CE
development in Japan [14]. It has been noted that sustainable construction is important
due to the limited number of natural resources and new construction methods, such as
modular construction as a growingly important off-site construction method, which can
contribute to enhanced sustainability [32].
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The concept of sustainable building is related to both environmental characteristics
and social, cultural, and economic indicators [33]. The CE model promotes a transition to
more sustainable production models, and it can promote significant sustainability improve-
ments in the construction industry [34]. Sustainable building and associated approaches
demonstrate a move towards achieving sustainable development in the building industry,
considering environmental, social, and economic issues [35]. CE is a topical concern in
the construction industry, and it has been acknowledged as a way forward for sustain-
able development [8]. In addition, CE contributes to a more sustainable economy, and
CE concepts are well-suited to the building and construction sector in cities [36]. The
design of frameworks, indicators, methods, and tools to measure the circularity of products
could consider the connection to social, environmental, and economic pillars of sustainable
development, adaptation to specific industry contexts and product characteristics, and
system and life cycle thinking [37]. The promotion of CE and sustainability in the built
environment requires that the circular economy potential of construction and demolition
waste should be addressed from a holistic perspective considering social (e.g., social justice
and resilience of local communities), economic (e.g., new local jobs and business instead of
landfilling), environmental (e.g., reduced greenhouse gas emissions), spatial, and temporal
aspects [38].

Knowledge gaps that need to be addressed encompass product design, potential,
and limitations related to long-lived products and avoidance of waste generation [39].
Societal drivers for CE in the construction sector include challenges related to resource
scarcity and climate change, as well as the prolonging of construction material life cycles,
which can create significant environmental benefits (e.g., the substitution of virgin raw
materials and a reduction in carbon emissions) [40]. The promotion of sustainable building
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practices requires measures to balance environmental, social, and economic performance
in the implementation of construction projects considering (1) links between sustainable
development; (2) the need to change the ways that construction practitioners think about
and apply information in the assessment of building projects and construction; and (3) the
implementation of sustainability principles in the building industry [35].

A sustainable future requires system-based thinking including balanced considera-
tion of society, the environment, and economics [41]. In addition, previous studies have
recognized that (1) information-centric CE implementation will lead to the achievement
of sustainable development goals in the construction industry [8]; (2) resource recovery,
resource-efficient building construction, or CE-related LCA studies on construction and
buildings are not often addressed in studies [42]; (3) future research and work should focus
on the effective reuse of construction materials and waste-free recycling to promote CE,
environmental preservation, and sustainable development [43]; and (4) CE can contribute
to more sustainable business models provided that the social dimension (e.g., ethical),
ecosystem functioning, and human well-being are all addressed in this context [41]. For
example, sustainable construction is one of the best options to reduce the environmental
impact of buildings. Furthermore, the integration of building information modeling (BIM)
with life cycle assessment (LCA) can create significant benefits in the evaluation of whole
life cycles of buildings, including focus on the selection of sustainable materials early in the
design phase, for example [44].

3.2. Sustainable Consumption

The results indicate that the best approach to promote sustainable consumption is
the enhancement of consumer awareness (Figure 8). Other preferred options include re-
cycling, waste minimization, the utilization of wastes as raw materials, and willingness
to pay higher prices for sustainable products and services. In addition, the answers to
other approaches for promoting sustainable consumption include (1) social recognition that
sustainability is not a “condition for making money” but a “minimum requirement” for
business transactions, and that sustainability management is a mechanism for streamlining
production and consumption processes and improving economic efficiency; (2) psycho-
logical brake on purchasing products made from virgin materials (e.g., a system similar
to charging for plastic bags); (3) the promotion and financing of sustainable consumption
through taxation, including a carbon tax; (4) public subsidies for development, leading to a
beneficial impact on the environment, economy, and society; (5) relaxation of legal restric-
tions on construction; (6) pricing of sustainable products and services in a way that that
they are not expensive; (7) development of systems and rules that encourage consumers to
choose sustainable products and services; (8) motivational incentives; and (9) strengthening
of product distribution among environmentally conscious countries (outside of China).

These findings highlight the importance of consumer awareness for sustainable con-
sumption. This implies that the promotion of sustainable CE development requires that
end-users, customers, and consumers (preferably the whole society) have sufficient aware-
ness about the benefits of both CE and sustainability. The lack of consumer awareness was
also identified as a major barrier to CE development, and the enhancement of consumer
awareness was identified as a particularly important area in the development of CE guid-
ance. In addition, recycling, waste minimization, and utilization of wastes as raw materials
were found to be important for both sustainable production and consumption. These
findings also support some earlier ideas [18] about the importance of public awareness
creation (e.g., consumers) and the involvement of both the civil society and the business
community for CE development in Japan.
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The implementation of CE in the construction sector requires, for example, reorganiza-
tion at the system level, changes across the whole of the value chain, and the development of
new consumer habits [45]. CE requires a transformation of both production and consump-
tion systems, and implementing CE practices transforms the way companies do business
especially in the manufacturing industry [46]. The production of recycled products and
the reuse and recycling of construction and demolition wastes provide environmental and
economic benefits in most cases [47]. In general, CE can promote better resource manage-
ment and efficiency, and can support also waste elimination (including specific strategies to
implement CE in the building environment, such as early selection of appropriate building
materials and components to enhance the integration of CE principles into the whole value
chain and to create closed-loop systems) [48].

Previous studies have also acknowledged that (1) CE and the SDGs can also be pro-
moted in novel contexts, such as emergency housing [49]; (2) social sustainability initiatives
(e.g., engagement with residents and information about the use of buildings) are largely
absent from the design of sustainable settlements, which has a negative influence on both
the sustainability of large settlements and the environmental performance of buildings [50];
(3) it is important to consider that the environmental and economic sustainability of the CE
framework is site-specific and depends on multiple factors, such as the type of material,
building elements, transport distances, and economic and political context [47]; and (4) the
next generation of sustainable buildings needs to adopt a broader perspective in terms
of social and environmental sustainability, including organizational and physical layout
of settlements [50]. In addition, the design for circular production processes and circular
consumption, including a focus on system changes, can promote CE [51].

3.3. Value Creation and Maintenance

The results indicate that the best way to create and maintain value in a CE is the
design and manufacturing of sustainable, recyclable, reusable, and repairable products,
components, and materials (Figure 9). Other preferred options encompassed the develop-
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ment of markets for recycled products, components, and materials, as well as life cycle
thinking. In addition, the answers for the other options to create and maintain value in a CE
include (1) the diversification of funds into the resource recycling sector, as a system that
can balance regulation and support; (2) education on circular economy; (3) cost reduction
and economic penalties for non-cyclical economies; (4) improvement of understanding
and developing of the entire product value chain; and (5) the provision of attractive and
effective technologies that are necessary to achieve sustainability.
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These findings highlight the importance of sustainable and CE-oriented products,
components, and materials, based on life cycle thinking and supported by market creation.
The sustainable and cascading use of wood [39,40,52–57] can be used to promote value
creation and maintenance in the construction sector. For example, cascading of wood
from demolished buildings requires focus on primary design; the development of jointing
systems; and consideration of the reuse of whole elements of the unit parts with special
emphasis on the location, the demolition method, and recovered length and condition
(instead of the cross-sectional dimension) that determine the potential cascading flow
and applications [52]. It has been noted that CE of timber is not typically considered
or put into practice in the construction sector, and that the promotion of CE for wood
in construction requires e.g., a focus on the economic value of the waste material along
the whole value chain [40]. These findings are also in accordance with previous findings
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about the importance of recycling [19,20], the concept of reuse [19] and design for repair,
reuse and recycling, long-lasting products, and the use of recycled materials [14] for CE
development in Japan.

Additionally, CE adoption in BIM-based LCA of buildings is still limited and there
is a lack of focus on (1) the assessment of whole buildings; (2) circularity (especially the
reusability and recyclability of the materials); and (3) the refurbishment and demolition
processes of buildings [44]. Preconstruction and demolition strategies have a significant
influence on CE in the construction and demolition waste sectors because they provide
waste minimization approaches and enhance the recovery and use of construction and
demolition wastes as secondary materials [58]. In addition, the deconstruction of all types
of buildings can be a sustainable and viable alternative to demolition; it requires focus
on planning and design for disassembly and reuse, the selective dismantling of building
components for future reuse, repurposing or recycling, a reduction in building complexity,
smart choice of materials, access to construction and deconstruction information, and
life cycle thinking [59]. Material recovery is an essential stage for CE in the construction
and demolition waste sectors, but the development of secondary materials market is
limited by consumer attitudes towards using recovered materials (due to the lack of quality
standards) and low demand and high prices of secondary materials compared to primary
raw materials [58].

3.4. Innovations

The results indicate that the most potential areas to create significant CE innovations
are sustainable, recyclable, reusable, and repairable products, components, and materials,
as well as sustainable and renewable raw materials (Figure 10). In addition, the answers
for the other potential areas to create significant CE innovations include (1) an intellectual
property platform for environmental technologies that is not bound by patents; (2) changing
consumer attitudes; (3) the establishment of renewable energy; and (4) a focus on all of these
aspects, including the contribution of small companies to many of them and consideration
of the influence of the public consciousness (always influenced and spread in minute
details) on the limited development of a circular economy society.

The findings highlight the importance of sustainable and CE-oriented products, com-
ponents, and materials, as well as sustainable and renewable raw materials. Therefore, the
sustainable and cascading use of wood [39,40,52–57] is also essential in this context. For
example, it is possible to technically achieve the reuse of structural timber and there is a
need for efficient and standardized assessment criteria to guarantee mechanical properties
and to ensure the structural safety of buildings [40]. For the cascading use of wood, both
the cross-section and location of the use should be considered, and the disassembly design
could enhance the potential of cascading use [56]. These findings also support some previ-
ous ideas [13] and findings of a previous study [15] about the importance of new business
models for CE development in Japan. They also support the importance of the 3Rs (reduce,
reuse, and recycle) for CE development in Japan [13]. In addition, these findings are in
accordance with previous findings about the importance of recycling [19,20]; the concept
and design of repair, reuse, and recycling [19]; long-lasting products; and use of recycled
materials [14] for CE development in Japan.
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The design of sustainable buildings is important, and the construction sector needs to
be oriented towards sustainable development [33]. For example, the key competencies for
design in a CE include: (1) circular systems thinking; (2) design for recovery; (3) design for
multiple-use cycles; (4) circular business propositions; (5) circular user engagement; (6) cir-
cular materials and manufacturing; (7) circular impact assessment; (8) circular economy
collaboration; and (9) circular economy storytelling [60,61]. In addition, design for a CE
requires the development and implementation of a specific set of competencies, methods,
and tools [61]. Furthermore, designers need to respond to new social, economic, and
environmental needs; adopt a holistic approach to problem solving; and apply new design
thinking and practices (e.g., integration of CE criteria) to lead CE development [6]. It
is noteworthy that the early stages of design are decisive for the overall performance of
buildings [62]; that circular design is about redesigning products, business models, cities,
and linear systems covering, e.g., the extension of product life, designing out waste, and
pollution, design for repair, remanufacturing and reuse, the use of circular and safe materi-
als, modular design, and dematerialization (e.g., moving from products to services) [63];
and that the sustainable design, construction, and use of buildings can be based on the
evaluation of environmental impacts and pressure, social aspects and benefits (e.g., user
comfort), and economic aspects (such as life cycle costs) [33].
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3.5. Material and Energy Use

The results indicate that the best approaches to promote CE of material and energy use
are sustainable, recyclable, reusable, and repairable products, components, and materials,
as well as material and energy efficiency (Figure 11). In addition, the answer for the other
approaches to promote CE of material and energy use included the establishment of a
low-cost recycling system (e.g., the collection of used paper and critical consideration
related to the recycling of plastics, including in the context of the bottle collection system).
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These findings suggest that it is important to focus on materials and energy with
a special emphasis on, e.g., the existing, emerging, and potential sources of producing,
and ways to produce, both renewable materials and energy accompanied by significant
research, development, and innovation inputs. This issue is also related to the use of
renewable raw materials to promote sustainable production, including addressing CE and
sustainability requirements related to, e.g., the use of wood products, components, and
materials. For example, the availability and price of recovered and reusable materials
and components are major barriers to CE in the construction sector. Moreover, there is a
need to streamline reuse and recycling, and to make these products easily accessible [64].
CE development within the building industry can be advanced through a higher degree
of reused and optimized materials choice combinations (e.g., wood, steel, and glass) to
promote a simplified disassembly for reuse and recycling [5].

It is noteworthy that the sustainable and cascading use of wood [39,40,52–57] is also
essential in this context. The cascading use of wood can improve the overall performance
of the wood utilization system and contribute to the reduction in associated environmental
impacts [54]. For example, the establishment of a fully sustainable system requires focus
on approaches, such as cascading of wood to ensure efficient use of resources and recovery
of materials [52]. It is recommendable to prioritize material recovery (instead of energy
recovery), including prolonging the life cycle of wood considering associated storage of
biogenic carbon [40]. In addition, the achievement of high construction and demolition
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waste recycling rates requires major changes in the sorting, separation, and recovery of
associated systems, with a focus on the critical aspects of wood recycling, such as solutions
to waste wood that contains contaminants (e.g., nails, paints, or concrete) and wood
recycling and material recovery (instead of energy use) considering environmental and
economic performance aspects [55]. For example, the cascading use of wood requires the
effective collection of waste wood, and it can reduce the global warming impact of wood
utilization by 7%, and the use of primary wood can be reduced up to 14% with a cascading
of waste wood [54].

For example, modular construction has several benefits and advantages, but its applica-
tion is still limited in the construction industry, and there is a need to assess its sustainability
in a comprehensive manner based on suitable quantitative and qualitative sustainability
performance criteria and indicators [32]. The implementation of CE within the construction
industry and the application of CE to prefabricated buildings can be promoted based on
strategies that focus on (1) higher levels of prefabrication through tender processes (higher
weight); (2) project specification that cover the use of recycled materials; (3) new contracts
for large valuable building items that cover maintenance and removal in addition to supply
and installment; (4) adaptivity and future-proofing of buildings, (5) the deconstruct ability
of, and recyclability of, components; and (6) buildings as material banks, and tracking of
building components and their characteristics at the end of the life cycle of buildings based
on the implementation of inter-organizational systems [65].

Circularity in the built environment can be advanced, e.g., through smart building
dismantling and construction, as well as through demolition waste tools and protocols that
drive investments towards closed loop construction [66]. It is noteworthy that CE principles
and the recirculation of building materials (e.g., prolonged service life of building materials
and components based on design for disassembly) can contribute to enhanced resource
efficiency and help to retain value and durability of building materials [5]. In addition, CE
action and circular transition in the construction sector requires focus on, e.g., (1) sustainable
and durable materials; (2) design for disassembly; (3) modular and prefabricated elements;
(4) recovery schemes and requirements for waste and demolition plans and standards
to ensure quality of the recycled materials; (5) the sharing of information and technical
performance; (6) the traceability of building materials; and (7) guidelines and training for
demolition companies [10].

Practitioners can support the creation of circular supply chains and the reuse of
building materials through (1) the establishment of material marketplaces for long-lived
products, components, and resources (that can easily be exchanged between demolition
sites and (re)development projects); and (2) the adoption of take-back schemes of suppliers
for short-lived products [67]. Certain CE principles may be better suited for certain building
types, materials, and components, which implies that focus is needed on the combination
of specific life cycle design and construction strategies for different material and compo-
nent groups and associated natural characteristics [5]. Additionally, businesses, public
administration, and governments can manage their degree of CE implementation by using
a CE measurement scale for the building industry, covering dimensions such as resource
management, the efficient management of materials, energy and water, environmental
impact, and indicators of CE transition [34]. For example, the 5R framework (rethink,
reduce, reuse, repair, and recycle) can be used to understand and promote CE concepts and
practices in the construction industry [68].

3.6. Barriers

The results indicate that the technological, economical, and social barriers to the
circular economy should be addressed first, including (1) the lack of general knowledge
about circular economy opportunities and of seeing the ”big picture”; (2) the little economic
benefits associated with sorting and recycling (profitability); (3) sustainability marketing
and consumer awareness; (4) the development of sustainable, recyclable, reusable, and
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repairable products, components, and materials; and (5) the creation of economic value
and incentives (Figure 12).
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dressed first.

In addition, the answers for the other technological, economical, and social barriers
to CE that should be addressed first include (1) recycling combustible waste (that is used
as fuel); (2) increased costs and wasted energy associated with easy sorting; (3) extending
the life of buildings; (4) adding demolition potential to design; (5) insufficient monitoring
information on construction waste (e.g., quantity and quality); (6) the barriers that wooden
houses to renovation and demolition because of their integrated structure and use (de-
molition after use is, therefore, inevitable); and (7) the rejection of the introduction of a
carbon tax.

These findings highlight the importance of promoting comprehensive CE knowledge
(preferably covering the whole society), including consumer awareness, the integration
of sustainability into marketing and overcoming barriers related to profitability, as well
as economic value and incentives. Additionally, sustainable and CE-oriented products,
components, and materials need strong focus in this context. This implies that the sustain-
able and cascading use of wood [39,40,52–57] is relevant for overcoming barriers to CE
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as well. These findings are also in accordance with the previously noted importance of
environmental considerations of both society and markets as a driver for CE development
in Japan [13]. In the case of CE, the actors are typically firms and consumers; this orientation
towards market solutions can lead to a reduction in the transaction costs of policy [16]. This
means that raising awareness of CE will also reduce the burden on the policy-making side,
such as the government and various ministries.

Previous studies have recognized various barriers to CE development in the con-
struction and building sectors, such as (1) the lack of life cycle thinking and coordination,
difficulties to adopt of new methods (e.g., use of new recycled materials and compo-
nents), legislation obstacles, and contract models that do not support CE solutions [9];
(2) behavioral, technical, and legal barriers related to construction and demolition waste
management (e.g., recyclability of construction materials, ineffective waste dismantling,
sorting, transport, recovery processes, and ownership and agency issues in waste man-
agement) [69]; and (3) guaranteeing strength and safety (the reuse of structural timber),
including the associated need for standardized assessment criteria to guarantee mechanical
properties and to ensure the structural safety of buildings [40].

In addition, the identified barriers encompass (1) high complexity of the supply
chain, focus on short-term goals (e.g., profit) that are not aligned with the long-term
goals of sustainability and that result in insufficient stakeholder collaboration due to
competition, and the lack of commonly agreed CE definitions that result in a lack of
knowledge on how to practice impactful CE within the industry [5]; (2) upfront costs, project
schedules/timelines, current business models, and lack of awareness and regulations [70];
(3) a lack of environmental laws and regulations, as well as support from public institutions
and public awareness [7]; (4) lack of knowledge and tools [36]; and (5) lack of knowledge
about the environmental performance and associated benefits of different building design
and construction strategies (which implies that there is a need for new design typology to
promote CE-oriented decision-making) [2].

Government policies influence the recovery of construction and demolition waste
that is needed to achieve circularity and environmental sustainability in the construction
sector [7]. Policies that could promote CE could encompass, e.g., production standards
and norms, circular procurement, tax reliefs for circular products, the facilitation of waste
trading through virtual platforms, and awareness building [71]. For example, digitalization
has been recognized as a key driver of CE and many barriers to CE, such as material avail-
ability, waste data, and quality of wastes, which can be solved through the implementation
of online digital tools (e.g., tools for traceability) and supported by digital marketplaces for
business-to-business trade of reusable products and recovered materials [64].

In addition, the transition to CE in the construction sector requires government sup-
port, such as laws, tax incentives, and a systematic regulation and policy (including en-
hanced interaction among governmental institutions, policymakers, communities, and
manufacturing industries) [62]. Circularity in the built environment can be advanced,
e.g., through legislation on reuse and recycling thresholds for all new projects (which also
promote fair competition and investments in innovative resource recovery), optimization
of cost-effective processes, and governmental incentives and appreciation for stakeholders
that are innovative and set benchmarks in circular construction [66]. Responses by society
play a major role in the implementation of CE solutions, and there is a need to raise public
awareness about the long-term benefits of CE solutions in the construction sector [45].

In addition, CE can be promoted, and many business opportunities can be created in
the construction sector through implementation of local and national CE policies which
focus on planning, requirements for public procurement, and requirements for sustainable
construction [64]. The most relevant drivers for implementing CE in the construction sector
include ecosystems, management commitment, the identification of valuable materials,
and CE intermediaries [72]. As an example, a circular product supply chain can help to
transform a linear building life cycle [36]. Targets are important governance instruments
for a transition towards CE and to make the economy more circular. Furthermore, there
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is a need for new targets that reflect the multifaceted reality of CE, including focus on,
e.g., design improvements, a reduction in environmental impacts, the level of circularity,
extended warranty, and repairability [73]. Public promotion of circular solutions should
also include consideration of technological constraints and the provision of support for the
development of product and service innovations [45].

3.7. Guidance

The results indicate that the particularly important areas in the development of CE
guidance include (1) the design and manufacturing of sustainable, recyclable, reusable, and
repairable products, components, and materials; (2) enhancement of consumer awareness;
and (3) sustainable and renewable raw materials (Figure 13). Other important areas include
life cycle management, assessment and reporting, new business models, enhancement
of economic and social benefits, life cycle thinking, material and energy efficiency, and a
reduction in the environmental impacts of production.
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These finding suggest that the development of CE guidance should focus on the
design and manufacturing of sustainable, recyclable, reusable and repairable products,
components and materials. Sustainable and renewable raw materials are also among the
priority focus areas. This implies that guidance is needed on sustainable and cascading use
of wood [39,40,52–57] including focus on life cycle management, assessment and reporting.
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These findings are also in accordance with previous findings about the importance of
the development of human resources for CE [21] and education for awareness raising
and incentives [14] for CE development in Japan. Previous studies have recognized that
education is among the main enabling factors that support transition to a CE model in
the construction industry [70] and that education for CE is essential in the context of
industrial design practices to advance design for circular production processes and circular
consumption [51].

Many major construction companies are looking to integrate CE thinking into their
business models and adopting CE practices, e.g., to enhance their material use, including
minimization of natural resource inputs, and to optimize economic, social, environmental,
and technical benefits and costs associated with full life cycles of products and materi-
als [74]. In general, there is also a lack of clarity and insight related to circular business
models in the construction sector [62], and sustainable business models also require new
design capabilities [46]. However, some companies have implemented innovative and
experimental initiatives, but comprehensive and widespread translation of CE thinking
into construction practices is at an early stage [74]. All these sectoral efforts need to be
supported by business support guidance and guidelines based on broader conception of
the role of business in society [75].

In general, the transition to a CE model in the construction industry is supported by
four main enabling factors: education, data availability, policies, and voluntary steward-
ships [70]. Higher education for CE should focus on, e.g., (1) specific circular business
models (e.g., products as services and sharing platforms) and (2) the creation of innovation
and entrepreneurship skills as well as encompass adoption of innovative and active learning
approaches based on real problems and projects (e.g., collaboration with companies) [76].
There is also a need for more focus on buildings in the CE-oriented building research, in
addition to the current focus on construction materials, cities, or neighborhoods [3].

3.8. Circular Economy Development

The results indicate that the very important aspects of CE in the construction sector
included (Figure 14): (1) the maintenance of existing buildings (72% of respondents); (2) sus-
tainability and long-life cycles of products, components, and materials; (3) cooperation
between the parties of the life cycle of construction; (4) products that are designed to be
repaired and reused; and (5) sustainability criteria for the life cycle of construction (envi-
ronmental, economical, and social aspects). These findings suggest that the maintenance
of existing buildings is a major focus area that also could provide opportunities for novel
innovations and application of CE and sustainability-oriented choices related to materials
and energy. In addition, CE-oriented design; sustainability; and the extension of the use life
and the overall life cycles of products, components, and materials are essential, including
for the collaboration of all actors related to the whole life cycles of buildings. There is also
a need for comprehensive sustainability management and assessment covering environ-
mental, social, and economic aspects. In this context, there is a need to develop and apply
a comprehensive set of sustainability criteria and indicators covering the whole life cycle
of buildings.

These findings highlight the importance of the maintenance of existing buildings; a
comprehensive approach to sustainability; long life cycles of products, components, and
materials; and extensive cooperation covering all parties within the whole construction life
cycle and of product design (including a focus on repair and reuse). This implies that the
sustainable and cascading use of wood [39,40,52–57] can play a major role in promoting CE
in the construction sector and can contribute to all these priority aspects. In this context,
it has been noted that that policy limitations related to wood cascading in the context
of CE are seldom addressed in research [39] and that the increase in both the use and
cascading of wood can contribute to a reduction in systemic environmental impacts [53].
Our previous research also suggests that (1) CE development can be promoted through
public steering and enhanced focus on sustainability considerations [57]; (2) construction
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and buildings are among the main areas that offer the best opportunities to promote
sustainable and CE-oriented public procurement in the future, including updating old
buildings and spaces to combat climate change [77]; and (3) cascading of materials, such
as solid wood, needs to be promoted through demand from the construction sector, other
customers, or appropriate legal requirements or incentives [57]. These findings are also in
accordance with previous findings about the need for closer links between all actors, levels,
and units [15], and the importance of a people-centered approach (e.g., in the context of
the lifespan extension of existing buildings) [17]. For example, cultural heritage buildings
can promote environmental sustainability, and extending their useful lifespan can create
multiple local benefits and contribute to social and economic development [36].
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Previous studies have recognized that (1) refurbishment and the adaptive reuse of
underutilized or abandoned buildings can create environmental and local benefits [36];
(2) CE in the construction and building sector requires adoption of new methods and
comprehensive collaboration between stakeholders and among unconventional partners
(e.g., to address cross-sectoral barriers to CE) [9]; (3) the introduction of the CE principle
to the building industry can enhance its sustainability performance, and there is need
for enhanced stakeholder participation in environmental impact assessments to promote
practical applications and to support decision-making [42]; and (4) CE development in the
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construction industry requires a collaborative network of information brokers to bridge the
structural holes (i.e., missing relations between parties) in the construction supply chain [8].

Additionally, there is a need to enhance the knowledge of standard practices within CE
concepts and to develop standard practices for the reuse of building materials within the
construction industry (e.g., CE practices in various life cycle stages, new CE-oriented busi-
ness models, building material passports, and the creation of a community of practice) [78].
It has been noted that open-loop recycling, selective demolition, and prefabrication are
popular circular strategies, whereas design for disassembly and in layers and closed-loop
recycling have been less popular this sector [70]. CE development in the construction sector
should ideally encompass the whole construction supply chain (many initial approaches
have focused only on recycling and waste), and there are challenges, such as the risk of
using the CE concept to justify unsustainable economic growth [74]. The effective imple-
mentation of CE in the whole construction value chain requires clarity on how circular
actions contribute to sustainability, business models, supply chains, and innovation and
communication technology systems [62]. CE development in the building sector also
requires new types of collaboration within supply chains [10].

Finally, the promotion of CE in the built environment requires, e.g., inclusive and
adaptive management, multidisciplinary approaches, practices to extend service lives,
product–service systems, and the establishment of a database or platform for a continuously
updated, evaluated, and interconnected set of best practices [4]. The development of
circular buildings requires (1) a new process design based on the early integration of
multiple disciplines in the supply chain; (2) an ambitious vision based on co-creation; (3) the
extension of responsibilities to all actors in the whole building supply chain; and (4) new
business and ownership models [67]. The realization of the benefits of CE implementation in
the construction industry also requires specific case studies, including real implications [10].

4. Conclusions

The findings of this study suggest that CE development priority focus areas in the
construction sector in Japan encompass (in relation to the study themes): (1) the use of
renewable raw materials, including sustainable production; (2) the enhancement of con-
sumer awareness (sustainable consumption); (3) sustainable, recyclable, reusable, and
repairable products, components, and materials, as well as sustainable and renewable raw
materials (CE innovations); (4) sustainable, recyclable, reusable, and repairable products,
components, and materials, as well as material and energy efficiency (CE of material and
energy use); (5) a lack of general knowledge surrounding circular economy opportunities
and of seeing the “big picture”, the little economic benefits associated with sorting and
recycling (profitability), sustainability marketing, and consumer awareness, as well as the
development of sustainable, recyclable, reusable, and repairable products, components,
and materials for the creation of economic value and incentives (technological, econom-
ical, and social barriers to CE); (6) design and manufacturing of sustainable, recyclable,
reusable, and repairable products, components, and materials, as well as enhancement of
consumer awareness and sustainable and renewable raw materials (CE guidance); and
(7) the maintenance of existing buildings (72% of respondents), as well as the sustainability
and long life cycles of products, components, and materials, or the cooperation between the
parties of the life cycle of construction and products that are designed to be repaired and
reused with sustainability criteria for the life cycle of construction, including environmental,
economical, and social aspects (specific CE aspects in the construction sector).

These findings and identified priority focus areas can potentially contribute to further
the development of CE in the construction sector through their appropriate integration
into proactive management, informed decision-making, and to sustainability and CE-
oriented design and engineering among all relevant construction sector organizations.
Future research should focus on more in-depth assessment of the main findings associated
with each study theme, including strong emphasis on the contribution to management,
informed decision-making and sustainability, and CE-oriented design and engineering in
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the construction sector. Real-life case studies and transdisciplinary approaches are highly
recommended. More focus is needed on the identified priority areas, including ways to
overcome the main barriers and to create and develop an appropriate enabling environment
for CE in the construction sector.
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