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Abstract: The circular economy is one of the main strategies for mitigating the environmental impacts of civil
construction, due to the generation of construction and demolition waste (CDW). In this transition, evaluating
alternatives for using buildings as material banks is a way to make the process of reusing construction
components more efficient. Thus, the article aimed to evaluate the state of the art of publications on the
relationship between the circular economy in civil construction and the conceptual model of buildings as
material banks, to mitigate the environmental impacts of CDW. The authors chose the methodological design
of Systematic Literature Review, using the Scopus and Web of Science databases for research, with the
following search strings: ("construction” or "civil construction” or "built environment" or "construction
industry" ) and ("circular economy" or "circular construction") and ("material banks" or "BAMB" or "buildings
as material banks" or "building stocks" or "building materials") and ("construction waste" or "demolition waste"
or "CDW" or "construction and demolition waste" or "environmental impacts"). After a screening in which only
articles published in journals were selected, from 2013 to 2023, inclusion and exclusion criteria were applied,
to evaluate only those that had a direct relationship with CDW management through circular economy
strategies and buildings such as banks of material. As a result, 93 articles remained, which were analyzed using
quantitative and qualitative approach. The quantitative results showed an increase in publications since 2020,
which are concentrated in European countries and China. The predominance of applied studies was also noted,
through case studies that evaluate the management of materials and waste in the urban environment. The
qualitative analysis, carried out using a SWOT Matrix, highlighted the strengths of the buildings, such as
material banks, the potential reduction of resource extraction and urban mining, promoting the circulation of
construction products. However, the recycling of waste, such as aggregates, still stands out as the main end-
of-life strategy adopted, even without occupying the top of the waste hierarchy.

Keywords: circular construction; urban mining; construction and demolition waste; buildings as material
banks; SWOT matrix

1. Introduction

Civil construction is responsible for high rates of consumption of natural resources and
generation of waste, which negatively affect the environment and society. Regarding waste
generation, according to [1], in 2018, the global average of construction and demolition waste (CDW)
generation was 604 kg/inhabitant/year, with a projection of this number increasing by up to 60%,
until 2050. In the Brazilian context, the Annual Panorama of the Brazilian Association of Public
Cleaning and Special Waste Companies [2] points out that, in 2021, 227 kg/inhabitant were collected
from construction and demolition waste, representing an increase of 2.9% compared to the previous
year.

Facing this problem, research that addresses the circular economy (CE) in the construction sector
can help to make it more sustainable, in addition to adding value to waste, through its reinsertion
into the production chain. CE has gained strength as a strategy to achieve sustainability in many
industrial segments, because, if population growth rates are maintained at the current level of
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consumption, the planet will not be able to provide resources for human activities. As a result, there
will be a scarcity of resources and greater market volatility, in terms of prices and supply capacity.
To contain this reality, the circular economy proposes strategies based on new business models and
maximizing the life cycle of products, through recovery, reuse or recycling [3].

Despite these potential benefits of CE, [4] it has been noticed, through a systematic review, the
need to develop research on circular construction in countries in America, Asia and Africa, in order
to adapt their construction models to circular trends. With this, the need for research in this area is
assessed, especially in the regions mentioned in the research, which can use this possibility for better
environmental indicators, but also to improve the quality and efficiency of constructions in their
urban centers [4].

As for the construction sector, some restraints are observed for a more efficient and circular
management of waste generated by its activities. This is because there is a tendency for waste,
especially concrete and ceramics, to be recycled through crushing, which reduces added value and
incorporates more energy into the system [5]. Seeking this valorization of the materials that make up
the building, projects that plan Buildings as Material Banks (BAMB) began to be developed [6].

The assessment of buildings as material banks can occur in two different ways, considering new
constructions or the existing building stock. As for new buildings, the use of technologies can support
the creation and management of a complete model of the building, which allows greater control of
components throughout their life cycle [7]. On the other hand, for the stock of buildings already
constructed, [8] a report that the studies that evaluate them are not recent, with research from the
2000s being carried out in Europe, North America and Asia, at municipal level. However, there are
still gaps to be developed on issues such as: the accuracy of the available databases, regarding the
component materials of different construction categories, for example [8].

In view of the above, the research aims to evaluate the state of the art of scientific literature on
the relationship of the circular economy in civil construction with the conceptual model of buildings
as material banks, to mitigate environmental impacts of construction and demolition waste. To
achieve this, a systematic literature review was used as a methodology, which evaluated 93 scientific
articles, published between 2013 and 2023, with the themes of Circular Economy and Buildings as
Material Banks, with the following research questions: 1) Which are the themes and methods covered
in the literature for implementing buildings as material banks, considering design, construction, and
waste management techniques? 2) What are the potential applications of buildings as material banks
in mitigating the environmental impacts of construction and demolition waste, from a circular
economy perspective in construction?

Based on the analyzes carried out, the topics covered in the research were identified, as well as
the methodologies used to manage buildings such as material banks, in addition to a quantitative
classification of articles by year, periodical and country of publication. Finally, a SWOT matrix was
created to evaluate material banks from the perspective of the circular economy, aiming to mitigate
environmental impacts arising from construction and demolition waste.

The article is structured into six chapters. Following the introduction, a theoretical review on the
topics of mitigating the environmental impacts of construction and demolition waste, circular
economy and buildings as material banks is presented. The third chapter presents the methodological
procedures adopted, and then the results and discussions. Finally, the conclusions of the article are
described in the last chapter.

2. Theoretical Review

2.1. Mitigation of Environmental Impacts of Construction and Demolition Waste

The environmental impacts of civil construction are perceived worldwide, due to the need for
resources to supply its entire production chain. Among some data, it can be highlighted that energy
used in the operation of buildings and construction accounts for approximately a third of global
consumption, and is also responsible for a quarter of greenhouse gas emissions worldwide, with the
prospect of the built area doubling by 2050 [9]. Just for the production of cement, the main
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construction input, it is estimated that around 8% of annual CO2 emissions [10]. Furthermore, the
construction industry accounts for up to 60% of the extraction of raw materials to meet its production
needs [11]. As for mineral materials, the demand for sand and aggregates is 40 to 50 billion tons
annually, and could reach 60 million in 2030, according to data from the United Nations [12].

Regarding waste generation, according to Brazil's National Solid Waste Policy (PNRS),
established by Law 12,305/2010, civil construction waste is all waste generated in the “constructions,
renovations, repairs and demolitions of civil construction works, included those resulting from the
preparation and excavation of land for civil works”, with companies in the sector being subject to the
preparation of a solid waste management plan [13]. However, even 13 years after the publication of
the aforementioned Law, construction and demolition waste does not have adequate management in
the country, with the majority being discarded clandestinely and without the possibility of recycling
[14].

The CDW generation is concentrated in large urban conglomerates, which occupy small
territorial areas, due to factors such as the human development index (HDI), or Gross Domestic
Product (GDP) of the region, which influence their economic activities [15]. For waste that is not sent
to landfills, or is discarded illegally, the most used option in Brazil is recycling. In 2018, recycling
plants operating in Brazil had the capacity to recycle only 45% of the volume of CDW generated in
the country. Furthermore, these units have not been yet well distributed across the national territory,
being mainly concentrated in the Southeast region [16].

Although recycling is a more sustainable way of disposing of CDW, it is not the priority in the
waste hierarchy, currently characterized by five stages: prevention, reuse, recycling (high added
value, or upcycling), downcycling, and disposal in landfill [17]. This is because reuse minimizes the
extraction of a new resource, saving new product processing and saving up to 60% of the energy
incorporated in construction elements. On the contrary, recycling causes more energy incorporated
into the system, which is not desirable [18].

In this sense, another concept presented in the literature is that of urban mining, which consists
of the “reactivation of materials accumulated in the urban environment, which were not specifically
designed for reuse or recycling (therefore, mining)” [19]. The concept already had its first principles
in 1969, and today it is characterized by the “recovery of materials from anthropogenic resources”,
being one of the main strategies for circular economy in cities [20].

For these reasons, making the sector more sustainable and mitigating its environmental impacts
have been the justification for formulating research and public policies around the world [9].A culture
of planning must be established in construction processes, using materials with a low carbon
footprint, projects with greater architectural technology and valuing existing buildings as material
banks [10]. In this context, the application of circular economy principles in construction has been
one of the most discussed strategies to counter the current market model, based on consumption [21].

2.2. Circular Economy in Construction

The circular economy can be conceptualized as “a regenerative system in which resource input
and waste, energy emission and leakage are minimized by slowing, closing and narrowing material
and energy circuits” [22]. Considering the construction industry, circular construction can be
described as “a multidimensional and dynamic economic system for construction, based on the
application of circular economy principles” [4]. However, what differentiates it from other strategies
is its value proposition, which goes beyond environmental issues, generating commercial value and
promoting business competitiveness [3].

[4], who carried out a systematic review on the circular economy in the built environment, based
on 316 publications, assess that research in the area revolves around five main clusters: “R” strategies
or structures; construction and demolition waste management; design approaches to buildings;
business models or networks; and Life Cycle Assessment (LCA). As for the “R” strategies, [23] listed
ten possibilities, from RO to R9, in which the refusal to produce new materials must be prioritized as
the first alternative, with energy recovery being the last possible destination for the waste.
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Therefore, when it comes to planning the end-of-life phase alongside the design phase, the
“design for” or “Design for "design for adaptability” or "design for flexibility". These approaches
enable the reuse of building components, reducing their disposal in landfills or the need for recycling
[24]. However, when analyzing these methodologies, it is necessary to address the needs of the
community, predict future uses, so that it is possible to balance the costs of deconstruction [25].

Regarding this, LCA is applied in methodologies to estimate and evaluate the impacts of
deconstruction on the life cycles of materials [5]. As much attention in recent years has been given to
the energy expended in operating buildings, LCA is a useful tool for demonstrating the
environmental impacts of cradle-to-grave construction components for both new and existing
buildings [10]. With this, the method evaluates whether the technologies used to reduce impacts
throughout the operation reduce the overall impacts of the building, even though data from the
construction, maintenance and end-of-life phases are currently limited [26].

From an economic point of view, it is analyzed that the results are still strongly dependent on
factors such as type of material, location, availability of markets for recoverable materials, and the
economic and political context of the region. Therefore, the rehabilitation of buildings can be an
economically viable alternative compared to demolition and reuse [27]. Therefore, feasibility studies
must consider the maintenance or re-functionalization of a building before planning a new
construction, using tools such as LCA and economic viability analyzes for this purpose [10].

Based on these considerations, some barriers are presented as hindering the application of
circular construction concepts, such as: selective demolition methods that imply high operational
costs; the need for investment to adopt CE; the lack of regulations that encourage the adoption of CE;
and the difficulty in estimating the residual value of building components over various life cycles
[28]. Given these factors, evaluating buildings globally for functional reuse or as a bank of material
resources for new construction is necessary to achieve circular construction.

2.3. Buildings as Material Banks

Due to the need for greater efficiency in the use of construction material resources, considering
economic and environmental issues, there is growing interest in buildings as material banks [7].
However, this perspective changes the way resources should be managed [19], which currently has
limited exploration due to the lack of information about the materials available in the existing
building stock [29].

Seeking to value the materials that make up the building, the European Union developed the
BAMB (Buildings as Material Banks) project, aiming at circularity in the built environment. The
initiative envisaged a systemic change in the sector, mainly through Material Passport (MP) tools and
reversible building projects [6]. Material passports are digital documentation that provides a detailed
inventory of all elements available in buildings, including quantity, quality, dimensions and location
in the structure [19].

The material passport is a key element for optimizing the tracking and indication of parts with
the greatest potential for reuse. Thus, buildings will not only be valued for their current use, but seen
as a source of material resources. Furthermore, buildings have also been seen in a more dynamic way,
due to the ease of transforming their layout [30]. However, material passports must be combined
with geo referencing technologies (such as GIS), and with platforms or digital markets for selling
reused products. This is because these tools help locate components and promote the concept of
industrial symbiosis, evaluating the flow of materials on an urban scale [31].

Considering a macro policy structure for circular construction, the initial step is to analyze the
construction stock, to think about strategic planning from an economic, social and environmental
point of view. End-of-life buildings and their possibilities for adaptation or deconstruction to reuse
materials can be identified [32]. This step is essential, because if only new buildings are mapped in
the databases, we will not have materials for reuse in the short and medium term. Therefore, the
digitalization of cities is necessary [33]. Furthermore, it is necessary to monitor the flow of materials,
documenting and managing these assets, to identify when in the future they will be available for
reuse [19].
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The application of these techniques is necessary to make the use of buildings' material stocks
economically viable, since knowing their location can shorten up transport distances, at the same
time making it possible to assess whether the waste generated can meet the demand for new
constructions [12]. However, research reports difficulties in replicability to other regions, in the
accuracy of data on building materials and in the predictability of the flow of materials (dependent
on the source of data input), presenting considerable levels of uncertainty [34].

Furthermore, it appears that research on buildings as material banks is still focusing on a
regional level, and geographically located on the European and Asian continents [8]. From this
perspective, it is possible to state that it is necessary to carry out more studies that relate the
methodologies used to create a conceptual model of material banks that can be applied in other
regions, as aimed at with this research.

3. Materials and Methods

The methodology used in this article was the systematic literature review (SLR). For the
procedures adopted in the research, the PRISMA checklist (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) [35] was used as a reference, as well as [36], with the steps divided into:
scope definition; search for evidence; selection of studies and analysis structure. RSL was adopted
because it provides an auditable and reliable search method, based on already published evidence,
to achieve the proposed objectives and answer the research questions [4].

The first stage consisted in defining the research questions, which were listed as: 1) What themes
and methods are covered in the literature for implementing buildings as material banks, considering
design, construction, and waste management techniques? What are the potential applications of
buildings as material banks in mitigating the environmental impacts of construction and demolition
waste, based on a circular economy in construction?

After defining the research questions and objective, the keywords and databases in which the
search would be carried out were defined. The following terms were used as keywords:
("construction" or "civil construction" or "built environment" or "construction industry") and
("circular economy" or "circular construction") and ("material banks" or " BAMB" or "buildings as
material banks" or "building stocks" or "building materials") and ("construction waste" or "demolition
waste" or "CDW" or "construction and demolition waste" or "environmental impacts").

The keywords were written in English to incorporate a greater number of publications, and they
were divided in such a way that articles that related the three main themes of the research could be
reached. The Scopus and Web of Science databases were selected as data sources, given their
relevance for publications in the area of engineering and the global scope of studies. The databases
returned a total of 202 and 110 results each, respectively. After the initial search, filters were carried
out by year of publication, restricted to works published between 2013 and November 2023. At this
stage, only one publication was excluded from the Scopus database.

To guarantee the quality criteria of the studies, considering peer review, only journal articles
were selected as the type of publication, with works published in annals, books and chapters being
excluded. After this filter, 256 publications were pre-selected, 150 from the Scopus database and 106
from the Web of Science. Finally, after excluding duplicate titles, 205 articles remained that were
screened considering the eligibility criteria.

The fourth stage consisted of the selection of articles, by reading the titles and abstracts,
considering the inclusion (IC) and exclusion (EC) criteria, described in Table 1.

Table 1. Eligibility Criteria for Articles for the Study.

Criteria Description
cn Materials for Construction Bank
CI2 Construction Circular Economy
CI3 Management of construction and demolition components and waste
Cl4 End-of-life management of building stock

CI5 Studies on design and construction of residential, commercial or industrial buildings
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CE1 Does not study the construction industry

CE2 Does not study the management of construction and demolition components and
waste

CE3 Studies on energy efficiency and water consumption in buildings and cities

CE4 Performance assessments of specific waste and materials

After this initial reading, 93 articles were selected. Figure 1 shows the methodological

procedures adopted in the research.
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Figure 1. Methodological procedures.

Based on the selected studies, as seen in Figure 1, the data were arranged considering
quantitative and qualitative analyses. From a quantitative point of view, publications were stratified
according to the year of publication, country in which the research was carried out (or the main
author, if the location could not be identified) and journal.

For the qualitative analysis, the answer to the first research question was given by analyzing the
theme and methodology applied in the studies, dividing them according to their nature, whether
basic or applied, and the methods applied. For the second question, the main research results and
gaps observed for future studies were compiled. Based on this, a SWOT matrix was created (strengths
(5), weaknesses (W), opportunities (O) and threats (T)), used as a management tool and strategic
planning for projects and processes, to evaluate the scenarios and propose action plans. According to
[37], this tool has been used in many places around the world, to promote ways of implementing an
adequate waste management process or demonstrate the relevance of this matter for reducing
environmental impacts.

According to [38], strengths are internal factors that characterize a good competitive position,
while weaknesses are internal agents that can be improved or strengthened. Opportunities and
threats are external factors that can benefit or hinder the process in question. Thus, internal factors
can be changed, while external factors can only be monitored to prevent threats or enhance
opportunities. Given this, the assessment was carried out from the perspective of the circular
economy, aiming to mitigate environmental impacts arising from construction and demolition waste.
Evidence from each of the studies was collected and classified by relevance, according to its
recurrence.
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4. Results

4.1. Quantitative Analysis of Articles

The quantitative analysis began by stratifying the articles based on the year of publication, with
the results presented in Figure 2.

30
28

20

Number of publications

w
w2

2017 2018 2019 2020 2021 2022 2023

Year

Figure 2. Publishing Year of the Articles.

Even though the studies were selected from 2013 to 2023, after screening, only articles from 2017
onwards remained. The results demonstrate a marked growth in research throughout 2019 and 2021,
with a slight decrease since then. This may be related to the BAMB project, developed by European
Union countries between 2015 and 2019, which promoted various research on the topic [6]. However,
the relevant number of studies published in recent years demonstrates the current and relevance of
the topic. Next, the countries of origin of the research were evaluated. Figure 3 presents the results.
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Figure 3. Country of publication of articles and division between continents.

It was observed that the majority of studies are concentrated in Europe, 55 in total, followed by
Asia, America, Oceania and Africa, with only 2. One of the studies was published in Turkey, for this
reason classified as Europe and Asia. The country with the most publications on the topic is Italy (9
articles), with a considerable number of articles from countries such as China and the United
Kingdom, with 8 and 6, respectively.

In the case of China, [39] assess that its rapid urbanization led the government to encourage
waste management policies in order to maximize reuse and recycling processes, in order to also
obtain financial benefits from these processes. As a result, research in the country also developed,
presenting a greater number of studies and citations, compared to other countries with a strong
economy, such as the United States, for example, an aspect also observed in this research. Brazil also
stands out in the number of publications, despite not having well-defined policies yet to encourage
the circular economy and studies of buildings as material banks, as observed in Europe.

Furthermore, despite the concentration of research in developed countries in Europe and Asia,
the origin in 37 different countries located on all continents demonstrates that the topic is already
widely studied throughout the world, given the environmental problems observed at the level global.

As for the publication journal, results were observed in 38 different magazines, the main ones
being Journal of Cleaner Production, with 13, Sustainability, with 12, in addition to Resources,
Conservation and Recycling, with 11 articles published on the topic of this research. Figure 4 presents
the data.
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Figure 4. Article publication journals.

4.2. Qualitative Analysis

Subsequently, the studies were classified according to the topic. After reading the works, they
were classified into 10 different themes, identified as the main areas of research relating the circular
economy and buildings as material banks: Analysis of the sustainability of projects and materials;
Understanding circular construction; Design for "x"; Pre-deconstructive audit tools/methodologies;
Management of construction and demolition waste; Urban mining; Business models for circular
economy; Quantification of material stock; Systematization of material databases; Use of technologies

to support circular construction. Figure 5 shows the distribution of themes over the years.
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Figure 5. Theme of publications.

It is observed that the first studies had as their theme the management of construction and
demolition waste and the quantification of the stock of materials. However, over time other areas of
research emerged, such as the use of technologies to support circular construction, analysis of the
sustainability of projects and materials, and urban mining. Current and future trends include design
for “x”, systematization of material databases and studies on business models for the circular
economy.

In the research by [40], who carried out a systematic review of research on circular economy in
the construction sector, the most discussed topics were the reuse of resources, waste management
and circular economy models. Regarding the management of construction and demolition waste,
research was not only focused on the end of the production chain, but aimed at source reduction, and
closed cycles for the product, just like the principles of the circular economy. However, it was
observed in this research that many articles evaluate the use of recycled aggregates as the main
method of alternative waste disposal in relation to landfill, with these aggregates being applied as
road substrates or reincorporated into concrete [41,42].

To evaluate the second qualitative question, the methodology applied in the work was analyzed;
the results obtained are presented in Figure 6.
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Figure 6. Nature of research and methods applied.

It can be seen, from Figure 6, that the majority of studies are of an applied nature (56 in total),
while 37 of them are theoretical research that generates knowledge that can base new studies that can
create products and processes applied to a specific reality. As for the methods applied, case studies,
literature/documentary review, statistical analysis, material flow analysis, questionnaires and
interviews, life cycle assessment, input-product analysis and virtual platform development, were, in
sequence, the methodologies used.

[40] identified in articles from 2007 to 2020 that literature review, case study, experimental
methods and interviews were the most used procedures, in descending order. It is observed that a
more current sample of research has undergone modifications, with most studies being applied to
specific contexts, using real data from neighborhoods, cities or even countries to apply case studies
that evaluate the management of material stock and waste construction and demolition, using
material flow analysis techniques and statistical analysis together.

Still referring to the methodology, it is observed that in studies on the subject of systematization
of material databases and quantification of material stock (22 in total), there is a standard for
classifying buildings, with the vast majority being evaluated residential buildings, divided between
single-family houses, multi-family houses and apartment blocks. Non-residential buildings are also
evaluated, generally together, divided between commercial, industrial and public service buildings,
but only one of them evaluated infrastructure networks. Furthermore, most material quantification
studies evaluate the existing stock, with 5 of them also combining forecasts for new construction to
analyze the flow of materials over time. The data is presented in Figure 7.
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Figure 7. (a) Type of construction; (b) Evaluated stock.

This data is also categorized according to the construction period, which determines which
construction techniques and materials were used at the time, forming the so-called archetype. Based
on this, a materials intensity, which is usually a unit of kg/m? or kg/m?, and is based on literature or
field observations, is multiplied by the number of residences in the study region, or by the built area
and volume, according to each classification, totaling the volume or mass of materials available in
each location [43].

Based on the description of the methodologies applied, the sequence of qualitative analysis of
the articles was carried out using a matrix that evaluated the strengths, weaknesses, opportunities
and threats of buildings as a material bank as a circular economy tool. The results are described in
Table 2.

Table 2. SWOT Matrix.

Strengths
ST1: recycled aggregates
ST2: Design strategies for "x"
ST3: Promotes urban mining and the circulation of construction products
ST4: Savings in the extraction of natural resources and carbon emissions
ST5: Sustainable urban planning tool
STé6: Selection of more efficient materials
ST7: Dry, prefabricated and modular constructions, with mechanical connections
ST8: Selective deconstruction
ST9: Global building sustainability assessment
ST10: Promotes industrial symbiosis
ST11: Strengthens local businesses to reuse components
ST12: Reduced construction costs by using more circular materials
ST13: Reduces land use consumption for landfills
ST14: Adaptive reuse of buildings
Weaknesses

WK1: Unavailability of accurate data on construction materials and components
WK2: Operating costs for deconstructing and maintaining databases
WKS3: Difficulty in transportation, logistics and narrow gap of use
WK4: Residual Performance Characterization and Hazardous Waste Screening
WKS5: Waste underreporting
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WKG6: Lack of standardized methodologies for quantifying and evaluating the environmental
impact of CDW
WK?7: High prices and low profitability of using secondary materials
WKS: High rates of recycling losses
WKO: Low capacity to meet demand for materials with secondary materials
WK10: Concrete structures
WKT11: Lack of regulation for reused materials
WXK12: Need to incorporate other materials to reuse recovered
Opportunities
OP1: Material and waste management with support from BIM
OP2: Using Industry 4.0 technologies to promote circular construction
OP3: Policies and enforcement of targets for value-added reduction, reuse and recycling
(upcycling), along with tax incentives for companies that meet targets

OP4: Use of GIS systems, automated cadastral information systems and remote sensing
OP5: Open and regulated digital platforms for management of construction, demolition, recycling
and commercialization of secondary materials
OP6: Assessment, creation and investment in local business models for CDW management
OP7: Material passport
OP8: Use of LCA to evaluate the impacts of production, replacement and final disposal of
components
OP9: Industrial urban symbiosis
OP10: Green public contracts
OP11: Creation of new jobs
OP12: Development of technologies for collection, transport and processing of CDW
OP13: Involvement of interested parties in the formulation of policies and analysis of material flow
scenarios
OP14: Encouragement of research and training in the areas of waste management and circular
economy
OP15: Public-Private Partnerships
OP16: Pre-deconstructive audit protocols accessible to the initial design phase
OP17: Product-service systems (material leasing)

OP18: High cost and low availability of landfills for CDW disposal
OP19: Identification of customer segments that value products with a lower environmental impact
OP20: Smart cities
OP21: Use of components in popular housing
Threats
TH1: Low cost of primary materials
TH2: Market restrictions on the use of secondary materials
THB3: Lack of regulation and supervision over CDW management
TH4: Lack of support for LCA tools for managing the impacts of long-term reuse
THS5: Lack of concern about scarcity of resources
TH6: Uncertainty about the quality of secondary products
THY7: Profit-oriented and change-resistant nature of the construction industry
THS8: Uneven waste management policies around the world

The following section presents discussions of the results.
5. Discussion

5.1. Methodologies Adopted in the Literature to Implement Buildings as Material banks
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Based on the results presented in the previous section, several qualitative and quantitative
methodologies were adopted in the literature for research involving DRC management through the
evaluation of buildings as material banks, which vary according to the topic addressed.

Along these lines, 34% of the articles addressed the topic of Construction and Demolition Waste
Management, with many of these proposing methodologies for quantifying the generation of
construction and demolition waste in cities, as well as the amounts recycled, destined for landfills or
discarded from irregularly, through case studies and statistical analyses. According to [44],
knowledge of these data can support public policies to encourage more sustainable initiatives, such
as applying sanctions for polluting practices, as well as supporting the population's awareness of this
environmental problem. However, limited data in many regions still makes it difficult to accurately
estimate the waste generated.

For [27,45], studies on CDW management based on the circular economy still address recycling
processes much more than reuse or reducing resource consumption. In the articles evaluated in this
research, this behavior was also observed, in which many studies evaluate the use of recycled
aggregate as the most sustainable alternative for CDW. Also according to [27], to make the evaluation
of alternatives more robust, LCA, which is applied in many cases, must predict credits due to reuse
and other life cycles, as well as incorporate life cycle cost assessments.

Regarding material quantification studies in urban regions, most of the studies evaluate the
intensity of materials such as concrete, wood, steel, plaster and glass, and their geographic
distribution. Among the studies that go beyond these analyses, [43] also evaluate environmental
indicators of greenhouse gas emissions and water use, in addition to land use for each type and height
of building, for the city of Melbourne, Australia. Approaches like this are relevant to relate the
materials available in cities with their environmental impact, in addition to waste management,
promoting better urban mining strategies [43]. Furthermore, it is possible to establish a relationship
between the spatiality of stocks and population density, checking obsolete buildings that can be
immediate sources of resources [46].

As the only global assessment initiative, [47] proposed a method for quantifying the stock of
materials present in rural and urbanized areas, of residential buildings, based on information from
databases on population, energy consumption demand, built area per captures, and literature on
material intensity. Although the research results have great uncertainties about the accuracy of the
data, due to the specificities of each region and data limitations in some locations, it can be a starting
point for a global analysis of the stock of available materials and future flows of materials and waste,
which can be predicted based on different scenarios of climate and socioeconomic changes.

Many of these researches are based on a Material Flow Analysis (MFA), which considers the
inputs, stocks and outputs of the system to estimate the expected amount of waste, and can use top-
down or bottom-up approaches. However, these are still very specific studies and difficult to
replicate, as they depend on the availability of data in the region evaluated [48]. Given these
difficulties, some studies combine the use of tools such as the Geographic Information System (GIS),
BIM, statistical analyses, among others. [34] also suggest the use of sensitivity analyzes to validate
material flow analyses.

Among the studies that propose these methodologies, [49] carried out a statistical analysis, using
machine learning algorithms, to estimate a linear regression that could estimate the amount of
demolition waste in the city of Hong Kong. Using waste data from 71 demolished buildings, the
authors obtained a regression that described the amount of waste through six variables: year of
construction, total number of floors, building height, total area, building perimeter and type of use
of the building. These variables are the most used in studies on this topic.

Regarding the type of building, of the studies that applied methods that required this
classification, 36.4% evaluated residential buildings, 45.5% residential and non-residential, and 4.5%
only non-residential, data that are similar to the results obtained by [50] in which 50% of the articles
evaluated residential constructions. However, the authors highlight the importance of evaluating
data for non-residential buildings, since they have a shorter useful life and, consequently, end up
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generating a greater amount of waste. As for systematization, BIM and statistical analysis are used
as support technologies.

In order to summarize the material flow process proposed in the research, Figure 8 presents the
urban mining process scheme proposed by [51].

Inputs: Urban stock: Recovered materials Reinsertion into the Renewed urban stock:
Resources in use and components: production chain:

Processing

=
S
2
<
=
5
&
z
=
S
o

Demolition

g

Materials and components,

. Delivery

Urban Mining Reuse New potential for
Potential Potential Urban Mining

Figure 8. Material flow for urban mining, adapted from [51].

Regarding research categorized as pre-deconstructive audit tools or methodologies, they include
both studies on the evaluation of deconstruction or demolition alternatives, as well as the disposal of
waste and components after this stage. According to [52], defining the ideal rates of reused
components in a new project is a multidisciplinary task, which must involve environmental,
economic, technical and logistical criteria. For [53], the main factors that affect the economic decision
between demolition and deconstruction with recovery of components are the operational costs for
deconstruction, environmental impact costs, recovery potential and market value of secondary
materials, in addition to the rates of landfill. In this way, these studies present tools that can facilitate
the process for decision makers.

Another topic covered was the use of technologies to support circular construction. Among the
most relevant studies is that of [54], who developed a unified virtual platform for managing the
process of construction, demolition and marketing of recycled products. The initiative was applied
in Italy, for public works, and is a possibility to be replicated for any other location or company, as
long as interested parties are willing to get involved in the process of developing and providing data.
An alternative to facilitate the process may be the use of block chain technologies, which decentralizes
data management processes.

Business models for the circular economy were also a topic covered by only 4 articles. Among
them, [55] and [56] applied the life cycle assessment and case study methodology to validate the
proposals. However, [56] assess that only environmental indicators are not enough to promote the
circular product chain, therefore, in their study they proposed material flow analysis and input-
output analysis, with the aim of monetizing the indicators and verifying the sectors and companies
that have the most influence on the purchasing process of secondary products.

It can be seen from the evaluation of the methodologies used that the gaps observed by [40], in
the development of innovative circular construction models so that the industry adopts these
principles in their activities, has not yet been resolved, as only 4 studies have addressed the topic of
business models for circular economy. Therefore, more research on the topic is needed. To achieve
this, it is also necessary to carry out a strategic analysis of the processes, and the SWOT Matrix is then
proposed, which is discussed below.
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5.2. Potential Applications of Buildings as Material Banks in Mitigating the Environmental Impacts of
Construction and Demolition Waste

Through the analysis of the SWOT matrix, referring to strengths, it is observed that designing
buildings as future material banks reduces the environmental impact by incorporating reused and
recycled materials in new projects, mainly reducing the carbon embodied in the production of new
materials. This is because reuse avoids or postpones new construction, and its embedded impacts
[57]. Therefore, project design and execution practices must be valued, even though the construction
industry is focused on profit and is resistant to change [58].

To enable this, design alternatives for disassembly and adaptability (designing layers of different
useful life independently), and a more judicious selection of materials, which extends their useful
life, are potential to be applied [57,59]. In this case, the greater the durability and life cycles of the
component, the lower its environmental impact will be, by postponing the extraction of materials for
new production. For this analysis, criteria for LCA of multiple cycles must also be established, as well
as the environmental impact resulting from each material alternative must be considered [60].

As for the project for disassembly and adaptability, it is a tool to be used in new buildings, in
order to promote the future reuse of the building, whether through the removal of its components or
through adaptive reuse. In this case, disassembly avoids the extraction of resources for the production
of new products [61], and adaptive reuse (ST14) promotes a new function for the existing park,
optimizing land use and ensuring the updating of the building for new energy and energy
requirements [62].

According to [63], these techniques must be combined with Eco design, standardization,
modularization and prefabrication (ST7) methods, which rationalize the construction process,
reducing waste generated at the stage. In addition to these, the design for manufacturing and
assembly also makes construction more efficient, since in the case studies evaluated by [64] the
reduction was between 60% and 90% of the waste generated. 3D concrete printing was also
mentioned as an option by the authors, an example being Dubai, which plans to build 25% of concrete
components for construction with 3D printing by 2030, although the methodology still requires
technological developments.

For [65], the use of prefabricated construction systems with threaded connections are the most
efficient for disassembly and subsequent reuse. Furthermore, steel and wood structures are
preferable due to their reuse possibilities, compared to concrete, which can generally only be recycled
[66]. However, it is important to relate these studies to the energy consumption of buildings
throughout their life cycle [59], as with the greater energy efficiency of buildings, a large part of the
impacts remain in the production and construction phase [67]. Considering the possibilities of
building rehabilitation, methodologies must combine indicators of energy consumption, water and
materials and waste management [68].

Furthermore, attention must be paid to the carbon incorporated in the processing and
transportation of the material for reuse, as well as the source of data for LCA, as these are factors that
directly impact the positive result of carbon savings [55]. Regarding the risk of the existence of
dangerous materials in the built stock, there are impacts from the point of view of the threat of
contamination due to the use in older constructions of materials that are now prohibited, such as
asbestos, in addition to the costs necessary for their safe removal [69].

Two other benefits of better material stock management are the reduction in land use due to
waste being sent to landfills, as this will be an increasingly scarce resource. Furthermore, when it
comes to mineral resources, the reduction of extractive activities can provide the recovery of large
areas that currently serve as quarries to supply materials for civil construction [70].

Regarding the management of built stock, most of the studies focus on quantifying waste
available in cities, which has as one of the benefits of enabling better urban planning, optimizing
resource and waste management, mitigating the environmental impacts of urbanization and being
able to strengthen businesses places for reusing components, as long as they are encouraged by public
authorities [71].
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Even so, several authors point to the unavailability of accurate data on construction materials
and components as one of the major challenges for research [48,71]. Other obstacles are the lack of
standardized methodologies for quantifying and evaluating the environmental impact of CDW, the
costs and environmental impacts of transporting materials, which have a high density [72], and the
short reuse gap, due to construction deadlines from commercial partners and storage difficulties.

To mitigate these negative impacts, information systematization tools to speed up the
purchasing process, as well as mechanisms for displaying and marketing secondary materials can be
applied [63]. Regulated databases must be created, to establish a standard of information, and open,
so that interested parties can supply them [73]. Furthermore, these platforms can provide for the
commercialization of materials, using Industry 4.0 technologies to support them, bringing the
construction industry closer to the manufacturing industries, although studies on this need to be
developed [74].

[75] performed a material flow forecast, based on data from the building stock and proposing
future resource optimization scenarios through stakeholder perspectives and German resource
management policies. For the authors, stakeholder involvement is fundamental for formulating
policies and estimating future use of resources. Research like this allows better management of urban
planning and building renovation, for greater energy efficiency and for promoting the circularity of
materials in public or private works. This is because, once mapped, it is possible to predict when their
replacement will take place, the volume of waste in a given location and the future demand for new
materials [76].

For [77], this makes it possible to evaluate urban mining alternatives, being able to establish
policies to encourage the circular economy more effectively. [51] assesses that urban mining processes
are essential to achieving sustainable development objectives in cities. However, to achieve the
circular economy, it is necessary to assess the demand for reapplication of these components,
strengthening recycling with high added value.

To operationalize this process, according to [50] the use of GIS software allows companies to
manage demolitions, logistics and commercialization of these materials. In a future scenario,
manufacturers themselves could track, monitor and perform reverse logistics for these construction
products. Thus, a more regional mapping of materials is possible, enabling the commercialization of
resources with less transport impact over long distances. However, the existence of fragmented and
uncertain databases on the existing stock of materials remains a barrier to this [75].

When evaluating the stock of materials, distinguishing according to function (structural or non-
structural) is relevant to better manage whether the resource will be available throughout the useful
life of the building, or only at the end [50]. Regarding structural systems, [33] proposed a
management system for reuse, in which the structural engineer can consult the elements available for
reuse when designing a new building, based on the required resistance parameters. The idea is to
reduce physical stock, promoting a just-in-time flow of materials. The authors highlight the need to
make these structural elements traceable, in order to monitor their performance throughout the
operation, and predict residual performance for new use. To operationalize this system, the authors
propose using BIM, BigData, and RFID sensors technologies.

These tools, as well as artificial intelligence technology, are a key piece in implementing
systematic circularity in construction [78]. For the authors, simulation tools, learning algorithms, 3D
printing, among others, can support the systematization of circular solutions at all stages of a
building's life cycle. According to [79], these technologies, which make up the fourth industrial
revolution, called Industry 4.0, are essential for the transformation from a linear model to a circular
economy in manufacturing industries.

According to the authors, smart cities align EC principles for government and society, around
an urban context with low environmental impact [79]. When dealing with these technologies, BIM is
also presented as a tool to be combined with LCA, in order to evaluate the environmental impacts of
the entire life cycle of the building through a digital tool [80].

Material passports are another concept that integrates digital technologies with the management
of construction resources, serving as a digital document that follows and tracks construction
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materials and components throughout their life cycle, having their information on performance [81].
They serve as an inventory of the building's elements, their composition and possibilities for reuse
and recycling, and can be a key piece for urban mining processes. Thus, it can be used in the initial
phases of the project, to verify the most sustainable alternatives [82].

For countries that already have a robust methodology for environmental audits of existing
buildings, the methodology proposed by [69] can be applied as a way to systematize and validate a
limited set of environmental inventory data. These can be compared to the existing stock of buildings
to predict waste materials in those buildings.

However, for countries that do not yet have these methodologies, the creation of a standardized
digital database is an alternative for greater efficiency in analyzing this information. In this sense,
[83] apply a methodology in a case study of the construction of popular housing in Mexico, with
which it is possible to estimate the amount of waste generated throughout the construction and its
impact in terms of embodied energy, carbon emissions and disposal of waste.

Evaluating buildings individually, [84] highlight the need for evaluation protocols that are more
accessible to professionals to encourage selective deconstruction and reuse of components in the
initial phases of the project. The authors developed a simplified assessment method, with five
parameters covering environmental, economic and social aspects. However, it is worth highlighting
that very generic protocols can mask results by generalizing the possibilities of reuse according to the
type of material, disregarding how the construction techniques used can impact the instruments
needed for disassembly and transport equipment. This has consequences both for the time spent on
disassembly, as well as for carbon emissions and estimated reuse of components [84].

Other difficulties highlighted in the literature are the additional costs for deconstruction (even
though the greater demand for labor can have a positive social impact); the difficulty in reusing
elements of the existing park due to technical, structural and performance problems, and
consequently; the need to incorporate other materials to ensure safe reuse [84].

To contain these barriers, it is necessary to create guidelines to standardize and optimize these
processes, as well as regulations and certifications for reused materials. Furthermore, in the case of
demolition, the high cost and low availability of landfills for CDW disposal must be considered,
which can encourage reuse [85]. In contrast to the additional costs, in a case study applied to a bridge
built in London, [86] evaluated that replacing the original materials with more circular solutions
would reduce construction costs by up to 62%. The type of concrete was replaced, from traditional to
another with a higher residue content, granite to limestone and asphalt with reduced binder content.

Regarding CDW management processes, [83] warn that in less developed countries, such as
Mexico, the laws are not strict, and there is no supervision over the disposal of this waste, which ends
up in irregular landfills. [87] assess that there is an underreporting of the generation of construction
and demolition waste, which in addition to irregular disposal, can be reused in the informal market.
In their study, the estimated waste generated annually reached almost 4 times the amount of waste
formally notified in Cape Town. Likewise, in Bolivia, [41] their study reached an amount of waste
generation twice as high as that estimated by the government.

In order to produce revenues that encourage the correct disposal of waste, recycled aggregates
(AR) plants can be a proposal. To this end, it is important to focus on sorting waste directly at the
source, in order to ensure higher product quality [41]. Another possibility to contain this threat is the
creation of local business models, which promote a closed cycle of products, strengthening the local
economy and reducing the environmental impacts of irregular disposal [83]. It is noteworthy that of
the studies evaluated, recycling of aggregates was the main strategy to promote the circularity of
construction waste, despite not being at the top of the waste hierarchy.

For underdeveloped regions, [72] assess that expected revenues may not be sufficient to cover
the investments required for recycling facilities, requiring political incentives. Furthermore, the
management of recycled waste must take transport distance into account, and it is recommended to
shorten distances by creating small-scale recycling plants, closer to large urban centers [88]. From a
technical point of view, [42] also analyze that there is a high rate of mass loss for the AR to meet the
resistance requirements. For reuse in structural elements in Germany, the loss would reach 52%, and
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it is only possible to incorporate 35% to 45% of recycled masonry and concrete aggregates,
respectively.

As for business models for the circular economy, [55] warn of two threats to the material reuse
process: restricted access to secondary materials and market restrictions on the use of secondary
materials. [89] found in The Netherlands that secondary materials would not yet have the capacity to
meet the demand for new construction within the limits of the evaluated municipality. To contain
these threats, opportunities include the formation of partner networks to supply secondary materials
and the identification of customer segments that value products with a lower environmental impact.
However, to make these partnerships effective, companies need to actively act in the sector,
sometimes having to get involved in deconstruction processes [55].

From an organizational point of view, an alternative to enable better waste management can be
public-private partnerships (PPP), although the bureaucracy of these contracts can be a challenge. It
is necessary for governments to be involved in the formulation of public policies that encourage
connections between different stakeholders, in order to promote a multidisciplinary environment
that assesses the environmental, economic and social impacts of the process, and can even finance
circular business models [90].

[91] defend the need for integration between municipal management and micro and small
businesses, through strategies that facilitate better waste management. The first is the creation of
municipal CDW storage spaces, which the City Hall makes available for local companies to use,
training them in the correct separation of waste. In addition, the municipal management must
intensify construction site inspections to monitor CDW management, making companies aware of
this, as well as the importance of keeping documentation relating to these processes up to date.
Despite this proposal, in Brazil, most City Halls do not link small construction licenses to
responsibility for correct waste management.

Public policies to encourage reused materials can also enhance urban mining [55]. An existing
example is a decree from Italy, which determines that at least 50% of the mass of construction
components, excluding installations, must be subject to selective demolition at the end of their useful
life and be recyclable or reusable, being at least 15% made up of non-structural materials [65].

According to [92], greater awareness of the correct disposal of construction waste comes from
government initiatives such as tax incentives for recycling and greater supervision of irregular waste
dumping, since professionals still do not perceive political control over this. [72] assess that public
pressure can generate more satisfactory results, on the other hand, [64] found that charging fees from
contractors on generated waste was the greatest incentive for the application of CE practices.
According to [70], an alternative may be the application of clauses for the incorporation of recycled
content in public works.

In addition to this, [93] assess that professionals are more willing to pay for more efficient CDW
management processes when they are aware of the importance of these practices and the circular
economy. Therefore, it is important to invest in actions to expand professionals' knowledge on the
subject, as well as in strategies to improve transport, management and productivity of CDW
management processes.

The low cost of primary materials is another threat that differs depending on each country's
natural resource reserves. Countries like Brazil, for example, still have a substantial reserve of natural
resources to subsidize construction activities, meaning the market is not concerned with initiatives to
make the sector more sustainable [80]. For [94], Brazil, which has low-cost natural inputs for
construction, is unable to make recycled or reused resources competitive, unlike Europe, which has
greater recycling efficiency and more expensive raw materials.

To contain the problem, [17] suggest targets to be imposed for value-added reduction, reuse and
recycling (upcycling), together with tax incentives for companies that meet the targets. In the case of
Brazil, [80], they also warn of the market's concern with the accumulation of taxes on the product
with each sale, which would make the different life cycles of a product unfeasible. Therefore, tax
benefits for projects based on EC and using construction and demolition waste are essential and can
be complemented with facilitated financing and reduced interest rates for this audience.
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Innovations can also be applied at an organizational level, with the application of product-
service systems, promoting a change in the construction production chain through the rental or
sharing of reusable components, which would extend the useful life of these products and avoid the
consumption of new materials. Or, alternatively, actions for urban industrial symbiosis are solutions
that can be applied by the industry to better plan the reverse logistics of products, adding value in
the process [95]. However, they need understanding and acceptance from society to be successful.

[11] see urban social mining as a new business model, which enables the creation of jobs,
bringing economic and social benefits. Second, [96] the application of these models must be
considered in regional contexts, since imports or exports can cause transfer of impacts. For [97] it is
necessary to verify the available markets for secondary resources in the local context, as they depend
on consumer acceptance for the circulation of products.

In view of these analyses, it appears that despite advances in research, little progress has been
made towards forming and testing business models aimed at circular construction through buildings
as material banks, still being in the theoretical field. However, indications from the literature can
serve as guidelines for future work.

6. Conclusions

The present work aimed to investigate the state of the art of scientific literature on the
relationship of the circular economy in civil construction with the conceptual model of buildings as
material banks, to mitigate environmental impacts of construction and demolition waste. For this,
qualitative and quantitative analyzes were applied, through a systematic review of 93 articles
published in scientific journals, between 2013 and 2023.

From a quantitative point of view, the year with the most publications was 2021, and the
countries that stood out were Italy and China, with 60% of publications being in Europe. The journals
with the most articles published were the Journal of Cleaner Production and Sustainability, and the
research topics that stood out the most were the management of construction and demolition waste,
and the quantification of material stocks in cities.

The qualitative assessment was carried out using two research questions. It was identified that
the methodologies adopted in the research were case studies and literature or documentary reviews.
For the case studies, material flow analyzes were applied by several works in order to facilitate CDW
management through a forecast of material inputs and outputs, which can assist in more sustainable
urban planning, through reinsertion of these products into the production chain. Furthermore,
statistical modeling also supports this process, with some studies already using BIM and Industry 4.0
tools together to systematize the process.

There are also gaps in the development of databases that support these studies. It is observed
that, in European countries, there are a large number of databases available and systematized by
public and private initiatives, in order to establish control over the energy consumption of buildings.
However, in other countries such as Bolivia, Mexico and Brazil, which were evaluated, there is still a
great underreporting and lack of control over the materials and waste present in cities.

From the analysis of the SWOT matrix, it is observed that the process of buildings as material
banks must be evaluated in a holistic and comprehensive way, through technical aspects, which
mainly involve design techniques for disassembly, adaptability and deconstruction. Furthermore,
evaluating stocks and flows of materials in order to obtain better urban planning for the management
of material resources present in the built environment. Economic aspects, aiming to make the
processes of deconstruction, logistics, transportation, storage and marketing of secondary products
viable. In this sense, involving organizational strategies and new business models that support these
initiatives.

Although many proposals foresee these processes, from a practical point of view, the case
studies still evaluate the use of recycled aggregates as the main waste disposal strategy, even though
this is not the first in the waste hierarchy. Therefore, future research should also focus on proposals
for reduction, reuse and recycling with high added value.
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Finally, but just as important as the others, public policies that encourage the rational use of
resources, promoting the reuse and recycling of waste, reducing as much as possible the
environmental impact of extracting raw materials and disposing of materials in landfills or illegally.
These policies may involve tax incentives for more sustainable proposals, or charging more severe
fees and taxes for illegal waste disposal or even landfilling.

The proposals still depend on the degree of development of the region under analysis, as the
reality assessed by most of the studies, which are from developed countries in Europe, does not
compare to the case of countries like Brazil, which do not yet have national incentive policies to the
circular economy in construction, and has only 8% of CDW recycled [94], and 45% recycling capacity
with available plants [16].

Research limitations: For a more comprehensive analysis of studies, articles published in
conference proceedings and book chapters could also be evaluated, for example, which could present
more complete results on the geographic distribution of publications. In relation to the SWOT matrix,
validation through interviews with experts who work in the region where the work was developed
can help to contextualize the analyzes based on the local scenario of the construction industry.
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