
ANAIS
IV EURO ELECS

2021

ARTIGO

DESIGN FOR 
ADAPTABILITY AND 

DISASSEMBLY: A 
REVIEW TO ACHIEVE 

BUILDINGS’ 
DECONSTRUCTION

MUNARO, Mayara Regina
(mayara.munaro@ufpr.br)

Universidade Federal do Paraná (UFPR), Brasil

TAVARES, Sergio Fernando
(sergioftavares@gmail.com)

Universidade Federal do Paraná (UFPR), Brasil



SESSÃO 4
EDIFICAÇÕES
SUSTENTÁVEIS:
QUALIDADE,
CICLO DE VIDA
E PROJETO

645

KEYWORDS: 

Design for adaptability and disassembly, Circular economy, Ecode-
sign, Buildings end-of-life. 

ABSTRACT

Reusing and recycling building materials and components are an alternative 
to minimizing construction and demolition waste (CDW). The introduction of 
ecodesign methodologies in the design stage enables buildings to be adapted 
to the needs of users and deconstructed at the end-of-life. Design for Adaptabili-
ty and Disassembly (DfAD) is a method that incorporates sustainable principles 
and brings environmental, social, and economic benefits to the construction 
sector. Although, seeks to maintain materials at their highest level of utility and 
value, supporting the implementation of the circular economy (CE) principles, 
is little explored in projects and constructions. This study analyses how the 
construction sector approaches the DfAD to achieve buildings’ deconstruction. 
Through an integrative literature review, 279 articles were selected and cate-
gorically analyzed. The results show the concentration of the studies in three 
major categories: i) design and planning process; (ii) buildings’ end-of-life; and 
(iii) circular assessments and strategic values, and a framework was proposed. 
The framework outlines the main circular strategies found in the literature that 
make it possible to deconstruct and recover components, products, and mate-
rials at the end of the building’s life. This framework can be used as guidance 
for academics, professionals, and decision-makers to expand knowledge about 
the potential applications of the DfAD method. The need for more explanations 
and knowledge on DfAD, on deconstruction strategies, on reusing of materials 
and components, and on the life cycle tools as decision support at the material 
end-of-life is crucial to make buildings resilient and adaptable.
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1. INTRODUCTION
The construction sector is responsible for the highest amount of resource use, 
waste, and emissions of all industries. Despite being the world’s largest consumer 
of raw materials, only 20-30% of these resources are recycled or reused at the end 
of a building’s useful life (WEF, 2014). To reduce the environmental impacts pro-
duced by the sector, strategies have been adopted, mainly concerning construc-
tion and demolition waste management (CDWM). Deconstruction is an end-of-life 
(EOL) scenario that favors the recovery of construction components for reloca-
tion, reusing, recycling, or remanufacturing of construction (Kibert, 2003). Design 
for Deconstruction is an ecodesign method that enables the assembly and disas-
sembly of buildings to recover building components. Despite efforts to mitigate 
CDW through deconstruction, information on deconstruction projects is limited. 
To Dorsthorst and Kowalczyk (2002) less than 1% of buildings are completely de-
mountable, and since then the scenario has not changed (Kanters, 2018).

The concept of ‘design for deconstruction’, which is also known as ‘design for dis-
assembly’ both known by the acronym DfD, appeared in the construction sector 
in the 1990s (Kibert, 2003) by ecodesign methodologies from the manufacturing 
industry (Dorsthorst and Kowalczyk, 2002). DfD can be associated with Design for 
Adaptability (DfA). Users to meet their constant needs can modify an adaptable 
building. The Design for Adaptability and Disassembly (DfAD) integrates flexibili-
ty to the configuration of space and the recovery of EOL components. The method 
seeks to maintain components, products, and materials at their highest level of 
utility and value, supporting the introduction of the circular economy (CE) princi-
ples. CE is a restorative economic model that seeks to dissociate economic devel-
opment from the consumption of finite resources (EMF, 2015).

Several studies have established strategies to guide the incorporation of CE prin-
ciples for buildings deconstruction. Durmisevic (2019) denominated a Reversible 
Building Design a methodology based on spatial changes (aspects of the exten-
sibility of the space, replaceability, and change of the functions) and technical 
changes (accessibility, the extensibility of systems, disassembly, and indepen-
dence). Thormark (2001) developed 18 design strategies based on the choice of 
materials, design of construction, and choice of joints and connections. Nordby et 
al. (2007) developed a system based on 31 strategies for the recovery of materials. 
Sassi (2008) established criteria for the closed-loop building materials cycle, and 
Crowther (2016) listed 27 principles for disassembly.

Although, DfAD is not mainstream in the construction sector. There is a gap in the 
literature on circular business opportunities to introduce practices aiming at clos-
ing the material cycle (Munaro et al., 2020). In addition, the sector is conservative, 
has its design process, manufacturing techniques, supply chain, and financial ar-
rangements. Buildings have complexities about several interconnected attributes, 
such as building design, choice of material, operation, and maintenance. This re-
view aimed to study how the construction sector approaches the DfAD to achieve 
buildings’ deconstruction. Through an integrative review, this study sought to pro-
pose a framework of the categorized studies to achieve buildings’ deconstruction.
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2. RESEARCH STRATEGY
The research strategy consists of an integrative literature review based on six stag-
es, as summarized in Figure 1, inspired by Torraco (2005), Whittemore and Knafl 
(2005), and Tranfield et al. (2003).

An integrative review is the broadest methodological approach to reviews and 
incorporates different purposes for a complete understanding of the analyzed 
phenomenon (Whittemore and Knafl, 2005). The selected articles were analyzed 
under a content analysis. The content analysis attains a condensed and broad 
description of the topic, and the outcome is categorized by describing the phe-
nomenon (Elo and Kyngas, 2008). Figure 2 shows the processing of the review in 
the literature.

Figure 1. Stages, decisions, and processes of the integrative review.
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Figure 2. Processing the review in the scientific literature (review date: February 2020).

3. RESULTS AND ANALYSIS
The 279 studies were divided into three main categories according to their sim-
ilarities: (i) Design and planning process; (ii) Buildings’ end-of-life; (iii) Circular 
assessments and strategic values. Subcategories with similar events and incidents 
are grouped in the main categories. Table 1 indicates the categorization of the pub-
lications. The categories were described below.

Main category (No; %) Subcategory (No; %)

Design and planning process  
(107; 38%)

Architectural values (3; 1.1%)

Assembly/disassembly phase (5; 1.8%)

Construction principles (52; 19.0%)

Materials and connections (46; 16.5%)

Buildings’ end-of-life (102; 37%)

2.1 Building stock potential (8; 2.9%)

2.2 Construction and building renovation (23; 7.9%)

2.3 Material/resource recovery assessment (32; 11.5%)

2.4 Selective deconstruction (23; 8.2%)

2.5 Waste management (16; 5.7%)

Circular assessments and strate-
gic values (70; 25%)

3.1 Environmental and cost analysis (29; 10.4%)

3.2 Pilots and case examples (24; 8.6%)

3.3 Transition to circular buildings (17; 6.1%)

Table 1. Categorization of publications analyzed in the integrative review.
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3.1 DESIGN AND PLANNING PROCESS

The category with the largest number of studies (107 articles) focused on the de-
sign phase of the building’s life cycle and was subdivided into four subcategories. 
The most eco-efficient sustainable strategies on deconstruction are those concep-
tualized since the beginning of the project, considering the choice of materials, the 
construction technique, and the needed Information and Communication Tech-
nologies (ICTs). In the subcategory “Architectural values”, the minimization of 
waste in the design phase leads to rethinking the values and skills of professionals 
involved in building projects. Ajayi et al. (2016) recognized that proficiency in proj-
ect tasks, design expertise, and knowledge related to construction are important 
skills to minimize CDW. Geldermans et al. (2019) explored the synergistic potential 
of the criteria of flexibility, circularity, and user capacity to the circulation of mate-
rial in the building and the user benefits. The authors argue that the replicability 
of circular concepts depends on user integration for a sustainable transformation.

“Assembly/disassembly phase” subcategory discussed strategic and planning 
methods for deconstruction projects, considering requirements such as time, re-
source program, and project costs (Hübner et al., 2017). Feng et al. (2015) stressed 
the need to increase productivity and automation in the construction industry and 
developed a robotic system capable of automatically generating assembly plans. 
Charef et al. (2019) used Building Information Modeling (BIM) to manage the EOL 
assets and highlighted economic, political, sociological, and technological barriers 
regarding the deconstruction phase.

In the subcategory “Construction principles”, transformable structures were ex-
plored due to the ability to adapt in form or function according to the required 
changes of users and local circumstances. The DfD is the key to the transforma-
tion capacity of buildings, evaluated in three dimensions: spatial, structural, and 
material dismantling (Durmisevic, 2019). To Akinade et al. (2017) the factors for 
effective material recovery are related to legislation and policy, design process and 
competencies, design for material recovery and reuse, and for building flexibility. 
Kanters (2018) noted a lack of an internationally agreed set of guidelines for de-
construction projects, as well as time and cost constraints. Industrialization creates 
new requirements for the design, prioritizing the performance of the construction 
and the needs of the production plan outside the construction site. Geraedts (2011) 
established a plan for projects with Industrial Flexible Demountable (IFD) meth-
odology. Strategies regarding the reduction of waste should consider the use of 
by-products, reusing spare parts and components, the design for adaptability and 
dismantling, and the use of tracking technologies (Minunno et al., 2018). The major 
challenge is a change in the mindset regarding how buildings are designed, built, 
and used.

In the “Materials and connections” subcategory, Mrkonjic (2007) reiterated that 
the environmental costs and impacts in the production of aluminum compensate 
due to recyclability, durability, and lightness of the material. Youssef et al. (2019) 
showed a removable solution in masonry with dry joints, which allows reusing and 
recycling of materials. Fragiacomo and Lukaszewska (2011) explored the economic 
advantages of prefabricated timber concrete composite slabs. Dahy (2019) used 
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bio-based materials to produce CO2 neutral, recyclable, and/or compostable ele-
ments. Pongiglione et al. (2017) emphasized that the flexibility and the total recy-
cling capacity of steel speed up the assembly/disassembly processes and expand 
the capacity for repair and reuse of metallic structures. Studies on the structural 
performance of concrete structures with reversible connections were evaluated in 
different systems (Sencu et al., 2019).

3.2 BUILDINGS’ END-OF-LIFE

The ‘Buildings’ end-of-life’ category represented 37% of the review and was subdi-
vided into five subcategories. Different business opportunities in the EOL stage of 
buildings were explored, avoiding obsolescence, and ensuring the continued use 
of materials. The “Building stock potential” subcategory understands buildings as 
temporary stock of materials that need to track and communicating stocks and 
flows of materials for reuse or recycling. The Urban Mining and Recycling unit 
project is a temporary storage of materials and a laboratory that monitors and eval-
uates the circular potential of materials through an online platform (Heisel and 
Rau-Oberhuber, 2020). Cai and Waldmann (2019) proposed a database/bank of 
materials and components based on BIM to promote the recycling and reusing of 
materials.

In the “Construction and building renovation” subcategory, Sanchez et al. (2019) 
observed a decrease in the environmental impacts and the construction building 
cost of an adaptive reuse project. Eray et al. (2019) proposed a system to optimize 
the building reuse process by helping to manage documents, communications, 
and relationships between stakeholders. Vardopoulos (2019) identified that land 
conservation; cultural heritage protection, community action, and involvement 
empowerment are critical factors in the development of reuse projects.

In the “Material/resource recovery assessment” subcategory, Nußholz et al. (2019), 
compared companies that produced building materials with secondary inputs to 
estimate the carbon savings potential. Brütting et al. (2019) presented a reduction of 
up to 63% in the environmental impact of reused structural components. Höglmei-
er et al. (2013) found that 25% of the wood incorporated in buildings is suitable for 
reuse in new projects and that 21% can be used for other secondary applications. 
Van den Berg et al. (2020) concluded that an element would be recovered when an 
economic demand is identified; there are routines to dismantle it and; performance 
control until integration into a new building.

The subcategory “Selective deconstruction” analyses the compatibility of methods 
for deconstruction using BIM. Sanchez et al. (2019) described a semi-automated 
deconstruction programming with quantitative analysis. Akinade et al. (2015) de-
veloped the BIM-based Deconstructability Assessment Score. Akanbi et al. (2019) 
settled an integrated disassembly system possible to create performance analyzes 
throughout the building’s life cycle. Volk et al. (2018) developed a systematic de-
construction process, based on a mobile sensor system.



651

SESSÃO 4
EDIFICAÇÕES
SUSTENTÁVEIS:
QUALIDADE,
CICLO DE VIDA
E PROJETO

In the “Waste management” subcategory, Bilal et al. (2016) presented an architec-
ture based on Big Data, supported by BIM, for analysis of CDW in the design stage 
of a building. Osmani et al. (2008) revealed that CDWM is not a priority in the de-
sign process and those restrictions such as customers’ lack of interest; perception 
to waste minimization; and training, act as a disincentive to the implementation of 
waste reduction strategies. A collaborative delivery process, with the early involve-
ment of contractors, can improve the mitigation of waste and the proper coordina-
tion of the project between the areas involved (Ajayi and Oyedele, 2018).

3.3 CIRCULAR ASSESSMENTS AND STRATEGIC VALUES

The third category represented 25% of the publications and seeking to promote 
the circular vision, highlighting principles of CE and strategic tools for efficient 
choices of materials, components, and services that support a closed life cycle. In 
the “Environmental and cost analysis” subcategory the reduction in greenhouse 
gas (GHG) emissions and energy spending was analyzed using a building clas-
sification system (Aye and Hes, 2012), and in the recovery of wooden structures 
(Diyamandoglu and Fortuna, 2015). A demountable floor system has more environ-
mental and economic benefits than conventional systems (Brambilla et al., 2019).

In the “Pilots and case examples” subcategory, examples of circular actions incor-
porated in buildings were explored. Maerckx et al. (2019) presented a public project 
that encourages projects to reuse materials and better manage human and materi-
al resources. Bertino et al. (2019) presented the HOUSEFUL project to demonstrate 
circular strategies with a focus on the optimal management of resources.

The “Transition to circular buildings” subcategory presented the challenges and 
opportunities in deconstruction activities. Adams et al. (2017) stressed the lack 
of information about circular principles, the absence of incentives to design de-
mountable buildings, and the need for an economic plan supported by metrics 
and tools. Akinade et al. (2019) mentioned the lack of legislation and policies, of 
information in the design phase, of the market for secondary materials, difficulty 
in developing business models for deconstruction, and of effective tools. Besides, 
Rios et al. (2015) reiterated the negative perception of the consumer regarding re-
using materials, the time, and the cost of deconstruction. Pomponi and Moncaster 
(2017) highlighted the importance of interdisciplinary research and both individual 
and collective initiatives to promote economic models and implement circularity. 
Clapham et al. (2008) described the development of a Canadian National Standard 
for building disassembly and adaptability.

4. DISCUSSION
The categorization of the studies identified the concentration of the studies in 
three main stages of the life cycle of buildings. The ‘Design and planning process’ 
category concentrated on studies focused on the building design and construction 
phase. ‘Buildings’ end-of-life’ underlined the buildings’ deconstruction in the EOL 
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stage. ‘Assessments and strategic values’ category presented both EOL studies 
and a more general context aimed at building a more circular vision in the sector.

In the ‘Design and planning process’ category, the predominance of studies was 
in steel-concrete structures and precast concrete elements. The use of prefabri-
cated components and materials, modular design, and mechanical joints are the 
most explored construction principles in the context of DfAD. Although modular 
and prefabricated buildings show DfAD principles, they are not fully related to the 
method, as they are planned for easy transport, handling, and assembly, but not 
necessarily to be demountable and reused at the EOL.

The design is the most important phase in waste reduction. Architects and de-
signers need the necessary knowledge and skills to obtain a systemic view of the 
design for a deconstructable and adaptable building. It is important to mobilize 
the professionals involved at the base of the projects to take the lead as drivers of 
change. The limited designed DfAD buildings reaffirm the sector’s delay to the 
necessary changes towards circularity. Current legislation needs to impose effi-
cient guidelines at the design stage to minimize CDW.

The coordination of the design process through BIM was emphasized in the review. 
BIM is seen as one of the main tools in the prevention of waste, in the compatibility 
of projects, in the provision of information, and the collaborative process. Plans and 
schedules, such as the assembly and disassembly, and the documentation of the 
construction materials and components for reuse is potentially facilitated by BIM. 
However, none of the existing BIM products yet offers waste forecasting and mini-
mization functionality. Efforts to better explore construction modeling and barriers 
such as the lack of BIM knowledge by the professionals, the lack of compatibility 
with other software, or even the lack of storage capacity and compatibility of the 
models, need to be explored. 

New business opportunities can be created in the design phase to make the reuse 
of materials more attractive. For example, indicating options for potential reuse; 
provide suggestions from companies or professionals in charge of the restoration, 
repair, or recycling of building materials; fund the demolition of structures, among 
others. These strategies can minimize the vision that deconstruction is not attrac-
tive in terms of cost and time, and increase the viability of the secondary materials 
markets. Public policies should encourage the sector to develop technologies and 
materials recovery capabilities, promoting networks of partners to access second-
ary materials.

The ‘buildings’ end-of-life’ category emphasized the focus on reusing construction 
materials and components, on the adaptive reuse of buildings, and on deconstruc-
tion methodologies. However, there is a lack of critical analysis of the possible ef-
fects that materials reusing and recycling have on the life cycle of the buildings. 
The reuse of construction materials must overcome challenges related to insur-
ance, warranty, quality, and performance of materials. In addition, it is important 
the knowledge the composition of building materials. Designers and manufactur-
ers should review products to make them more reusable or suitable for recycling.
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Most studies focused on the reuse of steel components, as they are easier to decon-
struct and reuse, than concrete and masonry structures. Besides, the reuse of other 
types of components is more complex due to the lack of data about material per-
formance. The use of identification and research technologies taking into account 
aspects of contamination or effects of aging of concrete, which can lead to deterio-
ration and reduced useful life of structural elements, must be considered. Likewise, 
a classification system is necessary to facilitate the standardization of recovered 
products according to their performance and the best type of reuse.

Storage space for recovered materials will also have a major impact on the cost and 
schedule of the project. Building contracts and tenders must be adapted to incor-
porate the EOL phase, making clear the responsibilities of each stakeholder. Re-
verse logistics policies can be an instrument for applying shared responsibility for 
the life cycle of products. It is important to regulate the management and distribu-
tion of EOL materials by creating markets and information exchange services for 
recovered products. Adaptive reuse of buildings is a subject that is gaining interest 
in the sector. However, economic and technical barriers, as the lack of reliability of 
the reused materials and the underestimation of the resources incorporated in the 
building make it difficult to adopt this technique.

The third category corroborates the importance of the life cycle tools to predict and 
assess the environmental impacts of different EOL scenarios. There are challeng-
es related to the lack of data and information for the construction, maintenance, 
retrofit, and reusing/recycling phase of the materials. The different methodologies 
to predict the environmental impact of material could be more standardized. It 
is necessary to expand the assessment for reused and recycled materials and, to 
broaden the consensus on the quantification of the environmental impacts and 
benefits of the reinsertion of secondary materials. The compatibility of LCA tools 
with BIM still needs to be further explored to allow an independent integration of 
other software and plug-ins.

Figure 3 presents a conceptual framework with the categorized studies of the re-
view, related to the stage of the building life cycle. This framework is proposed to 
expand knowledge and the adoption of the DfAD concept in the sector. The ap-
proach emphasizes the 12 subcategories of studies, organized into the three major 
categories of the review, outlined in three buildings lifecycle stages. The starting 
point of the framework is to consider that DfAD understands that all phases of the 
building life cycle must be planned in the design phase. For best results, the proj-
ect must be accompanied by a waste management plan. Therefore, clarifying the 
CE and deconstruction practices to the stakeholders involved in the design phase 
is crucial to provide a solid basis for the improvement of building deconstruction 
strategies and to stimulate the production of secondary materials. The subcate-
gories of the design and construction phase present, in addition to the focus of 
research on the subject, strategies, and directions to enable the research and de-
velopment of circular tools suitable to implement the practice of deconstruction in 
new construction projects.

In the EOL stage, selective renovation or deconstruction gives way to the conven-
tional demolition of buildings. The renovation of buildings is a trend observed in 
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the practices of adaptive use, aiming at seeking energy efficiency and conserving 
the historical and social values of buildings. Selective deconstruction accompa-
nied by appropriate collection and segregation techniques maximizes efficiency in 
the recovery of materials and building components and the establishment of sec-
ondary material markets. The subcategories indicate areas of activity and research 
that will promote circular practices to make buildings a bank of materials.

Finally, the third category presents tools and examples of applying circular strate-
gies to reinforce the creation of a circular vision in the construction value chains. 
The aim is to reinforce that the implementation of DfAD can be a strategic policy 
for the reduction of GHG emissions in the sector, by favoring the reuse and recy-
cling of materials. Besides, the study of practices, programs, and public policies 
implemented in cities or regions provides guidelines and benchmarking on the 
deconstruction practices that are working and that need to be improved.

Figure 3. Conceptual framework of categorized studies for the implementation of DfAD 
in the construction sector throughout the building life cycle.

5. CONCLUSIONS
The study presented the state-of-the-art of DfAD methodology to reach buildings’ 
deconstruction in the construction sector. The main contribution was a theoretical 
DfAD framework of the categorized studies in the sector. The categorized studies 
stressed the importance of modular and prefabricated structures, selective decon-
struction, and the use of recovery materials. With the growth of secondary materi-
als markets, urban mining activities, analysis of resource and material flows, and 
the adaptive use of buildings will be further explored. The digitization of the sector 
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is indispensable to manage and share the large volume of data and information on 
construction materials and components throughout the life cycle of the building.

The proposed theoretical framework outlines the main aspects involved in CE from 
the perspective of implementing DfAD. This framework can be used as guidance 
for academics to expand knowledge about the potential applications of the DfAD 
concept. Professionals in the implementation of CE in the construction sector can 
also use it. The sector’s delay to changes, the lack of knowledge and clarification 
about DfAD, and the CE principles, are critical barriers. It needs to elucidate the 
economic, social, and environmental gains of the DfAD to the stakeholders of the 
construction value chain. It is noticed that the expected paradigm shift in the sec-
tor will only be possible based on top-down mechanisms. Efficient legislation and 
public policies that promote the reuse and recycling of construction materials and 
components are required.

This study has limitations that must be considered. First, the literature review was 
focused on academic research. There would be an additional need to identify the 
evolution of the latest industry practices. Secondly, the review based on keywords 
search limits the results. Furthermore, the literature sample includes only articles 
published in English. As future research, it is proposed to raise business opportu-
nities that DfAD can develop for different stakeholders in the construction value 
chain. Besides, to propose a system of guidelines for the deconstruction of build-
ings based on different stages of implementation of the ecodesign methods for 
deconstruction.
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