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A B S T R A C T   

Current building design practices largely focus on operational efficiency and initial material optimisation in the 
pursuit of sustainable construction. These short-term carbon savings are potentially detrimental to the long-term 
futureproofing of a building. As such, the suggestion to design buildings for adaptability has gained traction in 
recent years. An adaptable building is one that could be easily modified to suit its changing requirements, 
allowing it to avoid premature demolition and reconstruction, and the associated carbon emissions. This paper 
explores what is meant by adaptability in the built environment, suggestions for design strategies and the 
benefits and drawbacks of each. The paper expressly emphasises the importance of balancing the needs of the 
present day, through upfront carbon reductions, with the consequences in the long-term, through accelerated 
building obsolescence, demolition and rebuild. The paper concludes with the recommendation that further 
research is needed into the true benefits of adaptability design strategies, factoring in the uncertainty of future 
predictions and the time-value of carbon.   

1. Introduction 

As the world has become increasingly focused on combating the 
climate crisis, the construction sector has strived to produce optimised, 
energy-efficient buildings. Whilst these efforts have succeeded in 
reducing operational emissions and started to reduce structural 
embodied carbon, through decreased material usage (IStructE, 2021), 
they are potentially short-sighted, focusing only on the immediate 
upfront carbon. This focus may, in fact, result in higher carbon emissions 
over the whole lifecycle of the building; for example, if a building is too 
finely optimised, it may be unable to accommodate changes to its use or 
environment, leading to early obsolescence and demolition. The carbon 
implications of demolition and rebuild will likely outweigh the 
over-investments of material required at initial construction in order to 
avoid this fate. Therefore, we need a whole-life approach to consider the 
balance of long-term adaptability benefits with those of short-term 
optimisation. 

Whilst adaptability is not a new concept in the built environment, 
with its origins in Habraken’s (1961) theory of ‘support’ structures, it is 
yet to become a staple priority in the minds of clients, architects and 
engineers (Melton, 2020). Presently, there are numerous barriers 

between current design practices and a future in which buildings are 
designed for a whole-life, circular economy (CE). Ultimately, we need to 
shake the current psyche that “buildings are built with yesterday’s 
technology and today’s ideas for tomorrow’s people” (de Ridder and 
Vrijhoef, 2008), and instead we should be looking forward (Brand, 
1994), taking calculated risks to design for an uncertain future with the 
best strategies we currently have at our disposal (Fawcett, 2011). 

To work toward this aim, this paper reviews the barriers and enablers 
to the adoption of design for adaptability (DfA) and discusses strategies 
within literature. Although similar work has been carried out by others 
(Askar et al., 2021; Heidrich et al., 2017; Pinder et al., 2017; Schmidt III 
et al., 2010; Slaughter, 2001), only a few discuss the impact of DfA on 
the often-times contradictory approach of designing for minimum 
upfront material usage (IStructE, 2022; Kelly et al., 2011; Rockow et al., 
2021), referred to as ‘lean design’ (LD) (Cook and Arnold, 2020). This 
paper, therefore, works to emphasise the importance of balancing the 
needs of the future, through adaptability, with the upfront carbon and 
financial costs in the present. The paper also highlights areas requiring 
further research before tangible DfA strategies can be implemented in 
industry in order to achieve long-term carbon reductions. 

Abbreviations: DfA, Design for adaptability; LD, Lean design; CE, Circular economy; DfD, Design for deconstruction. 
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2. Background 

2.1. Defining adaptability 

What the exact definition of building adaptability is, is considered a 
contentious point, with many suggesting that this lack of consensus is a 
significant blocker to the adoption of DfA practices (Anastasiades et al., 
2021; Friedman, 2002; Kanters, 2020; Kelly et al., 2011; Pinder et al., 
2017; Schmidt III and Austin, 2016). Whilst some discrepancies within 
definitions do exist (which will be returned to later in this section), we 
consider that the principles that underlie the definitions resolve to the 
same set of core characteristics, being: a building’s ability to accom-
modate changes in use, environment or specification, throughout time, 
without the need for extensive refurbishment, in order to extend the 
building’s lifespan and, in the authors’ view, ultimately to reduce the 
embodied carbon emissions from demolition and rebuild. 

This definition can be broken down into six key components:  

1 “the ability to accommodate change”: being the basic definition of 
adaptability in its broadest context,  

2 “changes in use, environment or specification”: describing the 
possible and varied sources of change (van Ellen et al., 2021), with:  
a ‘use’ referring to changes in ultimate limit states (e.g. floor 

loading), serviceability limit states (e.g. vibration or deflection), 
space or service requirements, etc.;  

b ‘environment’ referring to the broader context, or surrounding 
environment, within which the building exists (e.g. climate 
change, economy, urbanisation, etc.); 

c and, ‘specification’ referring to other possible sources of require-
ment change (e.g. user expectations),  

3 “throughout time”: introducing the temporal dimension to design 
and the importance of considering a building as not just a static 
object used to solve present needs, but one that has to adjust to suit 
the needs of whatever future it finds itself in (Brand, 1994; Duffy, 
1990; Kelly et al., 2011),  

4 “without the need for extensive refurbishment”: highlighting the 
desire to simplify, enable and encourage refurbishment, dissuading 
intrusive structural modifications or early demolition and rebuild,  

5 “to extend the building’s lifespan”: emphasising the benefit of easy 
refurbishment to reduce the frequency at which we need to demolish 
and rebuild, and retaining materials at their highest value for as long 
as possible, aligned with the CE movement (Cheshire, 2021; Ellen 
MacArthur Foundation, 2023; McDonough and Braungart, 2009),  

6 “to reduce the embodied carbon emissions”: describing the ultimate 
goal of adaptability, improving the long-term sustainability of the 
built environment. 

The theorised relationship between a building’s level of adaptability 
and its long-term sustainability can be visualised, as shown in Fig. 1, 
inspired by a similar visualisation of the relationship between trans-
formation capacity and sustainability, from Andrade & Bragança 
(2019). 

2.2. A building of layers 

An important concept central to DfA is to consider a building as a 
series of layers, rather than as one monolithic unit (Blakstad, 2001; 
Graham, 2005; Melton, 2020; Rockow et al., 2021; Ross et al., 2016; 
Russell and Moffatt, 2001; Slaughter, 2001). The concept has its origins 
in the ‘levels’ of Habraken (1961). Habraken proposed a future of mass 
housing consisting of two levels: first, an undefined multi-storey ‘sup-
port’ structure, designed to allow independent dwellings to be con-
structed in isolation from, yet stacked atop, one another; and, secondly, 
the dwellings themselves. This separation would allow individual units 
to be built, modified or demolished without impacting those adjacent to 
it. 

Focusing on an individual building, Duffy (1990) later devised to 
split a structure, not by its material components, but by its temporal 
dimensions (i.e. grouping the elements by their typical cycle-times), thus 
generating the four Ss of a building: shell, services, scenery and set. 
Brand (1994) then added the final two layers and renamed Duffy’s four, 
to give us the six “shearing layers of change”: site, structure, skin, ser-
vices, space plan and stuff (shown in Table 1). Brand highlighted the 
importance of allowing independence, or ‘shear’, between these layers 
such that components in one layer can be modified or removed without 
compromising other adjacent elements or layers (Graham, 2005; 
McFarland et al., 2021b; Ross et al., 2016; Russell and Moffatt, 2001), 
matching the intent behind the separation between dwellings and sup-
ports in Habraken’s (1961) levels. Others have since added to or 
modified the layers proposed by Brand, but the concepts and purposes 
remain unchanged (Leupen, 2004; Maury, 1999). 

2.3. Designing for adaptability 

Although a definition can succinctly summarise the meaning of 
building adaptability, and the concept of building layers gives a 
framework to build upon, there remains uncertainty around what 
physical design strategies can actually be used to achieve adaptability 
(Kanters, 2020). Schmidt III et al. (2010) identifies six strategies, each 
focused on a different type of change, with an associated timescale and 
affected building layers (see Table 2). Whilst this breakdown offers 
greater clarity on different types of change and how these relate to the 
different building layers, it falls short of providing tangible design 
strategies, as such these are probably better seen as adaptability ‘cate-
gories’ as opposed to ‘strategies’. 

Gosling et al. (2013) suggests an alternative breakdown of adapt-
ability, making a distinction between ‘design-based’ and ‘process-based’ 

enablers. Design-based enablers focus on strategies which can be applied 
to a design to increase its adaptability, whilst process-based enablers 
refer to management strategies of supply, construction and operation of 
a building. Within these two categories, Gosling et al. (2013) suggest 
seven enablers, four of which are design-based and three are 
process-based (see Table 3). 

Looking specifically to the design-based enablers, Ross et al. (2016) 
suggests an additional seven design strategies. Through a survey of ex-
perts, Ross et al. prioritise these 11 strategies, in order of recurrence 
during the surveys, into the order shown in Table 3. It is highlighted, 

Fig. 1. Relationship between adaptability and sustainability.  
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however, that some of these strategies potentially overlap (e.g. ‘me-
chanical connections’, ‘layering’ and ‘design for deconstruction’ (DfD)). 
Nevertheless, the disaggregation of ‘adaptability’ into design-based DfA 
strategies is highly beneficial, and these categorisations will be used to 
structure the results and discussion later in this paper. 

Whilst research into the meaning of adaptability, and the strategies 
used to achieve it, is the necessary first step toward its eventual imple-
mentation, the concept must also be promoted with industry. As such, it 
is pertinent to review the state of DfA within industry guidance. The 
British Standards Institution (BSI, 2020) recognise the importance of the 
approach and suggest three principles of adaptability:  

• ‘versatility’: the ability to accommodate minor system changes,  
• ‘convertibility’: the ability to accommodate substantial changes,  
• and, ‘expandability’: the ability to accommodate addition of new 

space, features, capabilities and capacities. 

Comparing the BSI (2020) principles with the strategies proposed by 
Schmidt III et al. (2010), we can see evidence of this lack of consensus on 
definition, as suggested within literature (Anastasiades et al., 2021; 
Friedman, 2002; Kanters, 2020; Kelly et al., 2011; Pinder et al., 2017; 

Schmidt III and Austin, 2016). However, with some interpretation, we 
can consider BSI (2020) as referring to:  

• changes in the ‘stuff’ and ‘space’ layers as “minor system changes”,  
• “substantial changes” as changes in the ‘space’, ‘services’ and ‘skin’ 

layers,  
• ‘expandability’ equivalent to ‘scalability’. 

Thus, the definitions are not dissimilar in intent, albeit different in 
word choice. Other institutions have also recognised the benefits, or at 
least existence, of DfA (BSI, 2020; CIBSE, 2014; GLA, 2022; IStructE, 
2021; Steel Alliance, 2010; Sustainability Committee, 2010). 

Another common discrepancy is the use of the word ‘flexibility’ 

(Schmidt III et al., 2010). Some academics and design guidance use it 
synonymously with ‘adaptability’ (Cavalliere et al., 2019), some use it as 
a subgenre (Schmidt III et al., 2010), and others treat it as a completely 
different design approach (Blakstad, 2001; GLA, 2022). Using the two 
words interchangeably can confuse the understanding of DfA, and so 
should be avoided. Similarly, due to the potential for misunderstanding, 
‘flexibility’ should also be avoided as a subgenre, instead opting for 
more specific wording, such as ‘versatility’ from Schmidt III et al. 
(2010). 

A clear definition of adaptability in the context of the built envi-
ronment is a first step toward the adoption of DfA, and that of Kelly et al. 
(2011) seems most suitable, succinctly summarising most of the key 
points discussed in Section 2.1.1: adaptability, therefore, is “a building’s 
ability to accommodate change throughout time, fundamentally 
extending its life”. 

3. Method 

This review of academic journal papers, industry articles and design 
guidance, consolidates proposed DfA strategies, extracting their pur-
pose, benefits and drawbacks, and barriers and enablers, cross- 
referencing them to find analogous, complementary or contradictory 
recommendations. In addition, this paper includes consideration of the 
often-overlooked (within adaptability review papers, in any case) 
counterargument to DfA: the upfront material optimisation of lean 
design (LD). 

Table 1 
Building layers, example components and typical timescale of change (Brand, 1994).  

Table 2 
Adaptability categories, type of change, typical timescale and affected building layers (Schmidt III et al., 2010).  

Category Type of change Timescale Building layer    
Stuff Space Service Skin Structure Site 

Adjustable Change of task Daily/monthly •

Versatile Change of space Daily/monthly • •

Refitable Change of performance Seven yearly  • • •

Convertible Change of function 15 yearly  • • •

Scalable Change of size 15 yearly  • • • •

Movable Change of location 30 yearly     • •

Table 3 
Lists of design-based and process-based enablers (Gosling et al., 2013; Ross et al., 
2016).   

Gosling et al. (2013) Ross et al. (2016) 
Design-based 

enablers 
1. Layering of building 
elements 

1. Accurate information 

2. Indeterminacy 2. Reserve capacity 
3. Interchangeable 
components 

3. Layering of building 
components and systems 

4. Design for 
deconstruction 

4. Open plan layouts  

5. Simplicity  
6. Access for assessment  
7. Commonality  
8. Appropriate materials  
9. Mechanical connections  
10. Modularity  
11. Design for deconstruction 

Process-based 
enablers 

5. Flexibility in planning / project process 
6. Supply chain integration 
7. Supply chain flexibility  
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4. Results and discussion 

The following results and discussion section will follow the break-
down of adaptability enablers suggested by Gosling et al. (2013) and 
Ross et al. (2016). 

4.1. Process-based enablers 

Although this paper focuses primarily on the design-based enablers 
of adaptability, it is appropriate to first discuss the barriers to the 
approach’s process-based enablers. 

4.1.1. Flexibility in planning 
For the first process-based enabler, Gosling et al. (2013) suggests 

that, in order for DfA to be successfully implemented in construction 
projects, it must be considered from the very early design and planning 
stages, so much so that the planning processes themselves are adaptable. 
Such a method would allow for late changes to the design, be able to 
accommodate the unique nature of buildings and mitigate the uncer-
tainty inherent to designing for the future. 

Many have raised the concern that the future cannot be predicted 
and suggest that attempting to do so would be futile (Russell and Mof-
fatt, 2001) or, as the IStructE (2021) put it: “do not imagine you can 
predict the future”. These sentiments risk misunderstanding the purpose 
of adaptability, for it is not to predict which changes will occur but to 
design in such a way that a building can adapt in the face of unexpected 
changes the future (Blakstad, 2001; Brand, 1994; O’Connor, 2004). 
Although the future is impossible to predict, the best adaptability stra-
tegies do not require accurate insights into future building uses, instead 
they should focus on ensuring future conversion is left unhindered, or 
even promoted, by decisions made for the benefit of the present-day. 

Uncertainty is inherent when contemplating the future. Unfortu-
nately, a high level of uncertainty can limit the persuasive draw of 
adaptable strategies if it cannot be proven that they will ever be utilised. 
Fawcett (2011) expresses this concern as a paradox: we want adaptable 
strategies to allow for an uncertain future, whilst also wanting a certain 
future to dictate what changes we should accommodate. Therefore, 
there is a need to further the research currently available on uncertainty 
quantification and the time-value of carbon, in order to better under-
stand the optimal level of adaptability, so as not to under- nor 
over-invest in the approach. 

The unique nature of building projects also hinders the adoption of 
DfA (de Ridder and Vrijhoef, 2008; Fawcett, 2011), as designers can find 
it difficult to apply generic strategies to the variations evident within 
real-world projects. As such, consideration of DfA at concept stage, and 
allowing for flexibility within the design process, would accommodate 
these variations and uncertainties; however, for this to be achieved, the 
remaining two process-based enablers, integration and flexibility of the 
supply chain, are necessary (Gosling et al., 2013). 

4.1.2. Supply chain integration 
In order for adaptability to be considered early on in the design 

process, as is recommended within the ‘flexibility in planning’ enabler 
and by many other researchers (CIBSE, 2014; Giesekam et al., 2016; 
Hart et al., 2019; Hossain et al., 2020; Melton, 2020), the supply chain 
for the project must be fully integrated. Currently, clients, contractors, 
architects and engineers tend to focus only on their own sphere of in-
fluence and do not consider the knock-on implications of their decisions 
on the other disciplines (de Ridder and Vrijhoef, 2008; Gillott et al., 
2022; Hossain et al., 2020). 

Early design stage consideration of adaptability, or even just a 
greater awareness of sustainability, from those involved in the concep-
tual stages of a design project, is often considered one of the greatest 
opportunities for reducing whole-life carbon (Dunant et al., 2021; 
Gauch et al., 2022). Many DfA strategies incorporate the design char-
acteristics and philosophies that are often solidified at concept stage. As 

such, it can be too late to consider DfA only at detailed stage and still 
achieve meaningful impact (Melton, 2020); we need clients to under-
stand the benefits of DfA and to push for integrated design processes. 

Acting as a barrier to this early adoption is the negative perception of 
adaptability so often held by clients, advisors and developers. It is often 
considered that DfA will only add extra material, cost and work to a 
project with no guarantee of a return on this investment (Finch, 2005; 
Hossain et al., 2020; Kelly et al., 2011; Melton, 2020). Ideally, an inte-
grated design process would allow the initial developers to see a return 
on their investment, through a greater shared understanding of the value 
of DfA across the supply chain, although this is still not guaranteed. This 
is where a standardised method to quantify adaptability would be highly 
beneficial. Such a method would allow for the valuation of buildings to 
reflect the adaptability investment put into them and ensure that 
adaptably-designed buildings retain their inherent monetary value for 
future owners. 

Whilst adaptability quantification methods do exist, it is often rec-
ognised that they are only in the very early stages of development 
(Askar et al., 2022; Kanters, 2020; McFarland et al., 2021a; Rockow 
et al., 2019). As such, these methods are not yet suitable for large scale 
deployment, enforcement within building design processes, or for use to 
determine the financial value-add of DfA strategies. By comparing the 
construction industry to that of the financial sector (where ‘options’ and 
their accurate, standardised quantification underpins the modern 
financial market), Fawcett (2011) suggests three reasons why the pro-
cess of quantifying adaptability will be challenging:  

1 Financial transactions are repeatable and units are interchangeable; 
buildings are unique,  

2 Stock markets have been tracked and monitored for decades; data on 
building adaptability is lacking,  

3 The financial sector employs a sufficient quantity of “high-powered 
mathematicians” to synthesise such quantification methodologies; 
the building industry lacks these numbers and the means to attract 
them. 

What is clear, however, is that for adaptability to be of interest to a 
developer there needs to be a link between the adaptability and the 
profitability of a project (Russell and Moffatt, 2001). To this end, the 
immediate benefits of DfA need to be understood. Slaughter (2001) 
suggests that, whilst DfA can lead to slight increase in upfront material 
cost, this can be mitigated by simpler – and, therefore, cheaper – con-
struction and maintenance, with financial savings being achieved within 
the first renovation cycle of a typical building. Similar sentiments have 
been made by others (Cavalliere et al., 2019; Ellison and Sayce, 2007; 
Israelsson and Hansson, 2009; Sustainability Committee, 2010), with 
Schmidt III & Austin (2016) going as far as to suggest that some DfA 
strategies may actually require no increase in upfront cost. 

Whilst balancing the desires of the client, designers must also adhere 
to the requirements of building regulations and, unfortunately, these 
needs are typically of detriment to DfA. Current regulations often focus 
on operational efficiencies and neglect to consider the knock-on impacts 
of these proposals (Dunant et al., 2018b; Ellison and Sayce, 2007; 
Kanters, 2020; Schmidt III et al., 2010). For example, the energy effi-
ciency measures of increased insulation or deployment of renewable 
technologies can sometimes conflict with those of long-term adapt-
ability, leading to issues such as over-insulation and reduced air quality 
in future climates or increased maintenance requirements of the speci-
fied renewable technologies (CIBSE, 2014). This highlights the 
ever-present importance of balancing the desires of upfront energy ef-
ficiency with the predictions for long-term repercussions. 

Alongside the focus on operational efficiencies, regulatory drivers 
have also been shown to favour new build structures over retrofit, un-
intentionally incentivising demolition and rebuild instead of DfA and 
refurbishment (Hossain et al., 2020; Kanters, 2020). An example of this 
is the case of the tax exemptions applied to new builds, but not 
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renovation projects, in the UK (Gillott et al., 2022; Hart et al., 2019). 
These governmental biases act as a significant barrier to the shift toward 
DfA and will, again, limit a designer’s ability to convince clients of the 
financial benefits of doing so. 

4.1.3. Supply chain flexibility 
Following on from, and enabled by, an integrated supply chain, is the 

need for flexibility within the design and procurement process. Such 
flexibility, whilst not an obvious DfA enabler in itself, benefits the 
concepts of DfD and CE, through creating space for the growth of new 
reuse stockist industries and prepares designers for the uncertainty 
inherent to reuse markets (Dunant et al., 2018b; Hossain et al., 2020). 

In order for element reuse to become commonplace in the con-
struction sector, the procurement processes most familiar to designers, 
contractors and suppliers will have to change (Anastasiades et al., 2021). 
Designers and contractors will have to get accustomed to working with 
what materials they have access to at the time, rather than being able to 
specify whichever virgin material they require, and suppliers will have 
to develop a new industry for used material recertification and stock-
piling. Unfortunately, as will be a recurring barrier for many DfA prin-
ciples, the inertia of the construction industry, and its reluctance to 
adopt new, potentially risky design processes, will limit the rate of 
change and emergence of flexible supply chains (Giesekam et al., 2016; 
Kanters, 2020; Orr et al., 2019). 

4.2. Design-based enablers 

Whilst the process-based enablers are vital in the implementation of 
DfA, they do not resolve the uncertainty around what exactly the 
physical manifestations of adaptability are, and how they ought to be 
balanced with the desires of minimum upfront carbon and LD. The 
eleven design-based enablers from Ross et al. (2016) give us a frame-
work around which tangible design strategies can be speculated, as will 
be discussed within the following subsections. 

4.2.1. Accurate information 
The first of Ross et al.’s (2016) design-based enablers is ‘accurate 

information’. The retention of accurate information is one of the most 
frequently recommended strategies within the literature (Anastasiades 
et al., 2021; BSCA, 2022; Dunant et al., 2018b; Hart et al., 2019; 
Heinrich and Lang, 2019; McDonough and Braungart, 2009; Russell and 
Moffatt, 2001). This concept is often referred to as a building’s ‘material 
passport’ (Orms, 2015). The contents of such a record, however, is often 
suggested to go beyond a mere register of materials and components, 
and should include, but be not limited to, details on any building 
adaptation and demolition plans, records of any and all modifications to 
the structure throughout its life, and highlight any potentially hazardous 
materials (Anastasiades et al., 2021; Rockow et al., 2021; Ross et al., 
2016). As the majority of DfA strategies are not necessarily intended to 
be implemented now but instead allow for easier renovation or 
replacement in the future, it is important that the intentions of the 
original designer and their envisaged DfA strategies are not lost. 

As this concept is still relatively early in development, the exact 
contents, format and method of storage for such a record is still unde-
cided. An early suggestion from Graham (2003) is to include a physical 
black box within the building to store this information. More recently, 
there have been proposals for the information to be stored within the 3D 
design models (Baker-Brown, 2017; Melton, 2020) or on an online 
database system (Madaster, 2023). The stakeholders who are respon-
sible for the generation, retention and dispersal of the material passport 
is also still uncertain. The production of the passport will undoubtably 
require some level of increased effort from designers and, with increased 
work, comes increased cost. This cost is unlikely to be significant, yet, if 
there is no incentive or requirement for clients to fund such a practice, it 
is unlikely to become widely adopted, except maybe by climate-minded 
individuals and companies. 

A concern that is not simply tackled by the retention of information is 
the educational focus of the institutions training the next generation of 
engineers, prioritising the design of new build structures and neglecting 
to teach the skills necessary for building reappraisal (Gillott et al., 2022; 
Kanters, 2020; Kelly et al., 2011). A lack of this ability in upcoming 
engineers would further amplify the drive for demolition and new build, 
and increase the likelihood that, even if a building were to be designed 
for adaptability, upcoming engineers may lack the ability to realise and 
implement the intention of the original designer, as such, the adaptable 
building may be demolished anyway. 

In a similar vein to this, although not often mentioned in literature, is 
the issue whereby construction companies are finding it difficult, if not 
impossible, to acquire professional indemnity insurance to undertake 
building refurbishment projects (CLC, 2021). As such, these companies 
are either having to pay significantly increased insurance fees or end up 
losing out on work, as a result of being unable to carry out building 
adaptation works for which they would no longer be insured. With this 
being a relatively recent development, neither the construction industry 
nor academia have yet researched a solution for this. In the meantime, 
with this uncertainty surrounding insurance and the concern around the 
limited education on building reappraisal, the development of DfA 
practices is further discouraged. 

4.2.2. Reserve capacity 
The over-provision of floor load carrying capacity is often seen as the 

most obvious DfA strategy (Graham, 2005; Hamida et al., 2022; Melton, 
2020; Rockow et al., 2021). The suggestion is that if a structure is 
overdesigned – that is, designed for a load above and beyond that of its 
original use requirement – it will be suitable for any alternative use in 
the future. Unfortunately, the extent to which a building can be adapted 
is not often as simple as its increased load carrying capacity (Kamara 
et al., 2020). Simultaneously, whilst not guaranteeing a level of adapt-
ability, blanket overdesign does result in unfavourable excesses of ma-
terial usage, cost and carbon at construction stage. The idea of blanket 
overdesign is, therefore, frequently discouraged by researchers and in-
dustry guidance alike (BSCA, 2022; IStructE, 2021; Russell and Moffatt, 
2001). 

What should be explored, however, is the adaptation opportunities 
that are retained or lost by the specification of a given design load, and 
what the carbon implications of this decision are, in order to determine 
when it may be preferable to overdesign floor loading to achieve long- 
term carbon savings. As usual, there is a trade-off between the adapt-
ability benefits of overdesign and the embodied carbon implications of 
its specification; McFarland et al. (2021a) showed this, in their sugges-
tion for a DfA quantification method, as a diminishing return on level of 
adaptability with increasing deployment of certain DfA strategies, such 
as increasing live load, floor-to-ceiling heights and column spacings. 

Whilst uniform overdesign is likely to be wasteful, an argument 
could be made to providing reserve capacity within selected elements; 
elements that are either difficult to access or difficult to strengthen in the 
future. For example, the lateral stability mechanism and foundations for 
high-rise buildings are often difficult to retroactively strengthen. The 
stiffness of a bracing system is often governed more by its gross geom-
etry (i.e. length and height of a braced bay) rather than individual 
component performance (Liang et al., 2000), and foundations can be 
logistically challenging to access in order to strengthen in the future. 
This selective overdesign must, as usual, balance the opportunities for 
long-term carbon savings afforded by it, with the upfront increases in 
carbon required at construction stage to achieve it. For this balance to be 
determined, research into the likely increases in loading on any given 
element would be vital (e.g. how the lateral stability requirements could 
increase due to changes of use, vertical extension or climate change). 

On a spatial, rather than element, basis, another aspect of reserve 
capacity would be the circulation capacity provided by the structural 
cores. The requirements for circulation capacity often vary between use 
typologies (e.g. higher in offices and retail than residential, due to 
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higher peak occupancies). Rinke & Pacquée (2022) identify the ‘di-
versity of circulation’ as a key strategy to DfA, whereby having a surplus 
of vertical access routes, ideally on opposite sides of buildings, allows for 
future subdivision of the building into smaller units of use if necessary in 
the future. Whilst additional cores or external staircases can be retro-
fitted, this work can be costly and disruptive, going against the “without 
the need for extensive refurbishment” goal of DfA. As such, consider-
ation could be given to the overprovision of circulation capacity in the 
structural cores for residential first-use buildings. 

The overprovision of building services is another commonly sug-
gested route toward adaptability (BRE Global, 2017; Russell and Mof-
fatt, 2001). Whilst this would be an ideal adaptable solution, it would 
also increase project costs, and there is a risk that it would be wasteful, if 
the building does not undergo the use change for which the services 
were provided (Melton, 2020). Therefore, options to improve the 
adaptability of a building’s services without significantly increasing the 
cost are necessary. A potential solution for this falls within the ‘layering’ 

and ‘access’ enablers, discussed in the following section. 

4.2.3. Layering of building components and systems 
Utilising the concept of building layers from Brand (1994) and 

others, the next DfA enabler is the concept of separating layers (Blak-
stad, 2001; BSCA, 2022; Hamida et al., 2022; Rockow et al., 2021; 
Russell and Moffatt, 2001; Slaughter, 2001; Sustainability Committee, 
2010); designing in such a way that every element can be accessed, 
maintained or replaced without compromising those adjacent to it. This 
can be achieved through a variety of means, such as the later enablers of 
‘mechanical connections’ and ‘access’, and links strongly with the final 
enabler, and complementary design strategy, of DfD. 

Similar to how Duffy (1990) differentiated between his layers by 
considering the temporal dimension, the concept of separating layers is 
sometimes referred to as ‘lifetime compatibility’(Russell and Moffatt, 
2001). As there can be great variation in the cycle-rates of connected 
elements, an adaptable building should be designed in such a way that 
rapid-cycling, short-lifespan elements can be replaced without affecting 
the slower-cycling, long-lifespan elements (Graham, 2005). 

The benefits of ‘layering’ are many: it can simplify future modifica-
tions, reducing cost and duration of refurbishment works (Cavalliere 
et al., 2019; Hamida et al., 2022), in turn, reducing void periods be-
tween tenancies and increasing client financial returns (Ellison and 
Sayce, 2007); it can improve the ability to maintain and upgrade faulty 
building components (BSI, 2022; Melton, 2020; Ross et al., 2016), 
improving the safety and longevity of the structure; it can decrease the 
risk of building obsolescence, which could be caused by technological 
advancements or changes in architectural style, by allowing ready 
replacement of outdated components (Kelly et al., 2011; O’Connor, 
2004); and, ultimately, it can benefit DfD and the CE, allowing for 
extraction of all building components, undamaged, at end-of-life, either 
improving the reuse potential of the elements or allowing for improved 
cradle-to-cradle recycling (Anastasiades et al., 2021; Hamida et al., 
2022; McDonough and Braungart, 2009; Russell and Moffatt, 2001). 

Problematically, however, similar to the barrier of the construction 
sector inertia limiting ‘supply chain flexibility’, the construction in-
dustry historically relies on traditional methods which do not consider 
DfA or DfD (BSI, 2020; Gillott et al., 2022); techniques such as welding 
steel, casting concrete, bonding polymers and cementing masonry (de 
Ridder and Vrijhoef, 2008). These methods, and, by extension, the 
common oversight of designing buildings as static objects (Askar et al., 
2021; Brand, 1994), go against the separation of layers approach. 

Whilst the concept of separating layers can be seen to offer many 
long-term environmental benefits, it may preclude some opportunities 
for upfront carbon savings. An example of this is the preference of non- 
composite materials to promote ‘layering’ (Anastasiades et al., 2021; 
Ross et al., 2016; Sustainability Committee, 2010). Composite, 
non-separated construction forms and materials are an opportunity to 
reduce material consumption through greater refinement of the 

symbiosis between different construction materials (Allwood and 
Cullen, 2011; Gibbons, 1995). As such, the industry needs solutions that 
achieve both the benefits of separating layers and the material effi-
ciencies of composite construction. 

An example of such a solution is the proposal for composite-acting, 
yet demountable, floor slabs (Ataei et al., 2016; Pavlović et al., 2014; 
PCI Committee, 1988; Rehman et al., 2016; Wang et al., 2020). This 
demountability is achieved through the use of threaded shear studs 
slotted into recesses within precast concrete units, instead of the welded 
shear studs and cast-in-situ concrete typically used in composite con-
struction. These threaded shear studs (similar to the use of bolts in other 
demountable connections) are what will be discussed in the later ‘me-
chanical connections’ enabler section. Such a solution achieves the as-
pirations of both composite construction and separating layers, yet these 
proposals are still not commonplace within industry. Investigation into 
the reasons for this reluctance (e.g. construction sector inertia, no 
guarantee of initial developer return on investment, and increased 
design and construction complexity), and into the development of other 
demountable alternatives of composite building systems, should be 
undertaken. 

4.2.4. Open plan layouts 
What can most often come to mind when considering the adaptation 

of a building is the versatility (to use one of Schmidt III et al.’s (2010) 
categories of adaptability) of the space (to use Brand’s (1994) associated 
layer) provided by the building; how many different activities or ar-
rangements can the space provide such that it allows for changes of use 
or task? The level of openness of a building is primarily determined by a 
few concept stage design decisions, such as those of the distances be-
tween, and number of, internal columns; the height between floors and 
ceilings; and the frequency and positioning of immovable obstacles, 
such as bracing or load-bearing walls (McFarland et al., 2021a; Rockow 
et al., 2021; Sustainability Committee, 2010). 

Looking at the distance between the columns, or the grid spacing, 
longer spans are often seen as preferable for adaptability (BSI, 2020; 
IStructE, 1999; Melton, 2020; NRC, 1993). This, predictably, comes at a 
cost to LD; typically, longer spans require more material than shorter 
spans, even when taking into account the reduced number of vertical 
elements required for long-span structures (Gauch et al., 2022; IStructE, 
2021). In order for the short-term and long-term carbon implications of 
grid spacing choice to be fully understood, there needs to be the un-
derstanding of: which building uses are gained or lost by the specifica-
tion of a given grid spacing; how this impacts the longevity of a 
structure; and, how the carbon implications of grid spacing selection 
varies between use types (e.g. different loading, vibration or deflection 
requirements) and frame choice (e.g. decisions on both material type 
and stability mechanism). 

The floor-to-floor or floor-to-ceiling heights of a building can also 
influence its level of openness. This decision is often governed by user 
perceptions, planning constraints and cost, rather than structural re-
quirements. Melton (2020) suggests a higher floor-to-ceiling height 
would increase a building’s ability to switch between uses and help for 
natural daylighting and ventilation. The downside to greater 
floor-to-floor heights is the increase in material and cost requirements of 
a resulting taller structure, which necessitates more cladding and 
glazing, and stiffer lateral stability mechanisms. Alternatively, larger 
floor-to-floor heights may instead result in a reduced number of floors 
within the building, if planning permission imposes a limitation on the 
overall height of the building. This would reduce the lettable floor area 
and, in turn, rental returns on investment for the client. Therefore, once 
again, the desires of adaptability and greater floor-to-floor heights must 
be balanced with the requirements of the client and upfront material 
usage. 

With the floor-to-ceiling height requirement being similar across 
many of the standard building use typologies (Steel Alliance, 2010), it is 
unlikely to be a critical factor in the decision to retain or demolish an 
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existing building. Nevertheless, the lack of true understanding of 
floor-to-floor height impact on building adaptability is yet another gap 
in knowledge requiring research, especially when considering the 
differing service void requirements for different building uses and the 
impact this will have on the remaining floor-to-ceiling height after 
refurbishment (see ‘access’ enabler for further discussion). 

A slightly tangential approach from floor-to-floor heights, yet still a 
route to improved natural ventilation and daylighting, is structural plan 
depth (Gann and Barlow, 1996; McDonough and Braungart, 2009; 
McFarland et al., 2021a). Similar to the overprovision of circulation 
capacity (discussed in Section 4.2.2), opting for a narrower plan depth 
(i.e. the distance from one side of a building to the other) was found to be 
of benefit when subdividing buildings, to ensure all units still have ac-
cess to an external wall for sufficient natural ventilation and daylighting. 
This is especially problematic with more recently designed offices where 
a focus on deeper, open plan spaces has been preferable (Gann and 
Barlow, 1996). This can be achieved in the design of a new building by 
either designing them as narrow structures in the first instance, or by 
including design features such as lightwells and internal courtyards 
(McDonough and Braungart, 2009) or, if that is impractical in first use, 
designing such that these measures could be readily retrofitted (e.g. by 
designing capacity for retrofitting additional bracing and floorplate 
apertures). 

The final barrier to the ‘open’ enabler is the positioning of immov-
able internal walls or bracing. To this end, out of the two commonly used 
lateral stability mechanisms in multi-storey building design, braced or 
moment-resisting frames, the latter is often promoted for its adaptability 
benefits (Rinke and Pacquée, 2022; Sustainability Committee, 2010). 
Moment-resisting, or continuous, frames are recommended for their 
inherent lack of obstacles of braced bays or shear walls, which are 
required in the alternative, braced frame option. The carbon implica-
tions of this recommendation must obviously be a consideration at 
optioneering stage, especially in the design of taller structures where 
continuous frames can become uneconomical (Liang et al., 2000). 
Similarly, to avoid unnecessary immovable obstacles, load-bearing in-
ternal walls should be avoided, instead opting for lightweight, 
demountable partitions, mirroring the concepts of ‘layering’ (Kelly et al., 
2011; Melton, 2020). 

4.2.5. Simplicity 
A building’s level of adaptability can be influenced by its simplicity. 

A structure that is simple to understand reduces the uncertainty for 
future designers interpreting its load transfer mechanisms, and 
increasing the repetition and predictability of its element placement 
(BRE Global, 2017; Hamida et al., 2022; McFarland et al., 2021a; 
Melton, 2020; Rockow et al., 2021). Both of these factors will help 
reduce the cost of refurbishment and further incentivise building 
retention and retrofit over demolition and rebuild. There are a few key 
design strategies to achieve structural simplicity: by specifying a regular, 
rectangular grid shape; by repeating floor layouts throughout a building; 
and, by avoiding complex load paths (e.g. extreme cantilevers or transfer 
structures). 

Unlike most other adaptability strategies, the preference for simple 
structures is aligned with both DfA and LD. It has been repeatedly shown 
that structures with simple load transfer mechanisms can achieve sig-
nificant material reductions when compared to examples that opted for 
more complex structural frames (BSCA, 2022; Carruth et al., 2011; 
Dunant et al., 2021; IStructE, 2021; Sustainability Committee, 2010). 
Simple design can also reduce the financial cost of buildings, by 
reducing design and construction timeframes, and the reduced likeli-
hood of construction errors and their associated costs. A potential 
drawback of this approach, however, would be the reduced artistic 
freedoms resulting from a strict specification of a rectangular grid and 
removing the option for unconventional, creative load paths. How much 
of limitation these requirements actually impart ought to be investi-
gated, and this would have to outweigh the proven carbon savings 

achieved by the approach for it to be justifiable. 

4.2.6. Access 
Similar to the ‘layered’ strategy, ensuring sufficient access to all el-

ements and components will improve a building’s adaptability, through 
improved upgradeability, and longevity, through increased maintain-
ability. For example, due to the great variance in service requirements 
between use types, or even between consecutive tenants within the same 
use type, and their historically high cost in refurbishment works (Gann 
and Barlow, 1996), access to the building services is a commonly 
highlighted as a critical DfA strategy (BRE Global, 2017; BSI, 2022; 
Hamida et al., 2022; McFarland et al., 2021a, 2021b; NRC, 1993; 
Rockow et al., 2021). 

Oversizing the vertical service risers and horizontal service voids can 
improve the accessibility and upgradeability of services, analogous to 
the principles of ‘reserve capacity’, without the need for dramatically 
increased upfront costs. It could be argued, however, that oversizing the 
service risers takes away from the usable floor area of the building, 
reducing the achievable rental returns. Nevertheless, the decision comes 
back to balancing the requirements and sacrifices in the short-term with 
the opportunities and advantages afforded in the long-term. 

The choice between dropped ceilings or raised floors for horizontal 
service passage is not an obvious one from an adaptability perspective. 
Raised floors allow for greater short-term adaptability by providing the 
building users the ability to modify the services and cabling as and when 
required (Brand, 1994; Hamida et al., 2022; Ross et al., 2016). A po-
tential downside to raised flooring is the possibility of misaligned win-
dows in the event of raised floor removal during a future retrofit (Gann 
and Barlow, 1996), yet this could be countered by a layered approach to 
the building envelope. What is certain, however, is that a key facilitator 
for ‘access’ is ensuring a separation of ‘layers’ design approach and 
utilising ‘mechanical connections’ wherever possible, as not to encap-
sulate services in such a way that they cannot be readily accessed, 
inspected, maintained or replaced (McFarland et al., 2021b). Doing so 
may result in the early redundancy of entire systems that only require 
the replacement of a minor, yet inaccessible, component. 

4.2.7. Commonality 
Commonality is a strategy complementary to DfD, complimented by 

‘simplicity’ and not to be confused with ‘modularity’. Ross et al. (2016) 
introduce the strategy as “using the same component sizes and con-
struction details throughout a building”, which matches the design ap-
proaches of ‘standardisation’ and ‘rationalisation’ (BRE Global, 2017; 
BSCA, 2022). Rationalisation can have immediate benefits to a con-
struction project, as well as promote DfD and CE (Hamida et al., 2022), 
but it can also potentially impose some significant increases in upfront 
embodied carbon. 

Rationalisation can reduce the immediate financial costs of a project 
through increased design simplicity, and reducing design, fabrication 
and construction costs (Anastasiades et al., 2021; Gibbons, 1995; Moy-
nihan and Allwood, 2014; Needham, 1977). This benefit has become less 
pronounced in recent years, with the use of computer aided design to 
automate aspects of the design process, as well as developments in 
technologies to aid contractors on site, minimising the risk of con-
struction errors (Dunant et al., 2018a; Moynihan and Allwood, 2014). 

The benefit of rationalisation on DfD and CE is achieved through the 
reduction in number of unique construction components going into a 
building, making it easier to redistribute and reuse those elements in 
later construction projects (BSI, 2020; Carruth et al., 2011; Dams et al., 
2021; Hamida et al., 2022). Whilst this benefit is undeniable, its 
long-term carbon reduction potential is hard to quantify, and, at the 
same time, the upfront carbon costs of rationalisation have started to 
come under scrutiny. Many consider rationalisation as a significant 
contributor to underutilisation of structural elements and, therefore, a 
key cause of the inflated carbon emissions of the construction sector 
(BSCA, 2022; Carruth et al., 2011; IStructE, 2021; Moynihan and 
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Allwood, 2014). Dunant et al. (2018a), however, argues there is not a 
significant correlation between rationalisation and underutilisation. 

As usual, it can therefore be seen that the benefits of rationalisation, 
for reduced construction costs and improved DfD and CE, must be 
balanced with any reductions in structural efficiency, leading to over- 
use of materials and excessive embodied carbon emissions. 

4.2.8. Appropriate materials 
The decision around structural material specification is a multifac-

eted one. From a DfA standpoint, the selected materials should be ones 
that allow for the realisation of the other DfA enablers: non-composite 
materials play a part in the ‘layers’ enabler; and, the benefits of ‘me-
chanical connections’ is allowed for within some materials (e.g. steel or 
precast concrete) (Blakstad, 2001; Graham, 2005; Melton, 2020; Sus-
tainability Committee, 2010) whilst prevented in others (e.g. in-situ 
concrete) (Dams et al., 2021; de Ridder and Vrijhoef, 2008). Similarly, 
from a LD standpoint, steel frames have been shown to contribute less 
carbon in their construction than concrete (Gauch et al., 2022) as well as 
allow for more effective recycling (Moussavi Nadoushani and Akbar-
nezhad, 2015; Sustainability Committee, 2010); however, these findings 
are not unanimously agreed upon in either industry or academia (Gug-
gemos and Horvath, 2005; Moussavi Nadoushani and Akbarnezhad, 
2015; Sustainability Committee, 2010). 

Secondary to the overarching material choice is the specification of 
material properties. Many suggest that selecting high durability mate-
rials will reduce the requirement for repair and maintenance, and in-
crease the design lifespan of building elements, in turn increasing the 
survivability of a structure and the time for adaptation to take place 
(Hossain et al., 2020; Kelly et al., 2011; Melton, 2020; Rockow et al., 
2021; Russell and Moffatt, 2001; Sustainability Committee, 2010). 
Selecting higher durability materials for their associated benefits must, 
of course, be balanced with any resulting increases in financial and 
carbon cost (McFarland et al., 2021a). 

The appropriateness of a material should also consider its toxicity 
(Rockow et al., 2021; Ross et al., 2016). Toxic materials should be 
avoided to minimise the occupational hazards associated with con-
struction (Melton, 2020) and facilitate easier deconstruction at 
end-of-life. In the event that a material currently considered non-toxic is 
identified to be harmful, the approaches of ‘layers’, ‘access’ and ‘me-
chanical connections’ will aid to facilitate in its easy removal. 

4.2.9. Mechanical connections 
The benefits of specifying ‘mechanical connections’, over welding, 

chemical bonding or casting of cementitious material, have been 
mentioned in previous sections; their specification benefits a ‘separation 
of layers’ approach, allows for greater ‘access’ to components and, ul-
timately, underpins the principles of DfD (BSI, 2020; de Ridder and 
Vrijhoef, 2008; Hamida et al., 2022; Sustainability Committee, 2010). 

To this end, as was highlighted in the previous section, steel frames 
can more readily utilise ‘mechanical connections’ between elements and 
are, therefore, preferable over in-situ concrete structures (Blakstad, 
2001; Graham, 2005; Melton, 2020; Sustainability Committee, 2010); 
concrete structures are often designed to be monolithic and impossible 
to disassemble (Dams et al., 2021; de Ridder and Vrijhoef, 2008). The 
continuous frame nature of monolithic concrete construction does pro-
vide opportunities for material reduction and carbon savings, however, 
through the ability to redistribute moments and reduce peak demands 
on elements (Carruth et al., 2011). Therefore, this decision provides yet 
another area where the long-term desires of DfA must be balanced with 
the immediate carbon costs against LD. 

Similarly, the preference for composite floor construction to achieve 
carbon savings has limited the advantage of mechanical connections in 
steel frames (Allwood et al., 2010) and, as such, the selection of a steel 
frame alone does not entirely negate the entire issue around DfD; 
consideration must also be made for demountable solutions that allow 
for disassembly through the use of ‘mechanical connections’ (Ataei 

et al., 2016; Pavlović et al., 2014; PCI Committee, 1988; Rehman et al., 
2016; Wang et al., 2020), described previously in Section 4.2.3. 

4.2.10. Modularity 
Following on from the suggestions of ‘simplicity’ and ‘commonality’ 

comes the final piece of the puzzle: ‘modularity’. Whilst very similar to 
‘commonality’ (which focuses on rationalisation of structural elements 
to reduce the number of unique components within the building), 
‘modularity’ instead focuses on utilising common connection details 
between components (Hamida et al., 2022; Ross et al., 2016). Ross et al. 
likens this enabler to the standard connection seen with plastic building 
block toys, where a set of these toys could have high modularity (i.e. any 
one block could be connected to any other) whilst still being able to 
maintain a low commonality (i.e. by having a huge variety of block 
shapes and sizes). 

The suggestion for standardised connection details has made its way 
into design guidance (BSI, 2020); however, these standards does not yet 
go as far as to recommend precisely what these connections and stan-
dard components should be (Anastasiades et al., 2021). Whilst having a 
common connection system, especially cross-material and cross-layer 
connections, throughout construction would be highly beneficial for 
DfD and CE, this would require cross-industry collaboration and 
consensus, and is, therefore, unlikely to be achieved quickly. Instead, 
focusing on the smaller product-scale components used in construction, 
such as services or cladding, may be more achievable. The benefits of a 
modular cladding system, for example, would include easy alteration of 
insulation levels, changes to external aesthetic or modification of 
glazing ratios and window openability, all of which could save a struc-
ture from early obsolescence (Gann and Barlow, 1996; Mansfield and 
Pinder, 2008; Melton, 2020). 

4.2.11. Design for deconstruction 
The final, and therefore least-mentioned, DfA enabler, according to 

Ross et al. (2016), is DfD. Ross et al. caveat this with the understanding 
that, for the sake of their study, enablers such as ‘layers’, ‘mechanical 
connections’, ‘commonality’, ‘simplicity’ and ‘modularity’ are consid-
ered separate to DfD whilst, in reality, they are strategies for both DfA 
and DfD. As such, DfD is, and should be, considered a separate, but 
closely associated, design approach to DfA (Askar et al., 2022; Russell 
and Moffatt, 2001). The distinction between the two could be drawn 
with DfA focusing on extending the useful lifespan of given structure as a 
structure, whilst DfD considers the structure as a series of individual 
components and focuses on maintaining each one of those at its highest 
level, transcending a singular building lifecycle. 

5. Conclusions 

This paper has discussed the background and definition of adapt-
ability in the building environment, and reviewed various breakdowns 
of the approach. The categorisation of DfA enablers from Gosling et al. 
(2013) and Ross et al. (2016) structured the discussion into 
process-based and design-based strategies. The discussed process-based 
barriers to DfA include the inconsistencies in definitions, antagonistic 
habits of the construction industry, underdeveloped quantification 
methodologies, counterproductive planning policies and fragmentation 
of the supply chain. 

A review of the proposed design-based DfA strategies highlighted 
their benefits, enablers, barriers and drawbacks, discussed tangible 
design methods to achieve them, and suggested a number of avenues 
within which further research would be beneficial. The following 
design-based enablers were identified, which must balance the benefits 
of long-term adaptability with the short-term increases in upfront cost 
and carbon: 

• A separation of layers within a building, through the use of me-
chanical connections and ensuring access is maintained, allowing 
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individual elements to be maintained, upgraded, removed or 
replaced without compromising adjacent elements.  

• Balancing the adaptation opportunities of openness provided by the 
sizing of spatial building characteristics, such as grid spacing and 
floor-to-ceiling heights, with the potential increase on financial and 
carbon costs.  

• Avoiding deep plan structures, instead opting for narrower floor 
plates, by including design features such as lightwells or internal 
courtyards, or designing in such a way for easy retrofit of such 
measures. 

• Avoiding blanket overdesign of element strength or component ca-
pacity, and only use selective overdesign if it is proven that this will 
result in a whole life carbon saving or that future modification would 
be difficult, on an element-by-element basis.  

• Aiding future designers in understanding the original adaptability 
proposals through retention of key building documentation in a 
material passport (e.g. information such as an element capacity 
register, adaptation and deconstruction strategies, maintenance 
schedules and modification records). 

It is important to recognise that buildings are unique and a strategy 
that may be ideal in one instance may not be suitable for another. Whilst 
some adaptability strategies might be suitable for all buildings, regard-
less of the use type, location or form, other strategies may require case- 
by-case evaluation of applicability and relevance. 

Alongside the need to develop an understanding of tangible DfA 
strategies, the need for further development of adaptability quantifica-
tion tools was highlighted. An ideal quantification methodology would 
rely on quantitative data exported from design software and minimise 
the requirement for subjective user input. Such a tool would allow 
different concept designs to be compared for their level of adaptability, 
allow the quantification of the value-add of DfA such that the initial 
developer could see return for their investment, and allow a balancing 
process to occur between LD and DfA. 

The long-term benefits of DfA must be contrast against the lost op-
portunities for immediate short-term carbon savings, which could be 
achieved through LD. Whilst some DfA strategies are aligned with those 
of LD, most contradict the desires of immediate carbon reduction, by 
necessitating an increased upfront investment of carbon to achieve long- 
term savings. It is, therefore, necessary determine the long-term carbon 
saving capabilities of each DfA strategy. Such a study must account for 
the uncertainty around future prediction, must understand the realistic 
increases in capacity for change, and must quantify the carbon saved. 
This balance of short- versus long-term strategies is often mentioned 
within literature but rarely studied in great depth, leaving a sizeable gap 
in knowledge that must be answered before the construction industry is 
able to make meaningful, informed, long-term reductions in its 
embodied carbon emissions. 
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