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ABSTRACT

Extant studies have highlighted numerous barriers to carbon reduction but none seem to have been
done in the context of construction process in the UK. Hence, this study aims to bridge this gap by inves-
tigating the barriers that are critical to the minimization of construction carbon footprint in the UK. A
questionnaire was developed based on the carbon reduction barrier variables identified through a com-
prehensive literature review and pilot study. Then a survey was conducted amongst construction profes-
sionals in the UK and the data obtained were analyzed using mean ranking technique and factor analysis.
The mean ranking analysis gave rise to 15 critical barriers to carbon reduction and their factor analysis
yielded four dissimilar factors which are, resources and prioritization; policy and standards; risk and com-
mitment; and awareness and complexity. The findings imply that these classifications can be used to
describe carbon reduction barriers in the UK. This could stimulate a better comprehension of the critical
barriers and provide a foundational basis for further research within the sustainable construction domain.
Also, the result of this study could facilitate the need for collaboration between construction stakeholders
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in the UK to proffer pragmatic solutions to the identified challenges of carbon minimization.

Introduction

The construction process carbon emission has been noted to be
underestimated and this can be attributed to the complex nature
of construction projects (Wu et al. 2019). This deflation has led
to the notion that the construction phase emission is quite small
(Kong et al. 2020; Arogundade et al. 2021a). Hence, resulting in
it being largely ignored in built environment decarbonization
efforts (Arogundade et al. 2023). However, according to Acquaye
and Duffy (2010), about 20% of Ireland’s total carbon emission
in 2005 is linked to construction activities. Also, Huang et al.
(2018) reported that in 2009, the construction sector in China,
India, and the EU-27 (including the UK) contributed 38%, 30%,
and 18% respectively to their country’s national emissions.
Within the same period in the UK, construction activities related
emission was the largest contributor to direct carbon emission
(Huang et al. 2018). This indicates that the construction process
carbon emission is quite substantial (Li et al. 2019) and must not
be discounted if the industry’s goal of achieving net zero carbon
by 2050 is to be attained (World GBC 2016).

Having established the significance of construction process
carbon emission, the fragmented nature of construction opera-
tions (Fang et al. 2019) and the chaotic technique which charac-
terizes the construction process (Yang et al. 2018) make it
difficult to deploy strategies capable of lessening the impact of
construction carbon footprint.

These challenges could slow the sector’s decarbonization
which is urgently required due to its huge contribution to the
global greenhouse gas emission (Giesekam et al. 2018). In view
of this, this study seeks to investigate the critical barriers inhibit-
ing the construction process carbon emission reduction.
Although, given the complexity of built environment projects,
various stakeholders such as architects, engineers, material sup-
pliers and even clients are involved in its execution and they all
have a role to play in its decarbonization. For example, the
designers could substitute a high carbon-intensive material with
low carbon intensive ones to lower a project’s total embodied
carbon (Victoria and Perera 2018) and the client could adopt an
early contractor involvement (ECI) contract model approach as a
foresight strategy to take advantage of contractors’ carbon reduc-
tion experience to maximize the decarbonization potential of the
asset to be built (Arogundade et al. 2021b). Nevertheless, if con-
tractors who are responsible for utilizing these materials do not
adopt them or do not share their experience, then the carbon
reduction efforts by coming up with low-carbon materials or
involving them from the project concept stage would have been
wasted. Therefore, due to contractors’ vital role in bringing con-
struction design to life (Cheung et al. 2012) and being the main
stakeholder involved in the construction process stage of a pro-
ject, they will be the major focus of this study. The findings of
this study will arouse the interest of researchers and industry
stakeholders as they become aware of specific barriers hindering
construction stage decarbonization in the UK. This could then

CONTACT Suhaib Arogundade @ s.arogundade4475@student.leedsbeckett.ac.uk @ Accelerating Innovation in Construction Lab, School of the Built Environment,

Engineering and Computing, Leeds Beckett University, Leeds, UK
© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any
way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.



2 S. AROGUNDADE ET AL.

enable construction stakeholders to devise appropriate measures
in overcoming the barriers.

Overview of carbon reduction barriers

The construction industry has been noted to be impervious to
change (Tierney and Tennant 2015) and over time, contractors
have been identified to be slow in implementing strategies capable
of reducing carbon during construction projects (Wong et al.
2013). Some of the concerns highlighted in literature to be respon-
sible for such behavioural tendencies by contractors are organiza-
tional and procedural barrier which according to Mohd-Rahim
et al. (2017) represents a major obstacle in the development of
green building. This lack of support from top management could
equally be linked to the implementation cost of low-carbon tech-
nologies especially if there are no incentives for going green
(Energy Research Partnership 2021; Ng 2015). This is because most
business leaders are concerned with the bottom-line and the need
to ensure that the business continues to be in operation. However,
if there is clear legislation enforcing the transition to green practices
or utilization of low-carbon technologies (Salama and Hana 2010),
the leaders of industry might consider it worthy to implement.

Upon legislating the adoption of low-carbon practices, the gov-
ernment will need to back such policy up by piloting it through
public procurement frameworks to explore its practicability and to
understand the financial implication to contractors (Ng 2015).
This is because Ng (2015) have stated that contractors fear the
jeopardisation of project success when looked at within the context
of time, cost and quality that may arise as a result of utilizing
unfamiliar or novel low-carbon construction equipment and/or
materials. But if such risk is absorbed within the government’s ten-
der, then contractors might be willing to infuse low-carbon plans
in their bids and take the risk of implementing low-carbon practi-
ces during the execution of infrastructure projects. This could also
address the situation of the lack of demand for low-carbon projects
(Tierney and Tennant 2015). Tierney and Tennant (2015) narrated
in their position paper exploring the major challenges confronting
the delivery of low-carbon homes in Scotland that home buyers do
not prioritize energy efficiency and are not willing to pay high pri-
ces to purchase such homes (Ng 2015; Salama and Hana 2010). A
possible explanation for the high prices of low-carbon homes is the
additional cost to be incurred for changing standard designs to
introduce low-carbon technologies, engage the services of those
with carbon reduction skills and purchase low-carbon materials
(Tierney and Tennant 2015). The cost of hiring carbon reduction
specialists and acquiring low-carbon materials leading to inflated
construction prices could be due to the current insufficient know-
ledge of carbon minimization within the construction industry
and reduced accessibility to low-carbon materials including con-
struction equipment (Ng 2015).

Furthermore, Salama and Hana (2010) found in a study seeking
to understand sustainable construction awareness levels amongst
construction professionals in the United Arab Emirates (UAE) that
the construction stakeholders ranked lack of awareness of the bene-
fits of reducing carbon as the key challenge in implementing green
building practices. This mirrors the report of the Energy Research
Partnership (2021) which stated that adopting sustainable practices
seems not to have any apparent competitive advantage for busi-
nesses in the UK. Other barriers highlighted by Salama and Hana
(2010) include difficulty in quantifying carbon reduction benefits
and the complex nature of construction. This could be due to the
broader difficulty in identifying emission hotspots vis-a-vis the
fragmented nature of the supply chain (Jackson and Kaesehage

2020). In line with this, the findings from the case study research
conducted by Jackson and Kaesehage (2020) with participants from
the UK construction sector revealed that having a procurement
process stating the minimum carbon emission requirements as an
industry standard can assist the sector with emission reduction.
This is similar to the argument of Sanchez et al. (2015).

These barriers curated from different works and listed in
Table 1 have generally been highlighted in the context of how it
affects the whole construction industry. Hence, this study will be
looking at how these barriers affect construction projects and
most especially the ability of contractors to reduce the carbon
footprints within their control in the UK.

Research method

The methodological model adopted in this study follows that of
Chan et al. (2004) with some modifications. It comprises of lit-
erature review, questionnaire development, pilot study and
empirical research (Figure 1).

The study began with a comprehensive review of the literature
to provide a theoretical basis for the research and extract the ini-
tial set of carbon reduction barriers (Darko 2019). In extracting
the barrier variables, a keyword search was done on the Scopus
database. Scopus was chosen as it has been classified by research-
ers to be the most extensive database in the globe (Oliveros and
Vaz-Serra 2018; Saad et al. 2023). Although, the search initially
returned 136 papers but after filtering for relevance to the current
study, only five papers were considered eligible to be utilized for
developing the barrier variables. This could be as a result of the
sparse research in the construction process carbon reduction
study area (Arogundade et al. 2021b). Furthermore, scholars
(Darko and Chan 2016; Arogundade et al. 2023) have noted that
no single study can single-handedly address all the idiosyncratic
complexities related to a research keyword when investigating a
subject matter. Moreover, the number of papers utilized in this
study for obtaining the barrier variables is similar to the number
of papers used by Wong et al. (2013) in extracting the carbon
reduction variable used for their investigation on contractors
response to carbon reduction policies in construction projects. In
view of this, the barrier variables obtained from the literature
were collated in a questionnaire. For this study, the questionnaire
included two other sections. The first section dealt with under-
standing the respondent’s participation in construction carbon
minimization during the delivery of construction projects. This is
necessary to ensure responses reflect the sector’s perception as it
relates to carbon minimization barriers (Chan et al. 2004). The
other section captures the profile of the respondents such as
industry experience, experience related to carbon reduction, com-
pany type and job role. Upon completing the questionnaire devel-
opment, 10 stakeholders with demonstrable years of experience in
construction management were engaged for a pilot study. These
stakeholders included two professors, an early career researcher
and seven industry experts with knowledge of construction car-
bon reduction. The sample size of 10 for the pilot study was
deemed sufficient since Ajayi (2016) opined that a 10-30 sample
size is adequate for a pilot study. The questionnaire was examined
for comprehensiveness, vagueness, relevance and suitability of
terms used. Based on the valuable comments received from the
professionals, the questionnaire was improved and a final list of
16 barrier variables was included in the survey questionnaire
(Table 1). A five-point Likert scale (1 =not critical, 2 =less crit-
ical, 3 =neutral, 4 =critical, and 5=very critical) was used to
obtain respondents’ views on the level of criticality of the barriers



Table 1.

Carbon reduction barriers.
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Code

Barriers

References

Mohd-Rahim et al.
(2017)

Ng (2015)

Salama and Hana Tierney and Tennant
Wong et al. (2015) (2010) (2015)

BR1

BR2

BR3

BR4

BR5

BR6

BR7

BR8

BR9

BR10

BR11

BR12

BR13

BR14

BR15

BR16

Lack of support from
top management

Increase in
construction
project cost due
to carbon
reduction efforts

Lack of carbon
reduction
knowledge

Non-availability of
low-carbon
materials and
equipment

Non-involvement
during the design
and specification
stage of the
project

Fear of jeopardizing
project success in
terms of time,
cost and quality

Lack of incentives to
mitigate the risk
that might arise if
carbon reduction
strategies are
implemented

Lack of demand for
low-carbon
construction
project

Lack of collaboration
between clients,
their consultants
and contractors

Lack of awareness of
the benefit of
reducing carbon

Difficulty in
quantifying
carbon reduction
benefits

Lack of clear
organizational
carbon reduction
policy®

Lack of clear carbon
reduction
regulation by the
government

The complexity of
construction
projects

Lack of awareness of
carbon reduction
technologies®

Lack of a clear
carbon
management plan
related to a
construction
project®

X

“Barriers were added from the pilot study.

hindering the implementation of carbon reduction strategies dur-
ing the execution of construction projects.

In conducting the survey, an online Google form was
employed since it has been used by other scholars and is

considered to be easy to use (Ajayi 2016). The data was collected
by adopting a snowball sampling technique to reach a wider
population of the targeted respondents. The technique permits
the sharing of the survey with an initial set of respondents as
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Literature review
» Provide theoretical basis for the study.
* Have an understanding of existing knowledge.

Questionnaire development
* Harness the factors derived from literature into
a testable format.

A
Pilot study
» Gather feedback from experts to enhance the
questionnaire.

Empirical research
* Administer the survey amongst construction
professionals.

Data analysis
» Descriptive and inferential statistics.
» Factor analysis.

Figure 1. Research framework for the study (source: adapted from Chan 2004).

well as through social networks. This approach has been utilized
in other studies by Mao et al. (2015). The initial respondents
were obtained through the contact list of construction framework
association in the UK. This list consisted of both big and small
contractors delivering all kinds of construction projects in the
UK. The survey link was also shared on LinkedIn. Construction
industry associations such as the Institution of Civil Engineers,
National Federation of Builders and Civil Engineering
Contractors Association were equally approached for data collec-
tion. The survey ran for 12weeks and a total of 48 responses
were obtained. Out of the 48, seven responses were removed.
One was considered invalid since about 75% of the questionnaire
was not completed by the respondent while six were automatic-
ally excluded since the key criteria of having participated in a
construction project in the UK where reducing carbon was con-
sidered or done was not fulfilled. Hence, the study utilized 41
valid responses and the demographic information of the
respondents is presented in Table 2. The 41 responses were
regarded as satisfactory for statistical analysis as the central limit
theorem holds true once the sample size is over 30 (Zhao et al.
2016). Moreover, Akadiri (2011) argued that the UK construc-
tion industry has been noted to be poor in responding to ques-
tionnaire surveys and a sample size greater than 30 should be

Table 2. Demographic profile of respondents.

considered as adequate. Furthermore, other researchers within
the sustainable construction domain have used a sample size of
30 (Zhao et al. 2016) and 32 (Hwang et al. 2017). Thus, the sam-
ple size for this study can be regarded to be acceptable.

Furthermore, the profile of the respondents depicted in Table
2 implies that the responses reflect the view of the industry.

Data analysis and findings

The data collected were analysed using IBM SPSS version 26.
Cronbach’s alpha and Shapiro-Wilk test were first carried out to
establish the reliability and normality of the observed data
respectively. This is essential to determine the reliability of the
questionnaire’s measurement scale (Akintoye et al. 2000) and
probability distribution of variables in order to select an appro-
priate statistical method of analysis (Kim 2015). The Cronbach’s
alpha value for the 16 barrier variables is 0.781 suggesting that
the data is reliable for statistical analysis (Table 3) since accord-
ing to Bowling (2014), the minimum acceptable threshold is
0.70. As for the Shapiro-Wilk test, the result indicates that the
data collected is not normally distributed since all the barriers
have p-values lesser than 0.05. Based on this, a non-parametric
method was used to conduct further analysis (Hwang et al.
2018). The further analysis performed were grouped into two.
The first analysis performed was mean analysis and Wilcoxon
signed-rank test. This was done to determine the ranking and
significance of the variables based on the responses obtained.
The second analysis conducted is factor analysis (FA) to explore
the intrinsic feature of the carbon reduction barriers. The results
of these analyses will be meticulously discussed in successive
sections.

Ranking and significance of carbon reduction barriers

The result of the mean analysis of the barriers inhibiting con-
tractors’ ability to minimize construction project carbon foot-
print is shown in Table 3 with the barrier codes the same as in
Table 1. The least ranked barrier ‘lack of demand for low-carbon
construction project’ (BR8) has a mean score of 3.20 which is
still greater than the median value of 3 when compared with the
Likert scale employed for data collection. While this suggests
some level of biasness (as ranked by the respondents) towards
the barrier being critical to hinder carbon reduction efforts of
the contractor, the result of the one-sample Wilcoxon signed
rank test implied that the barrier (BR8) is not significant as the
p-value is greater than 0.05 (Table 3). What this demonstrates is
that there is probably demand for low-carbon construction
already in the UK and contractors just need to rise to the chal-
lenge of delivering such projects. This might not be unexpected
since the biggest infrastructure project (high-speed rail line, HS2)
in the UK (and indeed all of Europe) at the moment has a

Respondent features Percentage (%)

Designation Sustainability/carbon/environmental managers 54
Project/cost/operations/design managers 46
Years of industry experience Over 20 years 37
Between 11 and 20 years 34
Less than 10 years 29
Years of industry experience relating to carbon reduction More than 5years 37
Up to 5years 63
Organization type Contracting 73

Consulting 27
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Table 3. Ranking of carbon reduction barriers.

Shapiro-Wilk
Code Mean Standard Deviation (SD) Rank (p-value) Wilcoxon Signed Rank Test (p-value)
BR1 439 0.737 1 0.000 0.000*
BR2 437 0.698 2 0.000 0.000*
BR9 437 0.733 3 0.000 0.000*
BR5 4,10 1.068 4 0.000 0.000*
BR13 3.93 1.292 5 0.000 0.000*
BR3 3.83 1.093 6 0.000 0.000*
BR4 3.78 1.061 7 0.000 0.000*
BR6 3.76 0.969 8 0.000 0.000*
BR10 3.76 1.157 9 0.000 0.001*
BR15 3.66 0.965 10 0.000 0.000*
BR7 3.66 1.063 " 0.000 0.001*
BR16 3.61 0.919 12 0.000 0.001*
BR12 341 1.204 13 0.001 0.000*
BR14 339 1.046 14 0.000 0.027*
BR11 337 1.090 15 0.003 0.042*
BR8 3.20 1.289 16 0.001 0.415
Cronbach’s Alpha 0.781

*p-value < 0.05.

carbon reduction target of 50% by 2030 (UK Government 2016;
HS2 2022). The UK government have equally noted that the pro-
ject will engage both tier 1 and 2 contractors throughout the
construction execution phase (UK Government 2016). Even
though Tierney and Tennant (2015) noted that there is likely to
be a demand issue for low-carbon home construction in the UK.
However, the findings of this study seem to negate this as con-
struction professionals in the UK believe there is a demand for
such environmental-friendly construction.

‘Lack of demand for low-carbon construction project’ (BR8)
is the only insignificant barrier amongst the 16 barriers to con-
struction carbon reduction as per the Wilcoxon signed rank test
result. Hence, the remaining 15 barriers were found to be critic-
ally significant with mean scores ranging from 3.37 to 4.39
(Table 3). The critical barriers with similar mean values were
ranked based on their SD figure and the barrier with the lowest
SD is given the highest rank. The top five barriers ranked as the
most critical by the respondents are: ‘lack of support from top
management’; ‘increase in construction project cost due to car-
bon reduction efforts’y ‘lack of collaboration between clients,
their consultants and contractors’; ‘non-involvement during the
design and specification stage of the project’; and ‘lack of clear
carbon reduction regulation by the government’; in that order.
The ranking of these five barriers as the most critical that could
impede contractors in achieving construction project decarbon-
ization in the UK is somewhat expected. This is because Tierney
and Tennant (2015) opined that low-carbon construction could
lead to more costs which clients might not want to bear and
studies have shown that the profit margin of contractors is quite
low (Moffat 2020). Therefore, contractors might not want to
absorb the cost increase that may arise from the implementation
of low-carbon practices during the delivery of infrastructure
projects. Also, ECI and increased collaboration between all con-
struction stakeholders have been touted to improve both the
financial and environmental output of a project. For instance, in
a road construction project in Australia, Sanchez et al. (2015)
pointed out that the utilization of the ECI strategy resulted in
the avoidance of hauling about 30% of material thereby saving
fuel and its associated carbon emission. A similar strategy was
reported to have saved tonnes of virgin materials and concrete
resulting in 21% CO,e savings on a road project in the UK
(Manidaki et al. 2016a). This indicates that if such an opportun-
ity for early collaboration was lacking, there will not be an
avenue to suggest and implement measures leading to this sort

of emission reduction. Furthermore, as found out in this study
that lack of top management support is the topmost critical bar-
rier to construction carbon reduction, several studies (Rais et al.
2018; Khaderi et al. 2022) done in both developed and develop-
ing countries also support these findings. Lastly, the lack of clear
regulation on construction carbon reduction being ranked as one
of the top five critical barriers by UK construction professionals
is in tandem with the observation of the UK’s House of
Commons Environmental Audit Committee. The committee
noted that the absence of such a policy is responsible for the
lack of progress in reducing embodied carbon of built environ-
ment projects because operational emissions seem to have largely
been minimized due to policy targeted at it (Environmental
Audit Committee 2022). Hence, the government needs to
urgently put forward clear regulations and guidelines directed
towards embodied carbon if the UK is to meet its net zero target
by 2050 (Environmental Audit Committee 2022).

Factor analysis of carbon reduction barriers

The FA was performed on barriers of construction carbon reduc-
tion to establish their latent variables. Out of the 16 barriers, one
barrier (BR8) was excluded since it was discovered to be insig-
nificant based on the result of the Wilcoxon signed rank test
(Table 3). Hence, the FA was carried out on the remaining 15
barriers that were considered critical and significant. In conduct-
ing the FA, principal component analysis and varimax rotation
were used with minimum factor loading set to 0.50. This
approach was utilized because it has been widely used in con-
struction management studies (Wong et al. 2016) and it is cap-
able of generating an easily interpretable rotated component
matrix (Akintoye 2000; Cheung et al. 2011). Also, to determine
the factors to retain, Kaiser’s criterion which states that the
eigenvalue of factors should be above 1 was adopted (Pallant
2020. p. 184).

Before proceeding with the FA, the suitability of the data was
inspected. KMO and Bartlett’s test of sphericity was utilized for
this purpose. The KMO value was 0.561. Albeit small, it is
greater than the allowable threshold of 0.50 and according to
Field (2005, p. 647), it is a value lower than 0.50 that should
warrant the omission of some variables or the collection of more
data. Thus, based on this study’s KMO value, the factor analysis
to be conducted is expected to yield reliable and dissimilar
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factors (Field 2018, p. 798). For the Bartlett’s test, a chi-square
value of 256.768 at a significant level of 0.000 was returned
implying that the correlation matrix is not an identity matrix
(Field 2005, p. 660). The outcome of the KMO and Bartlett’s test
indicates that FA is appropriate. The application of factor ana-
lysis revealed four factors whose eigenvalues were higher than 1.
These four clusters accounted for 66.316% of the total variance
and which is greater than the minimum value of 60% (Hair et al.
2014, p. 109; Chan 2019). But one barrier ‘difficulty in quantify-
ing carbon reduction benefits’ (BR11) was loading on two fac-
tors. Therefore, it was taken out and the analysis was repeated.
The new analysis result is presented in Table 4 with four clusters
still retained and a slight improvement in the cumulative vari-
ance (66.890%) was noticed. The remaining 14 critical barriers
all have factor loadings above 0.50 and one variable has a nega-
tive factor loading of —0.628. According to (Field 2018, p. 823),
the negative sign does not matter, and the factor is as important
as those with a positive sign since the factor loading value is
greater than 0.50 which is the most important criterion (Chan
et al. 2010). The four clusters are then labelled based on the
characteristics of their underlying variables and they are:

Cluster 1: Resources and prioritization.
Cluster 2: Policy and standards.
Cluster 3: Risk and commitment.
Cluster 4: Awareness and complexity.

Discussion of factor analysis results
Resources and prioritization. This group pinpoints the essential
purpose of human, material and knowledge resources in deliver-
ing a low-carbon construction project by contractors. Given the
interrelationship that exists between these resources and their
key contribution to the success of any built environment projects
(Ng 2015), it is not surprising that this group accounts for the
highest variance with a value of 25.397% (Table 4). As seen in
Table 4, this cluster has five underlying critical barriers.

Even though lack of support from top management had a low
factor loading in the group, it is the most exigent barrier in the
group based on the findings of this study (Table 3).

Table 4. Factor analysis for the carbon reduction barriers.

The lack of backing from senior management could be attrib-
uted to various factors such as a likely increase in project cost if
low-carbon materials are adopted, minimal knowledge and
awareness of decarbonization practices, no incentive to reduce
the carbon impact of projects, no demand for low-carbon con-
struction, to mention but a few. The factors highlighted are
related to or could impact the overall profitability of an organ-
ization. Therefore, since the major goal of top management is to
maximize and prioritize resources while improving a company’s
financial well-being (Galbraith et al. 1975; Jensen 2010), they
might not be willing to engage in practices that could jeopardize
this. Nonetheless, the collocation of the barriers on carbon
reduction knowledge and awareness of decarbonization technolo-
gies with top management support in this cluster highlights the
interdependence of these critical barriers. According to Olawumi
and Chan (2020), the execution of sustainability practices within
the construction sector requires the continuous training of all
stakeholders due to the constant emergence and development of
new emission abatement technologies and practices. Most times,
approval of senior management is often required to participate
in such training due to the resources (time and/or financial)
required. Hitherto, if the aforesaid consent is lacking, then the
capacity building of workers will be affected, thereby hindering
the depletion of carbon during construction. Meanwhile, as
regards the possibility of limited or no demand for low-carbon
projects influencing top management decisions to support the
adoption of low-carbon practices, currently in the UK, this does
not seem likely as the result of this study negates such percep-
tion (see section “Ranking and significance of carbon reduction
barriers”).

Additionally, the failure to engage contractors during the
design and specification stage has the least factor loading (Table
4) in this cluster but is ranked amongst the top five critical bar-
riers as per the result of this study (see Table 3). Thus, its impor-
tance in impeding the minimization of construction carbon by
contractors cannot be overlooked. This aligns with the observa-
tion of previous studies. Arogundade et al. (2021b) and Kadefors
et al. (2021) argued that ECI has the potential to lead to a con-
siderable decrease in construction carbon. Also, Pomponi et al.
(2020) accentuated that construction carbon mitigation is best
attained early on in a project lifecycle. To achieve this,

Factor Loading

Code Carbon reduction barriers 1 2 3 4
Resources and Prioritization

RPB1 Lack of awareness of carbon reduction technologies 0.827

RPB2 Non-availability of low-carbon materials and equipment 0.819

RPB3 Lack of carbon reduction knowledge 0.702

RPB4 Lack of support from top management 0.570

RPB5 Non-involvement during the design and specification stage of the project 0.552
Policy and Standards

PSB1 Lack of clear organizational carbon reduction policy 0.875

PSB2 Lack of clear carbon reduction regulation by the government 0.829

PSB3 Lack of a clear carbon management plan related to a construction project 0.607

PSB4 Lack of collaboration between clients, their consultants and contractors 0.541
Risk and Commitment

RCB1 Fear of jeopardizing project success in terms of time, cost and quality 0.810

RCB2 Lack of incentives to mitigate the risk that might arise if carbon reduction strategies are implemented 0.742

RCB3 Increase in construction project cost due to carbon reduction efforts 0.692
Awareness and Complexity

ACB1 Lack of awareness of the benefit of reducing carbon 0.823

ACB2 The complexity of construction projects —0.628
Eigenvalues 3.556 2419 1.989 1.401
Variance (%) 25.397 17.282 14.205 10.007
Cumulative variance (%) 25.397 42.679 56.884 66.890




stakeholders have emphasized the need for collaboration
throughout the lifecycle of a project (Manidaki et al. 2016a)
which is the feature of the ECI strategy. Again, this is crucial
because once the design and specification of materials for a pro-
ject are completed, its alteration to imbibe alternative material
would be difficult for a contractor. Thereby limiting the scope of
whatever low-carbon initiative to be implemented by the con-
tractor (Ng 2015).

Another critical barrier which has a high factor loading
(0.819) in this group is the limited availability of materials and
equipment with high carbon efficiency. As found in the result of
this study with UK contractors that this barrier is crucial to their
carbon minimization endeavour (Table 3), Ng (2015) equally
reported similar findings in Hong Kong. But a report by the
UK’s House of Common Environment Audit Committee stated
otherwise. The committee believe that there is availability of low-
carbon product and that what is lacking is an incentive by the
government to promote the adoption of such products
(Environmental Audit Committee 2022). Perhaps, this could be
because some of these net zero carbon technologies are rather
expensive and still have low market penetration (Gillingham and
Sweeney 2012; Preston and Lehne 2018). Thus, requiring the
support of the government to achieve economies of scale.

Policy and standards. This cluster explains 17.282% of the total
variance and comprises policy- and standard-related barriers at
both organizational and government level. It is the second most
vital cluster after the resources and prioritization group based on
the result of the factor analysis (Table 4). This appears to sup-
port the assumption that policies have a link to resource alloca-
tion (Andrews and Cingano 2014). The policy and standard
group consist of four critical barriers. Out of the four critical
barriers contained in this group, two of them are amongst the
top five barriers identified as most critical based on the respond-
ents’ ranking (Table 3). Whilst the lack of collaboration between
construction project stakeholders has the least factor loading
(0.541), it remains the most significant barrier in this cluster as
per the result of this study followed by the absence of explicit
government regulation on construction carbon reduction (Table
3). The criticality of collaboration in achieving low-carbon con-
struction cannot be overemphasized. Sopp (2018) mentioned that
collaborative working can aid innovation, enhance risk manage-
ment and improve project performance. Within the construction
sector, the British Standards Institute equally stressed the need
for stakeholders to collaborate in managing the carbon impact of
infrastructure projects (Manidaki et al. 2016b). This call was sup-
ported with the publication of a standard termed PAS 2080 with
corresponding guidance by the Construction Leadership Council.
This elucidates the importance given to collaborative working
and Ey et al. (2014) argued that the absence of it could result in
disputes and poor project performance.

In the UK, the barrier, lack of clear carbon reduction regula-
tion by the government has been ranked rather high in compari-
son to the result of the study by Salama and Hana (2010) in the
UAE. This suggests that UK contractors are more concerned
about the policy direction of the government in influencing their
behaviour as it relates to the minimization of the carbon foot-
print of built environment projects. This is not unexpected
because contracting organizations like most businesses would
require some level of assurance by the government as regards the
mandatory procurement of low-carbon infrastructure before
investments in new carbon-efficient technologies can be made
(Office of Fair Trading 2009). Albeit counterintuitive since this
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study has established that lack of demand for low-carbon proj-
ects is not a critical barrier in the UK (section 4.1), yet if it is
not supported by a government policy, the pace of low-carbon
infrastructure development will be slow (Environmental Audit
Committee 2022). Once this happens, contractors will be left
with no choice but to institute an organizational policy on car-
bon reduction as well as develop a carbon management plan for
construction projects which will tally with their organization’s
policy. In addendum, it has been noted that carbon reduction
regulation can strongly influence a behavioural change in con-
struction stakeholders to reduce the carbon footprints of infra-
structure projects (Wong et al. 2015). Therefore, without such a
policy from the government, contractors might not work on low-
ering construction project carbon footprint.

Risk and commitment. This group consist of three critical bar-
riers underscoring the role of project success in the dimensions
of cost, time, and quality. The group accounts for 14.205% of the
total variance (Table 4).

Again, as per the findings of this study, the barrier ‘increase
in construction project cost due to carbon reduction efforts’ is
the most significant in this risk and commitment group due to
its high rank (second) by the respondents (Table 3) even though
it has the lowest factor loading (0.692) in the cluster. It is quite
interesting to discover in this study that this barrier is still very
relevant in mitigating the carbon emission of construction proj-
ects in the UK. This is so because, in the study conducted by
Sorrell in 2003, an increase in project cost was identified as one
of the major barriers impeding the construction of low-carbon
buildings in the UK (Sorrell 2003). The author further argued
that as of then, the reforms happening within the UK construc-
tion industry championed by the government were not linked to
the UK climate policy even though other barriers identified by
the author were addressed by the reform (Sorrell 2003). While
project cost increase being one of the most critical barriers to
decreasing construction carbon is not synonymous to the UK
alone as similar findings were reported in the UAE (Salama and
Hana 2010) and Hong Kong (Ng 2015). The government (UK in
this case) might need to lead in this aspect by instituting incen-
tive schemes to overcome this barrier as suggested by Ng (2015).
Construction clients especially those procuring public infrastruc-
ture projects for the government might equally look at initiating
such incentive schemes to abate the risk associated with project
success if carbon reduction measures implemented by contrac-
tors have an undesirable outcome. Even though project success
means different things to various individuals (Chan 2001; Chan
and Chan 2004) and it is dependent on the client criteria, the
success of a construction project remains the most paramount
factor to contractors (Love et al. 1998). Thus, if the condition to
lessen construction carbon emission is part of a client’s require-
ment, initiatives to support this obligation should be included in
the tendering process for a procurement framework to ensure
that contractors become willing to take the risk.

Awareness and complexity. The last grouping revealed by the FA
performed on the critical barriers explained just about 10% of
the total variance and they are barriers linked with the value of
carbon reduction and project complexity (Table 4).

According to the findings of this study, the complexity of
construction projects has been cited by contractors as one of the
obstacles to reducing the carbon impact of a project in the UK.
This finding agrees with the observation of Bentil et al. (2017)
who mentioned that the complex nature of construction projects
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hinders project success. This can be exacerbated by the construc-
tion industry’s fragmented supply chain which can fetter innov-
ation (Willan 2019). This is so because the execution of most
built environment projects involves employing a multitude of
suppliers and subcontractors. For instance, Ko (2010) stated that
supply chain fragmentation could hamper a construction proj-
ect’s early connection to the grid which is one of the strategies
that could be adopted to reduce carbon. This is due to the
coordination required amongst them before the grid connection
can be done which could result in delay if proper coordination is
lacking (Ko 2010). Consequently, it is imperative to consider
processes that could aid in the easy management of the suppliers
being engaged. This view is buttressed by Burbridge (2012) who
noted that efficient management and monitoring of construction
supply chain activities could assist in project decarbonization.
Since most carbon associated with construction processes is
emitted by the actions of the supply chain. Therefore, if a sup-
plier can manage its carbon footprint, this would have an impact
on the carbon target of the project which the supplier is involved
in. The management of carbon emissions by a supplier or sub-
contractor is contingent on their awareness of the benefit of
doing so. The same applies to the main contractor and indeed
all the stakeholders taking part in a construction project. Maybe
that is why both barriers are collocated in this group. In line
with this, contractors are urged to constantly seek for ways in
updating their knowledge to improve project outcomes. This call
is necessary because based on the result of this study, about 85%
of the respondent have more than five years of experience work-
ing within the construction industry while only 37% have
upward of five years’ experience related to carbon reduction in
construction projects.

Theoretical and practical contributions of the study

The outcome of the study illustrates that construction carbon
reduction barriers can be categorized into four distinct clusters.
This engenders a better comprehension of the critical barriers
impeding the minimization of carbon during the delivery of con-
struction projects. This classification could provide a founda-
tional basis for further research within the sustainable
construction domain and deepen the knowledge of researchers in
this research area.

Furthermore, the findings of the study would be beneficial to
construction clients and policymakers in strengthening their
understanding of the carbon reduction challenges which contrac-
tors experience while executing projects. Thus, it could facilitate
the need for collaboration between these construction stakehold-
ers in order to proffer pragmatic solutions to the identified chal-
lenges. For instance, Sanchez et al. (2014) suggested that the
development and implementation of consistent systems - carbon
management systems in the case of this study - could enable the
translation of carbon reduction goals into practice.

Conclusion and limitations

This study has elucidated significant critical barriers likely to
hinder contractors to minimize the carbon impact of construc-
tion projects in the UK. The findings of this study conducted
amongst 41 construction professionals revealed that of the 16
barriers presented to the respondents, 15 of them were found to
be significant according to the result of the Wilcoxon signed-
rank test. FA was then carried out to establish the underlying
factors of these 15 critical barriers. The result of the FA returned

four barrier clusters namely: resources and prioritization; policy
and standards; risk and commitment; and awareness and com-
plexity. Construction stakeholders in the UK will need to pay
attention to these four barrier categories and implement policies
and strategies that would assist in overcoming these identified
challenges. Such strategies could include the provision of training
support by construction clients while also incentivizing the
uptake of innovative approaches by contractors in reducing con-
struction carbon emissions. In addition, the government can
institute policies targeted at construction process carbon reduc-
tion just as it has for operational emissions.

Even though the study objective has been realized, the
research has few limitations. Firstly, although the sample size
was considered adequate for the study, it is appreciated to be
small. This is probably due to the requirement that respondents
must have worked on a project where carbon reduction was
implemented. Given the rise in client requirements to reduce the
carbon footprint of construction projects, more contractors are
likely to become skilled in carbon reduction, therefore, have
experience in construction carbon minimization. Hence, future
studies can be conducted, and more respondents from contract-
ing organizations could be involved. Secondly, the research was
conducted amongst UK construction professionals and the find-
ings were interpreted accordingly within this context. Hence, the
generalization of the study outcome beyond the UK should be
done with caution because of the peculiarities of the construction
process in other geographies. Future research related to this
study could be replicated within the UK or elsewhere while
involving other construction stakeholders and the findings juxta-
posed with the result of this study.
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