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Abstract
Construction has been highlighted as one sector that could reduce its effect on the environment by implementing more 
sustainable methodologies. However, there are many different challenges preventing sustainable construction practice, and 
despite existing research providing advice for carbon emission reduction, these practices are being somewhat neglected. 
The purpose of this research is to investigate the challenges surrounding sustainable construction practice and the current 
knowledge on energy security and project management practices that can aid climate change mitigation. The design 
methodology of this study involves a thorough literature review of existing knowledge on the subject matter followed 
by primary research. The survey conducted collected quantitative data of 160 valid responses via an online closed ended 
questionnaire using snowball sampling methods from the construction and engineering professionals working in the UK 
construction industry. The study found that most participants agree with the encouragement of sustainable construction 
practices, but are generally unsure about what they can do. Factors such as government involvement and organisation culture 
have some significance but will rely on further research in order to assess specific influencing variables. The study contributes 
to existing research on factors surrounding project management and identifies and plethora of areas of improvement, that 
can be formed into a holistic approach to the current construction industry practice.

Keywords Energy security · Climate change · Urbanisation · Project management practices · Sustainable construction

Introduction

Globally, urban areas are home to over half of the human 
population, generating an estimated 75% of the whole 
planet’s energy use and Green House Gas (GHG) emissions 
combined (Gouldson et al. 2016). Rapid population growth 
and urbanisation specifically within developing countries 
has led to concerns about high-carbon emissions and the use 
of non-efficient fuels (Maqbool and Sudong 2018; Gouldson 
et al. 2015). Energy, transport and construction processes 

are still largely contributing to high carbon emissions, 
inefficient fuel processes and waste (Ji et al. 2018; Mao 
et al. 2013). Based on this knowledge, cities with densely 
populated communities must act responsibly towards the 
reduction of emissions and the adoption of high-carbon fuel 
alternatives. Concerns are rising about climate change and 
energy security as numerous countries are choosing high-
carbon options, focusing on the increase of economic growth 
over sustainability (Le and Nguyen 2019). Electrification via 
low-carbon and renewable energy alternatives could be the 
best strategy moving forwards; however, there are currently 
several barriers preventing action (Stewart et al. 2018).

Construction has been highlighted as one sector that 
could reduce its effect on the environment by implement-
ing more sustainable methodologies (Maqbool et al. 2022a, 
b). However, there are many different challenges prevent-
ing sustainable construction practice, and despite existing 
research providing advice for carbon emission reduction, 
these practices are being somewhat neglected (Darko et al. 
2019). State-level enforcement and government policies are 

Responsible Editor: Philippe Garrigues

 * Rashid Maqbool 
 rashid.maqbool@northumbria.ac.uk

 Emily Jowett 
 emily.jowett@northumbria.ac.uk

1 Department of Mechanical and Construction Engineering, 
Northumbria University, Newcastle upon Tyne NE1 8ST, 
UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s11356-022-21721-w&domain=pdf


81859Environmental Science and Pollution Research (2023) 30:81858–81880 

1 3

said to be a vital force in the shift towards sustainability, 
lack of financial incentives and current investments in high-
carbon energy supply are also contributing to the problem 
significantly (Esmaeili et al. 2020).

Though there is much more research available to be con-
sidered (Ahmad et al. 2019; Hossain et al. 2020; Liu et al. 
2015), from this review, it is clear that there are several 
major challenges in reducing carbon emissions and work-
ing in more sustainable ways. Looking forward, research 
needs to focus on the transition from high-carbon fuels to 
electrification so that rapidly urbanising areas may develop 
in a greener way. Since the current construction sector have 
much room for improvement, a culture of more sustainable 
practice needs to be cultivated.

Project management practice in the construction sector 
is said to be a strong influencer on the overall sustainability 
of its projects (Liu et  al. 2020). Project management 
is generally goal-oriented and relies on the dynamic 
integration and partnership of multiple organisations 
during a single project. In a project management culture 
that values reflection, practices will continue to improve 
for the better (Kozak-Holland and Procter 2014) and more 
increasingly, project managers are using integrated software 
such as Building Information Modeling (BIM) to increase 
the overall sustainability of a project (Olawumi and Chan 
2018). Since many project stakeholders are often involved 
in construction projects due to their ever-increasing 
complexity, it has been suggested that project managers can 
therefore influence the practice of more sustainable methods 
of construction practice (Liu et al. 2020). By exploring 
into energy security and sustainable urban development, 
specifically focusing on project management practice, we 
can reaffirm previous knowledge and assess how accurate 
some current theories are, providing a holistic awareness 
and potential ideas for further research.

The aim of this study is to outline key elements within 
sustainable urbanisation to develop existing knowledge on 
the subject and provide a more holistic understanding of 
how to encourage sustainable construction practice. The 
study will discuss the role of the project management prac-
tices within the construction sector, focusing on how it can 
increase sustainable practice. In summary, the research ques-
tion is therefore:

Considering the responsibility of the construction sector 
in the context of climate change mitigation and energy secu-
rity for sustainable urbanisation, how can primary research 
expand the knowledge on sustainable construction project 
management culture?

This study will cover the significance of contributing fac-
tors within sustainable construction development. It will sur-
vey individuals with knowledge of the construction industry 
in order to develop existing research. The objectives of this 
study are the following:

• Identify and discuss environmental challenges surround-
ing sustainable urbanisation, and the role of construc-
tion practices in climate change mitigation and ensuring 
energy security.

• Understand the significance of the role of project man-
agement practices in the construction industry, and dis-
cuss key factors in project management that may influ-
ence more sustainable urban development.

This research will provide a base for the practicing 
engineering managers within and outside the construction 
industry to make sustainable practices to deal with the 
environmental challenges surrounding urbanisation for 
climate change mitigation and energy security to the wider 
community. More specifically, the study would support 
the managers and project leaders to choose wisely whilst 
deciding on the nature of project and then choice of the 
project practices which could not affect negatively for 
the sustainable urbanisation. This may be done through 
getting to know with the sustainable resilience, knowledge 
of sustainable project management practices, training 
on the modern methods of construction and finally 
through ensuring future oriented decision for sustainable 
communities (Maqbool and Amaechi 2022).

This study will continue by thoroughly analysing 
current literature on the topics of sustainable urbanisation, 
challenges surrounding the topic, project management 
practice and potential influences on sustainable construction 
culture. The methodology section will discuss the process 
of the investigation including the development of the 
questionnaire, which draws from the literature reviewed. The 
results of the questionnaire will be then be analysed and 
interpreted in the discussion. Figure 1 outlines the format 
of this study report.

Literature study

This literature study covers the topics of Sustainability and 
Urbanisation, Climate change mitigation and sustainable 
construction project management and explores studies on 
factors that influence project management sustainability 
factors.

Environmental issues linked to urbanisation

The top ten most polluted cities on earth include six of 
India’s cities (IQAir 2021). Of the largest growing countries 
in Asia, the urbanisation of India in particular is the most 
environmentally alarming; with the second highest number 
of massive cities, almost 35% of India’s population now 
live in urbanised areas (O'Neill 2022). The environmental 
impact of this means that India is facing pressure to tackle 
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its use of resources such as materials and energy, as well as 
reducing harmful emissions into the air and water supplies. 
Through the primary focus on economic growth and rapid 
urbanisation, it seems that the importance of sustainability 
has been somewhat disregarded, and the impact of such dra-
matic growth now means that there is an urgency to change 
the efficiency of resource utilisation, urban planning, envi-
ronmental conservation policies, Green House Gas (GHG) 
emissions, and general cultural attitudes (Liu et al. 2014). 
Previously, out of ten most polluted largest cities seven were 

from China (Liu et al. 2014). Furthermore, almost five hun-
dred of China’s largest cities failed to meet international air 
quality standards recognised by the World Health Organi-
sation (WHO) (Liu et al. 2014; Zhang and Crooks 2012). 
However, China worked very hard for its urbanised sustain-
ability, and the result is that at the moment there are only 
two Chinese cities among the top fifty most polluted cities 
in the world (IQAir 2021). So, it means that the environ-
mental issues are linked with the urbanised pollution, and its 
sustainability can be ensured by focusing on the control on 

Fig. 1  Structure of the study
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rapid urban population, urban planning with the urgency to 
change the efficiency of resource utilisation, environmental 
conservation policies, Green House Gas (GHG) emissions, 
and general cultural attitudes.

Sustainability and urbanisation

Countries that are more economically developed, such as 
the USA, have put more emphasis on sustainability as the 
country evolves; however, countries such as India that are 
still described as ‘developing’, albeit rapidly, are focusing 
more on economic development rather than overall sus-
tainability and the effects on the environment (Arditi et al. 
2017; Konanahalli and Oyedele 2016). Other studies argue 
that sustainability policies do not consider the economic 
impact enough and are not encouraging the generation of 
jobs (Stewart et al. 2018); despite the impact that construc-
tion has, infrastructure is widely known as the driving force 
of industrialization, and a vehicle for development of any 
country (Chukwuji et al. 2020). Generally speaking, areas 
that will struggle most against rapid urbanisation are those 
that are more vulnerable due to existing issues with unem-
ployment and poverty, this includes cities in South Asia, 
Africa and the Southern Americas (Stewart et al. 2018). 
The concept of Green Growth is explored as a paradigm 
that aims to increase economic stimulation whilst simul-
taneously decreasing wasted resources and environmental 
harm. Though the pressures of global warming and popula-
tion increase are an international responsibility, cities will 
always be the most concentrated areas of consumption and 
waste production (Maqbool and Wood 2022).

Urban Sustainability frameworks developed by UNEP 
necessitate an integrative bottom-up approach, that requires 
sensitivity during application in local areas (Stewart et al. 
2018). They involve inter-disciplinary coordination among 
political and legal institutions as well as technological sec-
tors for a multi-dimensional strategy with maximum impact 
(Peter and Swilling 2012). The sensitivity to local require-
ments was deemed vital for success of the urban sustain-
ability approaches put forward, particularly in low-income 
areas, stressing the need for frameworks to be holistic and 
flexible in nature (Hussain et al. 2022).

Energy security and sustainable urbanisation

In less affluent and developing countries that have high prev-
alence of poverty, it has been estimated that the majority of 
their populations are living on a maximum of two dollars 
per day (Guriro et al. 2019). Energy provision is found to 
be ‘a key enabler’ for the alleviation and prevention of pov-
erty (UNDP 2005). More specifically, modern methods of 
energy supply and access to electricity play a pivotal part in 
the sustainable development of emerging countries (Hussain 

et al. 2022; Maqbool et al. 2020a). The concept of energisa-
tion is a broader approach to electrification that focuses on 
improving energy provision and empowering communities 
in a way that encourages sustainable electrification and aims 
to reduce the reliance on high-carbon fuels (Nissing and von 
Blottnitz 2010). Research suggests that in some developing 
countries, carbon emissions are higher due to the proportion 
of high-carbon fuels being used compared to cost effective 
lower-carbon alternatives (Gouldson et al. 2016). Since we 
now rely so highly on power supply, it has been suggested 
that the low-carbon electrification of cities would be the 
most effective method to combat the environmental impacts 
of rapid urbanisation (Stewart et al. 2018).

In 2008, Alnaser, Flanagan and Alnaser reported that the 
impact of the global building sector consisted annually of 
massive environmental impacts such as energy use (42%), 
atmospheric emissions (40%), raw materials use (30%); 
lower yet still concerning forms of waste include use of 
land (12%), solid waste (25%), water use (25%) and water 
effluents (20%) (Alnaser et al. 2008). However, Chwieduk 
(2003) discussed how buildings could be made more 
energy-sustainable, through three main principles includ-
ing energy-efficiency measures, sustainable design solutions, 
and renewable energy technologies. Whilst research shows 
that buildings can be developed to reduce waste and be more 
energy-efficient, years later, the global construction indus-
try still needs to make many changes in practice for accu-
mulative overall benefit and reduced environmental impact 
(Maqbool et al. 2022a).

Climate change mitigation and sustainable 
urbanisation

Transport and construction have been identified as two major 
areas where carbon emissions can be reduced significantly 
in parts of Asia; however, in order for such countries to take 
action, their local governments need to be fully committed 
(Ji et al. 2018; Mao et al. 2013). Traffic management and 
infrastructure need to be replanned and better monitored, 
with the introduction of more affordable, fuel-efficient vehi-
cles. Despite current knowledge, sectors are still not pri-
oritising the reduction of waste and carbon emissions, and 
research is finding that low carbon alternatives are readily 
available but are simply not being invested in (Gouldson 
et al. 2016). It seems that action against climate change 
requires intensive coordination between many organisa-
tions within multiple sectors of industry. Interventions are 
needed from national state and local governments on poli-
cies regarding energy use in commercial industry, finance, 
residential housing sectors as well as land planning and 
overall economic development (Esmaeili et al. 2020). Some 
developing countries are still struggling to provide a secure 
energy supply to all areas; moving forward, the focus needs 
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to be on providing low carbon energy supply for all, but most 
significantly at urban levels where populations are highly 
concentrated and rapidly growing (Maqbool et al. 2018; 
Hussain et al. 2022).

Metabolic models link the activities to the wastes, which 
can show professionals what to prioritise as the models con-
sider the behaviour of the cities’ inhabitants and allows the 
setting of goals and the tracking of environmental indicators 
(Perrotti and Stremke 2020). Whilst waste management is 
a key part of sustainable living, a vital part of sustainable 
action needs to be concentrated on improving efficiencies in 
systems before the waste is created (Liu et al. 2014).

Sustainable construction project management

Sustainable infrastructure

As identified earlier, transport and construction are the two 
main industries that have the highest potential for carbon 
emissions reduction (Liu et al. 2019). Furthermore, the need 
for sustainable infrastructure within the field of construction 
has widely been ranked as the most impactful on urbanisa-
tion (World Economic Forum (WEF) 2016). This is due to 
the great number of stakeholders involved in such projects, 
as well as the vast amounts of resources used during the 
completion of each one (Liu et al. 2020). Infrastructure often 
has a long lifespan, between fifty and a hundred years, which 
is more beneficial to the environment and inevitably those 
who will use it (Lee and Ellingwood 2017). Sustainable 
infrastructure therefore needs to be prioritised in urbanis-
ing areas, allowing the collaboration of different sectors to 
deliver such large projects through more sustainable meth-
ods. The more stakeholders that engage in more sustainable 
practices, the more likely we are to see a culture of change 
within the construction sector and other closely connected 
industries.

Project management practices

The practice of Project Management has been described by 
the PMI (Project Management Institute 2013) as the applica-
tion of knowledge, skills, tools and techniques onto project 
related activities in a goal-oriented way in order to estab-
lish a project success. A study by Hwang and Tan (2012) 
outlined the most critical success factors linked to project 
success. They highlighted the top five most critical factors 
for project success:

1. Decision-making effectiveness (project-management-
related)

2. Project’s adequate funds/resources (project-related)
3. Top management support (project-management-related)

4. Availability of experienced managers and skilful work-
force (contractor-related)

5. Coordination between all participants (project-manager-
related).

Fong and Lung (2007) identified a positive relationship 
between interorganizational teamwork and project success 
in the construction industry. They measured this relationship 
through assessment of inter-contextualized cultural factors 
and task performances.

Project Management Sustainability can be described as 
project delivery that is supported by planning, monitoring 
and control processes that take environmental, economic and 
social factors into consideration throughout the lifecycle of 
the whole project (Sabini et al. 2019). Since project manage-
ment is so closely linked to project success, research sug-
gests that the strategy for constructing in more sustainable 
ways is through the Project Management Practices (PMPs) 
(Banihashemi et al. 2017).

Influencing factors on project sustainability

Certain factors that influence sustainable construction prac-
tices have been identified through various research, includ-
ing top managers’ leadership (Meng et al. 2015), stakeholder 
engagement (Bal et al. 2013), project management knowl-
edge and skills (Hwang and Ng 2013) and greening PMPs 
for sustainable construction (Robichaud and Anantatmula 
2011). This research will seek to explore which are the key 
influencing factors.

Organisational culture and project sustainability

Organisational culture has been outlined as the most signifi-
cant feature to distinguish excellent companies from the rest 
(Cameron and Quinn 2011), since it influences the whole 
operation of a company through its atmosphere. A culture 
can influence the use of non-renewable resources and the 
utilisation of low-carbon fuels (Liu et al. 2020). Gimenez 
et al. (2012) suggests that environment-friendly programmes 
implemented through organisational culture constraints have 
positive impacts on project sustainability. Cultural devel-
opment should therefore take priority over other corporate 
strategies (Arditi et al. 2017). O'Brien (1999) reported many 
companies incorporating environmental management into 
the core of their business strategy. Liu et al. (2020) states 
that well-established contemporary construction companies 
should incorporate sustainability into their culture, which 
would in turn, influence the regular behaviours of other 
organisations and their affiliates. Culture within organisa-
tions is something that is formed by its leadership values, 
routines and prioritised functions (Liu et al. 2020). In con-
struction, the outcome of any project is dependent on the 
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culture of the organisations involved; it translates the vision 
of the project and therefore has been outlined as a key influ-
encing factor (Liu et al. 2020). Another study by Schein 
(2010) also found that the performance of organisations is 
affected by the intensity of its culture. Naoum et al. (2015) 
elaborates on this within the field of project management 
stating that the decision-making process is affected by the 
goals of the organisations involved, thus creating a specific 
project management culture.

As previously discussed, establishing a fully integrated 
and comprehensive approach that is flexible for global 
organisations, as opposed to a rigid standard of rules, can 
guide industries towards change (Liu et al. 2014). Since it is 
much more difficult to measure the sustainability of infra-
structure projects delivery due to their complex nature (Liu 
et al. 2014), sustainable methodologies need to be integrated 
into all areas of the industry first through collective cultural 
practices. When discussed through lean construction prac-
tices, the strategy of reflection was adopted as a process of 
learning, knowledge sharing and continuous improvement 
(Kozak-Holland and Procter 2014). Through learning across 
various projects and sharing that experience collaboratively, 
project management and construction practices may have 
the potential to develop more mindful and efficient ways of 
working.

Project management success factors and project 
sustainability

A study by Ogunde et al. (2017) explored the challenges 
facing construction project management systems in Nige-
ria. They identified that if a construction project manager is 
to successfully implement project management practices, it 
is necessary to understand and possess management skills 
in planning, organizing, commanding, coordinating and 

controlling (Ogunde et al. 2017), which could suggest that 
further training programmes might be beneficial, or that cur-
rent academic programmes should be better enriched.

The study categorised the main challenges witnessed dur-
ing construction projects into six related to Project Manage-
ment, Client, Consultant, Supplier, Construction team and 
External factors. The main challenges identified were the 
following:

– Lack of client involvement in making decisions.
– Provision of substandard materials.
– Design error.
– Lack of effective communication.
– Poor treatment of workforce.

After going through the literature review, a list of project 
management success factors has been identified which could 
be beneficial for the sustainable urbanisation. The list of 
project management success factors with relevant sources 
of references is presented in Table 1.

Stakeholders and integrative technologies and project 
sustainability

The fragmented nature of the construction industry is made 
up of project stakeholders (Maqbool et al. 2022b). Each pro-
ject interacts with many key parties or organisations. Eber-
endu et al. (2019) reported that successful project opera-
tion is dependent on stakeholder involvement. Furthermore, 
Bal et al. (2013) reported on the effect of stakeholders on 
sustainable construction strategies. The study suggests that 
when the key members involved in a project have a harmo-
nious relationship, the project as a whole is more likely to 
succeed due to the experience and shared knowledge that is 
gained. So, if managed efficiently, stakeholder collaboration 

Table 1  Project management success factors

Critical success factors Source (s)

Support from senior management (White and Fortune 2002); (Ofori 2013); (Jha and Iyer 2006); (Alias et al. 2014);
Commitment of all project participants (Chua et al. 1999); (Maqbool et al 2022b); (Chan et al. 2001); (Munns and Bjeirmi 

1996)
Adequate communication channels (Maqbool et al 2018); (White and Fortune 2002); (Ofori 2013); (Chan et al. 2001)
Effective control, such as monitoring and updating plans (Chan et al. 2001); (Chua et al. 1999); (Ofori 2013); (White and Fortune 2002); 

(Maqbool and Amaechi 2022)
Adequate financial budget (Chan et al. 2001); (Ofori 2013); (White and Fortune 2002); (Maqbool et al 2020b)
Skilled designers (Chua et al. 1999); (Maqbool and Amaechi 2022)
Skilled project managers (Chan et al. 2001); (Ofori 2013); (Jha and Iyer 2006)
Troubleshooting (Belout and Gauvreau 2004); (Ofori 2013)
Project team motivation (Chua et al. 1999); (Ofori 2013); (Maqbool et al 2022b)
Strong/detailed plan effort in design and construction (Chan et al. 2001); (Munns and Bjeirmi 1996)
Effective feedback (Chan et al. 2001); (Ofori 2013); (White and Fortune 2002); (Maqbool et al 2018)
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could be seen as a tool to better achieve project sustainability 
satisfaction.

Harris et al. (2021) discuss the issues with stakeholder 
engagement and suggest that poor communication between 
the necessary project members reduces meeting satisfaction 
and overall objective comprehension. With less information, 
stakeholders are forced to make assumptions or decisions, 
and that in turn causes mistakes throughout the project 
lifecycle.

A study by Persson (2009) revealed that the key 
stakeholders involved in a selection of construction 
projects were not well-enough informed about sustainable 
construction practices such as energy-efficiency measures 
(less than 31%), sustainable and renewable design solutions 
(less than 13%). Since stakeholder participation is so vital, 
it is not surprising that their knowledge base and efficiency 
have an overall effect on its sustainability in practice. Persson 
(2009) reported that the knowledge on energy-efficiency 
is linked to job role and experience in the Saudi building 
industry. They found that education level and experience 
in the industry had a positive relationship on interest in 
sustainable building. The study highlighted that clients and 
contractors were less likely to have sufficient awareness and 
recommends that stakeholders take part in relevant training 
programmes (Alrashed and Asif 2014).

Integrated software such as Building Information 
Modeling (BIM) platforms have been heralded for its 
engagement and collaboration of stakeholders. Olawumi 
and Chan (2018) surveyed international construction 
experts commended BIM adoption and implementation 
for its assistance with sustainable practice management 
and overall project success. They discuss that important 
knowledge on sustainability, even when obtained, is not 
being utilised effectively until tasks are implemented. Since 
a platform such as BIM has the ability to organise and 
manage stakeholders through multiple layers of operation, 
operations can run more efficiently, reducing mistakes and 
reducing waste.

Policy factors preventing sustainable practice

In the analysis of present literature, several limiting factors 
have been identified as preventing sustainable practices. 
Barriers include a lack of shared values between city 
governing policies, limited local focused adaptations, poor 
implementation and maintenance of sustainable practices 
as well as poor initial planning of cities (Maqbool and 
Amaechi 2022). Sustainability seems to come second 
place to economic growth and is not being considered 
during the development of smaller cities into larger ones 
(Liu et al. 2014). Government involvement appears to be 
the common factor in the lack of low carbon alternative 
consideration when it comes to energy supply (IPCC 

2015). Furthermore, it is vital that governing bodies act 
and recognise this importance so that policies can be 
implemented urgently. In some cases, this is made more 
difficult because powers are found to be under-developed, 
absent, diffused or fragmented (Gouldson et  al. 2016). 
Therefore, the governance arrangements needed in order to 
explore and implement lower carbon electricity solutions 
are lacking or ineffective. Support and awareness need to 
be provided in order to secure these changes in multiple 
sectors and decarbonise the electricity sector. Though 
it is suggested that national climate commitments are 
readily achievable, they ‘lack ambition’ and governments 
“choose only to exploit those options that are economically 
attractive” (Gouldson et al. 2016, pp 16). What needs to be 
provided is a financial incentive for authorities to cooperate 
with low carbon initiatives, as well as mutual collaboration 
with international organisations. In order for climate change 
mitigation to progress, attractive low-carbon measures 
such as waste reduction and utilisation require significant 
financial investment (Maqbool et al. 2020b). Many cities 
still rely on high carbon options; especially in those that are 
growing rapidly, the need for change is urgent, and is highly 
dependent on political involvement at an international level 
(Reckien et al. 2018).

Methodology

The methodology section covers the scientific approach 
behind the study, moreover the research strategy that was 
used including the motive and philosophy for the research 
as well as information on how the study was designed, 
structured and taken place. Population sampling methods 
and participant recruitment are also covered in this section. 
Figure 2 highlights a top to bottom complete details of the 
research methodology involved in this research.

Research 
Methodology

Research Type

Quantitaive 
Data

Likert-scale

Research 
Design

Cross-Sectional 
Study

Sampling 
Methods

Snowball 
Sampling

Motive Philosophy

Fig. 2  Research methodology breakdown diagram
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Research motive

The motive behind this questionnaire was drawn from the 
examination of the literature present in the review (Gouldson 
et al. 2016; Gunduz and Almuajebh 2020; Ofori 2013). There 
are studies that suggest more specific actions that companies 
can take to work in more sustainable ways (Maqbool et al. 2018; 
Maqbool and Amaechi 2022). However, they feel somewhat 
juvenile when compared against the vast challenges that the 
world still faces when it comes to climate change mitigation and 
global energy security. Since so much research already exists, 
it is necessary to collate information in a holistic way to ask 
questions about the kind of solutions that may be beneficial 
moving forward. If project management has some influence 
on how construction can make strategic changes for the better, 
then research must be directed in order to bring about cultural 
change in practice.

Research philosophy

Research philosophies, as discussed by Saunders et  al. 
(2009), are the beliefs about how a theory should be studied, 
it determines the way in which a researcher would explore, 
gather and analyse data. The Positivist philosophy approaches 
theories through the lens of the natural sciences (Bryman 
2015). Positivism aids the investigation of research questions 
in a purely objective way (Mackey and Bryfonski 2018), which 
relates to the research type because the questionnaire was 
designed to gather high-quality numerical data.

Research type

There are two types of research collection, named qualitative 
and quantitative. The primary research conducted in this 
study gathered quantitative data. This is because the ques-
tionnaire was developed around the collection of numerical 
data using the five-pointer Likert scale ranging from strongly 
disagree to strongly agree valued between one and five. The 
use of the word quantitative emphasizes quantification and 
statistical analysis of the high-quality data collected (Bry-
man 2015).

Research design

Following a thorough examination of the literature, a closed, 
structured questionnaire was developed to collect numerical, 
quantitative data. The survey included a total of 160 sam-
ples within the period of research. This makes the research 
design a cross-sectional study because more than one case 
at one single point in time was collected (Bryman 2015).

The sample included industry professionals as well as 
researchers with knowledge of the design and construction 

industry. It was necessary for the study to use the cross-
sectional design because time and budget was limited; how-
ever, this means that the results are all current; alongside the 
quantification of data through the five-pointer Likert scale, it 
ensures reliable analysis and allows the opportunity for thor-
ough discussion following this (Creswell and Hirose 2019).

Questionnaire design

The questionnaire was sectioned into different categories, the 
first being some demographic based questions; however, all data 
was kept anonymous. The other categories covered the topics 
of Energy, Organisational factors, Project Management factors, 
Stakeholder factors, Policies and Sustainable Urbanisation. 
No sensitive topics were addressed throughout. The questions 
were chosen to provide insight into what challenges might 
be preventing the uptake of renewable energy sources and 
sustainable practices, as well as potential solutions that could be 
available. The study aimed to assess what factors are significant 
in the influence of sustainable practices. The literature review 
revealed that there are many overarching influences and 
variables involved. Table 2 lists the key studies discussed in the 
literature review that the questionnaire design was developed 
from.

Population sampling

Participant recruitment

This study uses the Snowball sampling method. These methods 
allow the study to approach participants that represent a certain 
population. This means that the sample will be representative 
of a specific trait to suit the needs of the study (Acharya et al. 
2013). The Snowball Sampling method works effectively 
in studies where an individual participant is not assumed to 
represent the whole speech community. This method then relies 
on participants’ networks and connections in which they are 
asked to share the study with affiliated participants in order to 
gather a larger sample to partake (Bryman 2015).

Subjects were approached and recruited via the researchers 
from different Universities currently studying or who 
have previously studied on the MSc Construction project 
management courses or the aligned courses alumni. The 
questionnaire was sent out electronically via email to researchers 
of universities, as well as professionals currently based in 
the design and construction sector. Snowball sampling was 
generally used following this, as those surveyed were able to 
share the questionnaire with other industry professionals. Any 
organisations affiliated with those researchers that have project 
management experience may have also been approached. At the 
start of the questionnaire, a brief paragraph explained the nature 
of the study and the concept of anonymity so that participants 
were informed before participation.
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Sampling stratification and size

The final sample size was 160 participants, which was 
stratified according to job role labelled in the demograph-
ics Table 3 as ‘Designation or Equivalent’, current level of 
education, experience in construction industry (years) and 
gender. The sample is intended to represent variation across 
the design and construction industry, including minorities 

to enhance the validity of the results. The demographics 
frequencies are presented in Table 3. The values highlighted 
in green are the highest frequencies and those in red are 
the minorities for that category. The highest responses for 
demographics were Males, Project Managers, educated at 
Masters level, with 5–10 years in construction industry. 
Whilst the sample was collected from the UK, other coun-
tries may have been reached as the questionnaire was sent 

Table 2  Questionnaire design references

Questionnaire design table

Category Number 
of ques-
tions

Themes Source (s)

Demographics 4 Gender
Level of education influence
Designation
Experience

Energy 9 Use of low-carbon alternatives compared to 
high-carbon fuels

Electrification vs energisation

(Gouldson et al. 2016)
(Nissing and von Blottnitz 2010)
(Stewart et al. 2018)

Organisational related Factors 9 Awareness of sustainability
Top management leadership
Support from senior management
Organisation culture
Project team motivation

(Alrashed and Asif 2014)
(Meng et al. 2015)
(Gunduz and Almuajebh 2020) (White and 

Fortune 2002)
(Jha and Iyer 2006)
(Liu et al. 2020)
(Chua et al. 1999)

Stakeholder related Factors 9 Stakeholder engagement
Stakeholder knowledge/ experience of energy 

efficiency and sustainability
Adequate communication channels
Client Involvement
Coordination between all participants
Effective feedback

(Bal et al. 2013)
(Ogunde et al. 2017)
(Alrashed and Asif 2014)
(Persson 2009)
(White and Fortune 2002) (Chan et al. 2001)
(Ogunde et al. 2017)
(Gunduz and Almuajebh 2020)
(Chan et al. 2001) (White and Fortune 2002)

Project Management related Factors 9 Effective control, such as monitoring and 
updating plans

Project management knowledge and skills
Availability of experienced managers and 

skilful workforce
Project’s adequate funds/resources
Decision-making effectiveness
Passive participation from the PM
Project management influence on sustain-

ability

(Chan et al. 2001) (Chua et al. 1999) (White 
and Fortune 2002)

(Hwang and Ng 2013)
(Chan et al. 2001) (Jha and Iyer 2006)
(Gunduz and Almuajebh 2020)
(Gunduz and Almuajebh 2020) (Chan et al. 

2001) (White and Fortune 2002)
(Gunduz and Almuajebh 2020)
(Ogunde et al. 2017)
(Liu et al. 2020)

Policy related Factors 9 Increased sustainability content on Higher 
Education courses

Encouragement of sustainable construction 
practices

Incorporation of Lean principles into practice
BIM adoption and implementation for sus-

tainable practice
Insufficient government action

(Alrashed and Asif 2014)
(Robichaud and Anantatmula 2011)
(Kozak-Holland and Procter 2014)
(Olawumi and Chan 2018)
(Gouldson et al. 2016)

Sustainable Urbanisation 9 Sustainable infrastructure
Rapid urbanisation
Economic development and prioritisation of 

sustainability
Urban responsibility

(Chukwuji et al. 2020)
(Lee and Ellingwood 2017) (Liu et al. 2014)
(Stewart et al. 2018)
(Arditi et al. 2017) (Konanahalli and Oyedele 

2016)
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over various virtual platforms, e.g. email and social media 
such as LinkedIn due to the Covid-19 pandemic. However, it 
was made sure that all the respondents have or had a knowl-
edge and experience of UK construction industry, as some of 
the respondents might have worked in the UK construction 
industry previously and employed in overseas industry now.

Validity and reliability tests

Validity and reliability statistical tests are utilised in order 
test the integrity of the conclusions that are generated from 
a piece of research and to make sure the findings are appli-
cable to real world scenarios.

Table 3  Demographic 
frequencies

Demographics Table

Category Options Frequency
Percentage

(%)

Designation or 
Equivalent

Project Manager 37 23.1

Designer/ Architect 29 18.1

Site Manager 3 1.9

Engineer 30 18.8

Contractor 7 4.4

Consultant 16 10

Researcher 13 8.1

Other 25 15.6

Level of Education

PhD 10 6.25

Masters 81 50.6

Bachelors 36 22.5

Diploma/Certification 23 14.4

School/ College 8 5

Other 2 1.25

Years’ Experience 
in Construction 

1-5 16 10

5-10 79 49.4
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The questionnaire data from the survey website Jotform 
was exported as an Excel file. The Excel file once ready was 
imported into SPSS statistical analysis software so the data 
could be coded and analysed. No other software was neces-
sary for the study.

Cronbach’s alpha

As shown in Table 4, a Cronbach’s alpha reliability test was 
carried out across the survey questions to assess the level of 
variance between the respondent answers. This also tested 
the internal reliability of the results. All six of the categories 
in the Table 4 show values which are > 0.7. According to 
Amirrudin et al. (2021), the acceptable Cronbach’s alpha 
value range from 0.6 to 0.7, whereas any value over 0.7 is 
considered as good Cronbach’s alpha value. Since the Cron-
bach’s alpha values are all above 0.7 which is close to 1, we 
can infer that the level of variance throughout the study is 
high and therefore the internal reliability is high. The highest 
value was 0.864 for stakeholder related values and has been 
highlighted in green.

KMO and Bartlett’s test

A KMO and Bartlett’s test was completed through SPSS 
in order to detect the suitability of the data for structure 
detection.

If the KMO value > 0.6, this indicates that the test is 
useful (Glen 2016). Table 5 shows that the KMO measure 
number = 0.826, highlighted in green. This means that the 
data is well suited for factor analysis or principal compo-
nent analysis, which will benefit the research and extract the 
most significant variables. If < 0.001, then we can reject the 
null hypothesis and accept hypothesis as value significant 
for Bartlett’s test of Sphericity (Tobias and Carlson 1969), 
because Table 5 shows significance value = 0.000, which is 
close to 0, and so there is some scope for dimensionality 
reduction, i.e. reducing the number of dimensions in data 
set.

Factor analysis

Principal components analysis simplifies the input variables 
into components or factors. Factor loading is the correlation 
coefficient for the variable and factor and shows the variance 
explained by the variable on that factor. The factor loading 
component matrix was analysed for each of the 54 ques-
tions in the survey and extracted 13 potential components; 
however, not all values were significant. The factor loading 
of each variable above the acceptable minimum value of 0.5 
was highlighted in Table 6 displayed. Table 6 shows that the 
highest values in the table were 0.674 for question E8, “The 
uptake of renewable energy sources over high-carbon fuels 
will lead to high energy security”, and 0.672 for question 

Table 4  Cronbach’s alpha table Cronbach’s Alpha Test

Cronbach’s Alpha No. of Items

Energy 0.778 9

Organisational related
Factors

0.852 9

Stakeholder related
Factors

0.864 9

Project Management 

related Factors

0.745 9

Policy related Factors 0.845 9

Sustainable Urbanisation 0.827 9
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S7, “External stakeholders should have a say in the environ-
mental effects of local projects”. Comparatively, the lowest 
value generated in the Table 6 is − 0.468 highlighted in blue 
for question P3, “Higher education should focus more on 
sustainable practice”. The values highlighted in red are those 
that are closest to 0, mainly organisational factors.

Results analysis

Correlational analysis

The results of the Pearson correlation test are listed in 
Table 7. The test assesses the significance of similarity in 
participant responses for each category against another. 
When the Pearson correlation value lies between 0.7 and 
1, it means that the relationship between the variables is 
strong. If the P-value or significance value is > 0.05 (greater 
than 0.5), that means that the chance of error is more than 
5%, and so the value is not significant. The results that are 
significant and show a high Pearson correlation value (over 
the minimum of 0.5) have been highlighted in green. This 
means that the most significant correlations were between 
Project Management factors and Energy factors, as well as 
Stakeholder factors and Project Management factors. Those 
values highlighted in red are identifying P-values that are 
close to 1, which means that the chance of error is higher and 
therefore the results for those sections are less consistent. 
The highest correlation values were for Stakeholder factors 
and Project Management factors with a value of 0.735 at 
significance level close to 0, i.e. < 0.001. The lowest Pearson 
correlation value was 0.001 for Experience in Construction 
Industry and Organisational factors, with a significance level 
of 0.995, which means there is a high chance of error.

Descriptive statistics

Table 8 displays the mean answers and the standard devia-
tion values for each question. Those highlighted in red are 

the lowest values, and those highlighted in green are the 
highest ones. Table 8 shows that the highest means were 
4.56 for question E5, “I would use renewable energy sources 
more if they were cheaper or more readily available” and 
question ORG6, “Organisations have a responsibility to 
work more sustainably”. The lowest mean average values 
were 3.01 for question PM1, “There are enough skilled and 
experienced workers in construction” and 3.33 for question 
E4, “High-carbon fuels are more convenient than low-carbon 
alternatives”. The question with the lowest standard devia-
tion was question SU9, “Urban planners and infrastructure 
developers should work to increase sustainability where pos-
sible”, with a value of 0.655. The highest deviation value is 
1.276 for question SU8, “Reducing population sizes and/or 
birth rates is a potential strategy for climate change mitiga-
tion”, which means this question had the largest range in 
responses.

Similarity index

Table 9 shows that the category with the highest standard 
deviation was Organisational factors as the mean value for 
this category was the lowest at 3.8896. Sustainable urbani-
sation had the highest mean value at 4.2362 and therefore 
also had the lowest standard deviation. The highest values 
are highlighted in green and the lowest are those highlighted 
in red.

Table 10 correlates with , and it also shows that the cat-
egory with the highest similarity in responses is Sustain-
able Urbanisation and that with the lowest is Organisational 
Factors.

Discussion of findings

It can be inferred that the questionnaire results gathered dur-
ing the study have internal reliability because their Cron-
bach alpha values are all significantly close to the value of 
1 (Amirrudin et al. 2021). Because the value is > 0.7, this 

Table 5  KMO and Bartlett’s test KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.826

Bartlett's Test of Sphericity Approx. Chi-Square 5396.150

df 1431

Sig. 0.000
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Table 6  Principal components analysis

Factor Loading Component Matrix
Components Extracted

Question Category 1 2 3 4 5 6 7 8 9 10 11 12 13

E1 Energy .483 .208 -.181 -.232 .355 .071 -.143 -.312 .081 -.163 .101 -.166 .046

E2 .470 .241 .278 .009 .104 -.187 -.309 .058 .211 .224 .173 .061 -.087

E3 .555 .189 -.358 -.176 .268 .171 -.167 -.087 .083 -.173 .010 -.015 -.151

E4 .201 .253 -.116 .434 -.297 -.131 .050 .067 .339 .284 .068 -.013 -.014

E5 .472 -.197 -.230 .332 .033 .171 -.021 -.255 .248 .078 -.142 .149 -.077

E6 .627 .139 .061 -.144 -.069 -.260 -.074 -.096 .080 .214 .113 -.014 -.174

E7 .624 .015 -.199 -.340 .136 -.156 -.039 -.080 -.119 .175 .027 .261 -.126

E8 .674 .094 .033 -.329 .071 -.140 -.105 .169 -.022 .161 -.239 .145 -.006

E9 .609 .166 .140 -.352 .124 -.161 -.188 .148 -.004 .083 -.185 -.012 -.129

ORG1 Organisational 

related Factors

.373 .325 .272 .027 .133 -.005 -.176 .030 .400 .191 -.017 .148 .160

ORG2 .553 .175 .008 .114 .034 .057 -.325 -.161 -.095 -.130 -.253 -.193 -.179

ORG3 .448 .665 -.101 .241 .039 .045 -.031 -.236 -.054 -.016 .066 -.012 .028

ORG4 .448 .657 -.013 .182 .016 .103 -.003 -.080 -.300 -.037 .078 .020 .080

ORG5 .430 .667 -.038 .062 .078 .258 .026 -.027 -.119 -.011 .096 .027 .105

ORG6 .532 -.063 -.041 -.051 .211 .372 -.197 .220 .124 .008 .097 .277 -.149

ORG7 .372 .630 .007 .199 -.215 .144 .182 .196 .082 -.016 -.224 -.111 -.098

ORG8 .403 .605 .032 .231 -.206 .081 .325 .070 .057 -.072 -.113 -.066 .062

ORG9 .423 .277 .526 -.055 .177 .064 .047 -.001 .005 -.144 .021 .108 .077

S1 Stakeholder 

related Factors

.559 -.099 .323 .149 -.162 .128 .223 -.189 -.137 .072 .151 .097 -.278

S2 .472 -.088 -.099 .054 -.201 .563 -.267 .190 .101 .208 .073 -.059 .145

S3 .614 .006 -.149 -.152 -.354 .193 -.168 .236 -.157 .020 .100 .020 .147

S4 .559 -.259 .279 -.104 -.213 .417 .052 -.015 -.146 .072 -.003 .203 -.064

S5 .583 -.239 .219 -.154 -.214 .227 -.056 -.075 .040 -.166 -.305 .102 .118

S6 .603 -.261 .018 -.016 -.243 .132 .246 -.302 .142 -.042 -.045 .048 -.171

S7 .672 -.138 -.104 -.053 -.216 .014 .196 .192 .011 -.244 .078 .087 .034

S8 .647 -.039 -.086 -.393 -.106 -.101 .248 -.066 .090 .071 .082 -.086 -.021

S9 .646 -.006 -.163 -.281 -.201 .037 .297 -.107 .014 -.074 .010 -.154 -.063

PM1 Project 

Management 

related Factors

.338 .408 -.107 -.328 -.191 -.267 .023 .078 .158 -.123 -.062 -.068 -.117

PM2 .540 .187 -.466 -.113 -.163 .036 -.197 -.147 -.014 -.083 .235 -.111 .163

PM3 .534 -.082 .174 -.074 -.149 -.206 .053 -.345 -.058 -.066 .296 -.009 .186

PM4 .508 -.128 .432 -.120 -.150 -.099 -.079 -.070 -.130 -.212 .244 -.091 .053

PM5 .541 -.017 .464 -.132 -.154 -.086 -.082 .178 -.062 .267 -.026 -.154 -.010

PM6 .387 .225 .539 .077 .269 .017 .075 -.109 -.126 -.186 .003 .188 -.052

PM7 .641 -.247 .089 -.006 -.102 .074 .046 -.232 .132 .102 -.156 .020 -.043

PM8 .476 -.306 -.061 .235 -.032 -.231 -.101 .100 .381 -.178 .188 .020 -.071

PM9 .666 -.266 -.101 -.049 .062 .079 .033 -.049 .373 -.074 .024 -.192 .003

P1 Policy related 

Factors

.557 -.101 -.011 .021 .224 .118 .244 .472 -.203 -.031 .119 -.124 -.206

P2 .628 -.119 -.177 .101 .053 .135 .088 .252 .036 -.154 .202 -.100 -.282

P3 .520 -.201 .036 .069 .251 .180 .024 .183 -.031 .236 .121 -.468 .123

P4 .535 -.072 .284 .310 .256 -.136 .289 .083 .058 .067 -.106 -.091 .034

P5 .600 -.191 .195 -.003 .163 -.042 .266 .092 .077 -.075 .007 -.013 .473

P6 .635 -.068 .137 -.140 .231 -.024 .128 -.170 .101 .125 -.169 -.199 .033

P7 .567 -.126 -.320 -.073 .266 -.127 .240 .078 -.203 .222 -.113 .008 .138

P8 .491 -.187 .006 .221 .393 .026 -.155 -.025 .019 -.141 -.154 -.034 .062

P9 .515 -.073 -.445 -.060 .257 .064 .269 -.085 -.210 .135 -.111 .181 -.015

SU1 Sustainable 

Urbanisation

.649 -.157 -.082 .078 -.285 -.142 -.152 -.193 -.196 .176 -.186 -.159 .181

SU2 .580 -.173 -.081 .290 .054 -.077 -.090 -.131 -.223 .218 .272 .133 .002

SU3 .579 -.112 -.147 .314 -.213 -.242 -.253 .064 -.357 .058 -.186 .024 -.036

SU4 .515 -.243 .019 .390 .195 -.229 -.038 -.058 -.134 -.002 .178 -.082 -.118

SU5 .588 -.205 .075 .279 -.158 -.116 -.118 .013 -.059 -.205 -.198 -.057 -.182

SU6 .660 -.070 -.178 .139 .031 -.310 -.155 .184 -.018 -.305 -.172 -.017 .118

SU7 .507 .046 .044 -.124 -.150 -.287 -.119 .276 -.055 -.172 .125 .130 .055

SU8 .424 .140 -.316 .129 -.018 -.307 .301 .104 .157 .026 .020 .349 .110

SU9 .553 -.286 -.050 .137 .020 .161 -.143 .044 .049 -.116 -.029 .228 .263

Extraction Method: Principal Component Analysis.

a. 13 components extracted.
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means that the variance between the respondents answers 
is also high and therefore more reliable. The KMO test 
assessed the suitability for factor analysis and it was found 
to be appropriate. This is because the KMO value at 0.826 
was > 0.6, which is close to 1 and therefore a strong indica-
tion (Tobias and Carlson 1969). Bartlett’s test value also 
proved to be significant which confirmed that data would be 
viable for correlational factor analysis. The factor analysis 
table displays the variance in answers depending on the vari-
ables applied and highlighted areas of significant correlation 
in the results. The factor loading of each variable above the 
acceptable minimum value of 0.5 (Shevlin and Miles 1998) 
was highlighted in . The table shows that the highest val-
ues in the table were 0.674 for question E8 (The uptake of 
renewable energy sources over high-carbon fuels will lead 
to high energy security) and 0.672 for question S7 (External 
stakeholders should have a say in the environmental effects 
of local projects). Comparatively, the lowest value generated 
in the table is -0.468 highlighted in blue for question P3 
(Higher education should focus more on sustainable prac-
tice). The values highlighted in red are those that are closest 
to 0, mainly organisational factors.

A Pearson correlational analysis was then generated in 
order to assess which factors correlated most often at a sig-
nificant level. The most significant correlational answers 
include Project Management factors and Energy factors, as 
well as Stakeholder factors and Project Management factors. 
The highest correlation values were for Stakeholder factors 
and Project Management factors with a value of 0.735 at 
significance level < 0.001. The lowest Pearson correlation 
value was 0.001 for Experience in Construction Industry and 
Organisational factors, with a significance level of 0.995, 

there is more inconsistency in the results. The demographics  
displays a majority of male candidates, at 68.8%, with 30% 
identifying as women. There is therefore a large disparity 
between the genders represented in the sample which could 
affect the real world application of the results. However, the 
UK gender diversity within the UK Construction industry in 
2020 was 87.5% men and only 12.5% women (UKRI 2021); 
therefore, the sample is not too dissimilar to have external 
validity.

Characteristics of sustainable urbanisation

The one-sample T test demonstrated that Sustainable 
Urbanisation had the most similar responses throughout 
the questionnaire, with a T value of 96.523, and therefore 
also had the lowest standard deviation at 0.55341. 
Sustainable urbanisation also had the highest mean value 
over the category at 4.2362. So, the findings of this study 
are well aligned with the Yigitcanlar and Teriman (2014), 
Stewart et al. (2018), who also highlighted the sustainable 
urbanisation as the key element to focus on. Question 
SU8, “Reducing population sizes and/or birth rates is 
a potential strategy for climate change mitigation”, had 
the lowest mean average value at 3.44 and the highest 
standard deviation of 1.276 for that category. This means 
that the variance in responses for that question was high 
and therefore the sample had conflicting opinions. This 
is a question that could be researched into further in 
depth; however, it is not directly linked to construction or 
sustainable management practice, as Gouldson et al. (2015) 
found the reduction in population size can impact on the 
climate change mitigation.

Table 7  Correlation factor

Pearson Correlation Matrix

Factor

Designation 

or 

Equivalent

Level of 

Education

Experience in 

construction 

industry (Years) Gender

Energy 

Factors

Organisational 

Factors

Stakeholder 

Factors

PM 

Factors

Policy 

Factors

Sustainable 

Urbanisation

Designation or Equivalent 1 -.036 -.022 .141 -.089 .093 .005 -.112 -.064 -.090

Level of Education -.036 1 .134 .069 -.282
**

-.182
*

-.147 -.197
*

-.205
**

-.109

Experience in Construction 
Industry (Years)

-.022 .134 1 -.067 .061 .001 .055 .039 -.077 .092

Gender .141 .069 -.067 1 -.106 -.137 .063 .032 .049 -.021

Energy Factors -.089 -.282
**

.061 -.106 1 .599
**

.612
**

.716
**

.620
**

.647
**

Organisational Factors .093 -.182
*

.001 -.137 .599
**

1 .428
**

.523
**

.423
**

.420
**

Stakeholder Factors .005 -.147 .055 .063 .612
**

.428
**

1 .735
**

.664
**

.643
**

PM Factors -.112 -.197
*

.039 .032 .716
**

.523
** .735** 1 .639** .670**

Policy Factors -.064 -.205** -.077 .049 .620** .423** .664** .639** 1 .678**

Sustainable Urbanisation -.090 -.109 .092 -.021 .647** .420** .643** .670** .678** 1

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 8  Frequency table Descriptive Statistics
Category Question Mean Std. Deviation
Energy E1 4.20 .863

E2 3.86 1.105

E3 4.47 .728

E4 3.33 1.183

E5 4.56 .734

E6 3.98 .924

E7 4.13 .919

E8 4.03 .954

E9 4.13 .820

Organisational 
Factors

ORG1 4.03 .867

ORG2 4.36 .741

ORG3 3.63 1.139

ORG4 3.59 1.075

ORG5 3.84 .986

ORG6 4.56 .671

ORG7 3.52 1.024

ORG8 3.45 .979

ORG9 3.96 .859

Stakeholder S1 4.10 .908

Factors S2 4.51 .701

S3 4.29 .859

S4 4.37 .792

S5 4.42 .774

S6 4.36 .783

S7 3.99 .868

S8 3.81 1.094

S9 4.09 .848

Project 
Management 

Factors

PM1 3.01 1.185

PM2 4.21 .928

PM3 4.18 .965

PM4 4.28 .865

PM5 4.16 .784

PM6 3.72 1.242

PM7 4.23 .880

PM8 4.26 .821

PM9 4.24 .860

Policy related 
Factors

P1 4.12 .903

P2 4.12 .806

P3 4.37 .800

P4 4.25 .840

P5 4.17 .909

P6 3.96 .950

P7 4.18 .938

P8 4.48 .770

P9 4.35 .789

Sustainable 
Urbanisation

SU1 4.31 .771

SU2 4.37 .751

SU3 4.43 .750

SU4 4.34 .818

SU5 4.43 .775

SU6 4.32 .806

SU7 3.97 .934

SU8 3.44 1.276

SU9 4.52 .655
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Question SU9, “Urban planners and infrastructure 
developers should work to increase sustainability where 
possible”, had one of the highest mean scores of 4.52 in the 
questionnaire, paired with one of the lowest deviations of 0.655. 
To summarise the category, the majority of the sample agreed 
with the statements involved in improving sustainability and 
approaches to urbanisation, and almost agree unanimously that 
urban planners and infrastructure developers should be working 
harder and increasing the efficient and sustainability of things 
such as infrastructure further. However, there is little light 
shed on whether these practices can actually be implemented 
(Maqbool and Sudong 2018; Hussain et al. 2022). Furthermore, 
due to the more complex nature of infrastructure projects 
compared to building projects, there needs to be extensive 
research and collaboration between disciplines in order to 
improve whole systems un the near future (Liu et al. 2020).

Factors impacting sustainable urbanisation

Energy security impacting sustainable urbanisation

The correlational factor analysis showed that there is a 
high correlation between answers for questions related 
to energy, project management and stakeholder-related 
factors. We can infer from this that there is a strong 
positive correlation between perspectives on those sections 
and therefore those participants who’s responses correlated 
are more likely to have a greater understanding of energy 
related factors in construction project management. That 
being said, question E2, ‘I understand the concept of low-
carbon electrification’, had a high standard deviation value 
and a mean average response of 3.86. This demonstrates 
that the general understanding of the concept of low-carbon 

Table 9  One-sample statistics 
table One-Sample Statistics

Factor Mean Std. Deviation

Std. Error 

Mean

Energy Factors 4.0736 .55589 .04395

Organisational Factors 3.8896 .63634 .05031

Stakeholder Factors 4.2181 .59057 .04669

PM Factors 4.0321 .55080 .04368

Policy Factors 4.2243 .57370 .04536

Sustainable Urbanisation 4.2362 .55341 .04389

Table 10  One-sample test values table

One-Sample Test Values
Test Value = 0

t df

Significance

Mean 

Difference

95% Confidence 

Interval of the 

Difference

One-

Sided p

Two-

Sided p Lower Upper

Energy Factors 92.694 159 <.001 <.001 4.07361 3.9868 4.1604

Organisational 

Factors

77.317 159 <.001 <.001 3.88958 3.7902 3.9889

Stakeholder Factors 90.345 159 <.001 <.001 4.21806 4.1258 4.3103

PM Factors 92.308 158 <.001 <.001 4.03215 3.9459 4.1184

Policy Factors 93.138 159 <.001 <.001 4.22431 4.1347 4.3139

Sustainable 

Urbanisation

96.523 158 <.001 <.001 4.23620 4.1495 4.3229
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electrification is averaging around neutral, suggesting that 
participants were not as informed as previously assumed. 
In order to get better energy solutions towards a sustainable 
environment, the public engagement and knowledge is 
utmost important (Liu et al. 2020; Maqbool and Amaechi 
2022). Question E3, ‘I care about using renewable energy 
sources’, had a mean average response of 4.47 and a low 
deviation. So whilst participants are not fully aware of the 
concept of electrification through low-carbon methods, we 
can assume that they all have the capacity to learn because 
they care about the use of renewable sources. Moreover, 
due to unavailability of steady energy supply or high 
energy bills, people intend to think about alternative energy 
solutions (Maqbool et al. 2018).

Organisational factors impacting sustainable urbanisation

The results from the correlational factor analysis were 
somewhat surprising as they did not highlight any 
strong significant correlations with the organisational 
factors. Instead, there are several moderate correlations 
with organisational factors and the other variables 
involved; therefore, we can suggest that there is a loose 
relationship, which is significant however not very strong. 
It could mean that the participants have less experience 
in organisational cultures but are still educated on the 
subject areas. This assumption cannot be refuted by 
the demographics frequency table results. Those with 
5–10  years of construction experience made up 79 
of the 160 participants surveyed, at 49.4% that means 
almost half of the sample is relatively experienced to 
the industry. Alongside this, the sample was mostly 
made up of individuals with at least a Bachelor’s level 
degree or higher. A total of 22.5% of the sample had a 
Bachelor’s compared to 50.6% of the sample having a 
Master’s level degree. This means that we can assume 
that the participants have some knowledge on areas such 
as sustainability, but potentially less so when it comes 
to matters of work experience in the industrial practices 
towards sustainable urbanisation. It depicts that besides 
having some initial knowledge of sustainability, the 
experiences to apply technical and innovative solutions 
for sustainable urbanisation are of far more important 
(Bibri and Krogstie 2017).

Generally, the one-sample T test showed that the mean 
difference for organisational factors was slightly lower 
than the other factors, and the standard deviation was also 
slightly higher for that category that the others. This could 
mean that there was more variance in the answers given in 
that subject and therefore a more varied range in opinions. 
When individual questions were analysed, it was found 
that the mean responses were lower for questions ORG3, 
ORG4 and ORG5 respectively; “I feel supported by top 

management at work”, “Top management at my place of 
work cares about and encourages sustainable practice”, 
“My overall organisational culture values sustainability”. 
This explains why the average responses were lower for 
this category and not purely down to lack of participant 
experience. It is therefore recommended that organisations 
need to increase support provided to their staff and could 
indicate that organisational culture is an important factor. 
According to Roscoe et al. (2019), organisational culture 
and the support to staff for sustainability enhance their 
performance for sustainable development. The mean 
average answer for question ORG5 was 3.84, which 
demonstrates that not all participants perceived their 
organisations as ones that value sustainability highly. 
However, question ORG6’s mean average response of 
4.56 shows us that the majority of the sample agrees 
that organisations have a responsibility to work more 
sustainably. Comparing these results, it can be suggested 
that the participants are aware of their organisational 
responsibility towards sustainable practice, but the 
organisations themselves and their top management need 
to take up more of that responsibility and actively takes 
steps to implement it.

Stakeholder factors impacting sustainable urbanisation

The frequency table shows that the questions in the Stake-
holder category scored fairly highly with mean average 
values over 4. That means that the majority of the sample 
agrees with question S1 that “the sustainability of projects 
relies on the skills and knowledge of its stakeholders”. This 
supports studies by Alrashed and Asif (2014) and Persson 
(2009) and confirms the notion that stakeholder knowledge 
must have an influence on sustainable construction prac-
tice. If these skills can be enriched and better managed by 
company training programmes, there is scope for improving 
general practice and project sustainability goals.

Communication and collaboration are often factors that 
go hand in hand when discussing stakeholder management 
(Gunduz and Almuajebh 2020). The response for question 
S2, “Communication between stakeholders is vital for effec-
tive coordination” had a mean average of 4.51, and question 
S3, “Effective coordination between stakeholders makes 
working sustainably easier” averaged at 4.29. The obvious 
finding here is that most participants are aware of the impor-
tance of communication and collaboration between stake-
holders. However, not all participants were certain about 
the effects that coordination could actually have on project 
sustainability. It should be considered that the wording of the 
question may have misled the result. Whilst 4.29 is a value 
that equates to general agreement, had the question been 
reworded to “Effective coordination between stakeholders 
reduces project waste and aids the meeting of more project 



81875Environmental Science and Pollution Research (2023) 30:81858–81880 

1 3

sustainability goals”, there may have been a very different 
result. It could be argued that effective coordination and 
working more sustainably is not necessarily easier, but is 
simply of urgent matter, the same thoughts are provided by 
Chan et al (2021). Question S6 received an average of 4.36, 
“Stakeholders could work together to increase the sustain-
ability of construction projects”. The opinion of the sam-
ple therefore suggests agreement that stakeholders do have 
the ability to take action and make more of an impact on 
projects, however most likely need to be coordinated more 
effectively before that can begin to happen (Maqbool et al. 
2022b).

The findings of questions S4 and S5 suggest that contracts 
could potentially be used to change the way stakeholders 
interact with each other. There was overall agreement that 
transparency may encourage trust and therefore collabora-
tion between stakeholders. If this is integrated into the con-
tract from the very start of the engagement, it could facili-
tate the success of many project goals (Pishdad-Bozorgi and 
Beliveau 2016).

Project management factors impacting sustainable 
urbanisation

The lowest mean average response value in the questionnaire 
was 3.01 for question PM1, “There are enough skilled and 
experienced workers in construction”, which is in the Project 
Management related category. The results for this question 
had a high standard deviation value and scored generally 
low overall mean value, which suggests that there are not 
enough skilled or experienced workers in the construction 
industry. This could indicate that staff need more thorough 
training programmes or a better quality of education gener-
ally (Cebrián et al. 2020). Since over 50% of the sample was 
at least masters educated, it does not seem likely that lack 
of education in the sample is the problem. However, almost 
50% had also only been working in the industry for over 
5 years; therefore, the demographics suggest that the sample 
was relatively young or might inexperienced to modern and 
innovative methods of sustainability despite higher educa-
tion. This indicates that more research is needed into the 
skills of the current workforce and their education levels 
comparatively, in order to assess if there is more value in 
higher education or learned knowledge gained through work 
experience.

On analysis of the Pearson correlation matrix, the most 
significant correlations were between Project Management 
factors and Energy factors, as well as Stakeholder factors 
and Project Management factors. The highest correlation 
values were for Stakeholder factors and Project Management 
factors with a value of 0.735 at significance level < 0.001.

Question PM7, “Projects would still be successful if 
they used more sustainable resources and prioritised waste 

management”, received a mean average response of 4.23, 
and 4.26 for question PM8, “There are more sustainable 
ways of working in construction, however, often they are 
ignored”. What this shows is a general agreement that more 
definitely can be done to work sustainably in construction 
however we potentially need more experienced staff or 
further research into more specific factors. Question PM6, 
“Me/ my organisation uses integrated software (such as 
BIM)”, scored relatively low value of 3.72 and a high 
standard deviation of 1.242. This suggests a large variance 
in the results as there is either uncertainty about this, or 
perhaps not many companies have invested in integrated 
software. Engagement and collaboration of stakeholders 
is said to increase via the use of such software (Olawumi 
and Chan 2018). It can therefore be recommended that 
organisations encourage and facilitate the uptake of 
integrative technology further.

Policy related factors impacting sustainable urbanisation

Question P4, “Integrated processes such as BIM aids sus-
tainability of projects” within the Policy related factors, 
demonstrated that with a mean average of 4.25, the sample 
generally agreed that BIM and other integrative processes 
could increase sustainability in construction, supporting the 
point made previously about the uptake of such software 
(Kamari et al. 2021; Haruna et al. 2021).

Policy-related factors in general were answered 
relatively evenly. Question P8, “Governments should offer 
financial incentives/ subsidies to encourage sustainable 
practices”, accrued a mean average of 4.48 with a 
relatively low standard deviation of 0.770. This insinuates 
that there was less variance in the answers and therefore 
that most participants were in unanimous agreement, that 
government subsidies might aid the bid to work more 
sustainably. With that in mind, what can research do to 
put pressure on governments into aiding the construction 
sector? And what research can be done into increasing 
sustainable practice without the aid of government 
involvement? Mostly researches acknowledge on the 
government subsidies for the sustainable urbanisation 
practices (Al Mulhim et al. 2022; Hong et al. 2021).

Comparatively, the lowest value generated in the 
principal factor analysis table is − 0.468 highlighted in 
blue for question P3, “Higher education should focus 
more on sustainable practice”. The mean average response 
for this question was 4.37, with a standard deviation of 
0.8, the data suggests that most participants agreed with 
the statement; however, the result is only of moderate 
significance. As previously mentioned, higher education 
improving its teachings on sustainability is only useful 
if workers in the industry are actively studying for roles 
(Cebrián et  al. 2020). If employers can provide more 
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graduate programmes or sustainability training courses, 
it might encourage sustainable practice via real-world 
experience as opposed to theory-based education. This 
also would be a more useful suggestion for industry 
professionals that are older or are more reluctant to study.

Conclusions and recommendations

Conclusions

This research study intended to identify and discuss challenges 
surrounding sustainability, climate change mitigation and 
energy security. It outlined the significance of the role of 
project management practices and its influence on sustainable 
urban development, discussing the key factors which may 
contribute to this influence. The study has undertaken a 
survey to gather quantitative data in a cross-sectional study to 
identify primary research on the subject matter. The findings 
were analysed using SPSS to generate inferential statistical 
tests and the results of which were discussed. The study 
has examined and built on existing knowledge surrounding 
the key factors involved in sustainability and construction 
practice.

In summary, the research data has demonstrated that 
there are several factors involved with sustainable practice 
and despite the overall agreement from participants, there 
is still a lack of implementation of such practice. What 
this means is that either the sample was too inexperienced 
to present an accurate understanding of the subject matter, 
or that sustainable practice is important and necessary, 
but is in the hands of higher powers. The sample agreed 
that government involvement is necessary in these actions 
moving forwards; however, further education on these 
topics may still be beneficial for construction industry 
professionals, especially those with a lower level of 
education, or alternatively, a higher level of education 
but with little work experience. Since the validity and 
reliability tests proved to be positive, we can say that 
the results do have some weight; however, there is much 
room for further research. To conclude, a holistic variety 
of factors have been examined in the study; however, a 
more specific framework for improving cross-discipline 
collaboration could be developed. If infrastructure is to 
become more efficient in rapidly urbanising cities, then 
investments need to be made in encouraging stakeholder 
trust, communication and collaboration as well as general 
awareness of sustainable practices. That investment 
should ideally come from firms, however governments 
could work with and financially aid organisations to 
coordinate and rejuvenate potentially polluted and highly-
populated cities.

Recommendations and future aspects 
of research

The research findings are equally important for policymakers, 
project firms’ top leadership, practicing engineers and NGOs and 
different welfare organisations. The important success factors are 
discussed in this research would provide a useful insight to be 
focused for the better sustainable urbanisation to avoid environ-
mental risks. Moreover, the factors which does not show highest 
contributions towards environmental aspect of the urbanisation 
can be eliminated from the priority list to fully focus on the most 
needed and urgent steps. In addition to climate change mitigation, 
this research also provides useful hints for the energy security 
which is the key element of sustainable urbanisation. The key 
examples discussed in the literature review could be supported 
for the policymakers and practicing engineers to understand 
and implements useful actions to cope up global challenges to 
meet the sustainable urbanisations targets. So, the overall, the 
research contributions are multifold in its nature, which could be 
addressed by all the direct stakeholders of urban development.

The findings of this study indicate that more research is 
needed into the project management and stakeholder related 
factors that affect project sustainability. From the literature 
review, it was assumed that organisational factors would 
most likely have the strongest effect on project sustainabil-
ity; however, it is difficult to assess from these results if that 
is the case. Further studies could be done into organisational 
cultures to see if there is any significant influence with a 
population sample that has more experienced participants, a 
larger sample size and potentially from a larger variation of 
countries, outside of the UK. Since this study discussed the 
rapid urban development of developing countries, it would 
be relevant to suggest a further study conducted over mul-
tiple different developing countries in order to see if their 
opinions differ. Since the organisational factor questions had 
the most variance, the chance of error was higher. How-
ever, it also means that there are conflicting opinions, and 
so a study for clarification would be useful, particularly one 
that assess variables within organisational cultures and their 
effects on sustainable practice. The study suggests that pro-
ject stakeholders need further training on sustainable con-
struction practices including concepts such as low-carbon 
electrification. Whilst they may be educated to a high stand-
ard, it seems that real-world experience in the construction 
industry might be more valuable to organisations.

The study itself was limited by the impact of the covid-19 
pandemic. This is because any person to person interactions 
were suspended for health and safety purposes. The research 
itself relied mostly upon a literature review due to this, and 
all questionnaires had to be delivered electronically so as to 
prevent contamination of the virus through interviews and 
participant recruitment processes.
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Appendix. Questionnaire structure

Energy Security and Project Management Practices towards Sustainable Urban 
Development

A). Demographic/General Questions:

D1. Designation or Equivalent (Select one)

Researcher

Project Manager 

Architect/ Designer

Engineer 

Site Manager 

Contractor 

Consultant 

Other 

D2. Level of Education

School/ College

Diploma/Certification

Bachelor’s

Masters

PhD

Other

D3. Experience in construction industry

1-5 years, 5-10 years, 10-15 years, 15-25 years, 25+ years 

D4. Gender identity

Female

Male 

Non-binary 

Other 

Prefer not to say



81878 Environmental Science and Pollution Research (2023) 30:81858–81880

1 3

Author contribution Rashid Maqbool: Supervision, Conceptualization, 
Methodology, Formal Analysis, Validation, Resources, Visualization, 
Project Administration, Writing—Review and Editing Emily Jowett: 
Methodology, Data Curation, Software, Formal Analysis, Visualiza-
tion, Project Administration, Writing—Original Draft.

Data availability Data generated or analysed during the study are avail-
able from the corresponding author on reasonable request.

Declarations 

Ethics approval and consent to participate Ethics approval is not appli-
cable; all respondents in the study have been informed about the usage 
of the information they provide through questionnaire survey and have 
given their consent to participate in the study.

Consent for publication The survey respondents of the study have 
given their consent for the data to be used and published in this sci-
entific article.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Acharya AS, Prakash A, Saxena P, Nigam A (2013) Sampling: why 
and how of it. Indian Journal of Medical Specialties 4(2):330–333. 
https:// doi. org/ 10. 7713/ ijms. 2013. 0032

Ahmad M, Zhao ZY, Li H (2019) Revealing stylized empirical interac-
tions among construction sector, urbanization, energy consumption, 
economic growth and CO2 emissions in China. Sci Total Environ 
657:1085–1098. https:// doi. org/ 10. 1016/j. scito tenv. 2018. 12. 112

Alias Z, Zawawi EMA, Yusof K, Aris NM (2014) Determining criti-
cal success factors of project management practice: a conceptual 
framework. Procedia Soc Behav Sci 153:61–69. https:// doi. org/ 
10. 1016/j. sbspro. 2014. 10. 041

Al Mulhim KAM, Swapan MSH, Khan S (2022) Critical junctures in sus-
tainable social housing policy development in Saudi Arabia: a review. 
Sustainability 14(5):2979. https:// doi. org/ 10. 3390/ su140 52979

Alnaser NW, Flanagan R, Alnaser WE (2008) Model for calculating 
the sustainable building index (SBI) in the kingdom of Bahrain. 
Energy and Buildings 40(11):2037–2043. https:// doi. org/ 10. 
1016/j. enbui ld. 2008. 05. 015

Alrashed F, Asif M (2014) Saudi building industry’s views on sus-
tainability in buildings: questionnaire survey. Energy Procedia 
62:382–390. https:// doi. org/ 10. 1016/j. egypro. 2014. 12. 400

Amirrudin M, Nasution K, Supahar S (2021) Effect of variability on 
Cronbach alpha reliability in research practice. Jurnal Matema-
tika, Statistika dan Komputasi 17(2):223–230. https:// doi. org/ 10. 
20956/ jmsk. v17i2. 11655

Arditi D, Nayak S, Damci A (2017) Effect of organizational culture on 
delay in construction. Int J Project Manage 35(2):136–147. https:// 
doi. org/ 10. 1016/j. ijpro man. 2016. 10. 018

Bal M, Bryde D, Fearon D, Ochieng E (2013) Stakeholder engagement: 
achieving sustainability in the construction sector. Sustainability 
5(2):695–710. https:// doi. org/ 10. 3390/ su502 0695

Banihashemi S, Hosseini MR, Golizadeh H, Sankaran S (2017) Critical 
success factors (CSFs) for integration of sustainability into con-
struction project management practices in developing countries. 
Int J Project Manage 35(6):1103–1119. https:// doi. org/ 10. 1016/j. 
ijpro man. 2017. 01. 014

Belout A, Gauvreau C (2004) Factors influencing project success: the 
impact of human resource management. Int J Project Manage 
22(1):1–11. https:// doi. org/ 10. 1016/ S0263- 7863(03) 00003-6

Bibri SE, Krogstie J (2017) On the social shaping dimensions of smart 
sustainable cities: a study in science, technology, and society. Sustain 
Cities Soc 29:219–246. https:// doi. org/ 10. 1016/j. scs. 2016. 11. 004

Bryman A (2015) Social Research Methods -, 5th edn. OXFORD Uni-
versity Press, Oxford

Cameron KS, Quinn RE (2011) Diagnosing and changing organiza-
tional culture: based on the competing values framework. John 
Wiley and Sons

Cebrián G, Junyent M, Mulà I (2020) Competencies in education for 
sustainable development: emerging teaching and research develop-
ments. Sustainability 12(2):579. https:// doi. org/ 10. 3390/ su120 20579

Chan AP, Ho DC, Tam CM (2001) Design and build project success 
factors: multivariate analysis. J Constr Eng Manag 127(2):93–100. 
https:// doi. org/ 10. 1061/ (ASCE) 0733- 9364(2001) 127: 2(93)

Chan S, Iacobuta G, Hägele R (2021) Maximising goal coherence in 
sustainable and climate-resilient development? Polycentricity 
and coordination in governance. In: The Palgrave handbook of 
development cooperation for achieving the 2030 agenda. Palgrave 
Macmillan, Cham, pp 25–50

Chua DKH, Kog YC, Loh PK (1999) Critical success factors for dif-
ferent project objectives. J Constr Eng Manag 125(3):142–150. 
https:// doi. org/ 10. 1061/ (ASCE) 0733- 9364(1999) 125: 3(142)

Chukwuji C, Opara H, Okereke R (2020) Construction project manage-
ment in a developing economy: consultants perception of chal-
lenges and solutions in Nigeria. European Project Management 
Journal 10(1):20–25

Chwieduk D (2003) Towards sustainable-energy buildings. Appl 
Energy 76(1–3):211–217. https:// doi. org/ 10. 1016/ S0306- 2619(03) 
00059-X

Creswell JW, Hirose M (2019) Mixed methods and survey research 
in family medicine and community health. Family Medicine 
and Community Health 7(2):e000086. https:// doi. org/ 10. 1136/ 
fmch- 2018- 000086

Darko A, Chan AP, Huo X, Owusu-Manu DG (2019) A scientometric 
analysis and visualization of global green building research. Build 
Environ 149:501–511. https:// doi. org/ 10. 1016/j. build env. 2018. 12. 059

Dong N, Fu Y, Xiong F, Li L, Ao Y, Martek I (2019) Sustainable 
Construction Project Management (SCPM) evaluation—a case 
study of the Guangzhou Metro Line-7. PR China Sustainability 
11(20):5731. https:// doi. org/ 10. 3390/ su112 05731

Eberendu A, Chinebu T, Amakree T (2019) Mathematical model 
formulation of stakeholder management strategies in software 
engineering projects. Journal of Advances in Mathematics and 
Computer Science 31(1):1–10. https:// doi. org/ 10. 9734/ jamcs/ 
2019/ v31i1 30097

Esmaeili SAH, Szmerekovsky J, Sobhani A, Dybing A, Peterson TO (2020) 
Sustainable biomass supply chain network design with biomass 
switching incentives for first-generation bioethanol producers. Energy 
Policy 138:111222. https:// doi. org/ 10. 1016/j. enpol. 2019. 111222

Fong PS, Lung BW (2007) Interorganizational teamwork in the con-
struction industry. J Constr Eng Manag 133(2):157–168. https:// 
doi. org/ 10. 1061/ (ASCE) 0733- 9364(2007) 133: 2(157)

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7713/ijms.2013.0032
https://doi.org/10.1016/j.scitotenv.2018.12.112
https://doi.org/10.1016/j.sbspro.2014.10.041
https://doi.org/10.1016/j.sbspro.2014.10.041
https://doi.org/10.3390/su14052979
https://doi.org/10.1016/j.enbuild.2008.05.015
https://doi.org/10.1016/j.enbuild.2008.05.015
https://doi.org/10.1016/j.egypro.2014.12.400
https://doi.org/10.20956/jmsk.v17i2.11655
https://doi.org/10.20956/jmsk.v17i2.11655
https://doi.org/10.1016/j.ijproman.2016.10.018
https://doi.org/10.1016/j.ijproman.2016.10.018
https://doi.org/10.3390/su5020695
https://doi.org/10.1016/j.ijproman.2017.01.014
https://doi.org/10.1016/j.ijproman.2017.01.014
https://doi.org/10.1016/S0263-7863(03)00003-6
https://doi.org/10.1016/j.scs.2016.11.004
https://doi.org/10.3390/su12020579
https://doi.org/10.1061/(ASCE)0733-9364(2001)127:2(93)
https://doi.org/10.1061/(ASCE)0733-9364(1999)125:3(142)
https://doi.org/10.1016/S0306-2619(03)00059-X
https://doi.org/10.1016/S0306-2619(03)00059-X
https://doi.org/10.1136/fmch-2018-000086
https://doi.org/10.1136/fmch-2018-000086
https://doi.org/10.1016/j.buildenv.2018.12.059
https://doi.org/10.3390/su11205731
https://doi.org/10.9734/jamcs/2019/v31i130097
https://doi.org/10.9734/jamcs/2019/v31i130097
https://doi.org/10.1016/j.enpol.2019.111222
https://doi.org/10.1061/(ASCE)0733-9364(2007)133:2(157)
https://doi.org/10.1061/(ASCE)0733-9364(2007)133:2(157)


81879Environmental Science and Pollution Research (2023) 30:81858–81880 

1 3

Gimenez C, Sierra V, Rodon J (2012) Sustainable operations: their 
impact on the triple bottom line. Int J Prod Econ 140(1):149–159. 
https:// doi. org/ 10. 1016/j. ijpe. 2012. 01. 035

Glen S (2016) Kaiser-Meyer-Olkin (KMO) test for sampling adequacy. 
In: From Statistics]=HowTo. com: Elementary Statistics for the 
rest of us. pp.35–64

Gouldson A, Colenbrander S, Sudmant A, Papargyropoulou E, Kerr N, 
McAnulla F, Hall S, Sakai P, Kuylenstierna J (2015) Exploring the 
economic case for climate action in cities. Glob Environ Chang 
35(1):93–105. https:// doi. org/ 10. 1016/j. gloen vcha. 2015. 07. 009

Gouldson A, Colenbrander S, Sudmant A, Papargyropoulou E, Kerr N, 
McAnulla F, Hall S (2016) Cities and climate change mitigation: 
economic opportunities and governance challenges in Asia. Cities 
54:11–19. https:// doi. org/ 10. 1016/j. cities. 2015. 10. 010

Gunduz M, Almuajebh M (2020) Critical success factors for sustain-
able construction project management. Sustainability 12(5):1990. 
https:// doi. org/ 10. 3390/ su120 51990

Guriro S, Mehraj J, Shaikh MA (2019) Millennium development goals 
to sustainable development goals: poverty reduction and primary 
education in Sindh Province of Pakistan. Indian J Sci Technol 
12(39):1–7. https:// doi. org/ 10. 17485/ ijst/ 2019/ v12i39/ 147990

Harris F, McCaffer R, Baldwin A, Edum-Fotwe F (2021) Modern con-
struction management. John Wiley and Sons

Haruna A, Shafiq N, Montasir OA (2021) Building information model-
ling application for developing sustainable building (Multi crite-
ria decision making approach). Ain Shams Engineering Journal 
12(1):293–302. https:// doi. org/ 10. 1016/j. asej. 2020. 06. 006

Hong T, Yu N, Mao Z, Zhang S (2021) Government-driven urbanisa-
tion and its impact on regional economic growth in China. Cities 
117:103299. https:// doi. org/ 10. 1016/j. cities. 2021. 103299

Hossain MU, Ng ST, Antwi-Afari P, Amor B (2020) Circular econ-
omy and the construction industry: existing trends, challenges 
and prospective framework for sustainable construction. Renew 
Sustain Energy Rev 130:109948. https:// doi. org/ 10. 1016/j. rser. 
2020. 109948

Hussain S, Xuetong W, Maqbool R, Hussain M, Shahnawaz M (2022) 
The influence of government support, organizational innovative-
ness and community participation in renewable energy project 
success: a case of Pakistan. Energy 239:122172. https:// doi. org/ 
10. 1016/j. energy. 2021. 122172

Hwang BG, Tan JS (2012) Green building project management: 
obstacles and solutions for sustainable development. Sustain Dev 
20(5):335–349. https:// doi. org/ 10. 1002/ sd. 492

Hwang BG, Ng WJ (2013) Project management knowledge and skills 
for green construction: overcoming challenges. Int J Project Man-
age 31(2):272–284. https:// doi. org/ 10. 1016/j. ijpro man. 2012. 05. 
004

IPCC (2015) Climate change 2014: Synthesis report. In: Core Writing 
Team, Pachauri RK, Meyer LA (eds) Contribution of working 
groups I, II and III to the fifth assessment report of the intergov-
ernmental panel on climate change. IPCC, Geneva, Switzerland, 
p 151

IQAir. (2021). World’s most polluted cities (historical data 2017–
2021): most polluted city ranking based on annual average PM2.5 
concentration (μg/m3). Accessed on 23 May 2022 at https:// www. 
iqair. com/ world- most- pollu ted- cities

Jha KN, Iyer KC (2006) Critical factors affecting quality 
performance in construction projects. Total Qual Manag Bus 
Excell 17(9):1155–1170. https:// doi. org/ 10. 1080/ 14783 36060 
07504 44

Ji Y, Li K, Liu G, Shrestha A, Jing J (2018) Comparing greenhouse 
gas emissions of precast in-situ and conventional construction 
methods. J Clean Prod 173:124–134. https:// doi. org/ 10. 1016/j. 
jclep ro. 2016. 07. 143

Kamari A, Kirkegaard PH, Schultz CPL (2021) PARADIS-a process 
integrating tool for rapid generation and evaluation of holistic 

renovation scenarios. Journal of Building Engineering 34:101944. 
https:// doi. org/ 10. 1016/j. jobe. 2020. 101944

Konanahalli A, Oyedele LO (2016) Emotional intelligence and British 
expatriates’ cross-cultural adjustment in international construction 
projects. Constr Manag Econ 34(11):751–768. https:// doi. org/ 10. 
1080/ 01446 193. 2016. 12133 99

Kozak-Holland M, Procter C (2014) Florence Duomo project (1420–
1436): Learning best project management practice from history. 
Int J Project Manage 32(2):242–255. https:// doi. org/ 10. 1016/j. 
ijpro man. 2013. 05. 003

Le TH, Nguyen CP (2019) Is energy security a driver for economic 
growth? Evidence from a global sample. Energy Policy 129:436–
451. https:// doi. org/ 10. 1016/j. enpol. 2019. 02. 038

Lee JY, Ellingwood BR (2017) A decision model for intergenerational 
life-cycle risk assessment of civil infrastructure exposed to hur-
ricanes under climate change. Reliab Eng Sys Saf 159:100–107. 
https:// doi. org/ 10. 1016/j. ress. 2016. 10. 022

Liu B, Xue B, Meng J, Chen X, Sun T (2020) How project management 
practices lead to infrastructure sustainable success: an empiri-
cal study based on goal-setting theory. Eng Constr Archit Manag 
27(10):2797–2833. https:// doi. org/ 10. 1108/ ECAM- 08- 2019- 0463

Liu H, Zhou G, Wennersten R, Frostell B (2014) Analysis of sustaina-
ble urban development approaches in China. Habitat Int 41:24–32. 
https:// doi. org/ 10. 1016/j. habit atint. 2013. 06. 005

Liu L, Chen C, Zhao Y, Zhao E (2015) China׳ s carbon-emissions trad-
ing: overview, challenges and future. Renew Sustain Energy Rev 
49:254–266. https:// doi. org/ 10. 1016/j. rser. 2015. 04. 076

Liu Y, Wang Y, Li D, Feng F, Yu Q, Xue S (2019) Identification of 
the potential for carbon dioxide emissions reduction from high-
way maintenance projects using life cycle assessment: a case in 
China. J Clean Prod 219:743–752. https:// doi. org/ 10. 1016/j. jclep 
ro. 2019. 02. 081

Mackey A, Bryfonski L (2018) Mixed methodology. the Palgrave 
Handbook of Applied Linguistics Research Methodology. Pal-
grave Macmillan, London, pp 103–121

Mao C, Shen Q, Shen L, Tang L (2013) Comparative study of green-
house gas emissions between off-site prefabrication and con-
ventional construction methods: two case studies of residential 
projects. Energy and Buildings 66:165–176. https:// doi. org/ 10. 
1016/j. enbui ld. 2013. 07. 033

Maqbool, R., and Amaechi, I. E. (2022). A systematic managerial per-
spective on the environmentally sustainable construction prac-
tices of UK. Environmental Science and Pollution Research, 1-18. 
https:// doi. org/ 10. 1007/ s11356- 022- 20255-5

Maqbool R, Deng X, Ashfaq S (2020a) A risky output of variation 
orders in renewable energy projects: identification, assessment 
and validation. Sci Total Environ 743:140811. https:// doi. org/ 10. 
1016/j. scito tenv. 2020. 140811

Maqbool R, Deng X, Ashfaq S (2020b) Success of renewable energy 
projects under the financial and non-financial performance meas-
ures. Sustain Dev 28(5):1366–1375. https:// doi. org/ 10. 1002/ sd. 
2089

Maqbool R, Kandukuri V, Rashid Y, Ashfaq S (2022a) British con-
struction industry: a landmark of environmentally sustainable 
practices to the world. Int J Global Warming (in-press article)

Maqbool, R., Rashid, Y., and Ashfaq, S. (2022b). Renewable energy 
project success: internal versus external stakeholders’ satisfaction 
and influences of power-interest matrix. Sustainable Development, 
1-20. https:// doi. org/ 10. 1002/ sd. 2327

Maqbool R, Rashid Y, Sultana S, Sudong Y (2018) Identifying the 
critical success factors and their relevant aspects for renewable 
energy projects; an empirical perspective. J Civ Eng Manag 
24(3):223–237. https:// doi. org/ 10. 3846/ jcem. 2018. 1691

Maqbool R, Sudong Y (2018) Critical success factors for renewable 
energy projects; empirical evidence from Pakistan. J Clean Prod 
195:991–1002. https:// doi. org/ 10. 1016/j. jclep ro. 2018. 05. 274

https://doi.org/10.1016/j.ijpe.2012.01.035
https://doi.org/10.1016/j.gloenvcha.2015.07.009
https://doi.org/10.1016/j.cities.2015.10.010
https://doi.org/10.3390/su12051990
https://doi.org/10.17485/ijst/2019/v12i39/147990
https://doi.org/10.1016/j.asej.2020.06.006
https://doi.org/10.1016/j.cities.2021.103299
https://doi.org/10.1016/j.rser.2020.109948
https://doi.org/10.1016/j.rser.2020.109948
https://doi.org/10.1016/j.energy.2021.122172
https://doi.org/10.1016/j.energy.2021.122172
https://doi.org/10.1002/sd.492
https://doi.org/10.1016/j.ijproman.2012.05.004
https://doi.org/10.1016/j.ijproman.2012.05.004
https://www.iqair.com/world-most-polluted-cities
https://www.iqair.com/world-most-polluted-cities
https://doi.org/10.1080/14783360600750444
https://doi.org/10.1080/14783360600750444
https://doi.org/10.1016/j.jclepro.2016.07.143
https://doi.org/10.1016/j.jclepro.2016.07.143
https://doi.org/10.1016/j.jobe.2020.101944
https://doi.org/10.1080/01446193.2016.1213399
https://doi.org/10.1080/01446193.2016.1213399
https://doi.org/10.1016/j.ijproman.2013.05.003
https://doi.org/10.1016/j.ijproman.2013.05.003
https://doi.org/10.1016/j.enpol.2019.02.038
https://doi.org/10.1016/j.ress.2016.10.022
https://doi.org/10.1108/ECAM-08-2019-0463
https://doi.org/10.1016/j.habitatint.2013.06.005
https://doi.org/10.1016/j.rser.2015.04.076
https://doi.org/10.1016/j.jclepro.2019.02.081
https://doi.org/10.1016/j.jclepro.2019.02.081
https://doi.org/10.1016/j.enbuild.2013.07.033
https://doi.org/10.1016/j.enbuild.2013.07.033
https://doi.org/10.1007/s11356-022-20255-5
https://doi.org/10.1016/j.scitotenv.2020.140811
https://doi.org/10.1016/j.scitotenv.2020.140811
https://doi.org/10.1002/sd.2089
https://doi.org/10.1002/sd.2089
https://doi.org/10.1002/sd.2327
https://doi.org/10.3846/jcem.2018.1691
https://doi.org/10.1016/j.jclepro.2018.05.274


81880 Environmental Science and Pollution Research (2023) 30:81858–81880

1 3

Maqbool R, Wood H (2022) Containing a sustainable urbanized envi-
ronment through SuDS devices in management trains. Sci Total 
Environ 807:150812. https:// doi. org/ 10. 1016/j. scito tenv. 2021. 
150812

Meng JN, Xue B, Liu BS, Fang N (2015) Relationships between top 
managers’ leadership and infrastructure sustainability, a Chinese 
urbanization perspective. Eng Constr Archit Manag 22(6):692–
714. https:// doi. org/ 10. 1108/ ECAM- 01- 2014- 0013

Munda G (2006) Social multi-criteria evaluation for urban sustain-
ability policies. Land Use Policy 23(1):86–94. https:// doi. org/ 10. 
1016/j. landu sepol. 2004. 08. 012

Munns AK, Bjeirmi BF (1996) The role of project management in 
achieving project success. Int J Project Manage 14(2):81–87. 
https:// doi. org/ 10. 1016/ 0263- 7863(95) 00057-7

Naoum SG, Alyousif ART, Atkinson AR (2015) Impact of national 
culture on the management practices of construction projects in 
the United Arab Emirates. J Manag Eng 31(4):04014057. https:// 
doi. org/ 10. 1061/ (ASCE) ME. 1943- 5479. 00002 65

Nissing C, von Blottnitz H (2010) Renewable energy for sustainable 
urban development: redefining the concept of energisation. Energy 
Policy 38(5):2179–2187. https:// doi. org/ 10. 1016/j. enpol. 2009. 12. 
004

O’Brien C (1999) Sustainable production–a new paradigm for a new 
millennium. Int J Prod Econ 60:1–7. https:// doi. org/ 10. 1016/ 
S0925- 5273(98) 00126-1

Ofori DF (2013) Project management practices and critical success 
factors-a developing country perspective. International Journal of 
Business and Management 8(21):14–31. https:// doi. org/ 10. 5539/ 
ijbm. v8n21 p14

Ogunde A, Olaolu O, Afolabi AO, Owolabi J, Ojelabi RA (2017) Chal-
lenges confronting construction project management system for 
sustainable construction in developing countries: professionals 
perspectives (a case study of Nigeria). Journal of Building Per-
formance 8(1):1–11

Olawumi TO, Chan DW (2018) Identifying and prioritizing the benefits 
of integrating BIM and sustainability practices in construction 
projects: a Delphi survey of international experts. Sustain Cities 
Soc 40:16–27. https:// doi. org/ 10. 1016/j. scs. 2018. 03. 033

O'Neill, A., (2022). Urbanization in India 2020. Statista, January 19, 
2022. Accessed on 23 May 2022 at https:// www. stati sta. com/ stati 
stics/ 271312/ urban izati on- in- india/

Persson U (2009) Management of sustainability in construction 
works. Division of Construction Management, Lund Institute of 
Technology

Perrotti D, Stremke S (2020) Can urban metabolism models advance 
green infrastructure planning? Insights from ecosystem services 
research. Environment and Planning b: Urban Analytics and City 
Science 47(4):678–694. https:// doi. org/ 10. 1177/ 23998 08318 
797131

Peter C, Swilling M (2012) Sustainable, resource efficient cities: 
making it happen! (United Nations Environment Programme, 
Paris). http:// www. unep. org/ urban_ envir onment/ PDFs/ Susta inabl 
eReso urceE ffici entCi ties. pdf. Accessed 05 January 2022

Pishdad-Bozorgi P, Beliveau YJ (2016) Symbiotic relationships 
between integrated project delivery (IPD) and trust. Int J Constr 
Educ Res 12(3):179–192. https:// doi. org/ 10. 1080/ 15578 771. 2015. 
11181 70

Project Management Institute. (2013) A guide to the Project Manage-
ment Body of Knowledge (PMBOK ® Guide). Project Manage-
ment Institute, Chicago, US

Reckien, D., Salvia, M., Heidrich, O., Church, J. M., Pietrapertosa, 
F., De Gregorio-Hurtado, S., ... and Dawson, R. (2018). How are 
cities planning to respond to climate change? Assessment of local 
climate plans from 885 cities in the EU-28. Journal of cleaner 
production, 191, 207-219. https:// doi. org/ 10. 1016/j. jclep ro. 2018. 
03. 220

Robichaud LB, Anantatmula VS (2011) Greening project management 
practices for sustainable construction. J Manag Eng 27(1):48–57. 
https:// doi. org/ 10. 1061/ (ASCE) ME. 1943- 5479. 00000 30

Roscoe S, Subramanian N, Jabbour CJ, Chong T (2019) Green human 
resource management and the enablers of green organisational 
culture: enhancing a firm’s environmental performance for sus-
tainable development. Bus Strateg Environ 28(5):737–749. https:// 
doi. org/ 10. 1002/ bse. 2277

Sabini L, Muzio D, Alderman N (2019) 25 years of ‘sustainable pro-
jects’. What we know and what the literature says. Int J Project 
Manag 37(6):820–838

Saunders M, Lewis P, Thornhill A (2009) Understanding research 
philosophies and approaches. Research Methods for Business 
Students 4(1):106–135

Schein EH (2010) Organizational culture and leadership, vol 2. John 
Wiley and Sons

Sharma VK, Vashist RL (2010) An evaluation of infrastructure devel-
opment in the hilly areas. The IUP Journal of Infrastructure 
8(1/2):8–50

Shevlin M, Miles JN (1998) Effects of sample size, model specification 
and factor loadings on the GFI in confirmatory factor analysis. 
Personality Individ Differ 25(1):85–90. https:// doi. org/ 10. 1016/ 
S0191- 8869(98) 00055-5

Stewart ID, Kennedy CA, Facchini A, Mele R (2018) The electric city 
as a solution to sustainable urban development. J Urban Technol 
25(1):3–20. https:// doi. org/ 10. 1080/ 10630 732. 2017. 13869 40

Tobias S, Carlson JE (1969) Brief report: Bartlett’s test of spheric-
ity and chance findings in factor analysis. Multivar Behav Res 
4(3):375–377. https:// doi. org/ 10. 1207/ s1532 7906m br0403_8

Trice HM, Beyer JM (1993) The cultures of work organizations. Pren-
tice-Hall, In

UKRI., (2021). Building gender equality., UK Research and Innova-
tion, February 2021. Accessed on May 21, 2022, at https:// www. 
ukri. org/ wp- conte nt/ uploa ds/ 2021/ 02/ UKRI- 020221- Tackl ingGe 
nderE quali tyCon struc tion. pdf

UN DESA (2015) United Nations Department of Economic and Social 
Affairs, Population Division. World Urbanization Prospects: The 
2014 Revision

UNDP (2005) United Nations Development Programme. Technical 
Report. Energizing the Millennium Development Goals: a Guide 
to Energy’s Role in Reducing Poverty

White D, Fortune J (2002) Current practice in project management—an 
empirical study. Int J Project Manage 20(1):1–11. https:// doi. org/ 
10. 1016/ S0263- 7863(00) 00029-6

WHO. (2014). World Health Organization, Global Health Observa-
tory. Urban Population Growth. WHO Library Cataloguing-in-
Publication Data. PDF ISBN: 978 92 4 069267

World Economic Forum (WEF) (2016) Shaping the future of construc-
tion: a breakthrough in mindset and technology. Industry Agenda. 
Prepared in Collaboration with The Boston Consulting Group, 
Geneva, Switzerland

Xue B, Liu B, Sun T (2018) What matters in achieving infrastructure 
sustainability through project management practices: a prelimi-
nary study of critical factors. Sustainability 10(12):4421. https:// 
doi. org/ 10. 3390/ su101 24421

Yigitcanlar T, Teriman S (2014) Rethinking sustainable urban develop-
ment: towards an integrated planning and development process. 
Int J Environ Sci Technol 12(1):341–352. https:// doi. org/ 10. 1007/ 
s13762- 013- 0491-x

Zhang Q, Crooks R (2012) Towards an environmentally sustainable 
future country environmental analysis of the People’s Republic of 
China. Asian Development Bank. Available at: http:// hdl. handle. 
net/ 11540/ 880. Accessed 05 January 2022

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.scitotenv.2021.150812
https://doi.org/10.1016/j.scitotenv.2021.150812
https://doi.org/10.1108/ECAM-01-2014-0013
https://doi.org/10.1016/j.landusepol.2004.08.012
https://doi.org/10.1016/j.landusepol.2004.08.012
https://doi.org/10.1016/0263-7863(95)00057-7
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000265
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000265
https://doi.org/10.1016/j.enpol.2009.12.004
https://doi.org/10.1016/j.enpol.2009.12.004
https://doi.org/10.1016/S0925-5273(98)00126-1
https://doi.org/10.1016/S0925-5273(98)00126-1
https://doi.org/10.5539/ijbm.v8n21p14
https://doi.org/10.5539/ijbm.v8n21p14
https://doi.org/10.1016/j.scs.2018.03.033
https://www.statista.com/statistics/271312/urbanization-in-india/
https://www.statista.com/statistics/271312/urbanization-in-india/
https://doi.org/10.1177/2399808318797131
https://doi.org/10.1177/2399808318797131
http://www.unep.org/urban_environment/PDFs/SustainableResourceEfficientCities.pdf
http://www.unep.org/urban_environment/PDFs/SustainableResourceEfficientCities.pdf
https://doi.org/10.1080/15578771.2015.1118170
https://doi.org/10.1080/15578771.2015.1118170
https://doi.org/10.1016/j.jclepro.2018.03.220
https://doi.org/10.1016/j.jclepro.2018.03.220
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000030
https://doi.org/10.1002/bse.2277
https://doi.org/10.1002/bse.2277
https://doi.org/10.1016/S0191-8869(98)00055-5
https://doi.org/10.1016/S0191-8869(98)00055-5
https://doi.org/10.1080/10630732.2017.1386940
https://doi.org/10.1207/s15327906mbr0403_8
https://www.ukri.org/wp-content/uploads/2021/02/UKRI-020221-TacklingGenderEqualityConstruction.pdf
https://www.ukri.org/wp-content/uploads/2021/02/UKRI-020221-TacklingGenderEqualityConstruction.pdf
https://www.ukri.org/wp-content/uploads/2021/02/UKRI-020221-TacklingGenderEqualityConstruction.pdf
https://doi.org/10.1016/S0263-7863(00)00029-6
https://doi.org/10.1016/S0263-7863(00)00029-6
https://doi.org/10.3390/su10124421
https://doi.org/10.3390/su10124421
https://doi.org/10.1007/s13762-013-0491-x
https://doi.org/10.1007/s13762-013-0491-x
http://hdl.handle.net/11540/880
http://hdl.handle.net/11540/880

	Conserving a sustainable urban environment through energy security and project management practices
	Abstract
	Introduction
	Literature study
	Environmental issues linked to urbanisation
	Sustainability and urbanisation
	Energy security and sustainable urbanisation
	Climate change mitigation and sustainable urbanisation
	Sustainable construction project management
	Sustainable infrastructure
	Project management practices

	Influencing factors on project sustainability
	Organisational culture and project sustainability
	Project management success factors and project sustainability
	Stakeholders and integrative technologies and project sustainability
	Policy factors preventing sustainable practice


	Methodology
	Research motive
	Research philosophy
	Research type

	Research design
	Questionnaire design
	Population sampling
	Participant recruitment
	Sampling stratification and size

	Validity and reliability tests
	Cronbach’s alpha
	KMO and Bartlett’s test

	Factor analysis

	Results analysis
	Correlational analysis
	Descriptive statistics
	Similarity index

	Discussion of findings
	Characteristics of sustainable urbanisation
	Factors impacting sustainable urbanisation
	Energy security impacting sustainable urbanisation
	Organisational factors impacting sustainable urbanisation
	Stakeholder factors impacting sustainable urbanisation
	Project management factors impacting sustainable urbanisation
	Policy related factors impacting sustainable urbanisation


	Conclusions and recommendations
	Conclusions

	Recommendations and future aspects of research
	Appendix. Questionnaire structure
	References


