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ABSTRACT
The purpose of this thesis is to understand the potential barriers that are faced by design teams 
when working to reduce the embodied carbon footprint of architectural design projects. By 
understanding these barriers further research begins to discuss how these barriers are realised 
and how they can be overcome, both by design teams and the wider construction industry. With 
progress in other sectors helping to mitigate the impact of operating carbon on the lifetime 
footprint of the built environment, it is vital that embodied carbon becomes the focus of our 
efforts to reduce the impact of construction. 

This thesis has four objectives: (1) to understand the impact that current regulations and 
frameworks are having on the industry; (2) to identify the barriers stopping stakeholders from 
tackling their emissions; (3) to discuss whether these barriers are real or perceived; (4) to explore 
potential opportunities arising from cleaner construction. It employs three methodologies to 
tackle these objectives, (a) an extensive literature review, on and around the topic, to understand 
the intricacies of the current approach to the topic from the industry, (b) analysis of an industry-
wide survey which focuses on identifying the barriers that are preventing individuals from 
tackling this issue, (c) discussion of a design project informed by (a) & (b) in order to facilitate 
discussions of (3) & (4).

Responses to the survey have identified several potential barriers that the industry needs 
to approach. Within this analysis, five are discussed: (1) Education, (2) Engagement, (3) Social 
Perception, (4) Capital Cost, and (5) Government Support. (1), (2), and (3) discuss the difference 
between awareness and understanding amongst the client and other industry professionals; 
(4) looks at the cost implication of a more sustainable approach to design, and at what stage 
that cost implication is seen; (5) looks at how government engagements in the industry can help 
increase the priority of embodied carbon within the design process. 

Whilst education and engagement are key routes for improving the industry, from this survey 
it appears that those professionals with the necessary expertise to help develop a sustainable 
mindset within a design team also tend to have less experience and, therefore, less influence. 
This, in turn, implies a potential time lag between the change in mindset and a change in design 
approach. 

FIG.1 FCBS JOIN THE CLIMATE STRIKE (SOURCE: FCBS, 2019)
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INTRODUCTION
To be considered a greenhouse gas (GHG) a gas must (1) absorb infrared radiation and (2) have 
a long residence in our atmosphere, which allows for a globally uniform concentration. The 
amount of additional radiation retained in our atmosphere due to an increase in GHGs (known as 
climate forcing) can be calculated relatively accurately when other factors are constant. The IPCC 
consider the largest components of climate forcing to be the change in atmospheric burdens of 
carbon dioxide, methane and nitrous oxide, which have sharply increased since the beginning of 
the industrial period. In June 2021, Mauna Loa Observatory recorded the highest Atmospheric 
Carbon Dioxide Level in human history. At 418.9ppm, this marks a 10ppm increase from when 
this research began in 2018 (NOAA, 2020).

It is understood that 97% of publishing climate scientists agree that humans are currently 
causing global warming. (Cook et al., 2013; Fig.5) According to the UKGBC, the built environment 
contributes 40% of the UK’s total territorial carbon footprint, (UKGBC, 2019) with 30-40% of all 
worldwide primary energy being used inside buildings. (Ramesh, Prakash and Shukla, 2010) Of 
that, over half [185 MTCO2 ] is directly attributed to the total operational and embodied carbon 
footprint of the built environment. (UKGBC, 2019)

1.1 - THE CURRENT APPROACH

Efforts to reduce operational carbon have procured significant results with the continued 
decarbonisation of the UK’s power sector, reducing its footprint by 75% since 2012. (CCC, 2019)
Moreover, the banning of gas boilers from new homes under the Future Homes Standard 
has meant the promotion of heat pumps, and to some extent, photovoltaics, within new 
developments, further improving operational emissions. (Thermal Earth, 2020)

However, whilst sustainability standards reward improved building fabric efficiency, only few 
consider the embodied carbon of the assessed projects. (Giesekam and Pomponi, 2018) This, 
in part, is due to the Government’s scrapping of its 2016 Zero Carbon Homes policy, in an 
attempt to increase house building by removing “bureaucracy”. (HM Treasury, 2015) This forced 
the closure of the public-private body Zero Carbon Hub which supported collaboration between 
industry and government in attempting to deliver higher efficiency standards within homes. This 
deference to the construction industry is apparent in the gap between Approved Document Part 
L and guidance by LETI. 

With the improvements of the power sector driving down operational carbon, the embodied 
footprint of proposals becomes more significant. Current annual embodied carbon emissions 
are, alone, higher than the UKGBC’s target for 2050 total emissions. Furthermore, it is estimated 
that 85% of the building stock seen in 2050 has already been built. (CIOB, 2013) Therefore, whilst 
significant work must be undergone in improving the operation of existing buildings, it is vital 
that new construction must do no further harm.  

FIG.5 GRAPH OF AVERAGE ANNUAL TEMPERATURES (SOURCE: ED HAWKINS, 2018)
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1.2 - AIMS & OBJECTIVES

This body of research aims to understand the current position of embodied carbon within the 
context of sustainability in the construction sector. Whilst significant progress is already being 
made, it questions what obstacles continue to slow the move towards a Zero Carbon future for 
the industry. 

To address this aim, the wider research targets the following objectives:

1. To understand the impact that current regulations and frameworks have on the industry.
2. To identify the barriers stopping stakeholders from tackling their emissions. 
3. To discuss whether these barriers are real or perceived. 
4. To explore potential opportunities arising from cleaner construction. 

The first is focused on in Research Context (2.0) but also discussed in Survey Analysis (3.0). 
The second is, again, covered by both, but is the main deliberation of the Survey Analysis (3.0). 
Objective 3 & 4 are briefly discussed in Survey Analysis (3.0) but expanded upon in Further 
Research (4.0).

FIG.6 FCBS JOIN THE CLIMATE STRIKE (SOURCE: AUTHOR)
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RESEARCH CONTEXT
2.1 - OVERVIEW

In the construction industry, energy and the emissions related to it are associated with individual 
construction materials (Sicignano, Di Ruocco and Melella, 2019).  This embodied energy is the 
energy consumed by all the processes required to get that material from its production (cradle)
to its final position (gate) and, depending on the method of measurement, to where it ends 
its life (grave). Closely linked to embodied energy are the emissions of pollutants, such as CO2  

from which comes the concept of embodied carbon (Fig.7). Over the past decade there has 
been a substantial growth in literature which addresses this topic and, whilst strategies to tackle 
embodied carbon have been looked at previously (Giesekam, Barrett and Taylor, 2016; Pomponi 
and Moncaster, 2016), there has been little rigorous analysis of the barriers themselves, especially 
regarding demand-side issues from within the design team. Therefore, this literature review 
looks at current policies regarding embodied carbon within the UK construction industry before 
discussing in greater detail three barriers which are immediately apparent. 

Given the exploratory nature of the study, a qualitative approach was considered best-suited 
(Blumberg, Cooper and Schindler, 2011). Data collection was based on secondary data from 
existing literature and resources as well as primary survey data. 

The literature review was based on searches for peer reviewed papers in online databases, 
such as Google Scholar and Academia with search phrases such as “reducing embodied carbon 
within the construction industry”. Further research included analysis of recent literature and 
strategies actioned by the UK Government and organisations such as the UKGBC, LETI & CCC.

FIG.7 ITEMS THAT CONTRIBUTE TO THE EC FOOTPRINT (SOURCE: LETI, 2019)
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2.2 - WIDER INDUSTRY TARGETS

In 2019, the UK government, alongside other nations, declared an environment and climate 
emergency. By 2050, they aim to reduce carbon emissions by 80%, compared to 1990 levels. 
This was a motion, rather than legislation, and does not change legally binding targets such as 
the international Paris Accord, and national Climate Change Act 2008, which following a 2019 
amendment pushes for a 100% reduction in net carbon emissions compared to 1990. This 
change was made following recommendations by the CCC (CCC, 2014) and aligns with the IPCC 
which states that by 2030 emissions need to drop by 45%, compared to 2010 levels in order 
to restrict global warming to 1.5oC (Masson-Delmotte et al., 2018) a situation which a year later is 
looking unlikely (Hausfather, 2019).

Further to these targets, the government’s industrial strategy establishes twelve years, from 
2013, of proposed carbon reduction strategies to achieve several aims, one of which is:

A 50%, from 1990 levels, reduction in GHG emissions in the built environment
(HM Treasury, 2013)

According to a 2015 update from the GCB, between 2009 and 2012, an increase in carbon 
emissions means a 39% reduction is still required in order to meet the target stated above 
(Giesekam, Steele and Hurst, 2015). According to Brown these targets have been eclipsed by more 
recent declarations for built environment professionals such as the Sustainable Development 
Goals and RIBA 2030 challenge (Brown, 2020). Nevertheless, according to calculations by the 
CCC on provisional figures by BEIS, over the past 30 years the UK’s total GHG emissions have 
dropped by 42% (CCC, 2019), but as discussed next, this is largely due to the significant and 
rapid decarbonisation of our power grid (Fig.8), and with this low-hanging fruit gone, this trend is 
unlikely to continue (Grover, 2019).

FIG.8 DECARBONISATION RATE OF NATIONAL SECTORS (SOURCE: CCC,2018)
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2.3 - CURRENT PROGRESS

In 2014, the operational energy uses of the UK’s existing building stock made up 22% of the total 
carbon footprint for the year (UKGBC, 2020). The embodied carbon of new construction made 
up 5%. The move to more effi  cient services and the increasing effi  ciency of the British Housing 
Stock (Boardman, University of Oxford, and Environmental Change Institute, 2005; Hamilton et al., 
2013), alongside the rapid decarbonisation of the UK’s electricity grid (Staff ell, 2017) - a 75% 
decrease from 2012 - contributes to the steady decline in the operational energy use of our 
current building stock. This subsequently increases the importance of embodied carbon, as 
a proportion of the total footprint, over time (Bionova Ltd, 2018). Nevertheless, it is estimated 
that 85% of the housing stock seen in 2050 has already been built in 2019, (CIOB, 2013) two-
thirds of which fail to meet the 2035 benchmark set by the UK Government (Halden-Pratt, 2020). 
Therefore, the consequence of reducing the operational footprint of our building stocks is the 
increasing importance of reducing the embodied energy associated with greater fabric effi  ciency 
(Fig.9). An example from a Portuguese case study compares the operational and embodied 
energy footprint of 97 apartment buildings, concluding that following the implementation of an 
EU Directive on the energy performance of buildings, embodied energy could represent 400% 
of operational energy over a 50-year life (Pacheco-Torgal, Faria and Jalali, 2012). Further studies 
suggest smaller proportions ranging from 2% to 75% across a range of typologies and climate 
conditions, concluding that in regions typically dominated by heating, such as the UK, embodied 
emissions accounts for 10% of the total lifetime footprint (Plank, 2008; Ibn-Mohammed et al., 
2013; Sicignano, Di Ruocco and Melella, 2019). 

FIG.9  OPERATIONAL CARBON VS EMBODIED CARBON (SOURCE: ARUP, 2009)
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2.4 - FRAMEWORKS

The UKGBC’s latest framework calls for a focus on ‘Net Zero Carbon’ across the life cycle of a 
building, with the following principles. The first is to achieve zero or negative carbon emissions in 
construction (1.1) and the second is to achieve it within the building’s annual operational energy 
(1.2), with a potential third principle, yet to be defined, that focuses on net zero carbon across 
the whole life (1.3). To achieve these they suggest two solutions: the first is the undertaking 
and disclosure of a whole life carbon assessment (2.1); and the second is the measurement 
and offsetting of any embodied carbon impacts at completion (2.2) (UKGBC, 2019). Of the 31 
environmental sustainability certifications or standards currently available to construction works 
in the UK, 10 require embodied carbon, of which only 5 go beyond reporting to place limits on 
the carbon footprint of construction (Fig.10). 12 of the 31 provide incentives for offsetting or 
reducing the carbon footprint. The only regulation solely relevant to the UK, the London Plan 
2018, does not require the consideration of embodied carbon (Bionova Ltd, 2018). A notable 
exception from these 31 is the Passivhaus Certification, which focuses on reducing the energy 
consumption through high fabric efficiency. This can, unless considered, result in the use of 
fixtures and fittings which significantly increase the embodied footprint of the project (Burrell,
2014).

FIG.10 WHICH FRAMEWORKS INCLUDE EMBODIED CARBON? (SOURCE: AUTHOR)

Name Country
Embodied
Carbon?

Green Star South Africa No

Green Star Kenya Kenya No

GreenBuilding Sweden No

Greenship Indonesia No

GreenSL Sri Lanka No

GRESB International No

HOK Sustainable Design Guide USA Yes

Home Performance Index Ireland Optional

Home Quality Mark UK Optional

Homestar New Zealand Optional

HQE France Optional

HQE International International Optional

IGBC India No

ILFI Zero Energy and Zero Carbon International Optional

INSIDE/INSIDE Netherlands No

Investor Confidence Project International No

Konut Turkey Optional

Korea Green Building Certification Korea Optional

LEED International Optional

LETI UK Required

Levels(s) Europe Optional

Living Building Challenge International Required

London Plan 2018 UK Optional

LOTUS Vietnam No

Miljöbyggnad Sweden Required

NABERS Australia No

nZEB Ireland No

OMIR Kazakhstan No

Parksmart USA No

PAS 2050 UK Required

PAS 2080 UK Required

Passivhaus International No

PEARL Abu Dhabi No

Pearl Rating System for Estidama UAE No

PEER USA No

RIBA 2030 Challenge UK Required

SB Tool International Required

SEED Korea No

SITES USA No

Ska Rating UK No

TARSHEED Egypt No

The WELL Building Standard International No

VERDE USA No

Zero Carbon Certification International Required

Zero Waste International No

Name Country
Embodied
Carbon?

Active House Specification Europe Required

ARZ rating system Lebanon No

Assessment Standard China Optional

B.E.S.T - Residential Turkey No

BCA Green Mark Scheme (Singapore) Singapore Optional

BEAM Hong Kong Optional

BEAM Plus China Optional

BERDE Phillipines No

BREEAM International Optional

BREEAM UK UK Optional

BREEAM-DE Germany Optional

BREEAM-ES Spain Optional

BREEAM-LV Latvia Required

BREEAM-NL Netherlands Required

BREEAM-NOR Norway Optional

BREEAM-SE Sweden Optional

BREEAM-UK UK Optional

BREEAM-USA USA Optional

Casa Colombia No

CASBEE Japan No

CEEQUAL International Required

Citylab Sweden No

Code for Sustainable Homes UK No

DGBC Woonmerk Netherlands No

DGNB International International Required

DGNB System International Required

DGNB System Switzerland Required

Display Energy Certificates UK No

DREAM UK No

EDGE International Optional

EEWH Taiwan Optional

Energy Star USA No

ENVEST International No

FITWEL International No

GBC Brasil CASA Brazil No

GBC Condomini Brazil No

GBC Historic Building Italy No

GBC Home Italy No

GBC Quartieri Italy No

GBTool South Africa No

GCBSA Net Zero South Africa No

Green Building Guideline (PGBG) BD+C Pakistan No

Green Building Index Malaysia No

Green Building Product Singapore Optional

Green Globes USA Optional

Green Key Denmark No

Green Key Global International No
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2.5 - LEGISLATION

In 2017 RICS released practical guidance for calculating embodied and operational carbon 
over the lifecycle of a building in an eff ort to improve the reliability and comparability of data 
produced for BS EN 15978 (RICS, 2019). This guidance requires a whole life carbon assessment 
to be undertaken prior to starting technical design, providing a hierarchy of required information 
which covers the early design stages creating an opportunity for a robust carbon taxation 
framework across the UK. London Energy Assessment Guidance provides a brief overview and 
recommendations for carbon off setting, but passes responsibility to local councils (GLA, 2020). 

A carbon off set price for construction exists, in London, currently at £95 per tonne per year. 
In 2017 the GLA & Aecom recommended a tax banding system with the highest off set price 
being £191/tCO2  /yr (GLA, 2019a). To contextualise this value, the Shard produced an embodied 
carbon footprint of 1370 tonnes. At this price point, the off set price would be £15.7m over its 
expected 60-year lifespan. That equates to 3.6% of the £435m build cost. The GLA report goes 
on to state that any taxation “should not put an unreasonable burden on development and must 
enable schemes to remain viable.” This statement will be critically assessed within this research. 

WHEN IT COMES TO THE 
CLIMATE CRISIS, 

 HAS BEEN 
COMING FROM PEOPLE, 
NOT GOVERNMENT. 
THAT’S WHY [THE CEE] 
BILL PUTS POWER INTO 
THE

CEE Bill Event (9th November 2020)
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2.6 - CONSIDERED BARRIERS

2.61 - Awareness

Awareness of the environmental impacts of human activities has improved rapidly over recent 
years due, in part, to eff orts by high-level campaigners and their activities (Knight, 2016). 
This is evidenced by client pressure being a major worldwide cause of increased “green” building 
starts (Dodge Data & Analytics, 2018).

Nevertheless, the UKGBC considers awareness to still be a barrier to improvements within the 
industry. Within the design team, this can manifest as misunderstanding the impact or cost of 
decisions, especially regarding materiality, lacking access to relevant resources, and/or lacking 
the ability to communicate or persuade other design team members (Giesekam, Barrett and 
Taylor, 2016).

It is also a result of an overwhelming amount of literature, the majority of which consists of less 
accessible detailed literature (Sturgis, 2017). However, the UKGBC recognises both operational 
carbon and energy effi  ciency as “more well established concepts” which have “clear drivers and 
incentives for addressing them” (UKGBC, 2019). Recent focus on these concepts has left other 
issues such as Embodied Carbon & Life Cycle Assessments bereft of the needed attention 
(Pomponi and Moncaster, 2016). And without these assessments it is harder to understand 
whether or not we are making the correct decisions.

A 2020 report by Lendlease concludes that the most urgent barrier to tackle is the absence of 
consistent requests for suppliers to reduce embodied carbon (Lendlease, 2020) either through 
diversifying material provision or pushing for innovation in standards, such as the use of 
structural timber. It goes on to say that any request inspires education, innovation, and action. 
This sense of activism threads through several current movements including Architect’s Declare, 
ACAN and, in the wider context, Extinction Rebellion. This is seen within the WGBC’s ‘Calls to 
Action’, which demands that built environment professionals both communicate and advocate, 
among others, to convince governments and legislators of the urgent need and market demand 
for embodied carbon to be addressed (Dodge Data & Analytics, 2018).

2.62 - Measuring Embodied Carbon

A review of embodied carbon assessment practices indicates that whilst academic literature 
is limited, interviews with practitioners in the industry suggest that the current challenges for 
embodied carbon calculations fall into the following categories:

1. Lack of cross-industry EPD database
2. Geographic variation in data collection
3. Incomplete, unreliable, or inaccessible data sources

MOST PEOPLE DON’T 
UNDERSTAND THE 
MAGNITUDE AND 
RAPIDITY OF THE 
TRANSFORMATION 
THAT’S NECESSARY... 
THAT  BUILDING 
MUST BE ENERGY 
EFFICIENT, 
TRANSPORTATION 
SYSTEMS OVERHAULED, 
PRODUCTION,
CONSUMPTION, DIETS - 

Tweet (7th April 2021)
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4. Life Cycle Stage uncertainty
5. Data inclusion: Structure vs. All
6. Lack of benchmarks
7. Lack of consistency and/or transparency
8. Lack of knowledge dissemination

(De Wolf, Pomponi and Moncaster, 2017)

A number of these Challenges (4, 5 & 7) are addressed through the RICS guidance released in 
the same year, with (2) being covered if considering data collection within national boundaries. 
Challenges (6 & 7) begin to be addressed through the more successful frameworks which advocate 
for carbon ratings or comparisons over and above reporting (Bionova Ltd, 2018). Furthermore, a 
number of developing databases(Jones, 2013) and UKGCB’s roadmap to make EPDs mandatory 
by 2022 aids in overcoming Challenges (1 & 2) (One Click LCA, 2019). Challenge (8), as discussed 
in the previous section, becomes the most signifi cant and time-consuming hurdle to overcome.

Reducing emissions at one lifecycle stage does not guarantee a reduction in total emissions, 
instead they can shift to another stage (Pomponi and Moncaster, 2016). This can be appreciated in 
the earlier example with Passivhaus where improvements in fabric effi  ciency reduces emissions 
in use, but, potentially, increases the embodied carbon footprint. Informing design decisions at 
every stage with whole life assessments can limit this risk (Delimata and Heath-Matossian, 2019)
.Therefore, whilst predicting emissions at earlier design stages creates a larger margin for error 
,using a simplifi ed methodology for these calculations is benefi cial to encourage entry into this 
process (Anand and Amor, 2017). Furthermore, whilst these results may not be accurate “they 
can be very valuable from a comparative perspective” (Dodge Data & Analytics, 2018).

2.63 - Regulatory Frameworks

The current focus of regulations on operational energy and a lack of standardisation within 
LCA reporting restrict the consideration of embodied carbon as an eff ective performance 
indicator (Anand and Amor, 2017). In response, the RICS released guidance on the measuring 
of embodied and operating carbon to facilitate benchmarking for carbon performance within 
the built environment (RICS, 2019). This proposed both dynamic benchmarking, for assessments 
undertaken at earlier design stages, and static benchmarking for whole life carbon assessments 
completed on ‘as built’ projects. Benchmarking at every stage can help track project progression, 
reducing the over-reliance on unreliable early stage values and creating greater scope for 
emission reductions (Khasreen, Banfi ll and Menzies, 2009). Furthermore, establishing a strategy for 
cradle through to grave and deconstruction which becomes tied to the project when it achieves 
planning, can signifi cantly reduce a project’s footprint (Densley Tingley and Davison, 2012) and 
begin discussions around accountability in this regard (Anand and Amor, 2017).

BETWEEN NON-
TRANSPARENCY AND 
THE TECHNICAL TERMS, 
THERE ARE 

. THE MORE 
WE CAN ALL WORK 
TOGETHER TO BREAK 
THIS OPEN, MAKE IT 

, SHOW THE 
PROBLEMS, THE MORE 
WE ARE LIKELY TO 
GENERATE THE 
AND HELP PEOPLE TO 
WIN

ACAN Open Meeting (9th December 2020)
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No

Yes

IS YOUR COURSE PROPERLY 
PREPARING YOU FOR YOUR 

FUTURE WORK?

IS YOUR TUTOR RESPONDING 
APPROPRIATELY TO THE CLIMATE 

EMERGENCY?

WOULD YOU WANT TO BE 
TESTED ON YOUR ABILITY TO 

DESIGN CARBON-ZERO 
BUILDINGS?

2.7 - CONCLUSION

The purpose of this literature review was to view the position of embodied carbon within the 
construction industry’s priorities and to begin to highlight what is restricting progress on this 
topic. As both Giesekam et al. and Lendlease have noted, these barriers tend to fall into four 
categories (institutional, economic, technical and knowledge). However, similar to the meta-analysis 
by Pomponi et al. on mitigation strategies for addressing embodied carbon, these studies limit 
their focus to low carbon building materials and the policy surrounding them. Not to say these 
are not important, however, given what has been discussed, awareness and education within 
the industry appear to be as signifi cant a factor, yet an understanding of the causes, impacts and 
solutions within this area is lacking. 

Sturgis et al. begin to discuss the inaccessibility of the literature surrounding the topic, with 
reports and guidance often focusing on technical aspects or policy compliance. The format of 
LETI’s recent guidance, alongside continuing campaigns by ACAN for broader education within 
architecture schools, begins to address this (Fig.11). Nevertheless, the hurdles within the industry 
are greater than just the barriers highlighted above. Therefore, the research which follows takes 
a macroscopic view of the situation to understand how informed industry professionals are on 
this topic and what they consider to be the most pressing issues in regard to tackling embodied 
carbon. 

FIG.11  ACAN STUDENT SURVEY RESULTS (SOURCE: ACAN, 2021)
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FIG.12 FCBS JOIN THE CLIMATE STRIKE (SOURCE: AUTHOR)
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SURVEY ANALYSIS
3.1 - SURVEY METHODOLOGY

From the literature review and the three pilot studies conducted in preparation from this survey, 
it was evident that whilst individuals had a very detailed understanding of particular issues 
surrounding embodied carbon, the industry as a whole was, and still is, as the start of its journey 
to tackle this topic. Research and academia appear to lack the macroscopic view surrounding 
the hurdles to making progress in this fi eld. Therefore, this survey looked to engage a variety 
of respondents whose understanding ranged from fi rst principles to expert in order to form a 
holistic overview of the industry. 

This was an online survey. The 70 respondents were professional connections from a range 
of occupations who were mostly London based. The majority of responses came from either 
architects, students of architecture or architectural assistants as compared to engineers or 
developers (Fig.13). This suggests the responses to questions were skewed by a design-led 
perspective. Whilst the level of experience in the industry was evenly spread (Fig.14) the variation 
in company sizes was limited, with most respondents coming from practices with over 100 
employees (Fig.15) .This potentially limited the range of projects and project information we were 
able to assess to larger developments and suggests that we struggled to access respondents 
beyond Feilden Clegg Bradley Studios, which is a medium sized practice. 

The survey questions (Appendix 1) are in four sections:

1. Personal understanding of embodied carbon,
2. Company’s engagement with embodied carbon,
3. Engagement with embodied carbon in current projects,
4. Capital cost and industry awareness of embodied carbon.

The nature of the survey is qualitative, focusing on personal understanding and awareness of 
the issues discussed. It consists of 40 questions, 24 open ended, 16 closed, allowing for points of 
comparison, however the intention was to gain individual’s understanding and experience. Due 
to the range of questions both univariate and bivariate analysis of the responses was completed 
to gain both a comparative understanding of people’s experience with this topic and to begin to 
understand the relationship between infl uential factors. 

As noted in Fig.17, Social Barriers, as defi ned in Fig.16, frequently appeared as perceived 
barriers to reducing embodied carbon. These barriers are explored in this chapter under the 
topics of: (1) Engagement, (2) Education and (3) Societal Implications. Capital Cost, which was 
the most prevalent topic is explored under Section (4), followed by (5) Government Support. (1)
Engagement focuses on the willingness to instigate and maintain the conversations necessary 
when considering embodied carbon as a design parameter. It also discusses where the 
responsibility for doing so sits. (2) Education considers both the awareness and the technical 
understanding of the industry. (3) Societal Implications explores the perception of embodied 
carbon and the impact of (not) treating it as a design decision. (4) Capital Cost looks at the 
impact of the previous chapters on the perception and realities of the relationship between 
sustainability and budget and (5) Government Support examines the infl uence of external forces 
on a project’s footprint. 

FIG.13  WHAT IS YOUR JOB TITLE? 
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Th e m e To p i c Su b t o p i c

Gov er nment S u ppor t

Gu idanc e Clarity of guidance

Consistency of guidance

Ec o n o m i c Capital Cost New Building

P r og r amme

So c i a l E ng ag ement Design Team Engagement

Client Engagement

Responsibility

Point of Engagement

Awareness

Social Impact

Te c h n i c a l M ater ials

Over-design

Material Sourcing

Material Transport

T ec h nolog y

Awareness

I ndu str y Supply Chain

Bureaucracy

These topics overlap, however, it is the viewpoint of this researcher that applying time and eff ort 
into surmounting the fi rst two, Engagement and Education, begins to tackle issues within the 
last three. 

Any unattributed quotes in the following chapters can be attributed to survey respondents. 

3.2 - ENGAGEMENT

3.21 - Design Team Engagement

Fig.18 demonstrates that those more highly engaged with the need for sustainability agendas on 
projects are not necessarily those with greater experience, thus infl uence, in practice:

“I am unable to push much more without being overuled [sic] by senior staff  who believe targets 
are unreasonable” 

 - an architect with 10 to 15 years’ experience working in the industry. 

This is evidenced in ACAN’s advocacy for architectural education to position sustainability at the 
centre of the design process. The intention being that ‘sustainability’ is no longer a specialised 
architectural sector but inherent to every part of design. 

However, there is a time lag between improvements in education and the impact on the industry, 
and although the subject is hard to ignore, engagement with sustainability is still personalised and 
therefore voluntary. Unlike BIM, which has become a contractual obligation, ensuring employees 
are upskilled in this area, no such “mandatory lectures and testing” exist for sustainability. This 
results in certain individuals “banging on” about sustainability and shouldering the responsibility 
of “keeping people interested”.

3.22 - Client Engagement

As with any design discussion, the approach to a particular topic is key to how the client 
responds. This research has shown that cost is often synonymous with “client willingness” and 
demonstrating the fi nancial benefi ts of a design strategy improves client engagement: 

“We were able to have an open conversation with the client about the capability for the 
project to achieve net-zero carbon in use, and they have agreed to further this work, with the 
understanding that it may support potential additional funding streams.” 

This is evident in Feilden Clegg Bradley Studios current project work. By demonstrating that the 
fi nancial benefi ts from renewable energies would directly benefi t the resident, reducing fuel 
poverty in the borough, the client became further engaged in other strategies. 

FIG.16  THEMATIC DIVISION OF TOPICS IN SURVEY 
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FIG.17  WHAT DO YOU CONSIDER TO BE A BARRIER TO REDUCING EMBODIED CARBON?
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This approach, however, “threatens to create a divided society of those who can aff ord to engage 
and those who cannot” which raises two questions: 

(1) Does moving towards Net Zero make projects unviable
(2) Is that a necessary evil? 

The fi rst will be explored within (4.0) Further Research. 

3.23 - Clarity of Responsibility

The UKGBC states that to project completion, the cost consultant should be “responsible for 
embodied carbon” which is inferred as “responsible for measuring embodied carbon” (UKGBC,
2019). The sentiment is echoed in Fig.19 with the majority suggesting responsibility should be with 
a specialist consultant. In contrast, it is suggested that responsibility for minimising embodied 
carbon (Fig.20) should be held by the architect, then shared between the engineer and the client.

This latter statement is problematic. Working to improve the sustainability of a built environment 
project is perceived to increase capital costs (William Dobson et al., 2013, Fig.21). Therefore, for 
most projects, sustainability is subservient to the budget and consequently to the cost consultant 
and client. Whilst the architect is in the best position to improve the footprint of a project, it is 
dependent on the client’s priorities and any assignment of responsibility should represent this:

“The solution to this should be one that is met in the middle between architect and client with 
mutual aims shared are agreed upon”. 

However, if an environmental agenda exists, it is often championed by the architect, who then 
fi nds that resources are split between fi tting this agenda into an existing client brief and budget 
and persuading the client of the importance of this agenda (Cheng, 2020). Therefore, currently, 
the architect holds responsibility both for minimising emissions and engaging the client.

y e a r s  i n  i n d u s t r y  v s  u n d e r s t a n d i n g  o f  t o p i c  

Economic

Social

Technical

How many years have you worked in architecture / construction?

H
ow

 c
on

�d
en

t a
re

 y
ou

 w
ith

 d
is

cu
ss

in
g 

is
su

es
 a

ro
un

d 
em

bo
di

ed
 c

ar
bo

n?

Less than a year 1 to 2 years 2 to 5 years 5 to 10 years 10 to 20 years 20 years+

Ve
ry

 c
on

�d
en

t
N

ot
 a

t a
ll 

co
n�

de
nt

FIG.18  YEARS WORKING IN INDUSTRY VS. UNDERSTANDING OF TOPIC
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FIG.19  WHO SHOULD BE RESPONSIBLE FOR 

MEASURING EMBODIED CARBON

FIG.20  WHO SHOULD BE RESPONSIBLE FOR 

MINIMISING EMBODIED CARBON
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FIG.21  WHAT IMPACT DOES WORKING TO REDUCE EMBODIED 

CARBON HAVE ON THE CAPITAL COST OF THE PROJECT
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3.3 - EDUCATION

3.31 - Design Team Education

Since there are countless methods of reducing embodied carbon, the topic of education and 
how to educate those evolving the design is broad. In part, the education of those involved is 
directly tied to improving awareness of possible solutions to this issue by giving the industry a 
better understanding of what the issue is. 

Responses called for a general “upskilling” of the industry through the “reporting of case studies 
with openness of costs” with “practical examples of application and the long-term benefi ts”. 
Whilst “tomorrow’s leader will hopefully have this already in their DNA”, it is important that “all 
Partners [...] learn the importance of what we are trying to achieve” for, as discussed, the lag 
between education and action is too great a delay for it to be solely relied upon.  

Fig.22 indicates that the Climate Emergency Design Guide by LETI appears to be a more 
accessible document, or at least better publicised. Although this research does not look to 
critique the literature listed here, LETI’s document provides clear and concise recommendations 
which echoes a request for “clear methodologies and alignment in tools and calculations” which 
further facilitate discussions between architects and clients. 

3.32 - Client Education

This is entangled with the subject of Client Engagement. However, it is evident in both the 
literature review and the survey feedback that, with the current lack of government-led 
initiatives, the burden of persuading the client to engage remains on the design team. Part of this 
responsibility involves providing evidence which “dispel[s] the attitude that low carbon design is 
more expensive”. Further work to provide “openness of cost” in case studies and “educat[ion…] 
about alternatives” would provide clients with an opportunity to make more informed decisions. 
This is discussed further in (4.3). 

Energy Roadmap 2050
from European Commission

Net Zero
from Committee on Climate Change

The UK Low Carbon Transition
from HM Government

2030 Climate Challenge
from Royal Institute of British Architects

Sustainable Outcomes Guide
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3.33 - Awareness

A lack of awareness across the industry as to the immediacy of the environmental issues that we 
are facing allows continuing delays in overcoming the barriers discussed (Brulle and Norgaard, 
2019). As mentioned in (2.61), over the past two and a half years general societal awareness of 
the environmental issues we are currently facing has improved. However, this energy has been 
directed at our government and, whilst activist groups such as Architect’s Declare and ACAN 
are attempting to lead our industry, a gap remains in our awareness of our role in creating a 
cleaner profession (Fig.23). It is often unclear how changes in daily project work contributes to 
this paradigm shift and an inability to see or understand the impact of one’s work can frustrate 
and reduce future engagement: 

“I consider it is a lot of work and I wonder on especially small projects if this [work] makes a 
diff erence”

The diffi  culty is that, like most activism, it is near impossible to measure the success of any 
attempted eff orts, which then questions whether such eff orts should be attempted in the 
future. Nevertheless, when asked what their companies internal sustainability mechanisms 
did well, “raising awareness” was a popular response, with one suggesting it helped “maintain 
the presence of the subject as a core part of design and delivery”. The European Commission 
equates raising awareness with “preparing the ground for adaptation” (EC, 2013) and as such, is 
vital in ensuring that the work which follows is impactful. 

WE URGENTLY NEED 
AN OPEN-SOURCE 
PLATFORM ENABLING 
CROSS-POLLINATION 
OF KNOWLEDGE AND 
UPSKILLING BETWEEN 
EDUCATION AND 
PRACTICE.
IT IS TIME TO PUT 
COLLECTIVE GOOD 
BEFORE PROFIT AND 
SHARE EXPERTISE.

ACAN Interview (10th May 2020)
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3.4 - SOCIAL PERCEPTION

Society’s perception of methods of reducing embodied carbon can act as both a barrier and an 
asset in overcoming said barrier. Here are three examples:

3.41 - Alternative Materials

The fi rst concerns the proposed banning of the use of timber within the structure of buildings. 
According to the TTF and ACAN, this fails to “recognise the distinct diff erences between external 
cladding material and external structural material” (ACAN, 2020) suggesting the ban should only 
apply to external cladding. This has “severely aff ected” the timber industry (Murrays, 2020) and 
the specifi cation of timber as a structural material due to the perceived risk of achieving planning. 
This criticism is echoed in Fig.17 with the theme of Material Alternatives recurring through 
responses. Indeed, for some respondents, ‘reducing embodied carbon’ was synonymous with 
‘using timber’ and so these misplaced concerns were considered a direct delay in reducing the 
footprint of the industry. For example, when asked what they considered to be a barrier:

“Clients and their insurers embracing timber in their buildings”
 ...

“Cost and building regulations challenges around use of timber for higher rise buildings”

This is further dependent on the awareness and education of society as a whole (Brulle and 
Norgaard, 2019). However, it is also demonstrative of how misinformation is slowing the tackling 
of the climate catastrophe generally.

3.42 - Alternative Solutions

It should be noted that the current approach to the UK’s housing crisis is itself a barrier to 
embodied carbon reduction. The necessity to build more homes, especially under Boris 
Johnson’s mantra of ‘Build Build Build’, (HM Government, 2020) rather than consider alternative 
demand and supply-side solutions, means that despite our best eff orts, the industry’s footprint 
will continue to grow. As stated by one respondent “embodied carbon eventually gets down to 
having less of things”. Three respondents questioned the “need to build a new building”. This 
thinking, whilst subversive within the industry, allows for the greater reduction in emissions. And 
there is a move, highlighted in the AJ’s RetroFirst campaign, and Lacaton & Vassal’s 2021 Pritzker 
prize win, which prefers the reuse of existing buildings over demolition and replacement. As 
shown in (4.2) this results in a signifi cant carbon reduction.

THINK OF 
CONSTRUCTION
AS A FORM OF 

WHERE WE MINE 
THE
REUSING THE THINGS 
THAT WE AS HUMANS 
HAVE ALREADY 
PRODUCED

ACAN Talk (25th January 2021)
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3.43 - Project Priorities

As the public becomes climate aware, there is growing evidence of additional benefi ts of a 
‘sustainable’ approach to design. The industry and public are both more aware and more vocal 
about the impact of inappropriate developments, and as such there is little scope for clients to 
avoid these conversations. 

Whilst sustainability was not the priority for projects, it was a common secondary concern, and 
closely associated with both the quality of space, capital cost, and social impact (Fig.24, Fig.25, 
Fig.26). It is also clear from other responses in this survey that sustainability is a far-reaching term 
which includes social aspects such as  “occupant wellbeing” and “sense of community”, and that 
these priorities  are considered as, if not more, important to designers than their environmental 
counterparts. Indeed, the domestic building rating systems analysed in Fig.27 account for these 
social aspects with the Home Quality Mark, the only one of the two which is UK based, awarding 
points for user satisfaction with both the end product and the design process. 

Outside the profession, there is a variety of research confl ating social justice, social welfare and 
climate activism. Harnessing the link between these topics within our industry can create better 
places for us, and the environment. 
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3.5 - CAPITAL COST

Capital cost was a prevalent concern throughout the survey (Fig.17). These concerns fall into 
three categories: ‘Social’, where comments centred on the understanding of embodied carbon’s 
relationship with cost; ‘Technical’, which focused on the impact of sustainable alternatives on a 
project’s budget; and ‘Political’, which examines funding, and conformity with building regulations  
(Fig.28). The fi rst two are covered in the following chapter, the third is covered in (3.6).

3.51 - Awareness & Education

53% of respondents consider a reduction in embodied carbon to equate to an increase in capital 
cost (Fig.21). When asked about project specifi c barriers to reducing embodied carbon, 27% of 
all responses were concerned with cost (Fig.30) as compared to 15% in Fig.29. One respondent 
states that their team is not addressing the embodied carbon footprint of the project since 
“cost is one of the main priorities within the project”. For a signifi cant number of those surveyed, 
“aff ordable” and “sustainable” are mutually exclusive descriptors for projects. However, 
according to a range of studies and precedents, this is untrue (Kynclova, Fiala and Hajek, 2011; 
Pollard Thomas Edwards, 2019). It is instead indicative of a lack of case studies, and a confusion 
between solutions to reduce operating carbon and to reduce embodied carbon. Passivhaus is 
a common, yet still underused, solution to the former, which currently has a demonstrative cost 
uplift of around 3-5% against typical construction. It is unlikely designers will tackle embodied 
carbon without considering operating carbon so the budget impact of both needs to be taken 
into account. Nevertheless, this example demonstrates an industry-wide lack of subject-specifi c 
awareness and understanding.

Furthermore, Fig.31 suggests, with limited data, that those with a better understanding of 
embodied carbon consider working to reduce embodied carbon tends to reduce or have 
no impact on budget. However, it is also clear that eff orts must begin at the project’s outset, 
otherwise the decisions become restricted to materials (rather than form, orientation, size etc.) as 
noted in these comments:

“Very limited material palette limited by budget constraints”
 ...

“Due to cost, a steel frame has to be specifi ed”

Other, non-traditional material solutions exist for almost every situation. However, it currently 
requires time and testing to prove that these solutions work. As more case studies emerge of 
exemplar approaches to low carbon construction, the mindset will begin to shift, or at least open 
to the possibility of better solutions. 

3.52 - Locating Cost

Fig.32 and Fig.33 examine the causes of the impact on cost by asking respondents to locate at 
which stage of the project the perceived impact will be recorded. Two peaks appear in both fi gures 
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- at the Concept and Technical Design phases in Fig.32 and at the Product and Construction 
Methods stages on Fig.33. Together with additional survey responses, it appears the greatest 
concern regarding cost was the impact of using alternatives to traditional construction methods 
and materials. 

However, as an example of a rebuttal, the material cost savings produced when using Cross 
Laminated Timber “may be as much as 15% compared to concrete, steel, and masonry for 
mid-rise residential buildings” (Hanes, 2019). Furthermore, this does not include potential 
savings due to reductions in program and labour force, although that labour force may require 
additional training. And it does not account for additional time required for coordination and 
the training required at the early project stages, which could produce the cost impact shown 
in Fig.32. Therefore, improved education and collaboration between professionals would 
create opportunities across the industry, a handful of which could be both fi nancially and 
environmentally benefi cial. This is further explored in (4.3).

3.53 - Observations

To conclude this chapter, here are three observations about the relationship between capital 
cost and embodied carbon. 

Firstly, strategies intended to reduce the embodied carbon of a project do not automatically 
impact on the budget. The breadth of the issue of embodied carbon means that there are 
routes to reduce it at every stage of the project with evidence suggesting that earlier design 
team and client engagement signifi cantly reduces the risk of increased capital cost (Dodge Data 
& Analytics, 2018; Melton, 2018).

Secondly, the responses often miss the distinction between operating and embodied carbon, 
which leads to confusion when comparing strategies to reduce them. Reducing operating carbon 
involves improvements in the effi  ciency of the external envelope, which inevitably leads to a cost 
uplift when specifying higher quality products. Strategies to reduce embodied carbon are not 
so clear cut and therefore their impact is blurred. However, it is rare that the design team will 
consider embodied carbon without tackling operating carbon, so it is diffi  cult to disassociate the 
two. 

Thirdly, considering the above, the perception is that reducing embodied carbon increases 
capital cost and, that perception can itself be considered a barrier that is both faced and formed 
by the design teams attempting to tackle this issue. 
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3.6 - GOVERNMENT SUPPORT

When asked what would help improve awareness and understanding in the industry, after 
improvements in design team education and engagement, responses focused on government 
intervention (Fig.34). These fell into three categories. Firstly, those which focused on the ban 
on combustible materials, discussed previously in (3.41), secondly, those which questioned the 
clarity and consistency of industry guidance (3.61) and thirdly, those which focused on taxation 
(3.62). 

3.61 - Clarity & Consistency of Guidance

On average, respondents considered their companies to be faring well in attempts at reducing 
the embodied carbon of its projects (Fig.36). When asked to consider how these attempts could 
be improved, the main concerns centred on the information coming in from outside the practice 
(Fig.35). It is understood from these responses that improvements in the consistency of guidance 
and software would allow practices “to gain a better understanding of good, bad and excellent 
practice.” 

To explain further, embodied carbon calculations need “a recognised standard that may give 
more weight to fi ndings”. By improving access to assessments of other projects, as RICS is 
doing through their database, clients can better understand the performance of built projects. 
This establishes benchmarking capabilities, which exist but are not nationally recognised. As 
a respondent remarks, “Setting of standard and enforcement should be through building 
regulations/control not planning conditions”. This ties the viability of a project to regulation of 
its footprint, like that of Part K. Currently, Part L does a poor job of regulating emissions, with 
most of the industry progress a result of improvements in the power grid, rather than building 
performance. 

The clarity of guidance is a fundamental factor in how well it is engaged with. It is noted that 
current processes are “time-intensive” in order “to collate and assess data” and that there are 
“too many diff erent methods” which require diff ering levels of detail. This reduces the possibility 
of clear comparisons across the industry, creating a situation where companies can internally 
review project performance, but are unable to conduct cross-industry examinations. 

Of course, there can be clarity without consistency and vice versa. A suggestion of “Client & 
Authority design guides” would help to create clarity for project teams, however, it is unlikely 
to improve national consistency and transparency. Nonetheless any progression beyond the 
baseline that is Part L is a step in the right direction. 

Another suggestion for improving government interventions is to “simplify the message for easy 
absorption” which is useful, up to a point, as discussed in (3.31). However, this is a complex issue 
and, as noted in the literature review, there is a balance between improving engagement through 
simplifi cation of the methodology and increasing the margin for error in the subsequent results. 
Nevertheless, referring to Fig.35 increasing engagement sits right beneath improvements in 
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legislation. It would, therefore, make sense to develop a simple and consistent industry-wide 
methodology that is slowly tightened, and its accuracy improved as engagement improves. 

3.62 - Government Intervention

60% of survey respondents stated that the project they were currently working on did not have 
a particular embodied carbon target and a further 20% were unaware of a particular target. Of 
the remaining 20% that were, three aimed for Carbon Zero, one for RIBA 2030 challenge, one 
for Sheffi  eld 2030 challenge and one for Part L+. Of these six responses, only one knew of any 
consequence of not meeting these targets. As mentioned by one respondent; 

“The value of carbon is only really emerging now. It’s importance as a value needs to be 
escalated. This requires taxation and policy to be implemented to incentivise better awareness 
and engagement.”

Consistent carbon taxation would feed into a nation-wide approach to tackling emissions across 
the industry (Giles and Hook, 2020) and, by escalating its value, the carbon footprint of design 
proposals becomes positively tied to its capital cost, encouraging clients to engage in the relevant 
discussions.

There are further fi nancial incentives outside of taxations which can be utilised to produce 
indirect reductions in carbon emissions. These include “grant aid / tax relief, planning support for 
re-use” which would then also see improvements in “data on existing buildings to better inform 
the value and potential burden of their re-use”, giving the industry a better understanding of 
how we begin to reduce the footprint of the 85% of buildings that by 2050 have already been 
built today. There are also funding routes emerging which have strict ESG criteria, providing 
another incentive for design teams to both prove they can meet stricter targets, and to actually 
meet them.

3.63 - Clarity of Programme

It is clear from the literature review and survey respondents that recognising the signifi cance of, 
and engaging with, embodied carbon earlier on in the design process creates the opportunity 
for greater impact. However, due to a lack of guidance it is unclear, not only when key targets 
need to be met, but which design team member is responsible for meeting them. It is noted that 
“it is easy to forget or disregard things that aren’t immediately relevant”, especially over “long 
timescales”, and missing initial targets and key design decisions at a project’s outset can make 
reaching a net-zero target almost impossible (Braidwood and Hurst, 2016). Furthermore, earlier 
discussions are not necessarily productive and without clear guidance on the targets and level 
of detail expected at each stage of the project, it is easy to later become overwhelmed with the 
magnitude of the task. 

Very wellNot at all well

               
             

FIG.36  HOW WELL DO YOU THINK YOUR COMPANY IS DOING IN 

REDUCING THE EMBODIED CARBON OF IT’S PROJECT?
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3.64 - Observations

This chapter explored a further three barriers to reducing embodied carbon within the 
construction industry. However, these challenges are not distinct from those mentioned 
previously and demonstrate that, for eff ective improvement of the industry, engagement is 
needed from a wider network of actors, beyond the design team.

The fi rst observation is that unclear and inconsistent guidance has led to practices developing 
distinct methodologies for calculating embodied (and operating) carbon, which has led to 
inconsistent metrics dissuading engagement from other professionals.

The second is that inconsistent and low taxation provides little incentive for clients to demand 
sustainability. Greater regulation in this area could disincentivise clients, provoking the question 
of whether poorly performing housing is better than no housing at all. This highlights, again, the 
need for solutions to the housing crisis which do not rely on increasing supply 

The third observation is the potential for a structural shift away from new build to retrofi t and 
reuse. Whilst the ‘RetroFirst’ campaign begins to address this, it is grassroots led. Greater 
governmental support and initiatives would garner greater investment from clients and move 
the industry in a positive direction. 

ONE REASON 
CONSTRUCTION
CONSUMES SO MUCH IS 
BECAUSE IT IS BASED ON 
A

 WHICH OFTEN 
INVOLVES TEARING 
DOWN EXISTING 
STRUCTURES AND 
BUILDINGS, DISPOSING 
OF THE RESULTING 
MATERIAL IN A 
HAPHAZARD FASHION, 
AND REBUILDING FROM 
SCRATCH.

Introducing RetroFirst, AJ Article  (12th September 2019)
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3.7 - CONCLUSION

To conclude this chapter, it is clear there are several factors which are impacting how eff ectively 
embodied carbon is being tackled as an issue within the construction industry. What is also 
clear from the analysis of responses is that two issues - (4) Capital Cost and (5) Government 
Support - appear to have the greatest infl uence over how this issue is perceived. It is therefore 
understood that by improving governmental intervention within the issue and tackling both the 
perception and realities of capital cost, greater progress can be made in improving the whole 
life sustainability of our built environment. However, as evidenced over the past few years, these 
changes require pressure from individuals and groups and rarely seem to come from a top-
down approach (Flores and Samuel, 2019) .

Therefore, at the same time, we should be (1) improving engagement, education, and social 
perception, which requires work at all levels of the profession and (2) insisting on similar eff orts 
from those we collaborate with. This involves leadership from within architectural practices to 
ensure that all industry professionals working under them are educated, even at a fundamental 
level, on these topics, and, perhaps more importantly, understand their role and responsibility in 
the wider design team. Furthermore, it involves that at least one team member of each project 
is advocating for and fi nding opportunities to develop low - embodied – carbon alternatives to 
proposals. This is not, necessarily, a senior team member, and therefore requires that the team 
structure becomes fl atter, and the voices of junior, typically more enthusiastic members are 
heard (Kaminski, 2019).

ARCHITECTURAL
EDUCATION OF 
SUSTAINABLE DESIGN
NEEDS TO BE 

LIKE THE 
WARP AND WEFT OF 
FABRIC WHERE DESIGN 
IS THE WARP AND THE 

BECOMES
THE WEFT, WOVEN 
INTO, AND INTEGRAL 
TO EVERY OTHER 
EDUCATIONAL ACTIVITY

ACAN Interview (12th July 2020
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FURTHER RESEARCH
4.1 - OVERVIEW

This research paper forms part of a broader design investigation into how the development 
of an affordable, adaptable, low carbon densification of existing housing stock can help both 
tackle the UK’s housing crisis and reduce the footprint of our housing proposals. The project 
establishes a broad manifesto, whilst developing technical detail through examining a case 
study at one location.  

The case study is situated to the west of St Pancras Station on the boundary of Cooper Lane Estate 
(Fig.37). Within the LSOA that encompasses Somers Town, the area is one of the top ten most 
deprived neighbourhoods within London. The occupants of this neighbourhood feel isolated 
from the two decades of regeneration that have occurred within the King’s Cross masterplan 
(Gulliver, 2021) and have themselves benefited little from the development parameters. This 
project aims to bring a neglected set of Grade II listed arches, back into public use by proposing 
a sensitive two storey addition which introduces 27 new homes, a community hub, and an 
abundance of local business space into the vicinity of this strong existing community. 

This chapter uses the case study of St Pancras Arches to examine, in detail, several of the issues 
highlighted in the (2.0) Literature Review and (3.0) Survey Response in order to understand the 
opportunities that could be presented by a novel approach to housing. These are the advantages 
of modern methods of construction (4.2), the cost of material alternatives (4.3), funding 
opportunities for sustainable developments (4.4), and the benefits of a RetroFirst approach (4.5). 
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FIG.38 PROPOSED ELEVATIONS (SEE DESIGN PORTFOLIO FOR THE FULL SET)
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4.2 - CONSTRUCTION PROCESSES

Attempting to reduce the embodied carbon of a design project goes beyond materiality. Early 
engagement of the design team and client in processes such as DfMA allows for proposals to 
be tailored for that process, increasing the subsequent benefi ts of that methodology. The same 
is said of the early development of a sustainability brief. Considering St Pancras Arches, the 
intention is to generate an aff ordable, adaptable, and low carbon proposal. These parameters 
led to the choice to develop a fl exible modular housing design (Fig.38). The layout plans 
developed from a wide range of connecting modules and then into a limited range of oversized  
homes where fl exibility is created through a variety of internal layouts (Appendix 2) Although the 
design development was not always driven by environmental concerns, defi ning the low carbon 
aspirations at the beginning of the process ensures that the proposal aligns with principles set 
out by Tan et al (2020). The residential proposals for St Pancras Arches can be broken down into 
a library of parts, with several options created for the development strategy of homes. 

The time saved in the construction through the use of CLT and DfMA - up to 90% according 
to Enzer (2015) - balances the additional time required for both user consultation and design 
coordination within earlier design stages. These two processes need to happen simultaneously, 
as represented in Fig.39 and Fig.40, as the latter sets up the parameters in which fl exibility is 
created, allowing the former to inform the design of eff ective homes. The internal development 
shown in Appendix 2 resulted from stakeholder engagement and a desire for greater variety 
in fl at sizes. At this stage, the module size had been defi ned through detailed design work and 
alignment with the existing fabric. The layouts are constrained to multiples of this module, as a 
system is established.  

There are several cases where these work processes, which reduce the footprint of a project, 
also increase the social value of it. In moving past Stage A1 of the Life Cycle Assessment to 
explore Stages A2 - A5, the opportunities to develop social value become more apparent. As 
part of the initial site investigation for the project, an area of Camley Street was highlighted as 
a potential development location, but later disregarded following a detailed investigation of the 
existing fabric.  Two years later, Camden Council identifi ed this site for a housing competition, 
which FCBS subsequently won. As the site contains large, unoccupied, industrial sheds, it is 
proposed that a fl ying factory, as based on Skanska’s research, occupies the site for the duration 
of construction and is used to assemble particular components  for the St Pancras Arches project 
(Skanska, 2017). This initiative, in collaboration with the Construction Skills Centre - already 
established in King’s Cross - proposes that 50% of its workforce be apprentices from the local 
area. Therefore, through processes which shorten construction time and transport distance, 
reducing the project’s footprint, we create societal benefi ts beyond the proposal. 
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management

RETAIN THESE RELATIONSHIPS

·  Successful projects and PR involvement

·  Ongoing site monitoring and feedback

·  Improved knowledge and confidence

TWO STAGE DESIGN &  BUILD PROCUREMENT

NEC Option C: Target Contract with activity 
schedule

·  Promotes cost certainty and a faster delivery 
of the project. 

·  A two stage tender enables the contractor to 
enter the design process at an earlier stage 
which is vital for a DfMA approach to 
construction. 

·  An Option C ECC contract is a cost plus 
contract which enables the contractor and 
the consultant team to share in the bene ts 
of the cost savings (and the burden of cost 
overruns) which promotes accurate costings 
based on the activity schedule. 

·  However, there is a need to retain more 
design control on more complicated sites, 
such as St Pancras Arches, where the 
additional elements of heritage consultation 
will require time and resources to resolve. 

·  The architect’s relationship with Camden 
council prior to Stage 0 (regarding Site 
Finding) will require a contractural 
arrangement outside of the standard forms 
of contract

LO6

SECOND STAGE
NEGOTATION

utilise vesting 
certi cates to 

guarantee construction 
programs

(assuming the client 
agrees with the risk)

SERVICES

SITE FINDING
USER CONSULTATION

HOUSING DESIGN 
(advocating for DFMA & 

disassembly)

CLIENTS

COUNCILS & HOUSING ASSOC.
DEVELOPERS

COMMUNITIES
LOCAL BUSINESS

PROFILE

ASSETS & TECH.

nurturing of assets 
improves e�ciency of 

early stage work 
processes 

(site analysis etc.)

SITE ANALYSIS & DATA MODEL
KNOWLEDGE BASE

CLIENT RELATIONSHIPS

LO1

WORK FORCE

development of a 
digital twin and BIM 

portal to develop 
internal value for team 

members

multidisciplinary and 
collaborative workforce 

enable rigorous and 
well rounded work 

processes

continued professional 
development and 

engagement training 
strengthen intangible 

assets 

VALUE PROPOSITION

employee-owned 
practice encourages 

work force to be 
invested in company 

ethics and goals

VALUE PROPOSITION
LO4 LO4 LO4

PROFILE
LO6 LO7 LO11 LO6 LO7 LO10

SERVICES

RELATIONSHIPS

PROCUREMENT
CONTRACTS
INSURANCE

RISKS & BENEFITS

WORK PROCESS

engage BOPAS to 
reduce percieved risk  

of MMC and non 
traditional practices to 

clients and investors

engagement of all 
clients in the 

development of brief 
and design which helps 
to reduce planning risk 

and timescale

AFFORDABLE
developing standardise 
yet adaptable designs 
using o�site mmc to 

produce homes which 
remain genuinely 

a�ordable across their 
lifetimes

ADAPTABLE
developing standardised 

designs which create 
opportunities for both a 

range of family and living 
typologies and for change 

over it’s lifetime. 

CARBON 
NEGATIVE

striving to develop 
designs whose sequested 

carbon will negate the 
operating emissions of the 
homes over their intended 

lifetimes. 

DFMA and a 
disassembly approach 

to construction 
signi cantly reduce 

time on site therefore 
reducing costs

greater resources and 
external collaboration 
are required at earlier 
RIBA stages - for site 

 nding and dfma 
coordination

external cost and 
carbon consultant 

engaged from project 
commencement to 

embed principles into 
design

use a design and build 
procurement route.

NEC3 ECC Option C. 
This shares the risk of 

overspend between the 
contractor and the 

client. 

client expectation 
managed through 

meeting the funding 
goals established in the 

brief and funding 
schedule

open source sharing of 
research / analysis / 

POE to encourage new 
clients and develop 

collaborations

professional liability & 
indemnity insurance 

covers risk when 
exploring services 

outside the traditional 
remit of  the 

architect. 

work force own shares 
in the company 

therefore the bene ts 
of wealth creation 

accrue directly
 to them

ensuring that part of 
the brief includes 
creation of local 

employment be that in 
construction 

apprenticeships or 
elsewhere

develop a 
communicable online 

presence which actively 
works to engage new 
clients & communities 
through top-down and 

bo¢om-up 
approaches

stricter future carbon 
taxation if goals are not 

met - can be used to 
develop incentives 

through NEC3 
contracts.

LO9

LO6
LO11

LO10

LO11

LO9

LO11

LO11
LO6

LO11
LO6

LO7

LO5

LO10

LO11

LO4 LO11LO10 LO8

LO10
LO5

LO8LO11

LO11 LO5

LO11
LO10

LO10 LO11

LO10 LO11

LO10 LO7

LO6 LO11

LO6
LO8 LO11

PRIMARY SERVICE
HOUSING DESIGN

SECONDARY SERVICE
SITE FINDING

TERTIARY SERVICE
USER CONSULTATION

0 STRATEGIC DEFINITION

1 PREPARATION & 
BRIEFING

2 CONCEPT DESIGN

3 SPATIAL 
COORDINATION

4 TECHNICAL DESIGN

5 MANUFACTURING AND 
CONSTRUCTION

6 HANDOVER

7 USE

8 END OF LIFE

QUATERNARY SERVICE
RESEARCH

(PRE) STAGE 0

STAGES 1 - 3

STAGES 4 - 5

STAGES 6 - 7

N/A

Fixed fee

% of 
construction 

cost

Time charge

% of project 
value

Fixed fee

N/A

N/A

Fixed Fee

Fixed fee

Fixed Fee

Fixed Fee

None

None

None

None

options & 
opportunities

report

feasibility & costings 
appraisal

site analysis

user, community, 
material and 
construction 

considerations

opportunities for 
®ying factory 

locations

user and community 
feedback

site rehabilitation 
strategy

engagement with 
camden council

brief development

public consultation

site analysis

concept design

documents for  rst 
stage tender

develop design for 
manufacturing & 

assembly

documents for second 
stage tender

consultancy on onsite 
assembly

handover 
documentation

in-use guidance

maintenance & 
resale strategy

disassembly & reuse 
strategy

engagement with new 
residents & 

communities

engagement with 
local businesses

handover process with 
residents

user and community 
feedback

user and community 
strategy

material & 
sustainability research

partner engagement

feasibility & costings 
appraisal

post-occupancy 
evaluation

material reuse & 
recycle 

methodologies
PROPORTION OF 

SERVICES
DEDICATION OF 

RESOURCES
SERVICE 

REVENUE

PROPORTION OF SERVICES OVER TIME

non - speci c 
project work 
which enables 
other services

Y
EA

R 
1

Y
EA

R 
5

Y
EA

R 
10

planning 
performance 
agreement 

signed

consultations
undertaken

pre
application

engagement
undertaken

planning
application 
submi¢ed

tender
documents
submi¢ed

construction 
documents

ongoing

�rst stage
 tender

second stage
 tender

S4SH
novated

S4SH
appointed

user 
consultation

& POE 

consultation
arm appointed

seperately

maintenance
strategy
drawn up

end of life 
strategy and 
lessons learnt 

open source
independent

research

site proposal
submi¢ed

service fee paid
non-contractual

typical work �ow of 
services and 

contractural shi�s

risk avoidance 
built in to work 
processes

PROFILE

SERVICES

ASSETS

WORK PROCESSES

WORK FORCE

CLIENTS

RELATIONSHIPS

RISKS

Percieved risk of cost,  re and 
aesthetics within modular timber 
construction
Increased risk for  rst project 
based on uptake from Camden 
council
Partially reliant on Site Finding 
algorithms which represents 
spending resources at risk
Site Finding is a period of unpaid 
work which occurs at risk.

Reliant on a varied skill set from 
the outset

Initial projects are reliant on 
involvement & ®exibility of 
Camden Council
Additional insurance required to 
reduce risk during the design and 
delivery processes

BENEFITS

A strong identity with a clear 
strategy and approach

Variety of services maximise 
opportunities within traditional 
processes
BIM and data assets streamline 
work processes and allow for data 
feedback and learning
Active work ge¢ing through Site 
Finding develops new 
opportunities and relationships
Diverse skill set and background 
develops novel approaches

Trust of Camden Council can be 
carefully managed to procure new 
projects and tailor services
Emphasis on quality & longevity of 
relationships beyond the 
traditional design processes

COSTS REVENUE PROFIT

SHARES

?

OFFICE
Rent
Business Rates
Electricity
Gas
Water Rates
Maintenance 
Security

IT
Equipment
So¯ware & So¯ware 
Licenses
Internet & Email 
Accounts
Skype / Teams 
Subscriptions
Cloud Storage

INSURANCE
Integrated project insurance
General (o�ce / third party)

SALARIES
Architectural
Researchers
Programmers
HR & Admin
Financial

MISCELLANEOUS
Advertising
Travel
Training
Pensions
Taxes
Warranties

Revise due to COVID19 & WFH?

HOURLY FEES
Housing Design

DATABASE 
SUBSCRIPTIONS
Site Finding

FIXED FEE
User Consultation

GRANTS & FUNDING
Research

REINVEST

BOPAS & RISK MANAGEMENT

The Buildo�site Property Assurance 
Scheme is an evaluation of the risk 
posed by homes built from 
non-traditional methods and materials 
to assure funders, lenders and 
purchasers that developments will 
achieve a lifetime of at least 60 years. 

The accreditation helps to reduce life 
cycle costs and o�ers latent defect 
insurance if there should be any 
structural defects within the 10-12 year 
warranty. 

CROSS LAMINATED TIMBER 

Although the proposed project at St 
Pancras Arches sits below 18m in 
height, thus avoiding potential future 
height restrictions on timber buildings 
within the UK., future projects may not 
be. The greatest risk of  re within CLT 
buildings occur within the construction 
phase where  re spreads far easier. This 
is re®ected with  higher premiums 
within a contractors risk insurance, and 
is an issue that should be raised within 
any tender.  

PREFABRICATION

Specifying the use of vesting 
certi cates by the o�site 
manufacturers when forming a 
contractural relationship with them will 
mitigate any potential risk faced by the 
client and contractor in the event of 
insolvency. These certi cates ensure 
ownership of the prefabricated 
components occurs upon payment. 
Typical clauses are included within the 
NEC family of contracts (as well as 
other types)

Due to the above, the contractor will 
need to take on product liability 
insurance which protects them against 
the cost of compensation should the 
components be faulty. 

In order to reduce risk of damage on 
site, delivery schedules need to be well 
coordinated with site processes to so 
additional onsite storage and 
subsequent insurance is not required 
by the contractor.

SITE FINDING

RESEARCH

HOUSING DESIGN
full architectural service

USER CONSULTATION

0
STRATEGIC DEFINITION

1
PREPARATION & BRIEF

2
CONCEPT DESIGN

3
SPATIAL COORDINATION

4
TECHNICAL DESIGN

5
CONSTRUCTION

6
HANDOVER

7
USE

-1
MARKET RESEARCH

site analysis &
project background

engagement of users into the design process

evaluation of development potential for appropriate sites

research topics and tasks occuring in the background which enable design works 
(i.e. cost comparisons of alternative materials)

evaluation of technical design against users needs POE on social performance

POE on technical performance

FIRST STAGE TENDERFIRST STAGE TENDER PLANNING ACHIEVED

P-DfMA 
chosen as 

design route

design for 
manufacturing
is undertaken

o�site
manufacturing

begins

onsite 
assembly

begins

can be procured
seperately but processes 
develop a feedback loop

fabric and 
sustainability 

targets 
chosen

camden
council

contractor

engineer

manufacturer

landscape
architect

events 
conferences

previous work

architects

novel methods of identifying partners who share similar values

tendering process

PRIMARY SERVICE
HOUSING DESIGN

SECONDARY SERVICE
SITE FINDING

TERTIARY SERVICE
USER CONSULTATION

QUATERNARY SERVICE
RESEARCH

YEAR 1

YEAR 5

YEAR 10

2 Architects
(act as directors for 
forseeable future)

5 Architects

each project has a 
dedicated Project Architect 
who asks as risk manager for 

S4SH

10 Architects
5 Arch.  Apprentices

FLEXIBLE & ADMIN

1 Programmer

4 Programmers
1 Planning Consultant

4 Programmers
1 Planning Consultant

1 UX Designer

1 Community Liason 
O�cer

1 Community Liason 
O�cer

1 Community Liason 
O�cer

1 Researcher
(Part Time)

1 Researcher
1 PHD Student

2 Researchers
2 PHD Students
1 Data Analysr

2 Arch. Apprentices

2 Arch Apprentices
1 O�ce Manager

1 PR Manager
1  BIM / IT Manager

1 O�ce Manager
1 PR Manager
1 HR Manager

1 BIM / IT Manager

EMPLOYEE STOCK OWNERSHIP 
PLANS (ESOPs)

Primarily used to transfer all or 
part of a company’s shares into 

a trust on behalf of the 
employees

This comes with signi cant tax 
bene ts, and shares are earnt 

as a retirement bene t. 
However these plans are best 

suited for well established 
companies 

WORK COOPERATIVES

Completely owned and 
governed by the employees. A 
small equity buy-in is paid with 
pro t-sharing based on hours 
worked. The set up costs are 
typically lower than ESOPs.

Directors are elected by the full 
membership. 

EMPLOYEE OWNERSHIP 
TRUSTS (EOTS)

Employees do not pay for their 
ownership bene sts, and 

receive a share of the 
company’s annual pro ts. The 
set up costs are typically lower 

than ESOPs

The trusts preserve the business 
over the long term in order to 

bene t the employees

interview
salaried 
contract

appraisal
access to 

pro t share

1 year period
(post part 3 for architects)

pro t share increases with 
time & experience

TANGIBLE ASSETS INTANGIBLE ASSETS INTELLECTUAL PROPERTY

HARDWARE
desktops & screens
printers
o�ce equipment

OFFICE
studio space
meeting rooms
kitchen
gallery space

rented
rented
owned

leased

SOFTWARE
design (multiple)
accounting
project management
cloud storage
data model
BIM asset archive

WEBSITE
domain
web pages
content

SHARES

RELATIONSHIPS

SKILLSET &
KNOWLEDGE

license fee
license fee
license fee
license fee
owned
owned

subscription
subscription
owned

pro t dependent

requires constant 
care
requires constant 
retention & improving

TRADEMARK

COPYRIGHT
drawings & designs
data
3D models

SERVICES MODEL

RESEARCH OUTPUTS

protected by LLP

contract dependent

protected by LLP

shared under creative 
commons

+ = Intangible assets such as the 
skillsets and knowledge of the 
workforce are communicated 
with the clients through the use 
of other intangible assets such 
as so¯ware and PR, and 
tangible assets such as o�ce 
equipment. 

It is of importance to note that 
the skillsets and knowledge of 
individuals within the practice 
are of assets to other team 
members. The structure of the 
services model allows them to 
function either independently 
or cohesively. Treating this 
structure as a set of assets 
means that developing 
improvements in one creates 
an overall enhancement in the 
 nal product delivered to the 
clients.  

COMMUNITY RELATIONSHIPS  

Treating our relationship with 
the communities we’re working 
within as a key asset. This 
means looking at other ways we 
can create social value beyond 
the built environment. 

This can come through ensuring 
diversity within our own 
workforce which develops our 
own thinking and designs as we 
develop a wider approach to 
problem solving. 

We can also o�er opportunities 
for work experience, paid 
internships or if not 
appropriate, scholarships for 
members of these communities. 

Over the past 50 years a stigma 
has become a¢ached to 
council housing and we can 
actively work to change that. 

data model

BIM model

site  nding 
& analysis

programmersarchitects

user 
consultation

community
engagement

o�cer

housing
design

research
papers

researchers

“LOGISTICIAN” (ISTJ-T)

74 26INTROVERTED (I)

55 45OBSERVANT (S)

60 40THINKING (T)

54 46JUDGING (J)

65 35TURBULENT (T)

SENTINEL
CONSTANT IMPROVEMENT

PERSONAL

STRENGTHS

honest and direct

strong willed and dutiful

responsible

calm and practical

jack-of-all trades

WEAKNESSES

stubborn

insensitive

always by the book

judgemental

o¯en unreasonably blame 

themselves

developing a 
small team

equality and 
diversity among 

colleagues

creating a 
cohesive yet varied 

service model

developing a 
robust set of work 

processes

create space for 
colleagues to 

thrive & innovate

PRACTICE

sustainability innovation

work force clients

collaboration

employee 
ownership

so¯ landings
framework

OBLIGATIONS
Although this practice 

provides a mix of services, 

not all of which are 

architectural,  adhering to 

both the ARB and RIBA 

code of conduct and 

principals of 

professionalism sets 

useful groundwork for 

competent practices.

INTEGRATED PRODUCT 
INSURANCE
As an example of the work 

environement we wish to 

establish, IPI collectively 

insures the entire project 

team, in contrast to PII, 

with the implentation of a 

pain-share/gain share 

mechanism. This 

proactively encourages 

cohesive workings. 

This critical thinking model explores the 
establishment of an architecture practice which 
focuses on designing and delivering social 
housing within the UK. 

Initially focused on expanding and improving on 
the variety of social housing already available in 
Camden, the model explored in this document 
looks at how this service can be delivered to a 
wider network of housing providers including 
other council, housing associations and 
developers. 

The intended outcome is create housing solutions 
which are truly a�ordable for their inhabitants, 
can be adapted both while in use and at the end 
of life, and can be delivered with a minimal or 
even positive environmental footprint. 

As shown in the critical thinking model S4SH 
follows four main service models to achieve this. 

LO1

LO2

LO3

LO4

LO5

LO6

LO7

LO8

LO9

LO10

LO11

An architect is able to: 
Generate architectural design proposals. Evaluate and apply a comprehensive 
range of visual, oral and wri¢en media to test, analyse, critique and explain 
design proposals Produce drawings and 3D models using relevant so¯ware 
including Computer-Aided Design (CAD)

Apply understanding of current architectural debate to produce innovative 
solutions Produce clear, logically argued and original wri¢en work relating to 
architectural culture, theory and design

Apply  ne art theories in a creative way that acknowledges their 
conceptualisation and representation

Comply with relevant town planning policy throughout design and construction 
phases to obtain planning permission (e.g. submi¢ing planning application)

Identify end user needs, local and the social context in which the project is 
developed Lead design development in respect of environmental context and 
sustainability

Lead projects or parts of projects, taking into consideration business priorities 
and practice management Deliver services in a responsible manner, prioritising 
the interests of the client and other stakeholders Problem-solve and use 
professional judgment to take initiative and make appropriate decisions in 
situations with multiple constraints

Critically review precedents relevant to the function, organisation and 
technological strategy of a design proposals Prepare and develop a project 
brief (e.g. by referring to RIBA Plan of Work)

Integrate knowledge of structural principles and construction techniques with 
building design

Evaluate materials, processes and techniques that apply to architectural 
designs with multiple constraints and building construction, and how to 
integrate these into practicable design proposals Apply various technological 
methods to building design to provide conditions of comfort and protection 
against the environment

Meet client’s brief within the constraints of the imposed budget limitations and 
building regulations

Interact with statutory authorities (e.g. planning or building control), private 
bodies (e.g. developers) or individuals to competently deliver projects in a wide 
variety of sectors and within diverse legislative frameworks

primary aims

secondary objectives

primary connection

secondary connection

consequential connection

UNIQUE SELLING POINT

S4SH focuses on designing and delivery 
a�ordable, adaptable, low carbon social 
housing. Through this process it engages local 
communities to create added value for the areas 
in which the projects are situated. 

Fundamentally, the end user, in this case the new 
resident, and the community are brought into 
the design process from an earlier stage, adding 
additional insight into the proposal and 
therefore developing homes that stay relevant 
for longer. 

We are not only witnessing an ongoing housing 
crisis across the United Kingdom, but also the 
global climate crisis which the construction 
industry as a whole is yet to develop an 
adequate response to. S4SH looks to develop 
solutions with all of its partners to not just 
mitigate the footprint of it’s construction but to 
create construction methods and designs which 
provided social and environmental value for the 
clients with which it works. 

Comfortable and happy homes are a human 
right and therefore a�ordably enabling access 
to them for everyone without creating further 
environmental debt is the focus of our work.

understand the 
needs of the 

users

 nd sites where 
investment will create the 

greatest social value

balance 
development 

with a�ordability

manage o�site 
fabrication & 

meanwhile use

design for 
manufacturing & 

(dis)assembly

manage onsite 
construction

undertake post 
occupancy social & 

environmental 
evaluations

develop initial 
programme of 
non-residential 

uses

learn 
& 

improve

forming a diverse team to develop 
a collaborative and innovative 

practice focusing on developing 
sustainable solutions for social 

housing

DEVELOPING A PROCESS WHERE ALL SERVICE 
STREAMS FEED INTO A LARGER DATA MODEL 

WHICH INFORMS OUR DESIGN WORK

DEMOCRATIC WORKER 
COOPERATIVE

DIVERSITY OF SKILLSETS

DEVELOPING RISK-ADVERSE
STRATEGIES TO OVERCOME
SET UP COSTS AND INITIAL

MINIMAL CLIENTELE

AFFORDABLE ADAPTABLE
LOW CARBON SOCIAL HOUSING

LO4 LO5 LO6

CLIENTS

NEW RESIDENT

CAMDEN COUNCIL

LOCAL COMMUNITY

COUNCILS / HA

ACADEMIA

OTHER PRACTICES

DEVELOPERS

PRIMARY SERVICE
HOUSING DESIGN

SECONDARY SERVICE
SITE FINDING

TERTIARY SERVICE
USER CONSULTATION

QUATERNARY SERVICE
RESEARCH

YEAR 1

YEAR 5

YEAR 10

OBJECTIVES RELATIONSHIP WITHIN
WORKFORCE

FINANCIER
DECISION MAKER

OUR VALUE TO THE CLIENTS

a�ordability
engagement

a�ordability
buildability
programme
engagement
programme

a�ordability
buildability
quality
improved understanding 
of low carbon design

access to new 
work processes & 
information
a�ordability
programme
e�ciency

community engagement
o�cer
architect
architect

community engagement
o�cer

architect

researcher
programmer

researcher
programmer

architect
researcher
programmer

access to tailored designs and engagement 
with local council about current and future 
needs
development of previously inaccessible sites
reduced programme and construction costs
engagement with local communities
engage with the changing face of their 
community. have a voice in how local council 
resources are spent
a�ordability, adaptability and end of life are 
built into the design process. provision of 
recommendations for contractors and partners
access to unique big data sets on urban 
developments and user requirements as well as 
post occupancy studies
access to early stage site analysis and 
potential sites in order to create proactive work 
ge¢ing streams
tried and tested a�ordable housing schemes 
with a work process that proves strong 
community support = guaranteed planning. 

pre-application
engagement

PPA signed
large major 

development 
required

design & location of 
®ying factory

construction and use of 
®ying factory

deconstruction of 
®ying factoryworkstream dependent on client uptake and number 

of projects to be delivered within similar timespan

additional specialists 
brought in either 

through sub-contracts 
or seconded from 

partner companies

section 106
agreement
established

consultation to 
understand what 

community services 
require improvements

PART B

using o�site 
prefabrication with a 

well trained onsite 
assembly team reduces 

risk & improves 
programme

LO11 LO10

experienced 
relationship with 

contractor reduces 
perceived risk therefore 

the relationship 
between the contractor 

and client is 
also key

LO8
LO11

Our track record, service model, skillset and knowledge 
ensures that our designs will meet stringent sustainability 
targets. This enables the clients and councils we work with to 
obtain Sustainability-Linked Loans (SLL) which banks have 
created as a proactive approach to Environmental, Social, 
and Corporate Governance (ESG). This mitigates some need 
to create market sales to fund social housing.

FUNDING
LOANS & ETHICAL 

CROWDSOURICING 
PLATSFORMS

FIG.39  PROPOSED INTEGRATED WORKFLOW
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SERVICES

PRIMARY SERVICE
HOUSING DESIGN

SECONDARY SERVICE
SITE FINDING

TERTIARY SERVICE
USER CONSULTATION

0 STRATEGIC DEFINITION

1 PREPARATION & 
BRIEFING

2 CONCEPT DESIGN

3 SPATIAL 
COORDINATION

4 TECHNICAL DESIGN

5 MANUFACTURING AND 
CONSTRUCTION

6 HANDOVER

7 USE
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QUATERNARY SERVICE
RESEARCH

(PRE) STAGE 0

STAGES 1 - 3

STAGES 4 - 5

STAGES 6 - 7

N/A

Fixed fee

% of 
construction 

cost

Time charge

% of project 
value

Fixed fee

N/A

N/A

Fixed Fee

Fixed fee

Fixed Fee

Fixed Fee

None

None

None

None

options & 
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report

feasibility & costings 
appraisal

site analysis

user, community, 
material and 
construction 

considerations

opportunities for 
�ying factory 

locations

user and community 
feedback

site rehabilitation 
strategy

engagement with 
camden council

brief development

public consultation

site analysis

concept design

documents for �rst 
stage tender

develop design for 
manufacturing & 

assembly

documents for second 
stage tender

consultancy on onsite 
assembly

handover 
documentation

in-use guidance

maintenance & 
resale strategy

disassembly & reuse 
strategy

engagement with new 
residents & communi-

ties

engagement with 
local businesses

handover process with 
residents

user and community 
feedback

user and community 
strategy

material & 
sustainability research

partner engagement

feasibility & costings 
appraisal

post-occupancy 
evaluation

material reuse & 
recycle 
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PROPORTION OF SERVICES OVER TIME

non - speci�c 
project work 
which enables 
other services

Y
EA

R 
1

Y
EA

R 
5

Y
EA

R 
10

planning 
performance 
agreement 

signed

consultations
undertaken

pre
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4.3 - CONSTRUCTION COST STUDY

Over half of those surveyed considered a decrease in embodied carbon to equate to an increase 
in the capital cost, with a further third unsure of the impact. There is a continuing perception that 
aff ordable and low carbon are mutually exclusive project descriptors. Therefore, establishing this 
housing model as an aff ordable, adaptable, low carbon development meant calculating whether 
construction costs matched that of typical construction methods (Appendix 3) and were below 
the average construction rate for low rise aff ordable housing within London. This rate is based 
on several case studies (Appendix 3) and sets the threshold for developing aff ordable housing at 
£2285/sqm. Under the following assumptions calculations for both scenarios fell beneath this 
threshold. 

Primarily, a third of the GIA  is dedicated for non-residential use. Whilst the cost plans cover shell, 
core, and residential fi t-outs, they assume that the commercial fi t-out comes under the remit of 
the commercial clients. When costed against the residential GIA only, the rate jumps above the 
value stated above. 

Secondly, site-specifi c issues and conditions have not been considered, including, but not limited 
to, prevalence and location of product suppliers, site location and technicalities, and fabrication 
and assembly times. Whilst this is a constrained site, to which the reduced construction time 
of prefabricated CLT elements is preferable, mass timber suppliers are generally less prevalent 
than more traditional contractors.  

Comparing the cost of materials to achieve the same design outcome, a CLT structure provides a 
4% saving compared to concrete. Signifi cant savings are created in the frame and core structure 
(Fig.41), with the price of non-visual grade CLT lower than the equivalent reinforced concrete wall 
when also considering installation. Additional savings are created by specifying residential-grade 
surfaces for soffi  ts and internal partitions, which then require no additional surface fi nishes. 

In contrast, a 1.1% uplift in cost within the externals package is created by specifying timber 
framed double glazing rather than aluminium framed. Whilst this represents a saving of 
100kgCO2  e/m2, an argument could be made that alternative investments could produce better 
carbon savings.

According to Alinea, cross-laminated timber construction off ers a 3-7% cost saving against 
reinforced concrete construction of residential blocks of up to seven storeys. This cost-saving 
is seen in the same areas to those discussed above, but also in a 10-20% saving within site 
preliminaries; a result of a shortened programme, reducing site facilities, security, management, 
and installation costs. Savings are also shown in a US (Mallo and Espinoza, 2016) and an Australian 
study (Ritchie and Stephan, 2018) with the use of a CLT structure creating a 35% reduction in 
construction programme and a 7% cost saving. Another study in London (Hyams et al., 2020)
notes that whilst superstructure costs are higher due to the current lack of competition within 
the UK markets, they are off set by reducing piling due to a lighter weight frame and by a 10-15% 
reduction in programme length. They conclude that as the supply chain grows it will improve the 
viability of CLT. 

FIG.41  SUMMARY OF CONSTRUCTION COSTS
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4.4 - SUSTAINABLE INVESTMENTS

As the responses to the survey show, capital savings and funding routes can be a driver for 
pursuing strategies which result in lower embodied carbon buildings. The Guidance For Welsh 
Social Housing Developers demonstrates both, highlighting the following stock market indexes 
through which investment is reliant on life cycle analysis and embodied carbon measurements: 

1. Dow Jones Sustainability Index
2. FTSE4Good Index
3. GRESB
4. CDP

These facilitate the trend of ‘green investment’ with companies, pension funds and endowment 
funds increasingly divesting from fossil fuel activities (Anderson and Adams, 2020). Housing 
providers who demonstrate a commitment to environmental, social, and governance issues 
(ESG) can also benefit from funding routes such as green bonds. Two examples are Clarion 
Housing, who have attracted £650 million in investment (Clarion Housing Group, 2020), and the 
Aster Group who have secured £250 million of funding (Aster Group, 2020). As of late 2020, a 
wide variety of bonds exist, each with their own benefits and level of obligation (Fig.43)

At an individual level, the Energy Efficiency Mortgages Action Plan (EEMAP) aims to incentivise 
homeowners to either acquire an energy-efficient property or improve the energy efficiency 
of their home. This initiative is based on two assumptions. The first is that the higher energy 
efficiency of a home improves that property’s value, thus reducing the bank’s asset risk. Second, 
the higher energy efficiency reduces the energy bills of the property, leading to the owners 
having more disposable income meaning they are less likely to default on their mortgage. This 
latter point is true of any new build property where a fabric-first approach has been adopted 
by the design team. This makes such properties more desirable to homeowners and can be 
used as a marketing opportunity (Bertalot, 2020). A critique is that as the rental market increases 
year on year (GLA, 2019b) in urban areas such as London, these opportunities do not appeal to 
landlords who do not benefit from lower energy bills, and in a market saturated with renters, 
they do not require additional USPs. 

Further to the survey investigations, Twitter responses to a series of questions were compiled 
regarding the experience of engaging clients and stakeholders in conversations around 
embodied carbon (Appendix 6). One response highlights that if a scheme is referable (London
based, over 150 units, 30 metres in height or built into the green belt) then a whole life assessment 
is required and should be seen as a beneficial process rather than a tick-box exercise. Further 
to this, if the client is aiming to win awards for design qualities, then, as of 2020, the RIBA is 
requiring entries to demonstrate they have produced 40% less embodied carbon and 28% less 
operating carbon than current standards, with these benchmarks becoming tougher each year. 

Furthermore, targeting and achieving ESG goals becomes an advertising and marketing 
opportunity, which Clarion has utilised, to find new investors, collaborators, and tenants. As one 
tweet points out, “people buying houses are increasingly aware of carbon impacts and there’s 
a growing market for lower impact homes” (Appendix 6). As Fig.44 and Fig.45 demonstrate, the 

FIG.43 SUSTAINABILITY FOCUSED BONDS (SOURCE: NATWEST MARKETS)

FIG.44 MY MICRO NY BY NARCHITECTS - RENDER (SOURCE: DEZEEN, 2015)
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methodology and rigour of this form of construction can be used as a tool to market buildings. 
This is highlighted in the Smart Market Report as a key driver for building green office space, but 
is equally applicable to the residential sector (Dodge Data & Analytics, 2018).

The provision of affordable, high-quality homes is essential for the large proportion of the 
market branded as “Generation Rent” and, as shown, developing both low embodied carbon 
and low operating carbon solutions, through the creation of well designed, well detailed homes, 
supports both these aims (Hemming, 2019; Fig.46). Furthermore, if applied to social housing, it 
may help in removing the associated stigma, and push the recent resurgence  of house building 
in that area. 

FIG.45 PROMOTIONAL IMAGE SHOWING CONSTRUCTION PROCESS
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4.5 - INFRASTRUCTURE REUSE

This section explores the current approach to the reuse of existing buildings and structures, 
as well as the environmental benefi ts of doing so, and the overall benefi ts of improving density 
within urban areas.  

4.51 - Retrofi tting vs. Demolition

From the perspective of an environmental footprint, the considerations around whether to retrofi t 
or demolish existing structures are three-fold. The fi rst is the energy required to demolish the 
building, transport the waste and, potentially, recycle it. According to DEFRA, 126 million tonnes 
of construction debris is generated each year within the UK, roughly 90% of which is recycled, 
typically into less valuable products (DEFRA, 2018). When assuming a 60-year lifespan, demolition 
accounts for up to 2.9% of a building’s carbon footprint (Schwartz, Raslan and Mumovic, 2018).

The second aspect is the carbon savings of not demolishing the existing structure and instead 
retrofi tting new uses within it. This can be estimated by calculating the embodied carbon held 
within the existing structure. As a case study, St Pancras Arches proposes a facade retention 
approach to the existing structure, with all but the 1950s roof being retained (Fig.42). Fig.47 
shows the carbon calculations and relative proportions of each element within the total footprint. 
There is an estimated 283 tonnes of carbon sequestered within this structure which is off set 
against any new-build aspects in order to reach net-zero. This is similar to including the carbon 
sequestration of timber within calculations.

This creates potential for carbon-negative projects which, theoretically, have a negative carbon 
budget for a signifi cant period of their lifetime. Fig.48, Fig.49 and Fig.50 demonstrates the 
carbon budget of the project with and without sequestration and the benefi ts of retrofi t being 
considered, with Fig.52 and Fig.51 showing that in a best-case scenario the project would be 
carbon negative for the fi rst 30 years of its life. 

The third aspect to consider is the carbon cost of improving the effi  ciency of that existing 
fabric, which is onerous in this example, due to the change to residential use. One example is 
replacement of the original single glazing, which constitutes 18% of the overall facade area, with 
either double or triple glazing. Whilst the jump from single glazing to double glazing equates 
to a doubling in embodied carbon, it reduces heat loss by 73%, so the environmental cost of a 
higher embodied carbon is rapidly surpassed by the reduction in operating emissions. However, 
the diff erence between double and triple glazed solutions is not as signifi cant, taking around 
20 years to balance the embodied carbon costs with the operating carbon gains (Jones, 2014).
Nevertheless, for this project, triple glazing provides other environmental benefi ts such as 
shielding residents from noise from the nearby station, and further reducing heating bills for the 
social housing tenants. 

FIG.47  EMBODIED CARBON OF THE EXISTING BUILDING
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4.52 - Government Response

Having explored these considerations, it is worth noting that, while there has been a recent push 
in the industry to encourage greater reuse of existing buildings as a preference to demolition, 
a barrier has been established through the diff erence in VAT rates between refurbishments 
and new builds. The former is set at 20% with the latter typically set between 0-5%. This has 
been highlighted in the Architects Journal’s RetroFirst campaign which, although ongoing since 
September 2019, has yet to see any government response at the time of writing (Architects
Journal, 2019). This campaign also demands changes in policy and procurement to promote the 
reuse of existing buildings. One survey respondent stated, as a method of reducing embodied 
carbon, to build less, and this campaign highlights a possible route to doing so. 
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At the time of writing this, there is more media attention and industry consciousness around 
the subject than ever before. It is essential that this potential begins to reflect the realities of 
our projects, and we, as an industry welcome the opportunities – some of which have been 
discussed in Chapter 4 – that true sustainable development can provide. 

The breadth of this subject matter is expansive, and this research did not intend to delve into 
every sub-topic in detail. In the end, it has become an exploratory piece which has captured a 
snapshot of the industry’s current perception of embodied carbon as compared to the reality of 
the situation. It is hoped that the further research of Chapter (4) will help us to overcome several 
of the barriers identified in Chapter (3) with the understanding that there are many more not 
covered by this work. 

There are innumerous directions for future research. For example, it would be useful to 
investigate how best to engage with clients in conversations around sustainability. As seen with 
this research, the cost implications of meeting stricter sustainability agendas are of significant 
concern to project teams. Better understanding the methods of proving to clients the necessity 
and benefits of doing so will greatly empower architects to push this agenda. Of course this 
should be an industry-wide collaboration, but that in itself requires greater integration between 
academia and practice. It is hoped that a greater uptake of schemes, like the Architecture 
Apprenticeship, will not only better prepare students for practice, but also allow students the 
space to explore these ideas and bring them into their projects in practice. 

Word Count: 10,333.

FIG.54 RAISING AWARENESS THROUGH DESIGN (SOURCE: EXTINCTION REBELLION, 2020)
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APPENDIX
SURVEY QUESTIONS

1. What is your current job title? (N=54)

2. How many years have you worked in architecture/construction? (N=54)

3. How confident are you with discussing issues around embodied carbon? (N=48)

4. How familiar are you with the following documents?
Energy Roadmap 2050 by European Commission (N=49)

Net Zero by the Committee on Climate Change (N=51)

The UK Low Carbon Transition Plan by HM Government (N=48)

Climate Emergency Design Guide by LETI (N=50)

2030 Climate Challenge by RIBA (N=49)

Sustainable Outcomes Guide by RIBA (N=48)

5. What do you consider to be the biggest challenge to reducing the embodied 
carbon of a built environment project? If unsure, please state. (N=41)

6. Which do you believe is more important to focus on: the immediate embodied 
carbon of construction or the longer-term carbon footprint from a building’s 
operation? (N=47)

7. How many staff does your company employ? (N=44)

8. How well do you think your company is doing in reducing the embodied carbon of 
its projects? (N=39)

9. What mechanisms does your company have in place to assess the sustainability 
performance of projects? If unsure, please state. (N=35)

10. What do these mechanisms do well? (N=32)

11. How could these mechanisms be improved? (N=29)

12. In which sector is the project? (N=37)

13. At what stage is the project? (N=37)

14. What do you consider to be the top three design priorities of this project? (N=36)

15. How often is the embodied carbon of the project discussed within the design 
team? (N=35)

16. How often is the embodied carbon of the project discussed with the client? (N=35)

17. Assuming a sustainability agenda exists for this project, who is the most 
engaged? (N=32)

18. Is there an actor missing from this list? If so, please state where you would rank 
them? (N=12)

19. Who you believe should be responsible for assessing the embodied carbon 
footprint of this project? (N=33)

20. Is there an actor missing from this list? If so, please state where you would rank 
them? (N=3)

21. Has the carbon footprint of this project been assessed? (N=33)

22. If yes, who was it assessed by? (N=22)

23. If yes, was this process beneficial? (N=26)

24. Please provide evidence to support your answer where possible. (N=15)

25. Who you believe should be responsible for minimising the embodied carbon 
footprint of this project? (N=32)

26. Is there an actor missing from this list? If so, please state where you would rank 
them? (N=8)

27. Is there a particular embodied carbon target which you are aiming for with this 
project? (N=32)

28. If yes, what is that target? (N=8)

29. If yes, what consequence is there for the project if the target is not achieved? 
(N=6)

30. When attempting to reduce the embodied carbon of a project, where should the 
design team’s efforts be prioritised? (N=32)

31. Is a specific issue hindering you from reducing the embodied carbon footprint of 
this current project? (N=28)

32. How could this challenge be overcome? If unsure, please state. (N=23)

33. Have or will you (or the project team) produce Access and Maintenance 
documents for this project? (N=32)

34. If you have/will produce maintenance documents, will they consider End of Life 
and Reuse (Stages C & D of the Life Cycle Assessment) (N=30)

35. In your opinion, what impact does working to reduce embodied carbon have on 
capital cost? (N=31)

36. At what RIBA Plan of Work stage would you expect this impact on cost to be 
seen? (N=27)

37. At what LCA stage would you expect this impact on cost to be seen? (N=25)

38. Do you think awareness and understanding of embodied carbon continues to be 
a hurdle to reducing the carbon footprint of the construction industry? (N=31)

39. What, in particular, would help improve awareness and understanding among 
industry professionals? (N=28)

40. Is there anything else you would like to add about any of the topics discussed? 
(N=6)
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APPENDIX
CONSTRUCTION COST ESTIMATES

Standard Used Cost Uplift % Cost (£/m2) Budget Difference EUI (KWh/m2/yr) Energy Use (KWh/yr) Energy Cost
Part L 0% £2,800 £78,218,000 £0 140 3910900 561996.33

Leti Target 2.1* £2,859 £79,860,578 £1,642,578 35 977725 140499.0825
Passivhaus 4 £2,912 £81,346,720 £3,128,720 60 1676100 240855.57

LETI Passivhaus
Years to recoop 3.9 9.7

*Currie & Brown, 2019. P42 (assumes use of ASHP)
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APPENDIX
AVERAGE CONSTRUCTION COSTS

Construction Cost per sq.m
Source Surveyor Year Stated Adjusted

Building.co.uk Alex Hyams 2016 £1,991 £2,218
estimationqs.com Turner and Townsend 2018 £2,700 £2,810

Propertydata Surveyed 2020 £2,680 £2,680
Unspecified FCBS Project 2016 £2,400 £2,674

Kingsbury Consultants 2016 £2,184 £2,433
Unspecified FCBS Project 2017 £2,050 £2,205

Architecturefor London 2018 £1,750 £1,821
Unspecified FCBS Project 2019 £2,200 £2,233

costmodelling.com 2021 £1,755 £1,755

AVERAGE £2,315
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APPENDIX
COST OF CONSTRUCTION BREAKDOWN

Residential
CONCRETE CROSS LAMINATED TIMBER

Package Sub-Package Element Rate per unit Unit Amount Total Element Rate per unit Unit Amount Total

Heritage Existing Fabric Retention and Repair of Existing Structure £600 m2 1715.5 £1,029,300 Retention and Repair of Existing Structure £600 1715.5 £1,029,300

Shell & Core

Frame & Core 200mm RC Core Wall £200 m2 2748 £549,600 160mm CLT Core Wall £115 m2 2748 £316,020

350mm Stud Partition £140 m2 2300 £322,000 140mm CLT Internal Walls + Plasterboard for L00 £155 m2 2300 £356,500

360mm transfer beams £265 m2 56 £14,840 360mm glulam beams for column / partition-free ground floor £2,700 m2 14 £37,800

Reinforced concrete columns (incl reinforcement and formwork) £1,250 m3 15.75 £19,688

Upper Floors 235mm RC slab £140 2504 £350,560 210mm Upper Floors - non visual £160 m2 2504 £400,640

Roof Reinforced concrete slab: 280mm thick incl. reinforcement & fW £150 m2 970 £145,500 210mm CLT roof slab £160 m2 970 £155,200

Roof Finish Shingle Cladding including installation £90 m2 970 £87,300 Shingle Cladding including installation £90 m2 970 £87,300

Allowance for mansafe system £40,000 £40,000

Stairs Precast stair, half landing, total rise per floor 3.15m including details £6,000 per floor 11 £66,000 CLT internal stair, half landing, total rise per floor 3.150m £5,000 per floor 11 £55,000

Facade Glazing to residential entrances incl security system £1,150 m2 37 £42,550 Glazing to residential entrances incl security system £1,150 m2 37 £42,550

Glazing to commercial units incl manual entrance £850 m2 250 £212,500 Glazing to commercial units incl manual entrance £850 m2 250 £212,500

Aluminium framed windows £650 m2 1500 £975,000 Timber framed windows £700 m2 1500 £1,050,000

Sliding door to balcony £2,500 per door 27 £67,500 Sliding door to balcony £2,500 per door 27 £67,500

Inset balcony with metal railing: incl draining, membrance and decking £7,000 per balcony 27 £189,000 Inset balcony with metal railing: incl draining, membrance and decking £8,000 per balcony 27 £216,000

Internal Walls Wall lining to external wall £35 m2 2685 £93,975 Wall lining to external wall £35 m2 2685 £93,975

Wall lining to apartment corridors £50 m2 922 £46,100 CLT walls left exposed

Internal Doors Apartment entrance doors £1,500 per door 27 £40,500 Apartment entrance doors £1,500 per door 27 £40,500

Internal staircase entrance doors £1,200 per door 3 £3,600 Internal staircase entrance doors £1,200 per door 3 £3,600

Internal Plant room doors £1,200 per door 4 £4,800 Internal Plant room doors £1,200 per door 4 £4,800

Finishes Acoustic floor build up to core & plant rooms £65 m2 55 £3,575 Acoustic floor build up to plant rooms £65 m2 55 £3,575

75 mm screed £75 m2 1693 £126,975 Timber batten floor build up incl insultion, sound absorption layer £35 m2 1693 £59,255

Paint wall finish to residential circulation £15 m2 2874 £43,110 CLT walls left exposed

Suspended Plasterboard Ceiling £40 m2 330 £13,200 Exposed Soffit

Enhanced finishes to lobbys £500 m2 186 £93,000 Enhanced finishes to lobbys £500 m2 186 £93,000

MDF Skirting £15 m 660 £9,900 MDF Skirting £15 m 660 £9,900

Allowance for spread of flame treatments to core walls £25 2748 £68,700

Fittings Post Boxes £250 per box 27 £6,750 Post Boxes £250 per box 27 £6,750

MEP Air source heat pump £400,000 Air source heat pump £400,000

Electrical Installation £155 m2 3350 £519,250 Electrical Installation £113 m2 3350 £378,550

Protective Installation (sprinklers etc) £25 m2 3350 £83,750 Protective Installation (sprinklers etc) £25 m2 3350 £83,750

Contingencies £250,000 £250,000

Fitouts

Internal Walls Partitions: Plasterboard Stud (internal) £70 m2 1417 £99,190 Partitions: Plasterboard Stud (internal) £70 1417 £99,190

Partitions: Plasterboard to external wall £40 m2 930 £37,200 Partitions: Plasterboard to external wall £40 930 £37,200

Plasterboard to bathrooms £5 m2 587 £2,935 Plasterboard to bathrooms £5 587 £2,935

Internal Doors Internal doors for apartments incl ironmongery and frame £700 per door 150 £105,000 Internal doors for apartments incl ironmongery and frame £700 150 £105,000

Utility cupboard double doors £900 per door 27 £24,300 Utility cupboard double doors £900 27 £24,300

Wall Finishes Tile finish to bathrooms (50%) £70 m2 294 £20,580 Tile finish to bathrooms (50%) £70 294 £20,580

Paint finish to partitions £10 m2 2800 £28,000 Paint finish to partitions £10 2800 £28,000

Floor Finishes Tile finish to bathrooms £80 m2 110 £8,800 Tile finish to bathrooms £80 110 £8,800

Vinyl flooring £40 m2 1693 £67,720 Vinyl flooring £40 1693 £67,720

Ceiling Finishes Suspended plasterboard £35 m2 1693 £59,255 Suspended plasterboard £35 1693 £59,255

Fittings Kitchens to all units (average price) £7,000 per kitchen 27 £189,000 Kitchens to all units (average price) £7,000 27 £189,000

MEP Heat Interface Unit (HIU) £2,000 27 £54,000 Heat Interface Unit (HIU) £2,000 27 £54,000

Water and drainage installations £100,000 £100,000

Contingencies Testing and commissioning £100,000 Testing and commissioning £100,000

Commercial Leasing & Management £2,450 £2,450

TOTAL £6,748,253 TOTAL £6,461,095

Per sqm £2,015 Per sqm £1,929

Commercial
CONCRETE CROSS LAMINATED TIMBER

Package Sub-Package Element Rate per Unit Unit Amount Total Element Rate per Unit Unit Amount Total

Heritage Existing Fabric Retention and Repair of Existing Structure £600 m2 161.69 £97,014 Retention and Repair of Existing Structure 600 161.69 £97,014

Shell & Core

Frame & Core 200mm RC Core Wall £200 m2 63 £12,600 160mm CLT Core Wall £115 m2 63 £7,245

350mm load bearing walls £140 m2 280 £39,200 140mm CLT frame + plasterboard + insulation £155 m2 280 £43,400

360mm transfer beams £265 m2 8 £2,120 Glulam columns at L00 & L01 £2,000 m2 2 £4,000

Reinforced concrete columns (incl reinforcement and formwork) £1,250 m3 1.7 £2,125 m3

Upper Floors 235mm RC slab £140 m2 280 £39,200 210mm Upper Floors - non visual £160 m2 280 £44,800

Reinforced concrete to transfer slab £265 m2 80 £21,200

Roof Reinforced concrete slab: 280mm thick including reinforcement & formwork £150 m2 107 £16,050 210mm CLT roof slab £160 m2 107 £17,120

Roof Finish Shingle Cladding including installation £90 m2 107 £9,630 Shingle Cladding including installation £90 m2 107 £9,630

Allowance for mansafe system £20,000 Allowance for mansafe system £20,000

Stairs Precast stair, half landing, total rise per floor 3.15m including details £6,000 per floor 5 £30,000 CLT internal stair, half landing, total rise per floor 3.150m £5,000 per floor 5 £25,000

Facade Glazing to commercial units incl manual entrance £850 m2 170 £144,500 Glazing to commercial units incl manual entrance £850 m2 170 £144,500

Feature glazing on stairs £1,000 m2 83 £83,000 Feature glazing on stairs £1,000 m2 83 £83,000

Shingle Cladding including installation £90 m2 287 £25,830 Shingle Cladding including installation £90 m2 287 £25,830

External Amenity Space £1,000 m2 34 £34,000 External Amenity Space £1,000 m2 34 £34,000

Internal Walls Wall lining to external wall £35 m2 210 £7,350 Wall lining to external wall £35 m2 210 £7,350

Wall lining to adjacent apartment £50 m2 78 £3,900 Wall lining to adjacent apartment £50 m2 78 £3,900

Internal Doors Doors to circulation corridors £1,200 per door 5 £6,000 Doors to circulation corridors £1,200 per door 5 £6,000

Doors to core £1,500 per door 5 £7,500 Doors to core £1,500 per door 5 £7,500

Internal Finishes Acoustic floor build up to all floors £65 m2 360 £23,400 Acoustic floor build up to all floors £65 m2 360 £23,400

75 mm screed £75 m2 360 £27,000 75 mm screed £75 m2 360 £27,000

Paint wall finish to all spaces £15 m2 585 £8,775 Paint wall finish to all spaces £15 m2 585 £8,775

Exposed Soffit Exposed Soffit £0

Enhanced finishes to core £500 m2 63 £31,500 Enhanced finishes to core £500 m2 63 £31,500

MDF Skirting £15 m 500 £7,500 MDF Skirting £15 m 500 £7,500

Fittings Sanitaryware & fittings in WCs £50,000 Sanitaryware & fittings in WCs £50,000

MEP Air source heat pump £50,000 Air source heat pump £50,000

Electrical Installation £155 m2 360 £55,800 Electrical Installation £155 m2 360 £55,800

Protective Installation (sprinklers etc) £25 m2 360 £9,000 Protective Installation (sprinklers etc) £25 m2 360 £9,000

Contingencies £50,000 £50,000

Commerical Leasing & Management £2,450 £2,450

TOTAL £916,644 TOTAL £895,714

Per Sqm £2,540 Per Sqm £2,482

APPENDIX
TWITTER INTERACTIONS

Account Name Response

ASBP

Our #EmbodiedCarbon programme has been running for several years. But in 2020 - 

working with @constructionlca - we were able to engage of many more professionals, 

suppliers & manufacturers via our events & guidance. See https://asbp.org.uk/all-

resources and https://asbp.org.uk/asbp-news/new-embodied-carbon-guidance-for-

social-housing-developers

Marija Katrina Dambe

I agree with @MichaelPawlyn that getting it from start on in the brief is the best way.Also, 

if it’s a family house then speaking about healthy environment from natural material 

use and reduced energy demand in the long run from energy effi  ciency measures has 

worked for our offi  ce

Marija Katrina Dambe
Other than that, the main challenge is always the cost. The solutions have to be smart so 

that the project costs stay reasonable. (not an UK architect though, I’m from Latvia)

Kat Scott

Do they want to win awards for design quality? If yes, signpost them to RIBA awards 

criteria starting to include embodied and operational carbon. Do they want to save 

money? Low embodied carbon design is a lot to do with effi  cient design - less building, 

less carbon.

Kat Scott

Do they want to sell homes? People buying houses are increasingly aware of carbon 

impacts and there’s a growing market for lower impact homes. Zero carbon homes are 

very marketable. Do they have a KPI/ commitment relating to sustainability or carbon? 

Then they should care anyway.

Kat Scott

and if they don’t bite, still worth you doing calcs to see how you can improve your designs 

and reduce carbon. You’ll be able to make many reductions yourselves in design process, 

later when it gets into material specifi cation there’s opportunity to have conversations 

again.

Kat Scott

Also check local planning policy - is it in London and likely to be referable? Point them 

to the new London plan. Elsewhere, zero carbon/carbon reductions can be helpful to 

outline in planning applications to demonstrate compliance with local policy.

Kat Scott

(referable schemes must have whole life assessments submitted, they’ll have to pay for the 

calculation anyway, might as well do it to their benefi t rather than as tick box exercise). Are 

there other requirements, eg BREEAM they need to comply to? Low E.C. can be targeted 

for that

Kat Scott

So I’d say setting a target at the outset can help them with design of better homes and 

places, be helpful for planning, improve effi  ciency of what is designed, and will ensure 

the design team are working to a common outcome and will reduce surprises down the 

line for them.

Prof Fionn Stevenson

Getting client bodies to build embodied carbon targets into their sustainability policy. 

New building projects then have to comply. Shift it up to strategy.  We have done this at 

@sheffi  elduni .

Reply by me

What was that conversation like with @sheffi  elduni? I know, like other unis, the student 

body is becoming more and more vocal about divestment. Interested in understanding 

what the impetus for reducing embodied carbon was. Thanks for the info!
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Prof Fionn Stevenson

Very good convo with @sheffielduni as we had an embodied carbon researcher in Uni 

who could give Estates dept direct access to the tool she’d developed and advise them. 

Experts essential.

Prof Fionn Stevenson

Forgot to say I was part of successful divestment campaign @sheffielduni a number of 

years ago which morphed into @CNUniShef which led to Sustainability Strategy. Whole 

process took about 9 years I think!

Peter Fisher

Ollie @BennettsRab is right, Landsec has been great on just this. Drop me a line and I can 

point you in the right direction. Shadow carbon prices are helping many developers with 

the decision making process internally.

Michael Pawlyn

Raise the level of overall ambition right at the beginning & get that written into the 

brief. @LongTimeProject has an exercise called ‘Human layers’ that is very useful for 

encouraging long-term thinking and how to be a good ancestor

Reply by me
Amazingly useful, huge number of resources with @LongTermProject and have also 

found @REALsustainable through exploring this. Another great resource. Thank you!

Clayworks Clay Plaster

Rationale: additional long term paybacks and other performance benefits of lower 

embodied carbon products. Health, productivity.. Emotion: lower embodied carbon 

products are often especially beautiful and perceptions are slowly changing about this. 

Happy to discuss further

Tracey J Hart
It’s really important to have this discussion right at the outset of a project. Being clear 

about the practice values and approach, in a very positive way!

Martin Brown
Make it financially attractive to reduce carbon - as British Land net-zero carbon strategy 

... 1/3

Martin Brown
As a supplier / contractor - influence by demonstrating to clients carbon can be monitored 

and reduced - eg @BaxallC  w @constructCO2 

Martin Brown

how / Make aware of what other sectors are doing - because its the right thing to do ...  

eg @BrewDog offsetting 2x carbon emitted #Regenerative   ... in fact everyone should 

read their CO2  statement ... https://d1fnkk8n0t8a0e.cloudfront.net/docs/Make-Earth-

Great-Again_4.pdf

Rab Bennetts Talk to LandSec. Very positive attitude and prepared to lead by example.

Manda Brookman Ask @frucool and @Optimistontour ... :)

STBA UK

@ollie_baldock one of @STBA_UK members @GreengaugeBEC wrote a concise blog on 

this Hope it is useful http://ggbec.co.uk/embodied-carbon-and-building-demolition-the-

case-for-retrofit

Christiane Lellig
Have a look here: https://woodknowledge.wales/news/embodied-carbon-the-key-

questions… as well as at the full embodied carbon guidance by @WKWales & @asbp_uk

Reply by me

This is perfect, and the type of initiatives I was hoping to find, would be interested to 

find out how well this has been engaged with so far (although it was only published in 

December) @asbp_uk have you got any download data about this?

Christiane Lellig
Will check stats. @constructionlca might be able to advise on direct engagement during 

development of the tool. We also had 40-50 attendees in a webinar. Mostly HA’s.

Megan Charnley
I think we’ll be looking at this (in terms of adopting Circular Economy principles) in our 

lunchtime discussion about Stage 0 (strategic brief) tomorrow:
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D  or  

aculty of echnolo y  Desi n and n iron ent thics e iew or  

● This form should be completed ointly by the u er isor and tudent who is undertaking a 
research/ma or pro ect which involves human participants. 

● It is the u er isor who is responsible for exercising appropriate professional udgement in this 
review. 

● Before completing this form, please refer to the niversity ode of ractice for the thical 
tandards for esearch in ol in  u an artici ants, available at 

http://www.brookes.ac.uk/Research/Research-ethics/ and to any guidelines provided by relevant 
academic or professional associations. 

● Note that the ethics review process needs to fully completed and signed efore fieldwork 
co ences.

i ro ect itle  
nderstanding the barriers to reducing the embodied carbon within the construction of housing

(ii) a e of u er isor and chool in which located  
ina Samangooei

iii a e of tudent and tudent u er  
Oliver Baldock  1 0 137

i rief descri tion of ro ect outlinin  where hu an artici ants will e in ol ed  words
The pro ect intends to understand the current progress of the construction industry with regards to 

reducing the embodied carbon footprint of proposals, housing in particular. To do this a survey will be 

sent to those working in the industry which gauges their current level of understanding and 

engagement.

es o
1. Does the study involve participants who are unable to give informed 

consent (e.g. children, people with learning disabilities) ☐ þ

2. If the study will involve participants who are unable to give informed 
consent (e.g. children under the age of 1 , people with learning 
disabilities), will you be unable to obtain permission from their parents or 
guardians (as appropriate)

☐ þ

3. ill the study require the cooperation of a gatekeeper for initial access to 
groups or individuals to be recruited (e.g. students, members of a self-help 
group, employees of a company)

☐ þ
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4. Are there any problems with the participants’ right to remain anonymous, or 
to have the information they give not identifiable as theirs ☐ þ

. ill it be necessary for the participants to take part in the study without 
their knowledge/consent at the time  (e.g. covert observation of people in 
non-public places )

☐ þ

. ill the study involve discussion of or responses to questions the 
participants might find sensitive  (e.g. own traumatic experiences) ☐ þ

7. Are drugs, placebos or other substances (e.g. food substances, vitamins) 
to be administered to the study participants ☐ þ

. ill blood or tissue samples be obtained from participants ☐ þ

. Is pain or more than mild discomfort likely to result from the study ☐ þ

10. ould the study induce psychological stress or anxiety ☐ þ

11. ill the study involve prolonged or repetitive testing of participants ☐ þ

12. ill financial inducements (other than reasonable expenses and 
compensation for time) be offered to participants ☐ þ

13. ill deception of participants be necessary during the study ☐ þ

14. ill the study involve NHS patients, staff, carers or premises ☐ þ

i ned u er isor

i ned tudent 

Date 20.04.20

hat to do now

1. If you have answered ‘no’ to all the above questions:

(a) The student must send the completed and fully signed E1 form to their Dissertation Module 
Leader

(b) The student must keep a copy of the E1 form which must be bound into their dissertation as an 
appendix.

X
Min a Saman g o o ei

X
Oliver Bald o ckOliver Bald o ck
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(c) The supervisor must keep a copy of the E1 form as they are responsible for monitoring compliance 
during the fieldwork.

2. If you have answered ‘yes’ to any of the above questions:

(a) The supervisor and student must complete the TDE E2 form available at 
http://www.brookes.ac.uk/Research/Research-ethics/Ethics-review-forms/

(b) Note that the information in the E2 must be in sufficient detail for the ethical implications to be 
clearly identified.

(c) The signed E2 and signed E1 Form must be emailed to Bridget Durning 
(bdurning@brookes.ac.uk) who is the Faculty Research Ethics Officer (FREO) for review.  Please 
allow at least two weeks for this review process. 

(d) If/when approved the FREO will issue an E3 Ethics Approval Notice. 
(e) The student must send the E1, E2 and E3 Notice to the Dissertation Module Leader.  
(f) The student must also keep copies which must be bound into their dissertation as an appendix.
(g) The supervisor must keep a copy of documentation to monitor compliance during field work.  

3. If you answered ‘yes’ to any of questions 1-13 and ‘yes’ to question 14, an application must be 
submitted to the appropriate NHS research ethics committee.  This is an onerous and time consuming
process so the supervisor should liaise early with the FREO if the student is considering this.






