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Abstract: The circular economy in the construction sector in emerging economies is one of the
most promising concepts that aims to keep the value of the construction materials and structures
as long as possible. The construction industry is rapidly developing in Kazakhstan with a yearly
increase in projects. This research paper investigates the construction sector in Kazakhstan in terms
of the potential application of circular economy principles by local stakeholders—clients, contractors,
designers, and manufacturers. As limited research has been conducted on the circularity within
the construction environment, including construction parties, this paper aims to fill this research
gap. It seeks to identify the construction trends and perform a barrier and opportunity analysis to
develop circular economy principles in the construction sector. As a research method, PEST is used
for the study of local construction trends. At the same time, stakeholders are interviewed using semi-
structured surveys organized according to the ReSOLVE framework (regenerate, share, optimize,
loop, virtualize, and exchange) to identify the barriers and opportunities for circular economy in the
construction sector. As an outcome of this study, the most common barriers and opportunities were
associated with the economic benefit factor, as this was the main motivation for the stakeholders to
save construction materials for reuse or to refuse more eco-friendly technologies. Additionally, policy
recommendations for companies involved in the construction ecosystem were provided according to
the assessment of found barriers and opportunities in the context of the ReSOLVE framework. This
analysis has shown that for most stakeholders of the Kazakhstani construction sector, virtualization
is of the highest priority; therefore, opportunities for its development are recommended. Future
research could focus on the development of economically feasible solutions for the circular economy
in construction with the inclusion of virtualization technologies.

Keywords: green building; sustainable construction; project delivery; ReSOLVE; PEST; construction
and demolition waste; stakeholders’” interview; design for disassembly; BIM

1. Introduction

Circular economy (CE) in the construction sector is an innovative business model
concept emerging due to increasing concern towards keeping and restoring the value of
construction materials and structures and minimizing construction and demolition waste
(C&DW). The primary purpose of CE is to save the value of buildings and their components
and eliminate the C&DW as much as possible [1]. It comprises the whole life-cycle of
the building construction process, starting from building design, building materials and
components production, building use, and end-of-use demolition. Promoting principles of
“cradle-to-cradle,” the circular economy contrasts with the conventional linear economy
by designing the building for repair and recycling in the initial design stage. Thus, CE
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promises to reduce carbon emissions [2] and make resources and energy consumption
more efficient [3].

CE principles cover such aspects as reuse of materials, optimization of supply chain
and a number of needed materials, improving planning and design stage, applying new
eco-friendly technologies. Thus, it has a great potential to reduce carbon emissions and
total waste from the construction industry. Some popular CE applications in construc-
tion projects include reduction of carbon embodied materials, use of lighter materials
in construction, use of pulverized fuel ash and ground granulated blast furnace slag as
a replacement for cement [4]; re-utilization of several smaller buildings into one large
building, use of wooden materials and facade from older buildings, application of modular
construction principle using steel from old buildings, and use of solar panels; use of locally
abundant biomaterials; use of 100% recycled and recyclable PVC plastic from shredded
electric cable covers, pipes, and hose, construction on the contaminated lands, employment
of greywater recovery from bath and shower systems; construction of a new building along-
side the existing one using blocks that are easily disassembled and rebuilt after building
life span [5]. Nevertheless, current practical research is limited by the prevailing recycling
opportunities of C&DW, while the waste’s reuse portion is still low [3]. Therefore, most of
the construction waste loses its value rather than continuing to be reused.

Several studies that assessed the level of awareness on circular economy principles
present distinct results in the level of CE awareness and practices spread among the
professionals in the construction industry. For example, a study by Adams et al. [3] found
that although individual construction professionals are claimed to be aware of the circular
economy, there is still a lack of general agreement on factors that lead to CE at the industry
level [3]. In another example, Chang and Hsieh (2019), in their study on the awareness
level of local construction stakeholders in Taiwan, revealed that principles of circularity
appeared to be very relevant for a large number of the stakeholders involved in the design
stage, while manufacturers put comparatively lesser attention to CE [5]. Whereas in the US,
it was found that construction parties already adopt some CE practices, such as open-loop
recycling and prefabrication, while closed-loop recycling and design for disassembly yet
are hard to adopt [6,7].

Kazakhstan is a developing country experiencing a rapid urbanization process. There
is a trend of increase of urban population by the movement of people from rural areas.
That fact leads to an increase in demand for living areas. The development of the con-
struction industry during the last two decades has contributed to a rise in the production
of construction materials by more than three times [8]. The production of construction
materials in Kazakhstan takes second place among the largest industrial sectors. Most
construction material manufacturers are engaged in producing concrete, cement, gypsum,
and materials from clay and stones. Many manufacturing organizations for construction
materials are located in the two largest cities, Almaty (including the Almaty region) and
Nur-Sultan. Nevertheless, construction and demolition waste management (C&DWM)
is far removed from the official ideal levels. Construction waste is primarily made up of
potentially reusable or recyclable materials (inert (60%) and non-inert (35%)), with just
5% having to be disposed of in a landfill. Despite the fact that 95% of the waste may be
recycled or repurposed, the majority of it is now disposed of in landfills. The enormous
volume of inert trash, which accounts for more than half of all produced garbage, suggests
a significant potential for reuse or recycling [9].

At the same time, the construction sector tends to increase the digitalization level.
Thus, the “E-Kurylys” system was developed—the unified information system represent-
ing one of the tools for enhancing the quality control and transparency of construction
processes in the country [10]. The system covers all stages of the construction process
in all regions of Kazakhstan, providing access to technical documentation. In addition,
this unified system will provide access to fire safety, sanitary, epidemiological, and other
interested authorities to implement safety control. The introduction of the “E-Kurylys”
system allows (1) supervising digital technical reports, (2) identifying nonconformities
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with the construction requirement, and controlling construction deadlines by significantly
reducing paperwork.

Moreover, the government encourages the application of building information model-
ing (BIM) technologies to optimize the processes and improve the efficiency of construction
works in Kazakhstan. In 2021, it is planned to increase the construction activities to intro-
duce 17 M m? of affordable social housing to be rented or purchased within the realization
of the “Nurly Zher” state program. The government encourages the increase of construc-
tion volumes and improvement of the construction mechanism for affordable housing by
attracting private investments [11].

Although the construction sector develops rapidly, it is still facing a gap in following
circular economy principles. Thus, talking about 3R strategies towards construction and
demolition waste, Kazakhstan still fails to reach fair applications of reducing, reusing, and
recycling the construction waste [9]. For example, for the reduction of waste creation, an in-
novative factory for prefabricated building structures has started its operation recently [12],
but for reuse and recycling, the technology advancement still needed to be developed [9].
Sustainability and circularity are not prioritized in the business processes, as economic
profit is the main driver in decision-making. The largest city of Kazakhstan—Almaty—an
economic and cultural center, has experienced the first circular economy analysis in Central
Asia [13]. During that, it has been found that the industry does not utilize the full potential
of preventing waste creation and recycling. The residential buildings sector is also blamed
for large greenhouse gas emissions, extensive energy use, and detrimental effects on air
and citizens’ health [14]. Another study focusing on Almaty predicted that utilization
of building materials with low carbon trace and optimization of the energy use could
decrease current energy losses by more than 20%. Residential building renovation and
insulation enhancement can reduce the heat demand up to 45% [15]. Thus, the current
review of the available literature on CE in Kazakhstan addresses the research gaps on the
main drivers, prospects, and possible advantages, as limited research has been conducted
within the framework of the actual construction environment and with the inclusion of the
interested parties.

This study aims to identify the construction trends in Kazakhstan for their alignment
towards the circular economy and assesses them from political, economic, social, and
technological points of view. As a first time in Central Asia, it has an objective to perform
a barrier and opportunity analysis to the circular economy actions and propose relevant
policies for better development of the circularity in the construction sector.

This paper is organized as follows: firstly, the methodology utilized for this study
is given in detail. It is followed by the Results section that includes the analysis of the
construction trends and outcomes of the stakeholders’ interviews. Later, in the Discussion
section, the barrier and opportunity analysis is performed, leading the study to develop
policy recommendations.

2. Methods
2.1. Context of the Study

The current paper acquires several methods to identify the construction trends and
execute a barrier and opportunity analysis. It focuses on the analysis of the Kazakhstani
construction sector’s involved parties. All the participants of the survey interview are
representatives of different construction companies (n = 18) of different sizes that perform
various activities in the building sector, e.g., client, manufacturing, architectural design,
and contracting activities.

2.2. Data Collection

The data was collected using either oral or written interviews. The questionnaire con-
tained nine questions, which have been prepared according to the Guidelines for Research
Ethics in Science and Technology and Procedures for Interview and Data Protection of
Norwegian Arctic University (UiT). The questions assess the implementation of circular
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economy in terms of the ReSOLVE (regenerate, share, optimize, loop, virtualize, exchange)
framework (for a detailed description of each element, see Table 1). This framework pro-
vides six key actions that can help transition from linear to a circular economy, either
separately or combined.

Table 1. ReSOLVE framework detailed overview.

Framework Element Description Source
“REgenerate” action describes the aspiration to

Regenerate restore the ecosystems, e.g., use renewable sources
of energy.

“Share” action calls to prolong the lifetime periods
Share of the products through sharing them among
several users.

“Optimize” action aims to improve the efficiency,
e.g., use prefabrication methods to save time
Optimize during construction and demolition; ensure
efficient use of resources; and development of
other smart design technologies. [2,5,16,17]

“Loop” action calls for better design that ensures
long usage of the product, allowance for easy

L . .
oop disassembly, and development of recycling
opportunities
“Virtualize” action aspires to increase the level of
Virtualize virtuality and dematerialization, e.g., BIM or smart

devices.

“Exchange” action calls up to replace outdated
Exchange activities and technologies with more innovative
and efficient ones (e.g., materials or technologies).

The conducted semi-structured survey questions cover the following sides of the
circular economy (1) local awareness of circular economy; (2) use of organic, second-hand,
or high-value recyclable construction materials; (3) tendency to use design for disassembly
principles; (4) tendency to design multipurpose areas; (5) attempt to reduce the potential
construction and demolition waste; and (6) use of building information modeling (BIM).
Each of these questions differently assesses the value conservation of the building elements,
as each of the corresponding ReSOLVE framework elements aims to increase their lifetime,
improve their post-lifetime use and increase the level of digitalization. The questions and
their alignment with the ReSOLVE framework elements are given in Appendix A.

2.3. Data Analysis

In the beginning, the construction trends in the country were analyzed. The analysis
employs the PEST tool to define political, economic, social, and technological factors
affecting the trends in the construction industry [18].

Next, barriers and opportunities to the circular economy in Kazakhstan are identified
based on the interviews of stakeholders. These are classified by the type of construction
activity that stakeholder performs (client, manufacturer, designer, or contractor) and also
by the type of relation to the elements of the ReSOLVE framework.

As part of the assessment of potential barriers and opportunities, the numerical scores
for each component of the ReSOLVE framework are calculated based on the average of
the ratings given to survey participants” answers. The rating range for opportunities is
0-5, where 0 is no opportunity for development, and 5 is an open opportunity with direct
impact. On the other hand, ratings for barriers range from —5 to 0, where —5 is a strong
barrier that impacts the implementation of such a principle and 0 is no barrier. According to
the cumulative average score from all stakeholders for each component of the framework,
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the order list could be constructed that provides a view for the order list in which each
of the circular economy principles could be gradually applied to all stakeholders. This
method is a quantitative part of the strategy of circularity application.

3. Results
3.1. Overview of Kazakhstan Construction Sector

As of May 2021, there are 52,096 different stakeholders involved in the construction
sector in Kazakhstan, dealing with extraction of secondary materials, manufacturing of
the primary materials, building and construction works, waste processing, and trade. Out
of the total number of stakeholders—43,486 (84%) are involved directly in construction
activities, with the majority 19,015 (37%) in the development and construction of residential
and nonresidential buildings. Only 1257 or (2%) of companies specialize in collecting,
treating, and disposal of waste [19]. The shares by the stakeholder types are represented
in Figure 1. The total number of landfills across the country is 19,924, with 12,176 active
landfills—out of which only 5% meet the required standards and 73% are unauthorized [20].

47%
3%
2% 84%
8% ’
3%
. S \L37%
M Extraction B Manufacturing
B Waste processing Trade

All other construction B Construction of buildings

Figure 1. Shares of the stakeholder numbers in the construction sector of Kazakhstan by
activity types.

Construction activities in the country include intermediate production and build-
ing/infrastructure construction activities—the intermediate materials needed for construc-
tion stages of buildings and infrastructures. The intermediate production phase mainly
uses domestic raw materials coming from upstream processes of the value chain. Import
rates are generally low, with the highest rate of prefabricated building metal structures
(9%). Table 2 summarizes the annual average of the consumption of intermediate materi-
als in Kazakhstan’s construction value chain and provides the proportion of imports of
these materials.

Table 2. Intermediate production and import rates of the Kazakhstani construction sector (own
elaboration based on [19]).

Intermediate Material Consumption Import Rate (%)
Ready-mixed concrete 20.2 Mt 0.0%
Concrete products for construction 6.2 Mt 229
purposes
Prefabricated concrete structures 1.1 Mt 0.4%
Building solutions 0.8 Mt 0.8%
Prefabricated building metal 0.1 Mt 9.0%

structures
Total 28.3 Mt
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The construction activities involve constructing residential buildings, nonresidential
buildings, transportation infrastructure, water infrastructure, and other civil infrastructure.
Table 3 summarizes the economic impact of construction activities in the country and their
percent contribution to the total construction investment. The annual volume of expendi-
ture on dismantling and demolition of buildings and structures was KZT 1.06 billion in
2015, and it increased KZT 1.6 billion in 2019.

Table 3. Economic values of construction activities (the average of 2015-2019) (own elaboration
based on) [19].

Construction Billion Tenge %
Residential buildings 392 12%
Non-residential buildings 727 22%
Transportation infrastructure 692 21%
Water infrastructure 323 10%
Other civil infrastructure 655 19%
Services for building construction 574 17%
Total 3363 100%

3.2. Survey Results
3.2.1. The Level of CE Concept General Awareness in Kazakhstan

Half of the respondents indicated that they are not aware of CE concepts and principles
in construction (Question 1). The other half of respondents exhibited little to moderate
knowledge and awareness of the CE applications in CE. Their area of expertise or practice
is related to sustainable construction methods in some ways, and they have already applied
relevant methodologies in practice. Depending on the company business, their applications
vary, from applying lean principles in the production of materials by minimizing waste
at the design stage to using prefabricated materials for client companies. To some extent,
almost every company attempts to exploit approaches that suit a part of the ReSOLVE
framework and hence, exploit circular economy principles in practice. If appropriately
introduced and supported, this result indicates the highest adoption potential of the CE
principles in the Kazakhstani construction sector.

3.2.2. Construction Materials

Several companies (80%) answered (e.g., Questions II. 1, 2, 4) that it is hardly possible
to use organic, refurbished, recyclable, environmentally friendly materials in practice. How-
ever, at the same time, some companies (50%) stated some possible motivation that could
push them to start applying this principle in practice. The main objective of construction
materials selection is quality-cost effectiveness. The designers and contractors did not
generally consider the criteria such as organic content, eco-friendliness, recyclability, and
recycled content. Only one respondent identified eco-friendliness and organic content as
the prevailing factor in selecting materials in their projects, addressing the availability of
such type in the local market. Nevertheless, such materials are more expensive and/or
labor-intensive to install than the non-organic or less eco-friendly alternatives in almost
every case in the selected country context.

More than a quarter of the respondents (28%) stated that up to 25% of organic-based
materials were used during construction, and the rest reported considerably less. The
organic-based materials, which are economically feasible and used significantly, are wooden
materials (e.g., accessories for internal finishing, exterior landscape, roofing frame, door
frames), drywall, shell limestone blocks, and natural stones (e.g., used for external cladding
such as granite). Respondents stated that using organic materials in significant amounts is
challenging because other materials have already proven their quality, and their replace-
ment could be problematic in terms of market and sector trends. Additionally, more than
half of respondents answered that no available market-ready solution could be imple-
mented in practice. However, there is an opportunity existing for pushing companies
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to employ such principles. Several big companies stated that the application of organic
materials could occur if specific legislative regulations would happen. There should be
positive motivations and incentives to use circular materials in the sector from both gov-
ernment and all other actors of the construction ecosystem. The use of organic content
in construction projects used to be higher during the Soviet period, as recalled by two
respondents that have been in business for long enough that they witnessed that period. It
included products to a significant extent from agricultural waste, unvulcanized natural
rubber, and natural clay, and, nowadays, they are being replaced mainly by petrochemical
products (e.g., from timber window frames to PVC ones).

Less than 10% of the respondents reported using reused/ refurbished materials in
their projects, including precast parts from reinforced concrete such as slabs. It is mentioned
that all the materials are brand new. The nonexistence of the infrastructure for materials
refurbishment and the unavailability of readily available refurbished products are iden-
tified as the participants’ barriers that support their decisions. Additionally, companies
mentioned that it is problematic to utilize used or old materials for the new construction as
parts could be different. In addition, designers always prefer to select construction parts
and components to be new at the design stage. There is no available database, platform, or
market of used materials that could be exploited for a new project. It was also stated that
every construction project is unique due to business type, and it is difficult to search for
used parts to be implemented. Additionally, the stakeholders from the largest companies
in the sector mentioned that it could be a bad reputation to use old materials. Talking
about the opportunities identified regarding refurbished materials, almost every company
mentioned that it is possible to use such if the properties of such materials are certified and
comparable to the new ones. Even the economic point of view can be used as an advantage
to promote them. One respondent who specialized in public infrastructure projects stated
that due to their activities being strictly regulated by current legislative norms, reused,
secondary, and refurbished materials cannot be used in their practice. Additionally, one
company stated that if the market price for new materials increases, it would direct the
users to secondary materials, but properties should be satisfactory.

Most of the companies dealing with residential construction mentioned that more than
half of the projects usually consist of recyclable materials such as concrete, reinforcement
steel, gas block, drywall, chipboard, and plywood. Some companies that do not deal with
concrete works said it is challenging to use recyclable materials because of the exploitation
of the business and materials. The majority of companies did not mention any new
opportunities and barriers in this question. Other companies stated that proper and well-
practiced solutions should exist to be applied in their domain. The most potent recycled
materials identified based on their current utilization are asphalt, concrete, sheeting rubber
plates, wallpaper, and styrofoam blocks.

It was revealed that the main criterion for materials selection is cost—quality benefit.
Respondents stated that their choice falls on the least expensive materials that meet the
functional and quality requirements. Larger-sized companies with procurement depart-
ments have well-established procurement procedures, long-term relations with suppliers,
and continuously monitor market prices. In almost all cases, companies do not have
information of the origin of the constituents of the materials—many materials that have
high recyclability potential, e.g., drywall products and ready dry mixes, do not specify
their recyclable content. Further, respondents provided that they are not aware of the local
manufacturers or suppliers that offer such a selection, and that these types of materials are
not promoted or marketed.

3.2.3. Design for Disassembly

The interviews have demonstrated that Design for Disassembly (DfD) and associated
building methods are not common among parties involved in construction. Whenever
those are preferred, it is usually dictated with financial profit perspectives rather than
a commitment to the circular economy. Only one company has answered that they are
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interested in DfD and attempt to implement it when possible, but this choice is also
associated with further economic savings that DfD can offer. Talking about choosing dry
(which are preferred in DfD) or wet (which complicated further building disassembly)
building methods, only two companies implement dry methods, while others prefer those
techniques which are more efficient at the construction process, i.e., cheaper or require less
time. No stakeholder has responded positively about using structures able to disassemble
in the design of their building. Those are used only for temporary structures in industrial
sites and field offices/dormitories. Talking about adaptation or refurbishment of the
existing structures instead of its demolition, this approach is used only regarding built
heritage, as legislation requires. In addition, the interview results have demonstrated that
stakeholders expect that pursuing DfD methods should become a shared concern between
all the involved parties—clients, designers, architects, and builders. Otherwise, builders
follow technical maps prepared by architects, which are not interested in the buildings’
life-cycle after completing their design. Overall, DfD has a prospect for development in
the Kazakhstani construction sector when shown a certain economic profit, defined in
legislative regulations, and shared responsibility and interest of all the construction parties.

3.2.4. Buildings Multifunctionality

Regarding the sharing part of the ReSOLVE framework, the multifunctional areas are
addressed as priority CE actions in the construction sector. The respondents stated that
designing multipurpose and shared areas is not common in their practice in Kazakhstan.
Instead, the current situation is more related to maximizing the floor space to maximize the
commercial benefits. One of the companies dealing with industrial building construction
stated that they consider multipurpose areas, but proper expertise should be performed at
the design stage. Additionally, one more company supported the idea that if a project is
not the residential type for selling but an industrial building, it is possible to apply such
principles, and proper communication between client and contractor should happen. It is
found that this principle is employed only on rare occasions; for instance, at a hotel project,
its largest banquette hall was designed with several mobile partitions that are designed to
transform the hall into smaller separate conference halls that allow simultaneous use of
them. At the same project, the designers have left a few rooms with standard utilities and
minimal finishing with no specific designation that can be used per final occupant needs,
assuming their purpose can change over time. The most common barrier was added as the
monetary benefits. Another barrier was, again, the current pricing policies for construction
materials. If the material and construction costs were lower, it could save the margin and
provide a multifunctional area for clients. As an opportunity, one company mentioned that
governmental regulation could influence the position of residential construction companies
to use such CE principles massively.

3.2.5. Construction and Demolition Waste Minimization

All of the respondents stated that reducing the potential waste of construction mate-
rials is always considered, and materials leftovers are stored for further usage—which is
dictated by economic reasons. Two respondents mentioned that they follow lean principles
in order to minimize waste. However, unfortunately, all of the generated waste ends up
entirely in designated dumping areas. Currently, this practice does not comprise high
costs to handle waste in such a way, and mostly no rules and guidelines are set in project
documentation related to waste management. Some companies practice waste segregation
more than others, even though this segregated waste follows the same routine (no circular-
ity with practices to close the loop). Only one company stated that their waste is mainly
from earthwork and demolition of structures, roads, and pavements; they transport their
waste into designated storage areas and then this waste is reused for the city’s new actively
growing areas for backfilling (e.g., compaction of the foundation works, or to elevate the
existing ground levels). Another company practices sorting the steel and other metal
parts and handling them to specialized companies for further recycling. One reported
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that they use industrial waste, e.g., fly ash, as an additive for the concrete since they are
self-motivated by the quality features. As an opportunity, companies stated that good
management on construction sites is the key factor in reducing waste. The contractors’
poor performances and lack of proper infrastructure and facilities are the main barriers to
better C&D waste management compliance with CE principles.

3.2.6. BIM

Building Information Modeling has good adaption across the respondents—More
than half of them responded (#10) are actively employing BIM (e.g., BIM 360, ArchiCAD,
AutoCAD, Revit, and others). Only smaller enterprises are yet to employ such technology,
or due to their scale and/or business type, they stated that they do not require it. They
stated that they immediately identified major construction faults and interdisciplinary
clashes during the preconstruction period, potentially reducing reworks on-site, and one
respondent used BIM to model and optimize the utilities and overall energy consumption
of the projects. Further, BIM is used to revise the material quantities, identify quantity
estimate errors, and take appropriate action to not delay the construction process due to
material shortages. BIM is considered to have great potential in the Kazakh construction
sector for providing circularity.

3.2.7. Barriers and Opportunities out of ReSOLVE Scope

It is essential to include the barriers and opportunities respondents mentioned out
of the nine main questions (ReSOLVE oriented). These barriers include a high level of
unawareness in circularity principles among citizens and a low-level self-consciousness in
reducing the over-consumption of goods, energy, and water. The individual actions for
waste minimization, segregation, and recycling affect the circularity in general across the
industry. Next, some outdated construction standards have not been changed for decades,
are still applicable, and often cannot open room for new construction methods, world
best practices, and more sustainable and circular technologies. Last, the lack of qualified
personnel with CE expertise is immense.

Adapting the current legislation to the new challenges and stricken its implementation,
e.g., enforce the control and increase the penalty fines, is among the potential opportunities
suggested. Another one is the improvement of the maintenance services for multistory
residential buildings—this maintenance is often poorly managed, especially for old soviet-
era buildings. According to the current legislation, the residential building complex is
communal property belonging to the apartment owners (in equal shares) who must collec-
tively make decisions and set fees for maintenance and hire service companies. This system
created a “no individual responsibility” situation that results in reactive maintenance rather
than preventive; proper maintenance of these properties would significantly prolong their
service life and improve their condition.

4. Discussion and Implications
4.1. Construction Trends in Kazakhstan

The current situation of the construction industry in Kazakhstan is assessed from
various perspectives; these include the political, economic, social, and technological factors
that shape and influence the industry. The results are aggregated with the PEST framework
mapped in Table 4.
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Table 4. PEST analysis of construction trends in Kazakhstan.

Financial support for the real estate development
Political Factor Strategy to develop renewable and alternative energy sources, reduce
energy costs and CO2 emissions

Construction is one of the leading economic industries
The consistent growth of the construction capacities
Increasing production rate of construction materials
The steady increase of the construction materials prices

Economic Factor

Urbanization process
Social Factor Residential construction growth
Lack of qualified personnel

Digitalization (blockchain, smart home, BIM)
Technological Factor Modular construction
Recycling mining waste and sub-products

Political influence: Residential construction is a major activity in the construction
sector, showing growth and consistent demand since the beginning of the 21st century.
Kazakhstan has been supporting both contractors and citizens financially to promote and
boost the local economic activity in the real estate sector. New mortgage programs are
introduced continuously through various state bodies. These programs such as “Nurly
Zher,” “2-10-20", “5-10-20”, “5-20-25", “7-20-25”, “Baspana Hit,” and others are intended
to capture all levels of income households aiming to improve their living conditions [21].
At the same time, as part of the state development global strategy “Kazakhstan 20507,
Kazakhstan is striving to produce up to 50% of energy from alternative and renewable
energy sources along with reduction on energy costs, provide entire population and
agricultural sector with clean water and reduce CO, emissions into the environment [22].

Economic influence: The construction industry in Kazakhstan is one of the core indus-
tries that is meant to create appropriate conditions for the whole economic development
of the country. The construction sector constitutes about 5.5% of the republic’s GDP, mak-
ing it the fifth-largest contributing sector to the gross product value [23]. The amount of
construction works from January to March 2021 constituted 1.2B USD in monetary and
2.867 M square meters; in comparison, these indicators were 13.1% lower during the same
period last year [24]. Even though the COVID pandemic caused the reduction of economic
activities and cost reduction in businesses, the construction industry in Kazakhstan showed
a growth of 11.2 percent, contributed mainly by residential construction [10]. Local pro-
duction of construction materials constitutes about 6% of the total production industry.
The production of steel reinforcement, masonry, cement, construction blends, thermal
insulation, and drywall is projected to be increased in the range of 11-16% by the end of
2021 [25]. In addition to that, since the beginning of 2020, a rapid increase in construction
materials cost was observed-concrete by 12%, cement by 5%, polyethylene pipes by 10%,
masonry blocks by 6% with the highest increase in steel prices by more than 45% [25].

Social influence: Urbanization is a global trend across developing countries and
boosts the demand for residential infrastructure. Today the average residential floor space
per capita in the country is around 21.9 square meters, whereas the UN sets the standard to
be around 30 square meters [26], and most of the developed countries are far exceeding this
standard (e.g., Denmark, Netherlands, Germany and USA with 77, 56, 53 and 74 square
meters per capita respectively) [27,28]. As a developing country, Kazakhstan has much
capacity to improve and develop by sustaining the social dimension of its population.
According to the vision of the largest private construction companies in Kazakhstan for
the next ten years, it is expected to have (1) further increase in residential construction
as a result of rapid urbanization, (2) development of the manufacturing industry on
“smart” cities and houses, (3) and more development of public infrastructure projects (e.g.,
gasification of the regions) [29]. The Kazakhstan Construction workers’ union states that
the construction industry is experiencing a shortage of young and talented construction
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workers specifically for blue-collar trades. Today youngsters do not have any incentives to
go to construction sites, as the construction industry is perceived as outdated and old. The
union chairman sees a potential to seek labor force from neighboring countries, but they
are also experiencing similar demographic trends [30]. However, a research team from the
“Atlas of new professions and competencies of Kazakhstan” believes that Industry 4.0 will
inevitably vanish the “outdated” traditional construction trades and displace them with
new trades. They will be related to BIM technologies, Al, robotization and automation,
modular construction, 3D printing, and other “green” technologies [23].

Technological influence: Historically, the role of the government in construction ac-
tivities across the country has been enormous. To enhance the transparency of construction
processes, reduce paperwork and take control over the quality, the unified information
system was developed and employed by all stakeholders involved in the construction
business when it is related to the state orders. This information system called “E-Kurylys”
is a blockchain-based technology that eliminates third-party interference and promotes
transparency across all levels [10]. This system was developed by the state and included
in the current legislation. It covers all stages of the construction process in all regions
of Kazakhstan, providing access to technical documentation. In addition, this unified
system will provide access to fire safety, sanitary, epidemiological, and other interested
authorities to implement safety control. The introduction of the “E-Kurylys” system allows
(1) supervising digital technical reports, (2) identifying nonconformities with the con-
struction requirement, and controlling construction deadlines by significantly reducing
paperwork. Future works within the “E-Kurylys” system to improve state control and
reinforcement of construction requirements include integrating construction regulations
and normative documents. All contractors must use this feature; however, local industry
experts doubt this will significantly improve the situation [23]. Nevertheless, this item is
employed and is expected to improve while the whole construction ecosystem improves.

Smart technologies have already found their way to Kazakhstan consumers. Smart
home features coupled with the internet of things technology significantly reduce and
optimize the utilities (water/heat/electricity) and energy (gas) use of the household, as
well as eliminate or minimize the effects of the potential emergency failures that can occur
within the household, e.g., gas leak, water pipe burst or faucet failure [31].

Kazakh Research and Design Institute of Construction and Architecture is looking
optimistically towards BIM technology. BIM has allowed achieving more accurate quantity
estimates by 3%, shortening the time consumed for quantities estimates by 80%, and
shortening the overall project duration by 7%. BIM technologies are also proven to be one
of the most common and effective tools in reducing construction and demolition waste by
improving the planning/scheduling activities and spotting the design errors at the design
or planning stage, thus reducing reworks [11]. With these promising numbers, the Ministry
for Investment and Development of the Republic of Kazakhstan has set an action plan to
implement BIM technology in the design and construction of state facilities [32].

One of the largest local companies in the construction sector puts special belief in
modular construction for residential needs. The company has already set up a factory
producing building modules and has accomplished a few pilot projects. The company’s
vision is to build residential units within a shorter timeframe and employ less workforce
than the traditional construction methods [29]. Moreover, beyond the economic benefits,
modular construction has additional benefits compared to traditional construction methods
in the region (e.g., use of eco-friendly materials and expanded clay concrete; better noise
and heat isolation; better quality and precision, minimization of errors of the final building
because of in-shop prefabrication of building blocks which are often produced on the
robotized equipment) [33].

A Kazakhstani multinational mining and natural resources company has taken big
steps towards reducing its carbon footprint by minimizing and recycling the mining waste
and sub-products and turning them into construction materials [34]. However, in the
research conducted by Turkyilmaz et al., it is suggested that within the current economic
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situation in the country, construction waste recycling has a lower potential to contribute
to waste reduction than reduce and reuse approaches [9]. It may be seen as primarily
suitable for the construction industry, as for the mining company—that turning what
would be considered a waste and stockpiled—into secondary materials that often have
price advantage without compromising quality.

4.2. Barriers and Opportunities to CE

Based on the stakeholder interviews, the barrier and opportunities matrix is con-
structed in terms of the ReSOLVE framework (Figure 2). This matrix covers four stakeholder
types—clients, contractors, designers, and manufacturers that constitute the construction
ecosystem. The missing points in the matrix are because such points did not apply to the
business scope of stakeholders and could not be addressed.
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Non-organic materials have better characteristics and
Use of second-hand &

Designer

No reuse principles are ex-

materials are not desired quality than biodegradable e (high-quality organics e Barriers
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Regen- Us structures that em-
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erate : . X ploy high recovery materials . e
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Multipurpose areas are not fi- No orders from the Project uniqueness does not .
s ot ' 5 ject umiqu . No orders from the client Barriers
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. . . Lo Opportu-
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Figure 2. Stakeholder barriers and opportunities analysis in the ReSOLVE framework.
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The local awareness level of CE principles is generally in line with the global level,
although the understanding of CE implementation in construction is deficient across the
world compared to the other industries [3]. Respondents put special attention on cultural
awareness, and individual self-consciousness of reducing carbon footprint—cultural be-
havior and individual understanding of how unsustainable methods affect climate change
are the key factors in the circular economy model globally [35,36]. Other researchers also
accept the financial issues as the main obstacle to the more circular model and stress on the
leadership idea as a “facilitator” for circularity shift, as the construction industry is mostly
very conservative, uncooperative, and risk-averse [36,37]. Tingley et al. (2017) address the
government’s step into the leadership role and kick start the industry [38].

Local stakeholders are not incentivized to apply DfD concepts—with main barriers
being reported as economic reasons, in contrast with barriers described in the EU context—
those included lack of legislation for deconstructed facilities, lack of related information at
the design stage, not standardized salvaged materials in addition to the cost burden [38-40].
However, the findings supported that stronger interdisciplinary collaboration between
stakeholders and supply chain levels is critical [35,37]. These barriers may seem to be the
next challenges after financial, in circularity route for the developing countries.

In terms of the material flow, the survey identified common barriers described by
Debacker et al. (2016)—the lack of specifications, properties and conditions for reused prod-
ucts, quality concerns, and limited suppliers. The authors suggest to establish countrywide
urban mining concept and bring the new players into the industry that will be secondary
material producers with appropriate design profile; and innovative business model within
the market context such as “pay-by-use” and “product as the service,” leaving ownership
of the materials to the supplier [41]. It is also fair to note that the secondary materials do
not have a mature market globally in the construction value chain, and implementing the
CE principles into the business model is not obvious at the current stage [40,42].

4.3. Policy Recommendations

Based on the obtained survey results, the numerical evaluation of the potential im-
plementation extent was derived. Ratings of opportunities and barriers were given to the
participants” answers. For each component of the ReSOLVE framework, the numerical
score was calculated to construct the policy list that provided an order in which circular
economy implementation could be integrated into the construction ecosystem. According
to the constructed chart shown in Figure 3, most opportunities are about “virtualize” and
“loop” components. However, the “loop” part has a lower rating in terms of barriers; there-
fore, virtualization is the first priority for developing a circular economy in the construction
sector. Then there is the “exchange” component has fewer opportunities and less score for
barriers than the “loop” part, which is the third. Based on the scores, the bottom three are
optimize, regenerate and share options. That analysis could be interpreted as a strategy the
construction sector should follow to gradually implement each component step by step to
achieve a higher level of circular economy, which in its turn should reduce the amount of
waste and provide a monetary benefit to the economic part.

Firstly, in terms of “virtualization,” the majority of participants of the ecosystem
stated that BIM technologies are already in use, and there is continuous development
in this area. There are limited barriers that contribute to the readiness of companies to
create this crucial component part of these businesses openly. There should be a condition
where BIM technologies are broadly integrated into all the components of the construction
ecosystem, for instance, material passports to be integrated into BIM, which will allow
users to keep track of materials, their origin, and quality [42,43]. This implementation
would improve the quality of planning and design, which could reduce expenses on the
procurement and the amount of force needed. In addition, BIM should be included in the
construction supply chain system for waste minimization purposes [44].
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Figure 3. Barriers and opportunities score based assessment in terms of ReSOLVE framework.

Secondly, covering the “exchange” component, all the participants mentioned their
readiness to apply new technologies such as drones, 3D printing, design for disassembly
methods to bring innovativeness to the construction process. However, almost every party
stated that there are monetary barriers that could restrict the application of these. Therefore,
technology companies could support technology to implement new high-tech products in
practice and produce a profitable cross-business. One potential opportunity can be design
for adaptability, the concept considers how the building can be simply converted for other
uses and readapted with minimal internal distortion; this concept is more uncomplicated
than the DfD approach [41,45].

Regarding the “loop” component, the clients and manufacturers addressed no in-
frastructure to recycle materials. Additionally, designers stated that there is no database
for appropriate materials from other projects for new designs. Misconceptions regarding
reused and recycled materials are taking place too, which is not surprising as identified
in other research works [43]. Mahpour et al. (2018) propose replacing recycling C&DW
with upcycling to produce high-quality materials and overcome this misconception [37].
That way, parties are ready to consider looping some materials if it benefits the project.
Additionally, the need for infrastructure could be fulfilled by developing technologies in
this area or could be brought by the governmental initiative. So, circularity in this term
would be applied.

Talking about “optimization,” almost every stakeholder identified specific oppor-
tunities that potentially could be implemented, but these are limited, and it is difficult
to perform continuous optimization without the usage of additional support from other
parties and newly available technologies. Such technologies will eventually be introduced,
such as off-site industrialization that is gaining more popularity in the EU context, and if
properly managed, can reduce construction costs significantly [42,45].

Regarding the “regenerate” option of the framework, it is not easy to use more organic
materials because of their inferior properties or higher cost of implementation compared to
composite non-organic materials. However, several respondents undoubtedly consider this
if a governmental regulation favors an increasing percentage of organics in construction
projects. So, this could be a push that brings circular economy principles into action.
The use of non-organic materials with further disposal, landfilling, and incineration do
not fit the circularity model, and recycling or upcycling methods should be employed at
the end of the life cycle [37]. It is also advised for stakeholders to explore organic-based
materials available in their vicinities that will meet the quality properties at a competitive
price; the example can be shell limestone blocks available in the Mangystau region and
actively used there. Although the misconception regarding the quality of organic-based
materials also exists, which is partially justifiable, still numerous natural materials that are
both sustainable and have high performance do exist, including organic wool, flax fiber,
earth-based blocks [45,46].
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The last part of the list is “share.” This option suggests sharing resources (e.g., ma-
chinery, equipment, huge vehicles) among the stakeholders. Internal sharing practices
positively affect economic, environmental, and social performance, while external pos-
itively affects environmental performance [47]. Regarding creating shared space and
multipurpose areas within the buildings—the contractors and designers answered that
this initiative should go from the client part. Therefore, to pursue the “share” principle,
client companies should consider it as an addition to the projects. This option can also be
achieved by including the PSS (product-service system) business model, which combines
the provision of both products and services. However, the major argument against the
“share” principle inclusion into the business models is a monetary issue with several ex-
ternal factors such as currency volatility and external politics. COVID-19 pandemic is an
example that played a crucial role in company management decision-making regarding
budget controlling and attempts to profit generation.

In addition, the interviews with the stakeholders from the construction sector resulted
in the project proposal ideas collection, which is summarized in Figure 4.
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Figure 4. Project proposals from Kazakhstani construction sector stakeholders.

5. Conclusions

Kazakhstan construction sector’s stakeholders have substantial potential to continue
(or, in some instances, to start) implementation of the CE principles into their practices.
The construction sector has a considerable share within the country’s economy, expecting
to grow shortly, backed by certain social, demographic, economic, and political trends.

Talking about theoretical and practical implications, research conducted analyzed
the current situation in the country in terms of the development of a circular economy
and identified certain barriers and opportunities for the local stakeholders involved in
the construction ecosystem. The main finding is the economic barrier because companies
mainly could not afford risks that influence the profit. In the case of a circular economy,
companies save construction materials for reuse or refuse rather than take a risk and use
more eco-friendly technologies. Based on the barriers and opportunities assessment, the
stakeholders’ general recommendations were established to develop circular economy
principles in practice further. Recommendations were provided based on the current state
of companies and prioritized accordingly. These recommendations include continuous
development of BIM technologies to improve project quality and economy at the design
stage, prefer restoration rather than demolition, use more prefabricated materials in order to
reduce the time for completing processes, attempt to exploit lean principles at a construction
site to minimize waste, create infrastructure to open opportunity for recycling, share
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materials at the site rather than search for new ones. By considering such implications,
government and local companies could benefit in terms of economy, environmental effect,
and sustainability. In addition, several survey participants showed some interest in the
ideas generation for the new projects that could develop circularity in the sector. This result
presents the readiness of stakeholders to apply such methods and improve business by
optimizing resource efficiency using circular economy principles.

The government positively affects the industry through financial programs and na-
tional strategies implementation. Yet, some essential CE principles should be initiated at
the national level according to the stakeholders” opinions—although applying them may
not be economically viable from the contractors’ perspective. These include developing
the CE-compliant waste processing facilities and adjusting the current construction and
environmental legislation to address the new challenges. Private stakeholders also have the
leverage to set up and enhance the CE implementation at their levels. These are partially
abstracted from established material selection habits and traditional construction methods,
starting exploration of alternative materials out of the organic-based, recycled content,
and industrial waste. This area is underexplored compared to the successful CE practices
implemented in Europe. CE-friendly materials are certainly present within the country but
underestimated or labeled as low quality, and their market is at a small scale.

Established “non-circular” practices partially stemmed from another barrier—lack
of qualified and aware personnel with CE expertise and current economic context within
the free market, where players strive for cost optimization in order to sustain. Thus,
applications such as BIM technologies found their respectable place since they provided
economic benefit.

Applying CE principles to the construction sector is challenging enough and re-
quires creativity in the Central Asian context. Every stakeholder can start implementation
and experimentation with CE practices at their micro levels; however, significant and
systematic results can be achieved collectively with the input of all stakeholders and
governmental bodies.

In terms of the limitations of this study, some points should be mentioned. There
was a limited number of available stakeholders to conduct a survey, but most responses
play a crucial role in the current construction sector. Another weakness is the inability of
respondents of private companies to share elaborated internal data. Therefore, there could
be more detail yet with only general information obtained.

Referring to the future work of this research, there could be more information gained
regarding circular economy actions from the stakeholders from other regions in order to
improve the shortcomings of the current research. After complex policy establishment,
there could be a study for strategy implementation inside the companies and government.
Future studies could be based on the technical and economic analysis that provides a
feasible solution to the stakeholders. Therefore, there could be proper conditions for the
internal parties involved in the construction ecosystem in the country.
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Appendix A

Table Al. ReSOLVE framework and survey questions.

Survey questions

ReSOLVE Framework
REgenerate Share Optimize Loop Virtualize = Exchange
Are you aware of the circular economy term and how it X X X X X X

applies to the construction industry?

Is the demolition and/ or deconstruction process of the
structure (e.g., DfD concept) at the end of its life cycle X X X X
considered at the design stage?

Different materials have different life cycles; do you
consider this for the building layering? E.g., insulation,

plaster, and facade in the exterior side of the building to be X X
nearly the same life-cycle, and plaster/drywall/wallpaper

in the interior to be nearly the same life-cycle.

To what extent the design incorporates the materials that

are high-value recyclable where possible, e.g., steel,
gypsum drywalls, plywood, wooden blocks, etc., over

low-grade recyclable materials (e.g., concrete, bricks, etc.)?
quantity wise for all material in all projects during last ten

years

Do you try to avoid “wet” building methods (e.g., welding,

sealing, gluing) over dry methods (bolting, coupling,

mechanical connections)? If yes, how? If no, what are the

barriers?

blocks, modules that can be easily disassembled at the end
of their life cycle? (quantity-wise in all projects during last

How often are structures designed from prefabricated

ten years)

During the design stage, is the floor space optimized by
designing for multipurpose areas (for public and
residential spaces), e.g., the dining area can be used as
office space or conference space etc.

Does the design consider the potential to reduce waste of
construction materials and set objectives to minimize waste X X X

where possible?

To what extent used /second-hand /worn/refurbished
materials from existing or existing buildings are used in X X X X
the design of new buildings?

adaptation of the existing structure preferred instead of its

To what extent is the restoration, refurbishing, and

demolition for a new project? (quantity-wise in all projects X X X X
during last ten years)
Do you use building information modeling (BIM) during X X X

design and optimize materials used where possible?

To what extent biomaterials or organic materials (or Eco
materials in more general) are selected in the X X
architecture/design of the projects?
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