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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Construction waste management is becoming an emerging issue in light of the massive increase in construction activities in the developing 
economies as part of their rapid economic growth. The gradual tightening of building regulations towards energy consumption creates the need 
to decrease the building materials and components during construction, and one of the proposed ways to achieve it is to reuse. The building 
components can be initially designed for disassembly (DfD) to improve and optimize the process, thus proposing significant benefits to the 
circular economy in all three sustainability pillars (economic, social, and environmental). Nevertheless, current practices in developing 
countries of Central Asia show that lifecycle analysis of buildings’ end-of-life influence is not a well-practiced activity. This paper investigates 
the barriers, opportunities, and current practices of deconstruction and disassembly in one of the fast-developing Central Asian countries based 
on the literature review and stakeholder opinions. Conducting relevant PESTEL analysis, this research also proposes practical strategies, 
methods, and recommendations for the construction industry to develop circular economy projects and improve disassembly and deconstruction 
analytics. 

© 2022 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0) 
Selection and peer-review under responsibility of the scientific committee of the 9th CIRP Conference on Assembly Technology 
and Systems 

 Keywords: Kazakhstan; Buildings; Construction; Sustainability; Circular Economy; PESTEL;  

 
1. Introduction 1 

More than 80% of the construction waste ends up in 2 
landfills, while reusing and recycling activities are minimal in 3 
developing countries [1,2]. Currently, most buildings are 4 
constructed according to the linear economy model, which 5 
does not consider the end-of-life of buildings. Thus, all the 6 
value put into the production of the building materials is lost 7 
at its end-of-use. In contrast, circular economy (CE) aims to 8 
conserve this value by creating a loop of reusing, repairing, 9 
refurbishing, remanufacturing, and repurposing. One of CE 10 
principles is Design for Disassembly (DfD) promises a good 11 
solution for the construction industry, as it aims to design 12 

robust and adaptive buildings which are easy to repair and 13 
recycle after their lifetime [3]. Examples of linear economy 14 
principles in construction include using liquid sealing 15 
methods (e.g., pouring fresh concrete on-site, liquid silicones, 16 
and foams) and using different materials layers with different 17 
life cycles. In contrast, DfD uses construction methods that 18 
are easy to maintain; for example, prefabricated elements are 19 
assembled using “dry” methods (e.g., bolting) and employs 20 
building elements that are accessible for maintenance (e.g., all 21 
the pipes and cables are visible and accessible for 22 
maintenance and repair) [4]. 23 

This paper aims to investigate the barriers, opportunities, 24 
and current practices of deconstruction and disassembly in 25 
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one of the fast-developing countries in Central Asia, based on 26 
the literature review and stakeholder opinions. The following 27 
research objectives are pursued in this study: (1) Develop a 28 
throughout understanding of deconstruction, disassembly, 29 
and their roles in the circular economy; (2) Investigate the 30 
barriers, opportunities, and most common practices of DfD in 31 
the context of developing economies through literature review 32 
and stakeholders analysis; (3) Develop strategies, methods, 33 
and recommendations for the construction industry toward 34 
their sustainable projects. 35 

2. Literature Review 36 

1.1. Design for Disassembly concept 37 

DfD is the concept that considers the final demolition 38 
stage during initial design and planning [1]. Thus, it aims to 39 
save the value that has been inputted into the building material 40 
or structural element even after the building’s end-of-use. It is 41 
the hardest to disassemble the structure at the following 42 
points: in the adjacent layers, between the structure and the 43 
building’s skin, building services, and finishing facilities [2]. 44 
If the buildings are initially designed for disassembly, it will 45 
significantly improve the environmental effect due to the 46 
possibility recover almost 95% savings of the embodied 47 
energy of the construction materials and up to 50% of the total 48 
building’s life cycle energy [2]. Moreover, it would improve 49 
the waste management issues. 50 

Nevertheless, apart from the environmental incentives to 51 
adopt DfD, there are also other motives for the industry, 52 
which include economical (e.g., savings on resources 53 
extraction and waste handling) and social (e.g., increase of 54 
global population requires current buildings to be adaptable 55 
for further extension) [3]. Following DfD principles means: 56 
reducing the number of materials and components used; 57 
choosing materials that are possible for reusing and recycling; 58 
using visible and reachable building elements connections; 59 
using simple (yet strong) and connections that are easy to 60 
deconstruct, e.g., dry connections,  dissolvable chemical or 61 
reversible welding connections; and practicing utilization of 62 
building modules that are robust, substitutable and convenient 63 
for transportation [2,4]. Based on the American construction 64 
market review, one of the main opportunities to help develop 65 
DfD in the industrial market is reducing the time required for 66 
building demolition and labor involved in demolition works 67 
[5]. DfD could bring some economic incentives. At the same 68 
time, the main barriers are uncertainty about the quality of the 69 
reused material; low demand due to users’ negative 70 
perception; financial profitability of demolition practices 71 
rather than disassembly; earthquake risks when using bolting 72 
connections; high risks of reinforced concrete corrosion 73 
(which makes it hard to reuse) [5]. Overall, globally the 74 
practice in the construction industry shows the universal 75 
approach to DfD (i.e., methodology, specification documents) 76 
[6]. Besides the method, another barrier for DfD propagation 77 
in the construction industry could be the absence of clear 78 
incentives that would encourage the implementation of DfD 79 
and CE practices [7]. In addition, the time advantage of 80 
demolition contrasted to the longer time needed for 81 
disassembly is also found to be a current barrier for DfD [8]. 82 

1.2. The main barriers, opportunities, and practices of 83 
DfD in Central Asia 84 

Central Asia consists of Kazakhstan, Kyrgyzstan, 85 
Tajikistan, Turkmenistan, and Uzbekistan. Among those with 86 
the largest territory and taking a politically leading role, 87 
Kazakhstan faces immense growth in the construction 88 
industry. Nevertheless, lacking proper waste management is a 89 
conventional problem for Kazakhstan and typical for the 90 
Central Asian region [9]. Designing residences with easy 91 
deconstruction methods (e.g., yurt houses) was quite natural 92 
and well-practiced in the population residing in the Central 93 
Asian region for many centuries. The nomadic lifestyle forced 94 
the residing shelters – “yurts” – to be mobile and easy to 95 
deconstruct when needed [10]. Nevertheless, the 96 
contemporary settled lifestyle has changed those practices.  97 

Currently, construction activities in Kazakhstan rapidly 98 
increase with economic growth. For example, the increase of 99 
residential construction is one of the “Kazakhstan-2030” 100 
strategies [9]. In 2021, it is planned to commission 17 mln m2 101 
(in 2019, it was 11 mln [11]) of housing that would be 102 
affordable and economical, which shows the main trend on 103 
financial constraints rather than focus on circular economy 104 
principles [12]. In addition, notwithstanding the decrease of 105 
overall business and economic activities during the COVID-106 
19 pandemic in 2020, the construction industry has increased 107 
by 11%, and the amount of residential buildings in 2020 has 108 
risen by more than 15% [13]. The demand for housing is great 109 
in Kazakhstan, while the provision of sq.m. per person is 110 
lower than the norms stipulated in the UN standard – 21.9 m2 111 
contrasted to advised 30 m2. 112 

Nevertheless, proper regulations and strategies towards 113 
circular construction and proper practices on waste 114 
demolition are only developing [9]. For example, the factory 115 
on production of modular buildings has been recently opened 116 
at the end of 2020 [11]. The first experimental blocks have 117 
been recently checked and approved for their quality in the 118 
first quarter of 2021 [14].  119 

Recent research on current construction and demolition 120 
waste (C&DW) shows that 3R strategies are applicable and 121 
currently in the stage of development in the Central Asian 122 
context [9]. For example, in Reducing CD&W, prefabricated 123 
building elements and modern building methods are already 124 
applicable. In contrast, such practices as efficient logistics of 125 
building materials, standardization of hazardous materials 126 
management plans, and quantification of necessary treatment 127 
for C&DW are not valid yet. In Reusing C&DW, there are 128 
practices in maximization of high-quality recycled aggregate. 129 
However, reducing in-situ building elements and materials 130 
cutting or utilizing the same materials for identical purposes 131 
still lacks application. Talking about the third R – Recycling 132 
C&DW, it is still innovative for Central Asia, as the waste is 133 
usually buried in the landfills (sometimes even illegal) or 134 
sometimes burned (e.g., wood and plastic waste). Although 135 
some promising practices, e.g., recycled material for B2B 136 
refund, and many more opportunities are yet to be practiced 137 
[9]. These include open opportunities for the recycling of such 138 
building materials as timber and metals.  139 

Although developing rapidly, Central Asian countries’ 140 
construction industry is still facing gaps in circular economy 141 
principles. 142 

2 Aidana Tleuken et al./ Procedia CIRP 00 (2019) 000–000 

one of the fast-developing countries in Central Asia, based on 26 
the literature review and stakeholder opinions. The following 27 
research objectives are pursued in this study: (1) Develop a 28 
throughout understanding of deconstruction, disassembly, 29 
and their roles in the circular economy; (2) Investigate the 30 
barriers, opportunities, and most common practices of DfD in 31 
the context of developing economies through literature review 32 
and stakeholders analysis; (3) Develop strategies, methods, 33 
and recommendations for the construction industry toward 34 
their sustainable projects. 35 

2. Literature Review 36 

1.1. Design for Disassembly concept 37 

DfD is the concept that considers the final demolition 38 
stage during initial design and planning [1]. Thus, it aims to 39 
save the value that has been inputted into the building material 40 
or structural element even after the building’s end-of-use. It is 41 
the hardest to disassemble the structure at the following 42 
points: in the adjacent layers, between the structure and the 43 
building’s skin, building services, and finishing facilities [2]. 44 
If the buildings are initially designed for disassembly, it will 45 
significantly improve the environmental effect due to the 46 
possibility recover almost 95% savings of the embodied 47 
energy of the construction materials and up to 50% of the total 48 
building’s life cycle energy [2]. Moreover, it would improve 49 
the waste management issues. 50 

Nevertheless, apart from the environmental incentives to 51 
adopt DfD, there are also other motives for the industry, 52 
which include economical (e.g., savings on resources 53 
extraction and waste handling) and social (e.g., increase of 54 
global population requires current buildings to be adaptable 55 
for further extension) [3]. Following DfD principles means: 56 
reducing the number of materials and components used; 57 
choosing materials that are possible for reusing and recycling; 58 
using visible and reachable building elements connections; 59 
using simple (yet strong) and connections that are easy to 60 
deconstruct, e.g., dry connections,  dissolvable chemical or 61 
reversible welding connections; and practicing utilization of 62 
building modules that are robust, substitutable and convenient 63 
for transportation [2,4]. Based on the American construction 64 
market review, one of the main opportunities to help develop 65 
DfD in the industrial market is reducing the time required for 66 
building demolition and labor involved in demolition works 67 
[5]. DfD could bring some economic incentives. At the same 68 
time, the main barriers are uncertainty about the quality of the 69 
reused material; low demand due to users’ negative 70 
perception; financial profitability of demolition practices 71 
rather than disassembly; earthquake risks when using bolting 72 
connections; high risks of reinforced concrete corrosion 73 
(which makes it hard to reuse) [5]. Overall, globally the 74 
practice in the construction industry shows the universal 75 
approach to DfD (i.e., methodology, specification documents) 76 
[6]. Besides the method, another barrier for DfD propagation 77 
in the construction industry could be the absence of clear 78 
incentives that would encourage the implementation of DfD 79 
and CE practices [7]. In addition, the time advantage of 80 
demolition contrasted to the longer time needed for 81 
disassembly is also found to be a current barrier for DfD [8]. 82 

1.2. The main barriers, opportunities, and practices of 83 
DfD in Central Asia 84 

Central Asia consists of Kazakhstan, Kyrgyzstan, 85 
Tajikistan, Turkmenistan, and Uzbekistan. Among those with 86 
the largest territory and taking a politically leading role, 87 
Kazakhstan faces immense growth in the construction 88 
industry. Nevertheless, lacking proper waste management is a 89 
conventional problem for Kazakhstan and typical for the 90 
Central Asian region [9]. Designing residences with easy 91 
deconstruction methods (e.g., yurt houses) was quite natural 92 
and well-practiced in the population residing in the Central 93 
Asian region for many centuries. The nomadic lifestyle forced 94 
the residing shelters – “yurts” – to be mobile and easy to 95 
deconstruct when needed [10]. Nevertheless, the 96 
contemporary settled lifestyle has changed those practices.  97 

Currently, construction activities in Kazakhstan rapidly 98 
increase with economic growth. For example, the increase of 99 
residential construction is one of the “Kazakhstan-2030” 100 
strategies [9]. In 2021, it is planned to commission 17 mln m2 101 
(in 2019, it was 11 mln [11]) of housing that would be 102 
affordable and economical, which shows the main trend on 103 
financial constraints rather than focus on circular economy 104 
principles [12]. In addition, notwithstanding the decrease of 105 
overall business and economic activities during the COVID-106 
19 pandemic in 2020, the construction industry has increased 107 
by 11%, and the amount of residential buildings in 2020 has 108 
risen by more than 15% [13]. The demand for housing is great 109 
in Kazakhstan, while the provision of sq.m. per person is 110 
lower than the norms stipulated in the UN standard – 21.9 m2 111 
contrasted to advised 30 m2. 112 

Nevertheless, proper regulations and strategies towards 113 
circular construction and proper practices on waste 114 
demolition are only developing [9]. For example, the factory 115 
on production of modular buildings has been recently opened 116 
at the end of 2020 [11]. The first experimental blocks have 117 
been recently checked and approved for their quality in the 118 
first quarter of 2021 [14].  119 

Recent research on current construction and demolition 120 
waste (C&DW) shows that 3R strategies are applicable and 121 
currently in the stage of development in the Central Asian 122 
context [9]. For example, in Reducing CD&W, prefabricated 123 
building elements and modern building methods are already 124 
applicable. In contrast, such practices as efficient logistics of 125 
building materials, standardization of hazardous materials 126 
management plans, and quantification of necessary treatment 127 
for C&DW are not valid yet. In Reusing C&DW, there are 128 
practices in maximization of high-quality recycled aggregate. 129 
However, reducing in-situ building elements and materials 130 
cutting or utilizing the same materials for identical purposes 131 
still lacks application. Talking about the third R – Recycling 132 
C&DW, it is still innovative for Central Asia, as the waste is 133 
usually buried in the landfills (sometimes even illegal) or 134 
sometimes burned (e.g., wood and plastic waste). Although 135 
some promising practices, e.g., recycled material for B2B 136 
refund, and many more opportunities are yet to be practiced 137 
[9]. These include open opportunities for the recycling of such 138 
building materials as timber and metals.  139 

Although developing rapidly, Central Asian countries’ 140 
construction industry is still facing gaps in circular economy 141 
principles. 142 



 Aidana Tleuken  et al. / Procedia CIRP 106 (2022) 15–20 17
2 Aidana Tleuken et al./ Procedia CIRP 00 (2019) 000–000 

one of the fast-developing countries in Central Asia, based on 26 
the literature review and stakeholder opinions. The following 27 
research objectives are pursued in this study: (1) Develop a 28 
throughout understanding of deconstruction, disassembly, 29 
and their roles in the circular economy; (2) Investigate the 30 
barriers, opportunities, and most common practices of DfD in 31 
the context of developing economies through literature review 32 
and stakeholders analysis; (3) Develop strategies, methods, 33 
and recommendations for the construction industry toward 34 
their sustainable projects. 35 

2. Literature Review 36 

1.1. Design for Disassembly concept 37 

DfD is the concept that considers the final demolition 38 
stage during initial design and planning [1]. Thus, it aims to 39 
save the value that has been inputted into the building material 40 
or structural element even after the building’s end-of-use. It is 41 
the hardest to disassemble the structure at the following 42 
points: in the adjacent layers, between the structure and the 43 
building’s skin, building services, and finishing facilities [2]. 44 
If the buildings are initially designed for disassembly, it will 45 
significantly improve the environmental effect due to the 46 
possibility recover almost 95% savings of the embodied 47 
energy of the construction materials and up to 50% of the total 48 
building’s life cycle energy [2]. Moreover, it would improve 49 
the waste management issues. 50 

Nevertheless, apart from the environmental incentives to 51 
adopt DfD, there are also other motives for the industry, 52 
which include economical (e.g., savings on resources 53 
extraction and waste handling) and social (e.g., increase of 54 
global population requires current buildings to be adaptable 55 
for further extension) [3]. Following DfD principles means: 56 
reducing the number of materials and components used; 57 
choosing materials that are possible for reusing and recycling; 58 
using visible and reachable building elements connections; 59 
using simple (yet strong) and connections that are easy to 60 
deconstruct, e.g., dry connections,  dissolvable chemical or 61 
reversible welding connections; and practicing utilization of 62 
building modules that are robust, substitutable and convenient 63 
for transportation [2,4]. Based on the American construction 64 
market review, one of the main opportunities to help develop 65 
DfD in the industrial market is reducing the time required for 66 
building demolition and labor involved in demolition works 67 
[5]. DfD could bring some economic incentives. At the same 68 
time, the main barriers are uncertainty about the quality of the 69 
reused material; low demand due to users’ negative 70 
perception; financial profitability of demolition practices 71 
rather than disassembly; earthquake risks when using bolting 72 
connections; high risks of reinforced concrete corrosion 73 
(which makes it hard to reuse) [5]. Overall, globally the 74 
practice in the construction industry shows the universal 75 
approach to DfD (i.e., methodology, specification documents) 76 
[6]. Besides the method, another barrier for DfD propagation 77 
in the construction industry could be the absence of clear 78 
incentives that would encourage the implementation of DfD 79 
and CE practices [7]. In addition, the time advantage of 80 
demolition contrasted to the longer time needed for 81 
disassembly is also found to be a current barrier for DfD [8]. 82 

1.2. The main barriers, opportunities, and practices of 83 
DfD in Central Asia 84 

Central Asia consists of Kazakhstan, Kyrgyzstan, 85 
Tajikistan, Turkmenistan, and Uzbekistan. Among those with 86 
the largest territory and taking a politically leading role, 87 
Kazakhstan faces immense growth in the construction 88 
industry. Nevertheless, lacking proper waste management is a 89 
conventional problem for Kazakhstan and typical for the 90 
Central Asian region [9]. Designing residences with easy 91 
deconstruction methods (e.g., yurt houses) was quite natural 92 
and well-practiced in the population residing in the Central 93 
Asian region for many centuries. The nomadic lifestyle forced 94 
the residing shelters – “yurts” – to be mobile and easy to 95 
deconstruct when needed [10]. Nevertheless, the 96 
contemporary settled lifestyle has changed those practices.  97 

Currently, construction activities in Kazakhstan rapidly 98 
increase with economic growth. For example, the increase of 99 
residential construction is one of the “Kazakhstan-2030” 100 
strategies [9]. In 2021, it is planned to commission 17 mln m2 101 
(in 2019, it was 11 mln [11]) of housing that would be 102 
affordable and economical, which shows the main trend on 103 
financial constraints rather than focus on circular economy 104 
principles [12]. In addition, notwithstanding the decrease of 105 
overall business and economic activities during the COVID-106 
19 pandemic in 2020, the construction industry has increased 107 
by 11%, and the amount of residential buildings in 2020 has 108 
risen by more than 15% [13]. The demand for housing is great 109 
in Kazakhstan, while the provision of sq.m. per person is 110 
lower than the norms stipulated in the UN standard – 21.9 m2 111 
contrasted to advised 30 m2. 112 

Nevertheless, proper regulations and strategies towards 113 
circular construction and proper practices on waste 114 
demolition are only developing [9]. For example, the factory 115 
on production of modular buildings has been recently opened 116 
at the end of 2020 [11]. The first experimental blocks have 117 
been recently checked and approved for their quality in the 118 
first quarter of 2021 [14].  119 

Recent research on current construction and demolition 120 
waste (C&DW) shows that 3R strategies are applicable and 121 
currently in the stage of development in the Central Asian 122 
context [9]. For example, in Reducing CD&W, prefabricated 123 
building elements and modern building methods are already 124 
applicable. In contrast, such practices as efficient logistics of 125 
building materials, standardization of hazardous materials 126 
management plans, and quantification of necessary treatment 127 
for C&DW are not valid yet. In Reusing C&DW, there are 128 
practices in maximization of high-quality recycled aggregate. 129 
However, reducing in-situ building elements and materials 130 
cutting or utilizing the same materials for identical purposes 131 
still lacks application. Talking about the third R – Recycling 132 
C&DW, it is still innovative for Central Asia, as the waste is 133 
usually buried in the landfills (sometimes even illegal) or 134 
sometimes burned (e.g., wood and plastic waste). Although 135 
some promising practices, e.g., recycled material for B2B 136 
refund, and many more opportunities are yet to be practiced 137 
[9]. These include open opportunities for the recycling of such 138 
building materials as timber and metals.  139 

Although developing rapidly, Central Asian countries’ 140 
construction industry is still facing gaps in circular economy 141 
principles. 142 

 Aidana Tleuken et al./ Procedia CIRP 00 (2019) 000–000  3 

2. Methodology 143 
This research is based on literature review and 144 

stakeholder interviews regarding current DfD practices, 145 
barriers, and opportunities in the Central Asian construction 146 
market. PESTEL framework is utilized in this research for 147 
analysis of the factors that form current DfD practices. 148 
PESTEL stands for Political (impact of government), 149 
Economic (degree of profitability), Social (attitude of the 150 
public), Technological (technological innovations), 151 
Environmental (the level of sustainability), and Legal (rules 152 
and regulations) factors [15]. In total, 17 companies were 153 
interviewed regarding the implementation of DfD principles 154 
in their construction work processes. The ethics of 155 
interviewing process was approved by the Arctic University 156 
of Norway (UiT) regulations. The stakeholders for the 157 
interview were chosen from the Kazakhstani construction 158 
market from different profiles, e.g., design/architectural, 159 
contractors, management, and materials manufacturing 160 
companies. The following measures were identified through 161 
stakeholder engagement activities (e.g., interviews, surveys, 162 
and face-to-face meetings) and discussed in detail: 1) DfD 163 
concept propagation, 2) Adoption of DfD building methods 164 
and 3) Preference to refurbishment/adaptation of the existing 165 
structure instead of its demolition.20% of the respondents 166 
represent designer views, 45% - client views, while 55% of 167 
the respondents are involved into actual construction as 168 
contractors (some of the companies execute both client and 169 
construction views). 60% of the interviewees show the 170 
opinion of the large companies (including the top construction 171 
companies in Kazakhstan, which have offices in all the cities), 172 
20% - of the medium-size companies, while 20% are from 173 
small-size companies. 174 

 175 
 176 

3. Analysis and Results  177 
3.1. Interview results 178 
3.1.1. Design for Disassembly concept propagation 179 

in Kazakhstan 180 

The stakeholders’ interview has shown that the Design 181 
for Disassembly concept is not popular in the Kazakhstani 182 
construction sector. Only one out of seventeen construction 183 
companies mentioned that they deliberately attempt to adopt 184 
the DfD principle for the circular economy and economic 185 
benefits in their construction process. However, around 40% 186 
of the respondents shared that they unintentionally consider 187 
DfD for some structure parts–facades, interior walls, 188 
networks, or frames. Those stakeholders that adopt modular 189 
technology also automatically follow DfD principles. In their 190 
interview, one of the stakeholders shared that they had 191 
accomplished dismantling dormitory blocks of modules, then 192 
transported them to another country region and erected a new 193 
temporary hospital for treating COVID-19 patients. Some 194 
stakeholders adopt DfD concepts only for temporary 195 
buildings needed only during construction, while designing 196 
for disassembly of permanent structures is not that common.  197 

Compared to the design and architectural companies, 198 
contracting companies have much less interest in developing 199 
the DfD concept in Kazakhstani buildings. This lower interest 200 
is linked to their lesser involvement in the design and more 201 
involvement in building works. They tend to follow those 202 
technical plans and local construction regulations already 203 

developed by the design engineers. Thus, any obligation or 204 
responsibility for the development of DfD is left for the 205 
Clients’ choices and interests. Nevertheless, contractors are 206 
also open for DfD if it provides an easier way of working. 207 
Thus, one company has mentioned that they prefer when the 208 
building services (e.g., piping systems) are not hidden with 209 
the interior finishing for further maintenance. 210 

3.1.2. Adoption of DFD building methods 211 
Choice of dry building methods over wet building 212 

methods: Adopting wet building methods (e.g., in-situ 213 
concrete pouring, glue sealing) significantly increases the 214 
complexity of demolition of the structural elements and 215 
decreases the initial value of the building material. Therefore, 216 
it was necessary to analyze if the stakeholders were interested 217 
in dry construction methods.   218 

In general, two out of seventeen stakeholders use dry 219 
methods on site. Wet methods are still used to save time 220 
during project construction; still, more than half of the 221 
stakeholders attempt to perform mechanical connections 222 
where possible. However, this choice is dictated for economic 223 
reasons as usually dry methods are faster and more 224 
convenient. For example, wet methods usually require 225 
additional bothers during low temperatures, such as heating, 226 
heat insulation. Thus, cold climatic conditions make dry 227 
methods more favorable. The economic feasibility of the dry 228 
methods depends on the project complexity, as the opinion 229 
regarding its effect on costs differed among the stakeholders. 230 
For example, some companies consider replacing wet 231 
construction methods with dry, driven by economic reasons 232 
(time and cost-saving) rather than circularity and 233 
sustainability. 234 

Nevertheless, another contractor shared that they had 235 
experience in one of their projects to avoid wet methods – the 236 
concrete screed was replaced with foam concrete sheeting, 237 
which reduced time and labor works but increased the total 238 
cost by 15%. Some companies prefer prefabricated structures 239 
are also over in-situ casting, e.g., construction from blocks or 240 
the use of precast concrete columns, piles, walls, floor slabs, 241 
beams, crossbars, facade panels. Column fastening with 242 
bolted connections instead of welding is favorable because of 243 
the circularity issues and is motivated by time and cost 244 
savings. In addition, dry methods are consistently employed 245 
for façades and drywall installations. Sometimes wet methods 246 
are preferable over dry because of structural advantage – for 247 
example, concrete or masonry works.  248 

Overall, contractors do not have full power to replace dry 249 
building methods over wet – all connections and joint types 250 
are specified in project documentation, and contractors cannot 251 
deviate from project specifications. Thus, again, it is more a 252 
responsibility of a Client to develop project specifications that 253 
would adopt circular economy and design for disassembly 254 
principles. Economic feasibility is the main reason why wet 255 
methods of construction are still in use on construction sites. 256 
Nevertheless, depending on the project, cost efficiency is also 257 
sometimes a driver for dry methods development.  258 

Consideration of different lifecycles of the 259 
construction materials: Consideration of the building 260 
materials lifetime periods is also essential in the context of 261 
DfD, as the difference in their periods of wearing out or 262 
failing would create a burden for further maintenance and 263 
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demolition of other adjacent materials, too. Consideration of 264 
different materials’ life cycles used for layering is always 265 
considered at the design stage by engineers, especially 266 
exterior façade wall panels materials chosen to have a similar 267 
life cycle. In economic considerations, the companies aim to 268 
use the most long-lasting materials with proper quality 269 
certificates (e.g., those that can be used over 50 years). 270 
Contractors in their interviews have shared that different 271 
lifetime periods of layering materials were not considered in 272 
their practice, as it is designers’ job to estimate life cycles and 273 
develop good drawings and project specifications for 274 
contractors’ work. In addition, the issue of some building 275 
layers failing is not a common problem. Moreover, companies 276 
enforce a guarantee period for the whole life cycle period of 277 
the finishing materials as per their datasheet for most 278 
materials.  279 

Using structures able to disassemble: No stakeholder 280 
entirely designs their construction process structures that can 281 
be disassembled. The main barrier is the lack of proper 282 
technology development, which leads to the limited 283 
production capacity of such structures that can be 284 
disassembled later. Nevertheless, it was observed that design 285 
for disassembly is quite common for temporary structures in 286 
industrial construction, such as toilet pods, temporary 287 
workforce housing, and field offices.  288 

3.1.3. Preference to refurbishment/adaptation of the 289 
existing structure instead of its demolition 290 

Designing the building for its further adaptation for 291 
another practical use is not common among the construction 292 
parties. Only the existing heritage buildings with cultural 293 
importance get restored, as regulations require it. 294 
Nevertheless, from the experience of stakeholders, it is not 295 
economically viable to renovate old buildings (usually 296 
through structure stiffening); therefore, they try to avoid it. 297 
Whereas, in the construction of roads and bridges, 298 
refurbishment is preferred due to economic profitability.  299 
According to the results of the interviews, lack of shared 300 
responsibility impedes design for further adaptability. After 301 
completing the building design, Architectural companies do 302 
not take responsibility for the project’s completion of the 303 
building’s end-of-use.  304 

3.2. Discussion of the DfD development prospects  305 

The statistics for previously discussed measures are 306 
summarized in Table 1, which shows the percentage of 307 
interviewed stakeholders that use DfD concepts, their 308 
adoption of DfD building methods, or preferences to refurbish 309 
the buildings instead of their demolition.  310 

Table 1. Statistics on DFD development prospects among the interviewed 311 
stakeholders 312 

Level of use Description 

No use Moderat
e 

Full 

53% 41% 6% Stakeholders using DfD concepts 

35% 53% 12
% 

Choice of dry 
building methods 

Stakeholders that 
adopt DfD 
methods 

over wet building 
methods 

53%  35% 12
% 

Consideration of 
different 
lifecycles of the 
construction 
materials 

29%  71% 0% Using structures 
able to 
disassembly 

35%  65% 0% Stakeholders prefer to refurbishment 
/adaptation of the existing structure 
instead of its demolition 

As the DfD concept is quite innovative for the Central 313 
Asian region, it can meet many barriers and opportunities 314 
while finding its place in the local construction sector. 315 
Starting with the challenges, one of the greatest is the financial 316 
barrier, as DfD principles require good investment at the 317 
starting stage. All the stakeholders have mentioned that the 318 
project budget amount plays an important role, and they still 319 
choose conventional building methods if it is cheaper than 320 
innovative methods. Therefore, unless the involved parties 321 
would not see quantifiable economic profit (either in terms of 322 
materials cost, time, or labor savings), DfD is hardly likely to 323 
conquer the local market. The technology limitation could 324 
also produce a challenge for DfD development in Kazakhstan. 325 
Another barrier is the deficiency in collaboration between all 326 
the construction participants, i.e., each party is working solely 327 
on certain stages (e.g., design, erection, or demolition). This 328 
situation puts unavoidable stress on the client and 329 
design/architectural companies expected to provide all the 330 
technical directions for the contractors. It also decreases the 331 
responsibility from the contractors, which, by results of the 332 
interview, appear to have much less interest in CE or DfD, 333 
thus, can take such decisions at the construction site that can 334 
contrast DfD. In addition, there is a lack of interest in 335 
building’s refurbishment, and, as a consequence, it undergoes 336 
demolition. This barrier could be solved by implementing 337 
DfD into construction regulations, which would align with the 338 
aims of all the construction parties. 339 

Concerning the opportunities, the recent opening of the 340 
factory producing modular structures and its governmental 341 
support [14] promises significant development of modular 342 
construction on the local construction market. Considering 343 
that the financial side could become the most critical 344 
challenge for DfD spread, it could also be an opportunity. 345 
Several stakeholders mentioned that they sometimes follow 346 
DfD principles for savings in terms of working capacity or 347 
time. 348 

Table 1 presents the political, economic, social, 349 
technological, environmental, and legal factors that affect the 350 
DfD development in the Kazakhstani construction sector. 351 
These factors are extracted from the analysis based on the 352 
interviews with the stakeholders and literature review. 353 

Thus, political stability and policies supporting 354 
residential construction favor construction development and 355 
prospective circular practices, including DfD. Nevertheless, 356 
the economic factor is not promising much – the financial 357 
expenses for implementation of DfD building methods and 358 
lack of market and demand for reused materials do not 359 
provide many prospects to DfD at the current moment. From 360 
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Contractors in their interviews have shared that different 271 
lifetime periods of layering materials were not considered in 272 
their practice, as it is designers’ job to estimate life cycles and 273 
develop good drawings and project specifications for 274 
contractors’ work. In addition, the issue of some building 275 
layers failing is not a common problem. Moreover, companies 276 
enforce a guarantee period for the whole life cycle period of 277 
the finishing materials as per their datasheet for most 278 
materials.  279 

Using structures able to disassemble: No stakeholder 280 
entirely designs their construction process structures that can 281 
be disassembled. The main barrier is the lack of proper 282 
technology development, which leads to the limited 283 
production capacity of such structures that can be 284 
disassembled later. Nevertheless, it was observed that design 285 
for disassembly is quite common for temporary structures in 286 
industrial construction, such as toilet pods, temporary 287 
workforce housing, and field offices.  288 

3.1.3. Preference to refurbishment/adaptation of the 289 
existing structure instead of its demolition 290 

Designing the building for its further adaptation for 291 
another practical use is not common among the construction 292 
parties. Only the existing heritage buildings with cultural 293 
importance get restored, as regulations require it. 294 
Nevertheless, from the experience of stakeholders, it is not 295 
economically viable to renovate old buildings (usually 296 
through structure stiffening); therefore, they try to avoid it. 297 
Whereas, in the construction of roads and bridges, 298 
refurbishment is preferred due to economic profitability.  299 
According to the results of the interviews, lack of shared 300 
responsibility impedes design for further adaptability. After 301 
completing the building design, Architectural companies do 302 
not take responsibility for the project’s completion of the 303 
building’s end-of-use.  304 

3.2. Discussion of the DfD development prospects  305 

The statistics for previously discussed measures are 306 
summarized in Table 1, which shows the percentage of 307 
interviewed stakeholders that use DfD concepts, their 308 
adoption of DfD building methods, or preferences to refurbish 309 
the buildings instead of their demolition.  310 

Table 1. Statistics on DFD development prospects among the interviewed 311 
stakeholders 312 

Level of use Description 

No use Moderat
e 

Full 

53% 41% 6% Stakeholders using DfD concepts 

35% 53% 12
% 

Choice of dry 
building methods 

Stakeholders that 
adopt DfD 
methods 

over wet building 
methods 

53%  35% 12
% 

Consideration of 
different 
lifecycles of the 
construction 
materials 

29%  71% 0% Using structures 
able to 
disassembly 

35%  65% 0% Stakeholders prefer to refurbishment 
/adaptation of the existing structure 
instead of its demolition 

As the DfD concept is quite innovative for the Central 313 
Asian region, it can meet many barriers and opportunities 314 
while finding its place in the local construction sector. 315 
Starting with the challenges, one of the greatest is the financial 316 
barrier, as DfD principles require good investment at the 317 
starting stage. All the stakeholders have mentioned that the 318 
project budget amount plays an important role, and they still 319 
choose conventional building methods if it is cheaper than 320 
innovative methods. Therefore, unless the involved parties 321 
would not see quantifiable economic profit (either in terms of 322 
materials cost, time, or labor savings), DfD is hardly likely to 323 
conquer the local market. The technology limitation could 324 
also produce a challenge for DfD development in Kazakhstan. 325 
Another barrier is the deficiency in collaboration between all 326 
the construction participants, i.e., each party is working solely 327 
on certain stages (e.g., design, erection, or demolition). This 328 
situation puts unavoidable stress on the client and 329 
design/architectural companies expected to provide all the 330 
technical directions for the contractors. It also decreases the 331 
responsibility from the contractors, which, by results of the 332 
interview, appear to have much less interest in CE or DfD, 333 
thus, can take such decisions at the construction site that can 334 
contrast DfD. In addition, there is a lack of interest in 335 
building’s refurbishment, and, as a consequence, it undergoes 336 
demolition. This barrier could be solved by implementing 337 
DfD into construction regulations, which would align with the 338 
aims of all the construction parties. 339 

Concerning the opportunities, the recent opening of the 340 
factory producing modular structures and its governmental 341 
support [14] promises significant development of modular 342 
construction on the local construction market. Considering 343 
that the financial side could become the most critical 344 
challenge for DfD spread, it could also be an opportunity. 345 
Several stakeholders mentioned that they sometimes follow 346 
DfD principles for savings in terms of working capacity or 347 
time. 348 

Table 1 presents the political, economic, social, 349 
technological, environmental, and legal factors that affect the 350 
DfD development in the Kazakhstani construction sector. 351 
These factors are extracted from the analysis based on the 352 
interviews with the stakeholders and literature review. 353 

Thus, political stability and policies supporting 354 
residential construction favor construction development and 355 
prospective circular practices, including DfD. Nevertheless, 356 
the economic factor is not promising much – the financial 357 
expenses for implementation of DfD building methods and 358 
lack of market and demand for reused materials do not 359 
provide many prospects to DfD at the current moment. From 360 
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Thus, political stability and policies supporting 354 
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lack of market and demand for reused materials do not 359 
provide many prospects to DfD at the current moment. From 360 

 Aidana Tleuken et al./ Procedia CIRP 00 (2019) 000–000  5 

the social point of view, the current construction sector is not 361 
much interested in circular economy practices, so some 362 
stipulating measures from the government would be helpful 363 
to improve the motivation for DfD implementation. 364 
Technological factors show some development towards DfD, 365 
e.g., modular factories; nevertheless, they are not developed 366 
extensively to cover extensive construction practices. The 367 
current state of environmental factors (illegal dump filling 368 
with C&DW and high embodied energy needed for 369 
construction materials production) dictate the development of 370 
DfD practices. However, the lack of legal policies relevant to 371 
DfD practices also complicates its growth in the Kazakhstani 372 
construction sector. 373 

Table 2. Result of PESTEL analysis for current DfD practices in 374 
Kazakhstan 375 

Factor Description 

Political Political stability 

Residential construction rates are increasing owing to 
different governmental policies 

Economic Financial expenses for DfD building methods 
(prefabricated materials over in-situ concrete pouring; 
bolting over welding or sealing) 

Low demand for reusing building materials 

No market for selling previously used construction 
materials 

Social  Lack of industrial interest and motivation in 
implementation Circular Economy in the local 
construction sector 

Adherence of views towards conventional construction 
methods 

In the context of following DfD principles, lack of 
teamwork between different construction parties (client, 
design/architects, contractors, material manufacturers & 
suppliers) 

Technological Low level of technological advancement that is 
required for DfD 

BIM technology is not adopted in all the construction 
companies 

Modular technology or prefabricated structures 
technology is also not extensively established 

Lack of recycling plants for construction waste  

Promising development of modular construction 

Environmental Existing practices of construction and demolition waste 
ending on landfills (including illegal dumpings) 

High embodied energy is required for the production of 
construction materials 

Legal Absence of relevant policies, regulations, and 
construction codes for:  

• design for disassembly concepts (e.g., 
guidelines for design methods and 
construction) 

• quality control of previously used 
construction materials 

5. Conclusion 376 

To conclude, the Design for Disassembly concept is not 377 
well developed in the Kazakhstani construction sector, as DfD 378 
is not obligatory according to local construction codes and 379 

regulations, and there are no specific guidelines for that. 380 
Nevertheless, companies involved in construction have 381 
already started taking the first steps towards that. Modular 382 
construction has recently started its development in 383 
Kazakhstan and is planned to scale up further. It is essential 384 
to mention that prime motivation for the stakeholders 385 
involved in construction is the project’s economic feasibility 386 
and profitability, which makes cost the main incentive to 387 
either follow or abide by DfD principles (as, for example, it is 388 
with choice of dry building methods over wet building 389 
methods). Furthermore, if building maintenance and 390 
renovation would be reflected in the total lifecycle cost 391 
(including the contracts), then the construction sector would 392 
find it more appealing to adopt DfD practices in order to 393 
receive more profit. Therefore, before developing local laws 394 
and regulations, it is essential first to develop quantifiable 395 
profit for the companies to adopt DfD, as, otherwise, it would 396 
put a risk on the local market due to the need for high 397 
investments. Although the data collection process has been 398 
done territorially in Kazakhstan, the results and conclusion are 399 
believed to be scaled up for the whole Central Asian 400 
construction sector. As most of the respondents involved in 401 
the interviewing process are directly involved in the 402 
construction sector, and the “client” and “designer” views are 403 
minor, this creates some limitations to this research. The 404 
results of the study may be beneficial for many sectors, 405 
including manufacturing, as the construction sector has a 406 
direct relationship with all other production and service 407 
industries and uses the outputs from these industries. 408 
Furthermore, using the PESTEL method, which analyzes the 409 
topic under-study from a strategic perspective, based on 410 
literature and stakeholder analysis to explore trends, barriers, 411 
and opportunities for DFD applications in the construction 412 
industry also strengthens this contribution.. 413 
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