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A B S T R A C T   

The building industry is the world’s largest consumer of raw materials. In an effort to reduce the rate of con-
sumption there is an urgent need to adopt more efficient recycling and reuse practices in the building industry. 
Emerging to support this need is the circular economy framework (circularity) – a concept that aims to separate 
‘economic growth from environmental destruction’. Using the framework of circularity this research critically 
evaluates the ‘reuse’ performance of a key area of modern construction; the external envelope layers of timber 
framed buildings. 

The research collates circular assessment criteria relevant to the evaluation of building envelope layers from 
literature. In conjunction with real-world deconstruction tests and the aforementioned circularity assessment 
criteria the study identifies two key trends limiting circularity in the building envelope; the widespread presence 
of fixings that irreversibly damage components, and the widespread use of chemically modified materials (i.e 
treated and/or engineered timber). Given the prevalence of such building methods in New Zealand, Australia and 
North America there is a clear need for research that proposes fixing and material technologies for building 
envelopes that meet circular economy design criteria.   

1. Introduction 

As we enter the third decade of the 21st century the negative impacts 
that our society’s buildings have on the natural environment are 
alarmingly apparent. In many countries we can trace almost half of all 
resource consumption back to the design, construction and upkeep of 
the built environment (Assefa & Ambler, 2017). In the manufacturing of 
building materials, and in the operation of our buildings, we find more 
carbon dioxide emissions than in any other sector of the economy 
(Nuñez-Cacho, Górecki, Molina-Moreno, & Corpas-Iglesias, 2018). We 
also see vast quantities of contaminated and low value waste materials 
being created as a consequence of buildings not being designed for the 
future. In some developed nations half of all waste is identified as being 
a product of the construction sector (Storey, Gjerde, Charleson, & Ped-
ersen, 2005). Collectively these issues suggest that we need to make 
urgent changes in the way our cities are designed and built. 

Previous research published in the journal of Sustainable Cities and 
Society (SCS) has worked to identify theoretical frameworks and tech-
nical guidelines for the construction of buildings that address the 
aforementioned issues (Assefa & Ambler, 2017; Attia, 2016; 

Hildebrandt, Hagemann, & Thrän, 2017; Paiho et al., 2020; Vardopou-
los, 2019). Within these works there is an emerging trend that calls for 
buildings to better address embodied energy concerns by being designed 
to facilitate material recovery. Research published in SCS has dealt with 
these issues on a macro scale – looking at the sector holistically and 
working to identify the impact of alterative end-of-life approaches. 
Building on this work our research instead focuses on the Micro scale – 
examining and addressing the issues of designing for a circular economy 
in a specific type of building. We examine the specific materials, design 
practices and code requirements of today’s building systems through the 
lens of circularity and use this analysis to propose new, ‘circular’, 
building methods. Rather than assessing the impact this research seeks 
to identify how we might turn theory into practice. 

2. Background 

Buildings are not typically designed for recycling or value recovery. 
At the end of a building’s useful life the most economically sensible way 
to manage materials today is to demolish the structure, undertake 
rudimentary sorting of materials and send the majority to landfill (EPA, 
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2016). Implications of these wasteful practices are visible in the ongoing 
environmental degradation caused by mining, material processing and 
landfilling at a rate that exceeds the natural carrying capacity of our 
planet (McDonough & Braungart, 2009; Ajayi et al., 2015; Baker-Brown, 
2017). Furthermore, today’s methods for dealing with separated 
end-of-life building waste do not adequately address long term envi-
ronmental issues. For example, countries like Australia, Singapore, the 
Netherlands and Japan report high levels of demolition material recy-
cling, yet the majority of these materials are consistently down-cycled 
(Deloitte, 2015; Nakajima & Russell, 2014; Schut, Crielaard, & Mes-
man, 2015). The most common form of such material down-cycling is in 
concrete and masonry products (Akhtar & Sarmah, 2018). Because the 
cement component of concrete is not recovered in any recycling process 
the demand for raw materials, particularly those of which are prone to 
producing large quantities of carbon dioxide (CO2), remains high 
(Morrison Hershfield Engineering; ATHENA Life Cycle Assessment). 
This down-cycling issue is common in many other building material 
waste management streams. 

Consequently, there is a need for a superior way of managing ma-
terials at the end of their useful lives. The preeminent proposed 
approach to achieve this is adaptive reuse, and failing that, direct ma-
terial reuse and high-value recycling, referred to in a theoretical context 
as a circular economy. The circular economy model (or circularity) has 
emerged from multiple schools of thought (see Winans, Kendall, & 
Deng., 2017) and is much broader in ambition than mere material reuse 
and high-value recycling. The circular economy outlines an “industrial 
economy that is restorative by intention; aims to rely on renewable 
energy; minimises, tracks and eliminates the use of toxic chemicals; and 
eradicates waste through careful design” (Ellen MacArthur Foundation, 
2013/2015). Most importantly, for the stewardship of building mate-
rials, within circularity is the concept of eliminating waste through 
careful design. Rather than relying on retrospective material recovery 
methods that often result in devalued materials (as we do today), 
circularity is a call for the pre-emptive designing-out of possible waste, 
toxic and low-value materials (Baker-Brown, 2017). Within the concept 
of circularity also lies high-level material ‘reuse’ strategies such as whole 
building reuse, or adaptive reuse, actions that are already commonplace 
today (Brand, 1994). Reuse and recovery of building components on 
different scales is covered in depth by Brand (1994) and Dijk, Tenpierik, 
and Dobbelsteen (2014). This study focuses specifically on the recovery 
of individual building layers in elements at the end of a buildings life. 

Responding to the need for the immediate adoption of circular 
economy concepts in the built environment, this article sets out to 
identify specific technical barriers to the implementation of circularity 
in the external layers of buildings. These external layers include water 
and weather proofing, vapour control, air control and aspects of thermal 
control. A focus on such external layers of the building envelope was 
informed based on previous experiments carried out by the authors 
dealing with structural components (see Finch, 2019). To understand 
the potential circularity of the aforementioned layers, a comprehensive 
review of mainstream construction was undertaken using a variety of 
existing circular assessment methods. Technical drawing publications 
and physical deconstruction tests have been utilised as research tools to 
provide responses to the assessment frameworks. Evaluations of existing 
construction approaches help to improve the precision of circular 
assessment frameworks and lay the foundation for informed design 
proposals of circular construction methodologies. 

3. Circular evaluation parameters 

3.1. Existing approaches 

To fully understand the conflicts between existing construction ap-
proaches and the circular economy, a breakdown of circular building 
principles is required. The difficulty is, however, that there remains no 
standardised way of evaluating or defining ‘circular construction’ 

(Franklin-Johnson, Figge, & Canning, 2016; Linder, Sarasini, & Loon, 
2017). Many frameworks have been established that outline best prac-
tices – representing generalised translations of circular concepts – but 
these often fail to inform specific design requirements. The lack of a 
single cohesive approach that covers specific technical requirements is 
thought to be a consequence of the “complexity of evaluating circular 
solutions” (Dijk et al., 2014). In principle, circularity should encompass 
every possible interaction and process related to a given material from 
material extraction through to decomposition (Ellen MacArthur Foun-
dation, 2015). In the case of buildings, however, it is often not feasible to 
trace or predetermine material management (Storey et al., 2005). Ma-
terials in buildings typically remain deployed for such a long period of 
time that there is no guarantee materials will be able to be recovered, or 
worth recovering, at the end of the buildings useful life. Thus, it is 
difficult to devise a complete circular assessment and design process that 
treats all variables fairly. To this end, the research adopts and builds 
upon a limited selection of circular design assessments designed spe-
cifically for buildings. Through applying these selected theories and 
using them to both evaluate existing systems and to hypothesise new 
circular solutions, this research acts as a reality check for existing circular 
guidelines. 

To form this refined selection of circular design evaluations appro-
priate for buildings, a literature review between June 2018 and January 
2019 was undertaken. Using Google Scholar, JSTOR and ProQuest, ar-
ticles were sourced that included any one of the following key phrases: 
‘circular economy assessment’, ‘circular economy indicator’, ‘circular 
economy product assessment’, ‘product circularity assessment method-
ology’ and ‘circularity indicator’. Results were then collated to identify 
specific circular assessment tools with the full list reported in Fig. 1. The 
publication, a ‘Taxonomy of Circular Indicators’ (written by Saidani, 
Yannou, Leroy, Cluzel, & Kendall, 2019) significantly aided this circu-
larity assessment tool search process. Saidani’s work collated “55-sets of 
C-indicators developed by scholars, consulting companies and govern-
mental agencies” (2019, p. 543). Combining this list with our own 
search resulted in the identification of 74 unique assessment tools 
(Fig. 1). This list of C-indicators (circularity indicators) was then sorted 
based on the scale in which the indicator was operating. For example, 
the ‘Circular Economy Company Assessment Criteria (CECAC)’ was 
deemed not to be directly relevant to accessing the circularity of a wall 
assembly as it operates on a company scale, rather than product level. 
Completing this sorting process required a complete simulated 
work-through of each ‘C-indicator’ in-order to fully determine its rele-
vance to building systems. Saidani’s work aided in this process as the 
collated indicators had already been somewhat sorted into the scales 
that they operated at. Saidani et al. referred to these levels as “macro 
(cities, regions), meso (business) or micro (products, components, ma-
terials)” (2019, p. 550). The relevant C-indicators are summarised below 
in Fig. 1. To further strengthen the selected set of circular building 
design criteria it was deemed appropriate to adopt other well cited 
circular assessment approaches for buildings that were not included 
within Sadani’s taxonomy. Further notable inclusions were a white 
paper produced by a consortium of industry experts, including the Dutch 
Green Building Council and Metablic®, titled A Framework for Circular 
Buildings (2016) (Kubbinga et al., 2018), Philip Crowther’s work in the 
early 2000s relating to designing for deconstruction, and Minunno et al., 
2018Minunno et al’s work; Strategies for Applying the Circular Economy to 
Prefabricated Buildings (2017). 

3.2. Defining and categorising specific circularity indicators 

The curated circular indicator and guideline criteria were sorted into 
three categories relating to how they could be assessed. Categorisation 
was determined essential to streamline the process of carrying out a 
circular assessment. The assessment criteria were initially sorted into 
categories based on the complexity of potential answers. For example, if 
the response to an assessment question was yes or no, these questions 
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were grouped together. Consequently, three circular assessment cate-
gories emerged for ‘product’ level assessment of building envelopes; 
discrete, qualitative and measurable. Discrete characteristics defined 
criteria that were essentially true or false and that could be objectively 
validated. Discrete criteria typically referred to tangible, specific mate-
rial qualities and fixing specifications. Qualitative characteristics were 
the opposite of this – criteria that were inherently subjective and needed 
to be carefully considered by a range of qualified stakeholders. Subjec-
tive criteria were centred on the presence or absence of features that 
would make material reuse attractive in the building material market-
place. They also included intangible design qualities such as using a 
‘standardised structural grid’ – intangible because the definition (size 
and form) of a standardised grid varies significantly depending on 
construction materials and the buildings scale. Finally, measurable 
characteristics included criteria on a spectrum that could be, for the 
most part, objectively measured. Measurable characteristics included 
the quantity of waste or devalued materials produced after each use 
cycle and a record of the time involved to deconstruct a unit of wall. In 
the case of measurable assessment criteria typically a low value is best 
(unless otherwise noted). 

The final criteria (listed above in Table 1) share major similarities 
with circularity assessment criteria not specific to the built environment 
or the envelope of timber framed buildings (see Saidani et al., 2019). 
This is seen as an ideal outcome as the principles of circularity are 
transferable regardless of the product under scrutiny, and a level of 
similarity suggests valid assessment criteria. However, to ensure that 
building envelope systems are appropriately evaluated the above table 
added further building specific details to each criteria. These details 
aimed to suggest how each criteria could be assessed/what factors 
should be looked for and are detailed in Section 3.1. 

4. Testing circularity indicators in the real world 

After consolidating the assessment criteria the research then acted to 
internally scrutinize these assessment criteria by undertaking real-world 
deconstruction of a building envelope assembly. Though this process the 

applicability of each assessment criteria could be determined based on 
the physical process of deconstruction and material recovery. 

4.1. New Zealand construction context 

The process of selecting an appropriate initial construction typology 
to evaluate was guided by local construction conditions. For reference 
purposes the following section briefly outlines the design of New Zea-
land’s most common residential housing construction approach; plat-
form timber framing. 

As an evolution of light timber balloon framing, platform framing 
now dominates the New Zealand low and medium residential con-
struction sectors (Isaacs, 2015). Characterised by its pink tinted boron 
treated pinus radiata structural members in standard dressed sizes 
(typically 90 mm or 140 mm by 45 mm – 4” or 6” by 2”) this type of 
framing is used in more than 90 % of all new homes (Brunsdon & Magan, 
2018; Rosevear & Curtis, 2015) (Fig. 2). The assembly typically consists 
of structural timber members orientated vertically (studs) at 450 mm or 
600 mm spacing’s, nailed to a bottom and top timber member of the 
same cross section (top and bottom plates) (Isaacs, 2015). Most New 
Zealand construction will also adopt regular blocking between studs at 
approximately 800 mm centres (Karunasena & Leitch, 2009). Addi-
tionally, more than 80 % of these structural frames arrive at construction 
sites preassembled (Brunsdon & Magan, 2018). To provide structural 
resilience against earthquake and wind loads (lateral load resistance) 
sheet materials are then fixed to the frame members (Newcombe & 
Batchelar, 2012). Fixings through the sheets are often at 150 mm centres 
(6”) around the perimeter to provide adequate force transfer between 
sheet and vertical loadbearing structural timbers. The most common 
form of this sheet bracing in New Zealand is gypsum plasterboard in-
ternal wall linings (Brunsdon & Magan, 2018). When additional bracing 
is required speciality gypsum wall lining products are available. In other 
countries utilising similar construction methods, lateral load resistance 
is achieved via external ‘sarking’ sheet products – such as orientated 
strand board, or plywood, fixed to the exterior of the buildings frame 
(Branco, Filipe, & Lourenço, 2017). Structural sheet products and solid 

Fig. 1. Sorting existing circularity indicators to arrive at approach appropriate for accessing building assemblies.  

G. Finch et al.                                                                                                                                                                                                                                   



Sustainable Cities and Society 64 (2021) 102561

4

timber members working together form the load bearing superstructure 
of almost all low and medium rise platform timber framed buildings in 
New Zealand. 

To complete the external wall assembly in conventional construc-
tion; moisture, thermal and air control layers are added to the structural 
timber members. In most New Zealand buildings thermal control is 
achieved through the use of glass fibre insulation blankets fitted be-
tween the structural framing members (Brunsdon & Magan, 2018). As 
glass fibre insulation blankets are semi-rigid they are self-supporting 
when orientated vertically and therefore only need to be friction fitted 
into the timber frames. On the outside face of the structure a moisture 
permeable synthetic building wrap is then fitted around the entire 
building (Law & Dewsbury, 2018). The key role of this layer is to control 
air leakage and manage the air pressure differential between outside and 
inside. It is becoming more common in New Zealand, as building energy 
performance expectations rise, to replace this flexible building wrap 
with a rigid air barrier (RAB) (Overton, 2013). These are commonly 
either 7− 9 mm treated plywood or 5− 9 mm fibre cement sheeting with 
taped seams nailed to the timber frame. Recommended building prac-
tices then call for a 20 mm air gap between the air control layer (RAB or 
synthetic wrap) and the cladding materials (Künzel, Karagiozis, & 
Kehrer., 2008). Commonly referred to as a ‘ventilated cavity’ this 
spacing acts to both reduce the air pressure differential and control 
moisture. The cavity is formed by nailing 20 m thick strips of vertically 
orientated treated timber or PVC onto wall studs – through the building 
wrap/RAB. Most buildings in New Zealand are then clad in either 
weatherboards (timber or fibre cement), or masonry (clay brick or 
stone) (again see Brunsdon & Magan, 2018). Weatherboards are in most 

instances fixed to the frame with wire nails and painted to increase their 
durability and weather-tightness. Masonry claddings do not typically 
require cavity battens and utilise instead galvanised metal ties that are 
fixed to studs and embedded in concrete mortar between masonry 
modules. Note that due to the seismic risks in New Zealand masonry 
claddings are not designed to perform structurally. It is also important to 
note that external insulation systems and vapour control layers are not 
commonly adopted building practices in New Zealand timber framing. 

4.2. Data gathering methods 

Taking the curated list of circular design attributes, we can then 
systematically examine current construction – specifically platform 
timber framing in New Zealand (as per Section 2). The information to 
address the circularity criteria were mainly produced via physical full 
scale prototyping and deconstruction tests carried out by the author 
(Fig. 3). Multiple randomised sections of external wall measuring 400 
mm by 400 mm by 120 mm were assembled and then disassembled 
under the guidance of deconstruction experts (Fig. 3). The process was 
video recorded, and all materials were systematically checked for 
damage and contaminants. A full stock take of materials was completed 
both before and after each test cycle. Additionally, the wall specifica-
tions (Section 2) could be used to answer some of the discrete circular 
criteria outright. Accompanying the physical deconstruction was 
another comprehensive review of literature published in this area 
reporting upon interviews with demolition experts. John Storey et al.’s 
2005 A State of Deconstruction in New Zealand report was immensely 
valuable in this process as well as the more recent report on a whole 
house deconstruction project emerging from the 2011 Christchurch 
earthquake sequence (Zaman, Arnott, Mclntyre, & Hannon, 2018). 
Collectively, this information enabled each circular criteria to be 
answered and recorded. 

4.3. Identified circular construction issues in New Zealand platform 
framing 

(See Table 2). 

5. Discussion 

5.1. Contamination and material damage caused by fixings 

The most immediate circular weakness in the envelope of conven-
tional construction is the widespread use of single use, damaging and 
often toxic, fixing solutions. The adhesives used behind wall sheathing, 
under floors and on the rear of internal wall linings are prone to causing 
damage on separation, and leave materials contaminated with adhesive 
residue (Finch, 2019). Deconstruction revealed that in most cases a 
single fixing punctured multiple envelope layers. For example, screw 
fixings are used in conjunction with adhesives through the same ele-
ments and are then often concealed under flashing tapes or plaster. 
These conditions further restrict high-value material recovery as they 
make locating fixings quickly almost impossible. Such circularity con-
flicts due to fixings can be expected throughout the United States of 
America, Canada and Australia due to very similar methods of con-
struction in residential housing stocks (Isaacs, 2015). In fact, in climates 
cloder than New Zealand’s, the issue of material recovery is likely to be 
even more complicated. A growing preference for spray foam insulation 
in the cavity of timer framing in the United States is a concern for 
circularity (Biswas, Shrestha, Bhandari, & Desjarlais, 2016). Spray foam 
is designed to bond with all surfaces it comes in contact with to create an 
additional airtight barrier. Based on our own test, separation of this 
material is so time consuming that it is economic best practice to simply 
landfill the entire assembly. Fixings, adhesives, and inherently bonding 
materials (such as spray foam) are key weaknesses of conventional 
construction methods in respect to the circular economy. 

Table 1 
Studies collated list of circular indicators and guidelines (based on literature 
reference in Fig. 1).  

Discrete Design 
Characteristics 

Qualitative Design 
Characteristics 

Measurable Design 
Characteristics (for 1 m2 

wall) 

Use recycled and 
recyclable materials. 

Use an open building 
system (one that does not 
require specialist 
equipment or components 
to use/reuse). 

The number of different 
material types (lower is 
better). 

Make in-separable 
subassemblies from the 
same materials 

Provide end-of-life 
identification of different 
material types. 

The number of 
connections (lower is 
better). 

Do not use secondary 
finishes such as 
chemical timber 
preservatives. 

Make components sized to 
suit the means of 
handling. 

The numbers different 
types of connections 
(lower is better). 

Do not use toxic and/or 
hazardous materials. 
Specifically Living 
Building Challenge 
red-List free only). 

Use modular design 
(specifically a modular 
spatial component that 
allows solid elements to 
be directly substituted by 
transparent – window – 
elements). 

The quantity of materials 
with local high-value 
recycling potential after 
each use cycle (lower is 
better). 

Use mechanical not 
chemical connections 
between different 
materials. 

Provide realistic 
tolerances for assembly 
and disassembly over 
multiple use sequences 
(between 1 and 3 mm 
depending on materials). 

The quantity of fully 
devalued (waste) 
materials produced after 
each use cycle (lower is 
better). 

Separate the structure 
from the cladding to 
enable lifecycle based 
material separation. 

Design to use common 
tools and equipment.   

Design joints and 
components to withstand 
repeated use (durability).   
Use prefabrication and 
standardisation.   
Use light-weight materials 
and components.   
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An additional barrier for material reuse in these structures appears to 
be a lack of standardised spatial geometries. With so many different 
shaped and sized construction materials coming from old buildings it is 
impossible to obtain large quantities of a consistent product (Nakajima 
& Russell, 2014). Consequently, it becomes more economically sensible 
to purchase new materials (Storey et al., 2005). Compounding this 
problem is the fact that in New Zealand all windows are custom made to 
fix the specified opening. In most cases glazing specialists will come to 
site once the structure is erected and measure the openings. The result is 
a large 2nd hand window market in which almost no two windows are 
the same. Such variation in opening sizes has a flow on effect to an 
increased level of variation in the dimensions of lining materials. All 
theoretical circular assessment tools placed a major emphasis on 
ensuring as much standardisation as possible to maximise the reuse 
market (Saidani et al., 2019). It is therefore vital for material reuse and 

long-term sustainability that a higher level of standardisation is adopted 
into the construction sector. 

5.2. Implications of material chemical modification 

Concerns regarding the chemical composition of materials are also 
significant. As mentioned in section two, New Zealand requires by law 
that all Pinus Radiata structural framing timber is treated to level H1.2 
(NZS3604:2011). The most common way to achieve this is with the 
spray on chemical agent Boron (NZS3602:2003). Once combined the 
preservative chemicals cannot be recovered without destroying the 
timber product (Forbes, 2018). Furthermore, the way the timber is 
required to be treated at the end of its useful life does not fit within a 
circular model. Boron can leach out of the timber and back into the 
ecosystem in an uncontrolled manner causing groundwater 

Fig. 2. Technical cross-section drawing of platform timber framing in New Zealand (left) and a built section of that framing (right).  

Fig. 3. A deconstruction sequence (left to right, top to bottom) showing destructive removal of the ‘stucco’ plaster and paint cladding and building wrap. This is 
followed by destructive removal of the plasterboard internal wall lining. Finally separation of the treated timber cavity battens from the rear of the stucco assembly 
is attempted. 
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contamination (Parisio, 2006). Likewise, plywood used to form the rigid 
air barrier typically has an even higher level of timber treatment and 
includes adhesives between timber veneers (NZS3602:2003). The 
negative impact of this treated plywood product is likely to be more 
damaging then boron treated framing timber (Parisio, 2006). Chemical 
leaching is less of an issue, however, if these components are to be 
directly reused in new buildings. Yet it remains unknown if reused 
timber components would require re-treating with preservatives for 
every reuse instance. Based on the Australian draft standard for recycled 
structural timber it is unlikely that further treatment would be required, 
however treatments typically have a specified effective lifespan and 
assuming that they will continue to work has major legal and risk im-
plications that requires further investigation (Crews, Haywood, & 
MacKenzie, 2008). 

Treated and engineered timber products also present value-recovery 
challenges when the fabricated timber elements are no longer fit for 
purpose. Recovering the pressure applied preservative chemicals from 
the timber is not possible with current technology and the implications 
of using treated timber in waste-to-energy equipment is largely un-
known (John & Buchanan, 2013). The only current end-of-life options 
for all treated timber material in New Zealand today is either reuse in a 
non-structural capacity (often furniture) or disposal into landfills (John 
& Buchanan, 2013). Alternatively, timber preservative technologies that 
rely on heat and steam rather than chemicals are emerging and essen-
tially eliminate the need for chemical timber preservation (Ormon-
droyd, Spear, & Curling, 2015). Fortunately, most other materials in the 
functional layers of conventional timber framed construction are not 
chemically modified. Of note is the glass-fibre insulation, which is a 
highly processed inert material that can be efficiently recycled in a 
high-value manner (Asdrubali, D’Alessandro, & Schiavoni., 2015). It is 
unknown whether high-value recycling of this material takes place, 
however. Again, further research is needed in this area (especially in a 
New Zealand context), to determine how insulation products are 
currently handled at end-of-life. 

5.3. Alterative disassembly approaches 

This research focused on complete separation of building assemblies 
at end-of-life and the implications of such practices. Yet there are a range 
of different deconstruction approaches that may be more appropriate 
depending on the way a platform timber framed building has been 
detailed. For example, if platform framing has been achieved through 
the use of regularly sized panels then separation and reuse of whole 
panels could be more sensible. An example of panelised platform 
framing is the EasyBuild system (EasyBuild, 2019). Each panel is strictly 

Table 2 
Circular performance of external functional layers of New Zealand light timber 
platform framing (PF) (structure, waterproofing, thermal resistance, air and 
vapour control layers).  

Performance Criteria Circular Performance Notes 

Discrete Characteristics  
Recycled materials Platform framing does not typically use 

recycled materials however cavity battens 
in some instances can be made from 
recycled plastics. Cladding layers can also 
use recycled materials, but this is rare. 

High value recycling possible? Some. Many materials become 
contaminated, however, HDPE 
polyethylene air barrier building wrap is 
recyclable, as is fibre glass and polyester 
insulation blankets. 

Secondary finishes on materials Yes. Many secondary finishes – treated 
timber, in cavity and used in rigid air 
barriers (treated plywood). 

Chemically hazardous materials Yes. Copper Chrome Arsenic (CCA) treated 
timber used in rigid airtightness layer. 

Chemical material connections Yes. Interior plasterboard lining with 
acrylic paint adhesive fixed to timber 
frame. Tapes on airtightness layers. 

Reversible mechanical connections Few. Internal plasterboard linings used as 
vapor buffer is sometimes screwed to frame 
(but screw is plastered over). 

Structurally independent layers No. Structural bracing for frame relies on 
external and internal sheet layers and thus 
imposes fixing conditions. 

Qualitive Characteristics  
Use of an open buildings system Platform framing is flexible in its ability to 

support a wide range of geometric and 
aesthetic possibilities, however it requires 
a high level of infrastructure to support this 
openness. 

Material types identified Generally there is no record on the 
deployed materials regarding chemical 
composition, life, or post use stewardship. 
It will be possible however for experts to 
identify specific materials. 

Components sized to suit the means of 
handling 

This depends on how elements are 
categorised and separated. Most elements 
can be assembled and disassembled with 
only one or two people however it is 
common to install larger pre-nailed frames 
that must be lifted by mechanical means. 

Use of modular design Although the structural elements are 
largely standardised (2400 mm high 45 
mm by 90 mm timbers) all wall sections are 
custom built depending on opening 
locations, wall heights and lengths. There 
is no industry wide modulation standard 
for wall lengths. Yet, this construction 
technique could be deployed on a module if 
so desired. 

Provision for ‘realistic’ tolerances for 
assembly and disassembly 

Not applicable. All elements are custom cut 
to fit their end use case. No inherent joints/ 
connections. No components designed for 
repeated assembly or usage. 

Disassembly requires only common 
tools and equipment 

Generally only a Claw hammer is required 
however sophisticated de-nailing tools 
required for commercial deconstruction (to 
make reuse economically viable). 

Joints and materials withstand 
repeated use (durability). 

Not applicable. All joints are butted or 
lapped. Air-tightness replies on taping 
joints – inherently not reusable. 

Adopt prefabrication Some elements are prefabricated – i.e. pre- 
nailed frames. And this level of 
prefabrication can extend to claddings 
however this is extremely uncommon. 

Use of lightweight materials Typically materials are categorised as light- 
weight. Air-barrier plywood is light weight 
as is cavity battens. Cladding/rain 
protection often heavy (brick/stone). 

Measurable Characteristics (for 1 m2 

wall)   

Table 2 (continued ) 

Performance Criteria Circular Performance Notes 

Quantity of different types of materials For functional layers and structure, 12 
materials, typically: paint, gypsum, 
construction adhesive, steel nail, pine 
timber, boron treatment, fibre glass, 
polyethylene wrap, steel alloy staples, CCA 
treatment, stainless steel nails, fibre 
cement. 

Quantity of different types of 
connectors 

Functional layers only, 7 fixing types. Nail 
fixing for weatherboard cladding, cavity 
battens, and RAB – however all using 
different sizes. Tape and staples for flexible 
warp when used, tape for seams in RAB 
when used. Adhesive and screw for 
plasterboard. 

Quantity of Connectors Per metre square of wall platform framing 
with the aforementioned cladding system 
has 22 fixings. 

Quantity of devalued materials 
(waste) after a use and 
deconstruction cycle 

Average quantity as a percentage of 
materials in the assembly is 42 %.  
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1.2 m wide and has a solid timber member at each long edge. This 
effectively adds a level of redundancy to each panel, allowing one to be 
removed without having any impact on adjoining panels (Finch, 2019). 
Thus, a drawback of using panel based systems designed for decon-
struction is an increase in cost due to the aforementioned redundancy (i. 
e. more timber). There are also visual implications in the sense that the 
EasyBuild system requires a larger portal frame post between each panel 
that breaks the continuity of the internal wall surface. Furthermore, if 
modifications are required to a panel, such as adding windows, waste 
will be produced that is identical to that coming from conventional 
platform framing. Thus the final end-of-life status of materials remain 
unchanged. 

6. Responding to the issues 

The process of establishing product specific circularity assessment 
criteria and completing an evaluation of the status quo was designed to 
provide a knowledge base for designed circular solutions/designed re-
sponses. A range of initial responses are outlined in Defab: Architecture 
for a Circular Economy (Finch, 2019). This section reports upon previ-
ously unpublished experiments. 

6.1. Interpreting the platform framing circular analysis 

Findings from the analysis of platform framing and common enve-
lope systems used with this framing indicated that fixing methodologies 
and material section are the two major barriers to enabling circularity 
(see Section 3). From a design standpoint fixings can be directly 
addressed as they are dependent on the modulation and arrangement of 
different building layers. Modifications to fixing systems can informed 
by industry literature associated with various different building prod-
ucts. For example, there are a range of different sized cavity batten 
options available, and each size has accompanying literature that 

outlines specific fixing requirements. It is also possible to simulate 
(using computational tools) custom fixing configurations, or physically 
build and test those same configurations. Circularity issues such as the 
legal requirement to treat structural timber products are, however, not 
directly addressable from a design standpoint as they require legislation 
changes. Yet such challenges can be overcome by selecting a material 
already on the market that meets circular requirements (such as the 
aforementioned thermally modified timber products in place of Boron or 
CCA pressure treated timber). Also influencing the design responses is 
the evaluation of different deconstruction options – such as the choice to 
deconstruct a building into sub-components (i.e. panels) or to carry out 
total material separation. Such issues are discussed from a design point 
of view in Brand (1994) and Crowther (2005). 

6.2. A circular timber framing proposal 

Using thermally modified timber lengths of 20 mm by 140 mm and 
computer numerically controlled (CNC) routing fabrication a panelised 
building approach, based on the technical functional requirements of 
platform timber framing, has been proposed (Fig. 4). These panels aimed 
to address circular concerns on multiple levels by offering both recovery 
and reuse of assembled panel units, and of the sub-components within 
each panel. The system integrates diagonal bracing into each module in 
order to eliminate the need to perimeter fix sheet products to the 
external side of the panel. Slender vertical members are used to reduce 
the redundancy costs typically associated with panel based construction. 
To overcome buckling concerns these slender members are regularly 
intercepted by perpendicular timber plates and diagonal bracing mem-
bers. The system uses 100 % polyester insulation blankets that are fac-
tory cut to fit within the triangulated frame cavities. Air ingress is 
controlled by a thermally spun bound synthetic building wrap that is 
fixed in place using a continuous wiggle wire tension seam. A solid 
thermally modified structural timber cavity batten measuring 45 mm 

Fig. 4. Sketch of proposed circular wall envelope design (structure, waterproofing, thermal resistance, air and vapour control layers).  

G. Finch et al.                                                                                                                                                                                                                                   



Sustainable Cities and Society 64 (2021) 102561

8

square is then bolted into the main structural frame at regular intervals. 
This cavity batten has pre-seated insert nuts to allow the reversible 
fixing of various cladding products, including weatherboards, sheet 
metal or timber panels. The end result is a timber-centric circular 
economy based wall construction. 

6.3. Evaluations of proposed circular design 

The proposed circular construction system was evaluated under the 
criteria established in section one. Given the conceptual nature of this 
proposed system however no ‘real-world’ waste generation/durability 
data was collected. Working through the discrete evaluation criteria it 
became immediately clear that both the proposed building system and 
the evaluation framework needed further refinements. Within the pro-
posed framework timber as a material proved difficult to categorise as 
although it cannot be recycled in a high-value manner, it can be directly 
reused, and is not inherently hazardous if disposed of in a responsible 
manner. The result was a material with circular benefits not being fairly 
represented in the evaluation. Thus, there is a need for the development 
of a circular assessment framework for buildings that can better cate-
gorise the circular performance of bio-based materials such as timber. 
The qualitative assessment criteria are difficult to respond to as they 
require informed speculative judgments. For example, we could 
consider the building system open in the sense that it is a conventional 
thickness and capable of working with mainstream building techniques. 
Yet a builder may argue that because the proposed system does not use 
conventional cavity battens (for example) it is a closed system. As such, 
for qualitative factors it appears that the most truthful assessment of 
circularity would be in the form of industry/public consultation. 
Furthermore, given the comparative basis of a circular assessment it 
would also be appropriate to move the ‘light-weight materials’ criteria 
from qualitative to measurable. Finally, results for the measurable per-
formance criteria are easily produced, but do require a higher level of 
investment (i.e. the building and un-building of a sample unit), to pro-
vide accurate information (Table 3). 

7. Conclusion 

Following the theoretical framework of a circular economy this 
research established a curated set of evaluation criteria for the design of 
a circular building envelope. A multi-faceted criteria development pro-
cess was adopted that examined both generic circular assessment ap-
proaches from literature, and those already optimised for use in the built 
environment. Twenty key circular performance criteria were identified 
and then sorted into three similar evaluative categories. To evaluate the 
validity of these criteria the research then used them to assess the cir-
cular potential of modern platform timber wall construction. The 
resulting evaluation indicated that all layers in the platform system as-
sembly contradict circular design guidelines (as expected). Using the 
criteria, however, allowed the assessment to identify specific trends that 
prevent circularity. The first trend was identified as the widespread 
presence of fixing systems that irreversibly damage products. These 
include structural adhesives and nail fixings that penetrated multiple 
building layers. A second trend identified was the widespread presence 
of materials that have chemical alterations making them unable to be 
recycled in a meaningful way if direct reuse is not an option. The leading 
example of this was copper, chrome and arsenic (CCA) pressure treated 
timber, and engineered timber products (such as plywood). The third 
core concern related to the geometric qualities of formed components. 
Platform timber framing is an open system and thus can be constructed 
in a wide range of heights and lengths. Consequently, there is a lack of 
consistency in the size of external building layer materials, effectively 
reducing the likelihood of economical redeployment. 

The results from this detailed circular analysis of the leading existing 
construction approach in New Zealand is alarming. For a country that 
prides itself in its natural environment and being an international leader 

in sustainable practices there remains the need for significant changes to 
the construction sector. The observations from the performance assess-
ment are useful in bridging this gap as they provide a foundation for the 
design of effective circular building envelope solutions. 
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