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ABSTRACT  
The global attention given to climate change that led to the clamour for sustainable development 

in the 21st century is a laudable development. The efforts of different governments worldwide 

geared towards mitigating climate change effects are widespread. The construction industry has 

taken centre stage in driving sustainable development through sustainable construction due to its 

impacts on society. Nevertheless, it is widely accepted that the 80% target reduction of 

greenhouse gas emissions required in the UK by 2050 can only be realised if the industry 

recognises the need for sustainable retrofitted building projects and that this represents one of the 

most critical approaches to achieving sustainable development in the construction industry. 

However, the challenges of delivering sustainable retrofitted building projects are enormous and 

complex, mainly due to key stakeholders�¶ lack of knowledge in making informed and appropriate 

decisions. This has arguably made decision-making difficult for key stakeholders because the 

lessons learned from sustainable retrofit projects are not captured. This can improve if the 

industry recognises the need to adopt knowledge management (KM) to enable key stakeholders 

to make informed decisions in the delivery of sustainable retrofitted building projects. This 

research conducted a comprehensive investigation of the literature followed by the collection of 

empirical data using a mixed-method (quantitative and qualitative) approach. An exploratory 

industry survey of 86 respondents was followed by multiple-case studies involving 12 semi-

structured interviews, each with a representative of a different construction organisation. The 

survey data were subjected to descriptive, reliability, factor and correlation analysis using SPSS, 

while the case study interviews were analysed using NVivo and qualitative content analysis. The 

mixed-method approach assisted in answering 11 research questions and among the key findings 

were (1) 9 barriers, and 3 enabling factors to embark upon and delivering sustainable retrofits 

projects were revealed through factor analysis; (2) 6 critical enablers and barriers to sustainable 

retrofit project delivery were revealed through case studies; (3) an optimal approach is 

recommended for knowledge capture in retrofit project delivery as well as criteria for easy and 

diffi cult decision-making in retrofit project delivery. The research findings assisted in developing 

sustainable retrofitted building process (SRBP) to guide key stakeholders on the steps needed. 

The findings and the SRBP contributed to a proposed sustainable retrofitted building decision-

support framework (SRBDSF) with knowledge management principles and procedures, and 9 

objectives were employed to deliver this aim.  The SRBDSF promotes the systematic 

management of project knowledge, thus enhancing the decision-making capabilities of key 

stakeholders. Finally, the SRBDSF framework was validated by industry practitioners who found 

that the SRBDSF was fit for purpose, easy to use and relevant to making informed decisions in 

the delivery of sustainable retrofit projects. Suggestions and recommendations from the 

validation contributed to the research recommendations and future work. 
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CHAPTER ONE: GENERAL INTRODUCTION  

1.1 Introduction 

Climate change has imposed significant problems and risks worldwide. With the 

rapid increases in urbanisation and industrialisation, more greenhouse gases (GHG) 

are being released into the atmosphere. The built environment, particularly existing 

buildings and their operations, contribute a significant amount of GHG emissions 

into the atmosphere. However, delivering sustainable retrofitted building projects 

has posed a challenge in the industry due to the lack of managing knowledge in 

making informed decisions and choices in the uptake and delivery of sustainable 

retrofitted building projects. The need to employ knowledge management strategies 

in the uptake and delivery of sustainable retrofit projects is essential. Managing 

project knowledge is necessary due to the key stakeholders�¶ lack of decision-making 

abilities in the uptake and delivery of sustainable retrofitted building projects. 

This research will investigate knowledge management procedures and processes and 

the barriers and enablers associated with the uptake and delivery of sustainable 

retrofit projects. It will also investigate the impacts of construction; the benefits of 

retrofitted buildings; stakeholder management and decision-making tools. These 

investigations are designed to deliver answers to research questions and deliver the 

research aim, which is to develop a decision support framework with knowledge 

management procedures and principles in order to enhance and improve the decision-

making abilities of key stakeholders in embarking on and delivering sustainable 

retrofit projects. Herein, the term �µuptake�¶ refers to the aspects of �µunderstanding�¶ 

and �µcomprehension�¶ (Merriam-Webster, 2012), while the term �µdelivering�¶ refers to 

the actual execution and completion to achieve outputs, outcomes and benefits (APM, 

2017). This chapter presents an overview of the research, which includes the 

theoretical research underpinnings; justification of the research; aim and objectives; 

research scope; research methodology; contribution to knowledge, and a guide to the 

thesis. 

 

1.2 Research theoretical underpinnings 

The global attention given to climate change that led to the clamour for sustainable 

development in the 21st century is a laudable development. Efforts of different 
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governments worldwide geared towards mitigating the climate change effects have 

been widespread and well documented (European Commission, 2007, Kapsalaki et 

al., 2012, McManus et al., 2013). Renukappa et al. (2013) argue that the issue of 

climate change is one aspect of the broader problem of sustainability. They posited 

(2013) that several industries, particularly the construction industry, have 

acknowledged the need to address climate change challenges in order to survive and 

grow in everchanging, entangled global business economies.  Hence, key 

stakeholders of many organisations are now implementing various GHG reduction 

strategies due to mounting pressures. 

The need to reduce and mitigate climate change effects was propelled by the 

Brundtland report �µOur Common Future�¶ which charged national and international 

bodies to promote the course of sustainable development through three sustainability 

concepts �± environmental, economic and social �± in order to reduce climate change 

(WCED, 1987a). The report further described sustainable development as 

development that meets the need of the present generation without undermining the 

ability of future generations to meet their own needs (Brundtland, 1987). In a related 

view, the IPPC Fourth Assessment Report reaffirmed that climate change, which is 

predominantly caused by human activities, is inevitable due to an increase in GHG 

emissions (e.g. CO2) in the atmosphere (IPCC, 2007). While steps are being taken to 

reduce carbon emissions from other areas such as road travel, reducing waste and 

water consumption, the building and energy sectors are becoming significant areas 

of attention for GHG emission reduction, which means growing potential for energy-

related obsolescence in existing built environments (Butt et al., 2012). These have 

put the United Kingdom (UK) under a commitment to champion the concepts of 

sustainable development in the built environment, particularly the construction 

industry due to its impacts on society (McManus et al., 2013).  

Construction activities have significant effects (both positive and negative) on the 

UK and worldwide (Pietrosemoli and Monroy, 2013). Some of the positive impacts 

include the contribution of about 7% to the UK Gross Domestic Product (GDP) or 

approximately £110 billion in annual income; job creation; and the production of 

different types of buildings and facilities to meet human needs (ICRIBC, 2002, 

Winch, 2010, Pietrosemoli and Monroy, 2013). The negative impacts of construction 

are documented due to its contribution to GHG emissions, which has affected climate 
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change (Stern, 2006, IPCC, 2007, Weight and Rawlinson, 2007, Levin, 2008, 

Stolarski et al., 2010). Furthermore, the built environment worldwide contributes 

about 30% to 40% of CO2 emissions to the atmosphere as well as consuming about 

40% of the total energy usage (Boardman, 2007, Dixit et al., 2010, Kapsalaki et al., 

2012). The European Union (EU) estimates that its member countries contribute 

about 50% of CO2 to the atmosphere (Rai et al., 2011). In the UK, it is documented 

that buildings consume over 45% of UK energy usage and generate approximately 

50% of GHG emissions (Stern, 2006).  

These negative impacts have made the industry come under the scrutiny of the public, 

regulators and government more than ever before and have necessitated the industry 

to increasingly recognise the need to achieve sustainable development by engaging 

in sustainable construction (Zuo et al., 2012b). Sustainable construction is argued to 

be the application of sustainable development concepts and principles to construction 

processes and practices (Sage, 1998, Carpenter, 2001, ICRIBC, 2002, Shelbourn et 

al., 2006, European Commission, 2007, Winch, 2010). Sustainable construction in 

building projects exists in new-build and retrofit building projects. In the case of new 

build, this involves the construction of new energy-efficient buildings while retrofit 

involves sustainable refurbishment of existing buildings to deliver more energy-

efficient or improved buildings. The UK government had stated that by 2016 every 

new building must be energy-efficient or built on a carbon-neutral basis, and non-

domestic buildings must be constructed on a carbon-neutral basis from 2018 (Kelly, 

2009). It is pertinent to state that the government did not meet its target in 2016, 

largely due to lack of enforcement and lack of managing knowledge amongst the key 

stakeholders about embarking upon and delivering sustainable retrofitted building 

projects. However, the need for this has been suggested and cannot be overstressed 

(Menassa, 2011a, Ma et al., 2012, Maduka et al., 2015a). 

In 2016, after the UK voted to leave the EU, the Government legislated the fifth 

carbon budget. CCC (2017) stated that the budget is stipulated to achieve at least 57% 

GHG emission reduction by 2030. The reduction is aimed at assisting the UK in 

reaching its legally binding target of an 80% reduction in greenhouse gas emissions 

by 2050, using the emissions in 1990 as a baseline. However, achieving 80% target 

reduction of GHG emission in the atmosphere by 2050 will be challenging unless 

sustainable retrofitted building projects are given priority attention both by the 
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government and the construction industry (Glass et al., 2008, Kelly, 2009, 

Pietrosemoli and Monroy, 2013). This is because only about one-third or 30% of 

new energy-efficient buildings would have been constructed in response to the target, 

and this cannot contribute significantly to GHG reduction by 2050 (Glass et al., 

2008). Hence, over two-thirds (approximately 70%) of buildings existing today in 

the UK will still be in use by 2050 (Glass et al., 2008, Kapsalaki et al., 2012, Stafford 

et al., 2012). Considering these facts, it is evident that embarking upon and delivering 

sustainable retrofitted building projects is inevitable and will contribute substantially 

to greenhouse gas reduction (Glass et al., 2008, Deloitte and Lockwood, 2008, Kelly, 

2009, Jenkins, 2010, McManus et al., 2013, Stevenson, 2013). Sustainable 

retrofitting building has been defined as an improvement made to an existing 

building that leads to an increase in the overall efficiency of that building (Stephens 

et al., 2011, Fulton et al., 2012). BCA (2010) also defines sustainable retrofitted 

building as the provision, extension or substantial alteration of the building envelope 

and building services in an existing building in order to reduce CO2 emissions. The 

World Business Council for Sustainable Development revealed that embarking on 

such projects can contribute greatly to tackling climate change and fostering the 

concepts (economic, social and environmental) of sustainability (WBCSD, 2008). 

Additionally, delivering sustainable retrofitted building projects has been 

acknowledged to have tremendous economic, health, social and environmental 

benefits (Dong et al., 2005, Verbeeck and Hens, 2005, USEPA, 2010, Syal et al., 

2014). 

However, while the previously mentioned benefits of delivering sustainable 

retrofitted building projects are well established and documented, hitherto, the 

delivery of retrofit projects has faced a lot of challenges and obstacles, particularly 

with key stakeholders�¶ lack of managing project knowledge in making an appropriate 

and informed decision in embarking upon and delivering retrofit projects (Duah et 

al., 2014). Delivering a sustainable retrofitted building project remains a challenge 

in the industry due to a lack of managing knowledge. It has been argued that there is 

a possibility for substantial carbon emission reduction through appropriate 

approaches to sustainable retrofit; however, achieving it presents a multifaceted and 

challenging problem to the industry due to lack of knowledge management in 

delivering sustainable retrofit projects (Stafford et al., 2012, McManus et al., 2013). 
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Lack of knowledge management has been stated to cause key stakeholders to 

�µreinvent of the wheel�¶ and make decision mistakes in the uptake and delivery of 

sustainable retrofit projects (Wang et al., 2009, Maduka et al., 2015b). 

1.3 Justification for the research 

Existing buildings are responsible for half of the total GHG in the UK which has an 

adverse impact on global, environmental, human health and economy. It is 

recognised that 80% of the energy consumed throughout a building�¶s life cycle 

occurs when it is occupied and in use and where the service life of the building ranges 

from 30�±70 years (Menassa and Baer, 2014). Thus, it necessitated the efforts of many 

governments and international organisations in the last decade to put significant 

efforts toward energy efficiency improvement in existing buildings (Ma et al., 2012). 

In 2010, the UK government made a significant contribution to upgrading the energy 

efficiency of around 7 million homes by 2020 with the aim of reducing GHG by 29% 

(DECC, 2011c); however, that target is yet to be accomplished. Thakore et al. (2013) 

posited that sustainable transformation to energy-efficient building remains very 

challenging. Thakore et al. (2013) further stated that implementing energy-efficient 

housing strategies remains a global challenge, particularly in Europe.  

These facts compel the industry to deliver buildings that are energy efficient during 

their life cycle through sustainable retrofitting of the existing buildings by employing 

sustainability principles (UNEP, 2009). It has been suggested that significant 

reduction of GHG emissions can be achieved through sustainable retrofitting of 

existing buildings (Menassa and Baer, 2014). The critical role that existing buildings 

play in achieving energy reduction or GHG through sustainable retrofits can be part 

of a complete plan for sustainable corporate development (Hwang and Ng, 2013). 

According to Kubba (2010), sustainable retrofits should be designed for optimal 

energy efficiency and constructed with a preference for natural, reclaimed, and 

recycled materials. These buildings provide healthier, more comfortable and 

productive indoor environments for occupants by maximising the efficient use of 

resources like energy, water and raw materials.  

ASTM (2009) maintains that sustainable retrofitted buildings provide the definite 

building performance necessities while at the same time minimising the disturbance 

to local, regional and global ecosystems, both during and after their construction and 
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service life. Sustainable retrofitted buildings extend the lifespan of a building while 

at the same time improving the building performance and preventing the early onset 

of obsolescence (Menassa, 2011a, Gorse et al., 2013). The need for sustainable 

retrofitted buildings is due to underperforming buildings impacting on energy 

commodities, having direct financial implications on the occupant and contributing 

to increases in GHG emissions (Gorse et al., 2013). Retrofitting of existing buildings 

offers significant opportunities for reducing global energy consumption and GHG 

emissions. Delivering retrofit projects is considered as one primary approach to 

achieving sustainability in the built environment (Ma et al., 2012).  

However, despite the benefits of sustainable retrofitted buildings, there has been a 

lack of interest from key stakeholders in embarking on sustainable retrofit projects 

between the key stakeholders (Menassa, 2011a, Ma et al., 2012). This is primarily 

due to lack of adoption of knowledge management by the key stakeholders as regards 

to making informed and appropriate decisions and choices in the uptake and delivery 

of sustainable retrofitted building projects (Duah et al., 2014, Maduka et al., 2015a). 

The part played in this by the fragmented and temporary nature of the industry has 

already been noted, and added to this is the frequent transfer of personnel between 

projects, the rarity of �µlessons learned�¶ project feedback, and the shortage of skilled 

workers in the first place (Kazi, 2005, Tan et al., 2010a). Although the industry has 

been described by Shelbourn et al. (2006) as knowledge-driven, the management of 

project knowledge has not been fully adopted, and its absence has contributed to a 

lack of appropriate decision-making (Pietrosemoli and Monroy, 2013) by its key 

stakeholders. Thus, Duah et al. (2014) have highlighted the need for the management 

of project knowledge to underpin an appropriate and informed decision support 

framework (DSF). In turn, DSFs would enable the key stakeholders to make an 

informed and proper decision, hence solving the key knowledge issues in stakeholder 

engagement with sustainable retrofitted building projects.  

The need to employ knowledge management strategies in the uptake and delivery of 

sustainable retrofit projects has been suggested and documented (Maduka et al., 

2015a, 2015b, 2015c, 2015d, 2015e). Managing project knowledge is necessary in 

order to enhance the decision-making abilities of the key stakeholders in the uptake 

and delivery of sustainable retrofitted building projects (Duah et al., 2014, Maduka et 

al., 2015a). Adopting knowledge management in sustainable retrofit projects will 
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assist in breaking some of the barriers to the uptake and delivery of retrofit projects. 

Such barriers include: lack of awareness (NEFUS, 2015 ); misconception of retrofit 

cost (Nelms et al., 2005); information overload (Malhotra, 2000, Robinson et al., 

2006); complications involved in retrofit construction (JSCE, 1999); lack of 

informed decision-making (Maduka et al., 2015a); lack of client demand (Pitt et al., 

2009) and insufficient expertise (Azizi et al., 2011); poor quality design (Winston, 

2010); lack of proven alternative technologies (Pitt et al., 2007) and unsatisfactory 

building performance (Azizi et al., 2011). Overcoming these barriers necessitates the 

need to develop a decision support framework with knowledge management 

procedures and principles to improve the decision capabilities of key stakeholders in 

the uptake and delivery of sustainable retrofit projects (Syal et al., 2014). 

1.4 Research scope 

The research study focuses on sustainable retrofitted building projects in the UK. 

The choice for sustainable retrofitting is to contribute to the UK government�¶s 

interest in achieving 80% carbon emission reduction by 2050 (Kapsalaki et al., 2012; 

Stafford et al., 2012). The focus on sustainable retrofitted building projects is also 

due to the fact that an estimated 70% of 2010 buildings stocks in the UK will still be 

standing and in use by 2050 as earlier mentioned (Kapsalaki et al., 2012, Stafford et 

al., 2012). This demonstrates the undoubted need for sustainable retrofit projects. 

This research attempts to determine the current practices of different construction 

organisations in the UK as regards the lack of adoption of knowledge management 

(KM) in the uptake and delivery of retrofit projects and create a holistic approach to 

enable them to adopt KM not just for retrofit projects, but also in all construction 

projects. Thus, the research focuses on key knowledge issues and stakeholders�¶ 

decision-making challenges that limit  the embarking upon and delivery of 

sustainable retrofitted building projects. In relation to that, the research explores 

knowledge management procedures and a comprehensive examination of the 

existing decision-making tools used in the construction industry. The research 

employed knowledge management principles and procedures in developing a 

sustainable retrofitted building decision support framework (SRBDSF) for key 

stakeholders (clients, civil/construction engineers, architects/designers; project 

managers; quantity surveyors; NGOs; government; material manufacturers and 

suppliers) in the industry.  
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1.5 Research questions 

RQ1: Who are the key stakeholders in sustainable retrofitted building projects? 

RQ2: How do the stakeholders rate the construction in improving sustainable principles 

and practices in delivering sustainable construction? 

RQ3: Does the construction industry have a standard or regular building process and 

decision support framework for the delivery of sustainable retrofit projects? 

RQ4: What are the social, economic and environmental benefits of sustainable retrofitted 

buildings? 

RQ5: What are the environmental assessment methods that key stakeholders consider 

when delivering sustainable retrofitted building projects? 

RQ6: What are the sustainable retrofit materials used in delivering sustainable retrofit 

projects? 

RQ7: What does knowledge mean to individual stakeholders in the construction 

industry? 

RQ8: What is the role of knowledge in delivering sustainable retrofit projects?  

RQ9: How can project knowledge be captured in sustainable retrofit projects?  

RQ10: How can managing project knowledge enhance decision-making in delivering 

sustainable retrofit projects?  

RQ11: How can stakeholders avoid information overload in relation to sustainable 

construction? 

RQ12: What criteria are used to determine the relevance of new knowledge? 

1.6 Research aim 

This research presents a sustainable retrofitted decision support framework (SRDSF) 

with knowledge management principles and procedures, the aim of which is 

underpinned by nine objectives. 

1.7 Research objectives 

1. To examine through literature review the current practices in the uptake and 

delivery of sustainable retrofitted building projects. 
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2. To determine through literature review knowledge management principles and 

processes. 

3. To establish through a survey the barriers and enabling factors to the uptake and 

delivery of sustainable retrofitted building projects.  

4. To ascertain options that make decision-making easy or difficult when delivering 

sustainable retrofitted building projects. 

5. To establish a sustainable retrofit process order of application through a survey in 

order to assist in developing a sustainable retrofit building process (SRBP). 

6. To ascertain through semi-structured interviews the critical enablers and barriers to 

the uptake and delivery of sustainable retrofitted building projects. 

7. To determine and report the extent to which key stakeholders capture knowledge 

during and after retrofitted building projects. 

8. To develop a sustainable retrofitted building decision support framework 

(SRBDSF) with knowledge management principles and procedures. 

9. To test and validate a sustainable retrofitted building decision support framework. 

The ensuing section summarises how the research objectives were delivered. 

 

1.8 Research method summary  

This research involves a mixed-method approach in order to deliver the aim and 

objectives of the research. The mixed-method approach is a combination of both 

quantitative and qualitative research approaches for the collection of data. The most 

appropriate result analysis strategies were identified and employed to analyse the 

research findings. Figure 1.1 highlights the research design flow and output that 

consists of six stages. Figure 1.1 depicts briefly how the research aim and objectives 

were delivered.
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Figure 1. 1 Research design flow and output 
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The first stage is a literature review investigation of current practices and previous 

research in the areas of the global construction industry and UK construction; 

sustainability; environmental impacts of construction; sustainable construction; 

sustainable retrofitting; benefits of sustainable retrofitted buildings; environmental 

assessment methods; barriers and enablers of retrofitted building projects; 

knowledge management and the construction industry; stakeholder management and 

the construction industry; decision-making and decision support tools. These 

investigations set solid theoretical underpinnings that determine the research 

questions and research methodology of the current research.  

Stage 2 involved conducting an industrial survey using a questionnaire for data 

gathering. The industry survey explored and determined the key stakeholders in 

retrofit projects; benefits of sustainable retrofits; environmental assessment methods; 

barriers and enablers of retrofit projects; knowledge management issues in retrofit 

projects; and factors that contribute to easy or difficult decision-making in delivering 

retrofit projects. The researcher employed Statistical Package for the Social Sciences 

(SPSS) to analyse the data. The statistical inferences employed in the analysis 

include descriptive, reliability test, factor analysis and Pearson correlation. 

Stage 3 investigates and determines the critical barriers and enabling factors in the 

uptake and delivery of sustainable retrofit projects. Secondly, it establishes the risk 

factors in delivering sustainable retrofit projects. Thirdly, at this stage some 

knowledge management questions regarding the delivery of sustainable retrofit 

projects are answered. Some of the answered  questions in the chapter include what 

knowledge and knowledge management means to stakeholders; the role of 

knowledge; the relevance of knowledge; access to knowledge; knowledge capture 

and the role of knowledge in enhancing decision-making. These were achieved 

through multiple case-studies using the semi-structured interview. NVivo and 

qualitative content analysis were employed in analysing the findings. 

Stage 4 this stage involved the development of sustainable retrofitted building 

process (SRBP). This was developed with the output of Stages 1, 2 and 3. The 

development involved establishing the principles, standards and parameters of 

sustainability to be adopted in delivering sustainable retrofitted building projects. 
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Stage 5 comprises the development of a decision support framework for the 

sustainable retrofitted building project. This was achieved using the output of Stages 

1, 2, 3, 4 and 5. It is pertinent to note that the framework development is knowledge 

management based. Thus, the researcher employed holistic knowledge management 

principles and procedures in developing the framework. 

Stage 6 involves the validation of the framework by the industry experts that partook 

in the data collection. Validation was needed to determine the relevance and 

applicability of the framework in the delivery of sustainable retrofitted building 

projects. In addition, the validation established the limits and benefits of the 

framework. The feedback obtained from the validation will be useful for a future 

research study. The framework contributed to the recommendations and conclusions 

of this research.  

Further details on the research design are seen in Chapter 5 of this thesis. In 

addition, the analysis of the research findings is seen in Chapters 6 and 7 of this 

thesis.  
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1.9 Thesis outline  

The thesis consists of nine (9) chapters as highlighted in Figure 1.2.   

 

Figure 1. 2 Thesis structure framework 
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Chapter One: consists of the introduction of the research establishing the theoretical 

research underpinnings; rationale of the research; research aim, objectives and 

questions; research scope and research flow and output.  

Chapter Two: in this chapter, a critical literature review of the global and UK 

construction industry is undertaken. It also consists of an investigation of the 

literature in regard to construction and sustainability. The investigation of the 

literature covers climate change and the construction industry; environmental 

impacts of construction; environmental assessment methods; sustainable retrofitting; 

sustainable principles and practices; environmental, economic and social benefits of 

sustainable retrofitted buildings; and barriers and enablers to embarking on and 

delivering sustainable retrofitted building projects. 

Chapter Three: this chapter involves the investigation of the literature in regard to 

knowledge and knowledge management in the construction industry, which includes 

amongst others, knowledge management procedures and principles and the need for 

knowledge management in delivering sustainable retrofitted building projects.  

Chapter Four: this chapter presents the review of the literature as regards 

stakeholder management in the construction industry. The review covers stakeholder 

management in the construction industry, who the stakeholders are; identification of 

stakeholders in construction projects; the essence of stakeholders in construction 

projects; roles of construction stakeholders and the key stakeholders in sustainable 

retrofitted building projects. 

Chapter Five: this chapter presents the research methodology. Following the 

investigation of literature in Chapters 2, 3 and 4. This chapter provides an outline of 

the research methodology adopted for undertaking this research. The review of 

research methodologies covered the adoption of �µresearch onion�¶ as a guiding step 

in the methodology. The chapter discussed the philosophical underpinnings and 

standings of the research which consists of the ontological and epistemological 

standings of the research. This chapter also consists of the literature investigation of 

research approaches; strategies; and techniques. In this chapter, rationales for 

choosing mixed-method as a research approach; survey and case studies as research 

strategies; and research techniques are all discussed. The research design in this 

chapter reflects the guide to delivering the research methodology. 
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Chapter Six: this chapter consists of the industrial survey findings; analysis; 

presentations and discussion. SPSS was employed for statistical result analysis. The 

statistical analysis presented in this chapter includes descriptive analysis; reliability 

test; factor analysis and Pearson correlations.  

Chapter Seven: this chapter comprises of the case studies findinga; analysis; 

presentations and discussions. It employed NVivo and qualitative content analysis in 

analysing the multiple case study results. The rationale for the use of NVivo and 

qualitative content analysis can be found in this chapter. 

Chapter Eight: this chapter comprises of the development of sustainable retrofitted 

building process (SRBP). Chapters 2, 3, 4, 6 and 7 contribute to SRBP development. 

Also in this chapter, the researcher developed a sustainable retrofitted building 

decision support framework (SRBDSF). Chapters 2, 3, 4, 6 and 7 contribute to 

SRBDSF development. The validation of the framework through a mixed-method 

approach is presented in this chapter. 

Chapter Nine: this chapter consists of a discussion of the research and its outcomes, 

recommendations and conclusions. Inclusively, contributions to knowledge and 

originality, research limitations and the possibilities of further research are also 

presented in this chapter. 
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CHAPTER 2: THE CONSTRUCTION INDUSTRY AND SUSTAINABILITY  

2.1 Introduction 

The construction industry is vital worldwide, and particularly in the United Kingdom, 

in its significant contribution to GDP and job creation. The output of the construction 

industry, be it public buildings, commercial buildings, homes, or infrastructure is felt 

everywhere in society. The construction industry makes an outstanding contribution 

to the competitiveness and prosperity of any economy. Firms throughout the global 

economy are dependent on the performance of built infrastructure, such as roads, rail, 

power stations, and telecoms networks to remain competitive, and investors will 

consider the quality of the built infrastructure as one of the key considerations in 

selecting a location. However, the impacts of construction in society are well 

documented (RICS, 2005a; Pitt et al., 2009; Hultgren, 2011; USGBC, 2016), and 

these negative impacts have contributed to the climate change challenge through the 

emission of greenhouse gases into the atmosphere. 

 Shen and Tam (2002) state that construction is not, by nature, environmentally 

friendly. The industry, by its size, is one of the largest users of energy, material 

resources, water and is significant polluter of the environment. The extent of its 

impact is still being debated because information and data about the environmental 

impacts of the construction industry are still not being collected and analysed 

systematically (Horvath, 2004). The impacts of construction activities contribute 

mostly to climate change. Climate change, also referred to as global warming, has 

necessitated a universal need for a solution: hence, the birth of sustainability. 

Sustainability, which was coined into sustainable development, has three aspects 

include environmental, economic, and social.  

However, the construction industry must not only comply with the ever-growing 

number of environmental rules and regulations, but must also apply principles of 

sustainable construction in each construction project and activity as has been globally 

advocated to deliver the benefits of sustainable construction, particularly sustainable 

retrofitted building projects. Modern, efficient construction is a key driver of 

productivity, and the construction industry has a major role in delivering construction 

projects in an innovative and ener�J�\���H�I�I�L�F�L�H�Q�W���Z�D�\�����7�K�H���L�Q�G�X�V�W�U�\�¶�V���S�U�R�G�X�F�W�L�Y�L�W�\���D�O�V�R��

depends on the efficiency and nature of the built environment. Key stakeholders in 
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sustainable retrofitted building projects need to proactively promote the aspects of 

sustainable development and integrate it into sustainable retrofit projects in order to 

deliver the benefits of sustainable construction, essential for sustainable living and 

future generation. It is relevant to understand that delivering sustainable retrofit 

projects is essential primarily in the United Kingdom, where it is estimated, as 

aforementioned, that more than 75% of required buildings have been built (Existing 

Home Alliance, 2010; English Heritage, 2012). However, barriers to delivering 

sustainable retrofitted building projects exist primarily due to the lack of project 

knowledge management in delivering sustainable retrofit projects (Maduka et al., 

2015a). Hence, there is a need for the industry to apply knowledge management 

principles and approaches when making informed decisions in retrofit project 

delivery. 

This chapter reviews the characteristics of global and the UK construction industry. 

It also discusses the climate change issue, impacts of construction, the emergence of 

sustainable development and the construction industry, sustainable construction, 

sustainable retrofit, sustainable construction practices, the benefits of sustainable 

retrofitted buildings, and barriers to embarking on and delivering retrofit projects. 

This review is by no means exhaustive but demonstrates the nature of the industry 

and associated challenges and solutions to delivering retrofit projects. 

2.2 Global construction 

Construction, and the ability to build, is one of the most ancient of human skills. In 

prehistoric times, it was one of the talents ascribed to homosapiens aside other 

species. Humans struggled to survive and sought shelter from the elements and 

hostile environment that surrounded them by building protective structures (Halpin 

et al., 2010). However, the construction industry, from a global perspective, has been 

argued as one of the oldest internationalised economic sectors, which can be traced 

back to more than 100 years ago (Low and Jiang, 2004). A similar review by Ngowi 

et al. (2005) points out that, in traditional societies, construction relied on the 

environmental resources of land and was an activity in which all members of the 

community participated to create shelter, which reflected a precise and detailed 

knowledge of local climatic conditions and a reasonable understanding of the 

performance characteristics of the construction materials available.  
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Colean and Newcomb (1952), Lange and Mills (1979) and Bernold and AbouRizk's 

(2010) assessment of the construction referred to it as an aggregation of businesses 

engaged in closely related activities. Nam and Tatum (1989) suggest that, historically, 

construction applies to all activities associated with the erection and repair of fixed 

structures and facilities. Similarly, Wells (1985) describes construction as an activity 

involving the creation of physical infrastructure, superstructure and related services.  

However, Halpin et al. (2010) state that there are three sectors of construction: 

buildings, infrastructure and industrial. Building construction is divided further into 

residential and non-residential (commercial/institutional). Hapin et al. (2010) also 

state that infrastructure is often called heavy civil or heavy engineering that includes 

large public works, dams, bridges, highways, railways, water or wastewater, and 

utility distribution. Industrial construction comprises refineries, process chemicals, 

power generation, mills and manufacturing plants (Chitkara, 1998). In a review of 

statistics on construction in the United Kingdom, �µconstruction�¶ was interpreted to 

mean the resources directly used in construction, the products of construction activity, 

financial and operational aspects of the building materials and construction industries 

(Ofori, 1991). Considering the participants in the construction process, Ofori (1991) 

portrayed the industry as a series of related, but discrete, activities, persons or 

organisations as shown in Figure 2.1 

Figure 2.1 Construction industry (Ofori, 1991) 
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2.2.1 Global construction output and gross domestic product 

The significant increase in urbanisation has generated an economic shift from west 

to east and changing demographics that point towards an increasing level of 

construction output during the next decade. CISION (2016) global construction will 

experience one of the most significant market growths compared to other industries 

in the next decade. Emerging markets and the US rebound will drive this growth. In 

similar revelation, CIC (2017) argued that construction is likely to be one of the most 

dynamic industrial sectors in the next fifteen years and is utterly crucial to the 

evolution of prosperous societies around the world. The construction industry is 

capable of creating vast numbers of new jobs and significant wealth for some 

countries across the globe. According to Sleight (2013) construction output accounts 

for 10% of Global GDP, which is estimated to be US$75 trillion;  hence, global 

constructions are estimated at US$ 7.5 trillion. In a similar disclosure, Hook (2017) 

asserts that the construction sector is a vital part of the global economy and currently 

accounts for more than 11% of global GDP. However, a report predicts that it will 

account for 13.2% of world GDP by 2020 (PwC-Global, 2011), while 13.5% was 

predicted by 2025 (GCPOE, 2013).  

However, by 2030 it has been predicted that the average global construction output 

growth will be about 3.9% per year outpacing that of global GDP by over one 

percentage point, driven by developed countries recovering from economic 

instability and emerging countries, which is expected to continue to industrialise 

(GCPOE, 2017). In its publication, IECONOMICS (2017) reported that the US is in 

the first position as the country with the highest GDP in construction; in second 

position is North Korea, and third is China. In the same publication, Paraguay was 

rated as the country with the lowest GDP from construction, followed by Kenya; the 

third position belongs to Japan. While global construction and Oxford Economics 

predicts that in 2025 China will lead in terms of GDP, the US will be in the second 

position; India, Japan, Indonesia and Russia will be in the 3rd, 4th, 5th and 6th positions, 

respectively. Global construction output reached US$8.8 trillion in 2016 up from 

US$7.9 trillion in 2012 and will stand at about US$10.1 trillion in 2021 (PwC-Global, 

2017). Meanwhile, GCPOE (2013) estimated that, in 2025, the global output would 

be approximately $15 trillion , although this may not be realisable due to the 

dwindling crude oil market. The value of construction projects in the emerging 
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market, which includes Brazil, Russia, Turkey and India, surpassed that of advanced 

economies as predicted in 2014, and this difference will continue to widen.  

Nevertheless, in 2012, emerging markets accounted for 46.7% of global output, and 

this is expected to the rise to 52.8% by 2021 (PwC-Global, 2017). A study conducted 

by market research firms Global Construction Perspectives and Oxford Economics 

forecast that US$97.7 trillion will be spent on construction globally during the next 

decade and the sector will expand by 5.2% on average every year, outpacing global 

GDP growth (PwC-Global, 2011). GCPOE (2017) predicts that, globally, 

construction will  grow more rapidly than the overall economy, with developed 

markets expected to rebound from their depressed levels. Explaining further, they 

stated that many countries would not be back to their previous peak levels even by 

2030. There was an emphasis that the current environmental and financial activities 

in most emerging countries are likely to be temporary, with higher growth rates soon 

returning. The ensuing sections have further discussions on worldwide construction 

predictions. 

2.2.2 Global construction market trend and prediction up to 2021 

Global Construction 2020, a major global study into construction, predicts that global 

construction will grow by 67% from $7.2 trillion to $12 trillion by 2020 (PwC-

Global, 2011). Growth in China, India and the US will account for over half of the 

predicted $4.8 trillion increase in global construction to 2020 (PwC-Global, 2011). 

In another publication, the CIC (2017) predicts that Asia-Pacific will continue to 

account for the substantial share of the global construction industry, given that it 

includes the vast markets of China, Japan and India. The publication further asserted 

that the worldwide construction output would stand at about $10.1 trillion in 2021 

with the Asia Pacific at $4.8trillion (3.3%), Western Europe at $2.1 trillion (2.4%), 

North America accounting for $1.6trillion (1.9%), Latin America at $646 billion 

(2.1%) and the Middle East and Africa at $502 billion. Although the predictions are 

slightly different in figures, the similarities point to the apparent growth expected in 

the global industry from 2017 to 2020/21.  

PwC-Global (2011) and PwC-Global (2013) predictions state that Canada and 

Australia would also lead construction growth in developed countries, boosted, in 

particular, by demand for natural resources and favourable demographics.  
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The publication further revealed that the combined expansion in construction in 

Canada and Australia would almost equal growth in the entire Latin American 

construction market, including Mexico, Brazil, Argentina, Chile and Colombia, 

indicating its less bright prospects. The publication further stated that China, India, 

United States, Indonesia, Canada, Russia and Australia would account for 65% of 

the growth in global construction to 2020. There has been a contrary prediction on 

Australia in that the expected construction boom is over-predicted mainly due to 

slow investment in the mining industry; hence, it will impact on construction by 

slowing 4.3% as at 2012 to 1.3% by 2025 (GCPOE, 2013). 

Global-Insight (2017) stated that Asia accounts for 46% of the global market, 

Western Europe 23%, North America 18%, South America 5%, the Middle East and 

Africa account for 4% and Eastern Europe 4%. The pace of expansion in the global 

construction industry stabilised in 2016, standing at 2.4%, but there will be an 

improvement over the next five years, with an average growth of 2.8%. The pick-up 

will reflect trends in the broader economy; during the period 2017�±2021, the world 

economy is set to expand by almost 3% per year on average (CISION, 2016).  

PwC-Global (2011) and GCPOE (2013) in its publication emphasised that China and 

India would drive growth in emerging markets as rising populations, rapid 

urbanisation, and strong economic growth are key drivers for construction. Chi�Q�D�¶�V��

construction market will more than double in size over the decade to $2.5 trillion by 

2020, or 21% of world construction. The report predicts that India will overtake 

�-�D�S�D�Q���W�R���E�H�F�R�P�H���W�K�H���Z�R�U�O�G�¶�V���W�K�L�U�G���O�D�U�J�H�V�W���F�R�Q�V�W�U�X�F�W�L�R�Q���P�D�U�N�H�W���E�\���������������7�K�H���8�6���Z�L�O�O��

experience a sharp cyclical rebound in construction with short-term double-digit 

growth in both residential and non-residential building sectors. However, seven 

countries, which are China, the US, India, Indonesia, Canada, Australia, and Russia 

will contribute to the two-thirds of the growth in global construction to 2020 

(GCPOE, 2013; Hook, 2017).  

Considering the expected global growth, the construction industry needs to work out 

how to deploy skills and develop the best coalitions to benefit the industry from the 

exciting growth opportunities that exist and being predicted (Hook, 2017). Figure 

2.2 highlights a more global outlook of construction in developed countries.  
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  Figure 2.2 Construction output rate in developed countries (GCPOE, 2013) 

Figure 2.2 explains the construction output of developed nations and the growth rate 

experienced between 2005 and 2020. It also highlights the downward trend of global 

construction during the 2008 recession that poorly affected the construction industry 

worldwide. It also deduces that North America will experience more growth from 

2015 to 2020, followed by developed countries in the Asia Pacific and Western 

Europe. However, Figure 2.3 highlights construction output in emerging nations and 

percentage growth. 

 

Figure 2. 3 Construction output rate in emerging countries (GCPOE, 2013) 
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Figure 2.3 indicates the construction output in the emerging countries, which 

includes Brazil, Russia, Turkey and India. In comparison to the developed countries, 

the 2008�±2009 global recession did not have such an adverse effect. However, 

Eastern Europe had poor growth during the recession period. Meanwhile, emerging 

nations in the Asian Pacific are leading in the construction output and growth 

between 2010 and 2020. From 2015 to 2020, the Middle East and North America are 

leading after emerging Asian Pacific countries. Sub-Saharan Africa and Eastern 

Europe follow, respectively, for the years on view. 

2.2.3 Global construction market trend and predictions up to 2030 

PwC-Global (2017) describes the medium and longer-term prospects for the global 

construction industry, giving forecasts showing how the global construction industry 

will evolve as the recovery from the global financial crisis transitions into new 

opportunities, challenges and uncertainties by 2030. GCPOE (2017) in its 

publication highlights that China construction growth is too slow considerably with 

a slump in housing and the first ever decline in housing output, recorded in 2017. 

However, the report states that there is expected growth in construction in China 

regarding healthcare, education, and social infrastructure, including the retail market. 

In India, the publication affirmed that the construction market in India would grow 

almost twice as fast as China in 2030. The growth will be facilitated by �,�Q�G�L�D�¶�V���X�U�E�D�Q��

population, which is expected to grow by an estimated extra 165 million by 2030, 

with an increase in population in Delhi predicted to be 10.4 million, indicating that 

it is the �Z�R�U�O�G�¶�V���V�H�F�R�Q�G-largest city, thus driving global growth in emerging markets 

(GCPOE, 2013; PwC-Global, 2017).  

In the US, construction growth will incline towards the southern states, therefore, 

�U�H�I�O�H�F�W�L�Q�J���W�K�H���U�H�J�L�R�Q�¶�V���H�[�F�H�S�W�L�R�Q�D�O���F�D�W�F�K-up potential and higher population growth 

(Global-Insight, 2017). In Europe, the UK is expected to have a significant increase 

until 2025, hence overtaking Germany to become the largest in Europe and the 

�Z�R�U�O�G�¶�V���V�L�[�W�K���O�D�U�J�H�V�W construction market by 2030 (GCPOE, 2017). It is pertinent to 

note that while China, the US and India have been predicted to have a reasonable 

growth, there is an expected significant weakness in Brazil and Russia (on oil fall 

and sanctions), while Indonesia is predicted to have an extraordinary construction 

growth. Indonesia is expected to overtake Japan by 2030; however, Latin America 

and Mexico are expected to surpass Brazil (GCPOE, 2017). 
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According to GCPOE (2017) forecast, the volume of construction output will grow 

by 85% to $15.5 trillion worldwide by 2030, with three countries, China, US and 

India, leading the way and accounting for 57%, which is about $8 trillion of all global 

growth. The US construction market is expected to grow faster than China over the 

next 15 years, despite its size. The publication further asserted that India would 

provide a new engine of global growth for construction in emerging markets, 

growing almost twice as fast as that of China. �(�X�U�R�S�H���Z�L�O�O���Q�R�W���U�H�J�D�L�Q���L�W�V���µ�O�R�V�W���G�H�F�D�G�H�¶����

but reinstates �W�K�D�W���W�K�H�� �8�.�� �Z�L�O�O�� �E�H�� �F�R�Q�W�L�Q�H�Q�W�D�O�� �(�X�U�R�S�H�¶�V�� �V�L�J�Q�L�I�L�F�D�Q�W�� �J�U�R�Z�W�K�� �P�D�U�N�H�W, 

�R�Y�H�U�W�D�N�L�Q�J���*�H�U�P�D�Q�\���W�R���E�H�F�R�P�H���W�K�H���Z�R�U�O�G�¶�V���V�L�[�W�K���O�D�U�J�H�V�W���F�R�Q�V�W�U�X�F�W�L�R�Q���P�D�U�N�H�W���E�\������������

(CIC, 2017)���� �&�K�L�Q�D�¶�V�� �V�K�D�U�H�� �R�I�� �W�K�H�� �Z�R�U�O�G�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �P�D�U�N�H�W�� �Z�L�O�O�� �L�Q�F�U�H�D�V�H�� �R�Q�O�\��

marginally as growth slows in �W�K�H���Z�R�U�O�G�¶�V���O�D�U�J�H�V�W���F�R�Q�V�W�U�X�F�W�L�R�Q���P�D�U�N�H�W���E�\������������ There 

is expected slow growth in China construction due to a slump in housing and the first 

ever decline in housing output recorded by China in 2016. The construction market 

in India will grow almost twice as fast as China by 2030, providing a new engine of 

global growth in emerging markets (Global-Insight, 2017; CIC, 2017; PwC-Global, 

2017). In comparison, US construction will grow faster than China over the next 15 

years expanding by an average of 5% per annum. 

2.2.4 Potential risks in the expected global construction growth 

There a number of fundamental risks to the projected global construction growth; 

most notably is how the Chinese authorities will rein in credit growth and manage 

the ensuing economic slowdown, and how investors in advanced economies will 

respond to the shift towards monetary policy normalisation, particularly in view of 

the likely pick-up in inflation as commodity prices bounce back (CISION, 2016; 

Global-Insight, 2017). Nevertheless, despite structural weaknesses and price 

pressures, the sector has become slightly less risky (PwC-Global, 2011). However, 

despite this current positive global trend, the industry is still one of the riskiest 

industries with several countries facing a negative outlook (Global-Insight, 2017; 

CIC, 2017; EHER, 2017). There is a possible risk for construction growth in key 

emerging markets including Brazil, Russia, Turkey and India, which could all suffer 

from significant short-term reductions in construction growth, with some of these 

countries potentially halving growth (GCPOE, 2013).  
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�+�R�Z�H�Y�H�U���� �+�D�Q�� �H�W�� �D�O���� �������������� �V�W�D�W�H�� �W�K�D�W�� �P�X�F�K�� �R�I�� �W�K�H�� �Z�R�U�O�G�¶�V�� �F�R�Q�V�W�U�X�F�W�L�R�Q����

approximately 80% of the total volume, has been carried out by small-scale local 

builders who construct single houses or maintain roads over small areas, using very 

traditional materials and methods. Therefore, this implies that only 20% of the total 

�Y�R�O�X�P�H�� �R�I�� �W�K�H�� �Z�R�U�O�G�¶�V�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �D�� �S�R�W�H�Q�W�L�D�O�� �P�D�U�N�H�W�� �D�F�F�H�V�V�L�E�O�H�� �E�\��

foreign construction firms (NRC, 1988; Han and Diekmann, 2001; Han et al., 2010) 

hence, this may impact on growth. In a similar publication, PwC-Global (2011) 

predicted that large public deficits would constrain construction in most developed 

countries, austerity programmes, slow population growth, and limited economic 

expansion, except the US due to its growing population. EHER (2017) argues that 

since the construction sector remains mainly composed of small firms with very high 

advantage ratios, highlighted strengths and weaknesses could impact on global 

growth. 

Strengths 

�x Long-term market opportunities in emerging countries for infrastructure and housing 

development;  

�x Stimulating impact of new environmental standards in mature markets;  

�x  Global population growth and an increase in urbanisation rate; and  

�x Well-established major players. 

Weaknesses 

�x Many small companies with fragile financial structures highly exposed to market 

fluctuation; 

�x Longer payment delays compared to the overall economy; 

�x  Infrastructure investments postponed in emerging countries; and  

�x  Dependency on national and household borrowing capacity linked to interest rate 

trends. 

2.3 The United Kingdom�¶�V construction industry 

The UK�¶�V construction industry is distinct; it is a large and highly diverse sector of 

industry activities. It has built Great Britain, and its monuments are evident. Its 

operations are concerned with the planning, regulation, design, manufacture, 

construction, and maintenance of buildings and other structures (Harvey and 
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Ashworth, 1997; Hook, 2017). Projects can vary from work worth a few hundred 

pounds undertaken by contractors, to significant schemes costing several million 

pounds such as the Channel Tunnel, which is an international joint venture, estimated 

to cost over £10bn (Banister and Thurstain-Goodwin, 2010). While the principles of 

execution are similar, the scale, complexity and intricacy vary enormously. The 

industry is viewed as having a narrow and broad definition regarding its size and 

structure (Pearce, 2003), Figure 2.4 explains shows the narrow definition focuses 

attention on the actual on-site construction activities of contractors, whilst the broad 

definition, which actually covers the true extent of the construction industry, draws 

in the quarrying of construction raw materials, the manufacture of building materials, 

the sale of construction products, and the services provided by the various associated 

professionals (Pearce, 2003). 

 

 

Figure 2. 4 The composition of the construction industry (Adapted from Pearce, 2003) 

 

According to Ashworth (2006), the construction industry has characteristics that 

separate it from all other industries. These are: 

1. The physical nature of the product; 

2. The product is normally manufactured on �W�K�H���F�O�L�H�Q�W�¶�V���S�U�H�P�L�V�H�V�����L���H�����W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q 

site; 

3. Many of its projects are one-off designs and lack any prototype model being available; 
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4. The arrangement of the industry, in which the design has typically been separate 

from construction; 

5. The organisation of the construction process; and 

6. The methods used for price determination. 

These characteristics mean that the delivery of the built environment is project based 

with the involvement of numerous participants whose responsibilities are set out in 

contracts. There is also limited control over the production environment (Ashworth, 

2006). The risk and uncertainty associated with these methods of production and 

price determination also mean that margins are thin, uncertain, and easily eroded, 

and consider the fact that an individual project can often represent a large proportion 

of the turnover of a participant in any year (Harvey and Ashworth, 1997; Fellows et 

al., 2002). Hence, there is inevitably mistrust among the participants because firms 

are struggling to avoid making a loss, and, as a result, relationships are often very 

confrontational. Notwithstanding these challenges, the UK construction industry is 

still very economically significant, and its contribution to the economy is examined 

in more detail below. 

2.3.1 Economic significance of the United Kingdom�¶�V construction industry 

The UK�¶�V construction industry is renowned for its intricate and dynamic industrial 

environment. It is highly responsive to the economy, especially regarding new 

construction, and is often used as a key indicator by economists (Telegraph, 2008; 

Morgan et al., 2008). In examining the significance of the construction industry, 

various indicators can be employed as the basis of analysis. Among these is output, 

employment and skills shortage. As highlighted by Pearce (2003), each of these 

indicators reveals part of the story that is relevant to our understanding of the state 

of the construction industry. The distinction between the broad and narrow 

definitions also becomes very significant when examining these indicators. The 

construction industry is one of the supporting pillars of the UK economy. While 

initial thoughts may throw up images of hard hats and builder's behinds, the industry 

is far-reaching and covers areas such as architecture, civil engineering and 

manufacturing (Hook, 2017). Due to the high cost/high-risk nature of construction, 

the industry is a good barometer of how the broader economy is performing. A 

struggling economy sees a slowdown in new projects, while the UK, in recovery, 
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will result in a surge of investment. Despite these many economic fluctuations in the 

UK, construction has always been a stable source of revenue and falls only behind 

manufacturing and the service sectors as the country's leading contributor of gross 

value added (GVA) (ONS, 2015). 

2.3.2 The United Kingdom�¶�V construction output and gross domestic product 

Another useful indicator of the economic significance of construction is the 

contribution to the �8�.�¶�V Gross Domestic Product (GDP). Construction is a high cost, 

high risk, long-term activity; hence, its performance is a good indicator of the health 

of the wider economy. When the economy falters, construction investment grinds to 

a halt, but when the economy begins to recover, the construction industry can quickly 

rebound (Design-Building, 2017a). Design-Building (2017a) and Trading-

Economics (2017) affirmed that, in the UK, construction output measures account 

for the yearly change in the amount charged by construction companies to customers 

for the value of work. The publications explained that the value is based on the 

sample of 8,000 businesses, employing over 100 people or with an annual turnover 

of more than £60 million. Construction estimates are a component of GDP from the 

production approach, contributing approximately 6.4% of GDP. Pearce (2003) 

estimated this to be about 5% GDP since 2002 for contractors (the narrow definition) 

and 10% for the broader definition. Construction output in the UK is more than £110 

billion per annum and contributes 7% of the GDP (Cabinet Office, 2011). In 2014, 

the industry generated £103 billion, a figure that equates to nearly 6.5% of the UK's 

total output (Agency-Central, 2017). Approximately a quarter of construction output 

is public sector and three-quarters private sector (Design-build, 2017). In 2009, the 

construction industry received total orders of around £18.7 billion from the private 

sector and £15.1 billion from the public sector (ONS, 2010). While manufacturing 

in the UK shrank as a proportion of the economy between 1948 and 2013, replaced 

by the service sector, construction remained approximately flat at about 6% of the 

economy (ONS, 2014, The-Guardian, 2014). Figure 2.5 further explains the output 

of the construction industry in the UK from 2007 to 2016. 
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There are three main sectors of construction, including commercial and social, which 

contribute to approximately 45% of the construction output, followed by residential 

and infrastructure, which account for 40% and 15%, respectively (Cabinet-Office, 

2011). Nevertheless, around 60% of construction output is new builds, while 40% 

is refurbishment and maintenance (Cabinet-Office, 2011; Design-Building, 2017d). 

The construction output in the UK grew sharply by 3.5% year-on-year in August 

2017, beating market expectations of 0.2% again and following an upwardly revised 

2.7% increase in previous months (ONS, 2017b). All work jumped 3.7% (1.9% in 

July 2017), driven by an 8.5% gain in all new housing and a rebound of 4.9% in 

infrastructure output (ONS, 2017a). Meanwhile, all repair and maintenance went up 

at a softer pace (3.3% from 4.2% in July) (Design-Building, 2017d). Every month, 

construction output went up 0.6%, mainly boosted by a 1.7% rise in all new work. 

Construction output in the UK averaged 2.03% between 1997 and 2017, reaching an 

all-time high of 24% in March of 2002 and a record low of -19.20% in January 2010 

(Trading-Economics, 2017). Figure 2.5 explains further the output of the 

construction industry in the UK between 2007 and 2016. 

 

 

Figure 2.5 All new work is broken down into public and private sectors, 2007 to 

2016 (Adapted, ONS, 2017) 

From Figure 2.5, one can deduce that the value of all new work increased to £99,266 

million in 2016, the highest level on record during the year investigated. The 

publication states that this increase in all new work has occurred notwithstanding the 
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public sector output decreasing in 2016. With historically low interest rates, 

continuing to facilitate private sector investment in the industry, the marginal fall in 

public sector work has been far outweighed by the continuing expansion of the 

private sector, with growth coming from the housing sector in particular. The UK 

economy is made up of four main areas: services, production, construction, and 

agriculture. Construction also influences some of the leading economic indicators, 

including inflation and gross domestic product (GDP). In the UK economy, the 

service sector makes up 79.3% of GDP, construction contributes 6.1%, while 

production and agriculture equate to 14.0% and 0.7% respectively (these percentages 

sum up to 100.1% due to rounding) (ONS, 2017a). Figure 2.6 explains the GDP 

growth of the construction industry in the UK from 2010 to 2016. 

 

 

Figure 2.6 GDP and construction output quarterly volume growth rates, 2010 to 2016: 

Chained volume measure, seasonally adjusted, United Kingdom (Adapted ONS, 

2017) 

From the ONS publication, Figure 2.6 Q1 refers to Quarter 1 (Jan to Mar), Q2 refers 

to Quarter 2 (Apr to June), Q3 refers to Quarter 3 (July to Sept), and Q4 refers to 

Quarter 4 (Oct to Dec). In Figure 2, the publication compares the growth in the 

construction industry in comparison with GDP as a whole in volume terms. The 

volatility of the construction industry is evident; expansions and contractions in 

construction exaggerate small fluctuations in GDP. Since 2013, growth in the 
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construction industry has been broadly positive, with only one-quarter of negative 

growth coming in Quarter 3 (July to Sept) 2015 (ONS, 2015). 

2.3.3 The future outlook of construction in the United Kingdom 

However, the future outlook of the construction industry comes with uncertainties. 

in its forecast, the CPA (2017) emphasises that there is an expected increase in 

infrastructural activity and private house building; these will be primary drivers of 

growth over the next two years, which will help offset a sharp fall in the commercial 

and industrial sectors. The publication further highlights that growth in infrastructure 

would be due to significant projects in rail and water and sewerage such as HS2 and 

the Thames Tideway Tunnel, with an activity forecast to grow by 7.4% in 2017 and 

6.4% in 2018. Growth will be reliant on the delivery of these projects, and the extent 

of the continued delays to major works at Hinkley Point C has resulted in it no longer 

being included in the Construction Product Association (CPA) prediction. The 

Barbour-Abi (2017) publication states that on all contracts, activities show that 

August 2017 witnessed an increase in the construction level, with a value of contracts 

awarded at £5.8 billion, based on a three-month rolling average with the London 

region accounting for 20% (the highest in all the regions) of the overall region.  

The publication further explains that the estimates reflect a 7.4% increase from July 

2017 and a 4.7% increase in the value recorded in August 2016. Hence, the number 

of construction projects increased by 19% in July and were higher than in August 

2016. However, ONS (2017a) and the Financial Times (2017) in a closely watched 

business survey revealed that UK construction sector growth slowed during June 

2017, as the political uncertainty of the Brexit negotiations and concern about the 

economic outlook deterred new orders. There were signs that UK construction firms 

are bracing for the easy patch to continue into the autumn, with fragile business 

confidence contributing to weaker trends for job creation and input buying (Financial 

Times, 2017). According to ONS (2017a), output in the construction industry 

decreased by 1.3% in the second quarter of 2017 due to a decline in new commercial 

work. In similar publications, CPA (2017), the Financial Times (2017) and Skynews 

(2017) stated that the �S�X�U�F�K�D�V�L�Q�J�� �P�D�Q�D�J�H�U�V�¶�� �,�Q�G�H�[�� ���3�0�,���� �V�K�R�Z�H�G�� �D�� �V�L�J�Q�L�I�L�F�D�Q�W��

decrease in building works, and this was argued to be the weakest overall UK 

construction performance since August 2016.  
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The Financial Times (2017) publication revealed that the UK construction and 

infrastructure market survey showed that financial constraints, due to economic 

uncertainty, primarily driven by Brexit, were noted as the most significant 

impediment to building activity. In the publication, it was revealed that �µ�F�O�L�H�Q�W�V�
��were 

reluctant to invest in new projects, choosing instead to delay spending decisions, and 

in some cases, scaling back planned ventures. However, Sky News (2017) revealed 

in a survey conducted by Markit/Chartered Institute of Purchasing and Supply UK 

Construction, the downside of the currency plunge, with firms linking higher costs 

to rising prices on imported raw materials and the exchange rate, hence, affecting 

construction output.  

In a similar study, the GCPOE (2013) states that the CPA revealed that imports 

largely follow construction output in the UK; however, exports fluctuate. The study 

further explains that one of construction �L�Q�G�X�V�W�U�\�¶�V���N�H�\���W�D�U�J�H�W�V���E�\�������������L�V���W�R���D�Fhieve 

a 50% reduction in the trade gap between total exports and total imports of 

construction products and materials. Hence, it was asserted that closing the gap by 

50% will require the industry to increase exports by about £3bn over the next 12 

years. Nevertheless, it can be argued that reduced government spending and 

�H�F�R�Q�R�P�L�F���D�Q�G���%�U�H�[�L�W���X�Q�F�H�U�W�D�L�Q�W�\���Z�H�U�H���W�R���E�O�D�P�H���I�R�U���W�K�H���L�Q�G�X�V�W�U�\�¶�V���S�R�R�U���S�H�U�I�R�U�P�D�Q�F�H����

In the near-term future, without considering those new orders, the poor performance 

of the construction industry will likely continue. Hence, a recent survey indicates 

that the construction industry is �µ�I�O�L�U�W�L�Q�J���Z�L�W�K���D�Q�R�W�K�H�U���U�H�F�H�V�V�L�R�Q�¶��(Sky News, 2017). 

2.3.4 Employment and labour 

The UK construction industry was estimated to have about 194,000 construction 

companies in 2009; from that figure, about 75,400 employed just one person and 62 

hired over 1,200 people (ONS, 2010). As noted in a World Bank report on the wealth 

of nations, it infers that the output of any country, or in the context of this study the 

construction industry, fundamentally depends on its human resources, thus: �µthe skill, 

dexterity, and judgment of its labour�¶ (World-Bank, 1997). Although figures vary 

from source to source, it is estimated that between 1.4 to 2.0 million people are 

employed in the UK construction industry. Pearce (2003) states that, as of 2001, 

contractor employment was of the order of 1.7 million, accounting for about 6% of 

total UK employment. ONS (2009) estimates that there are 2.6 million construction 
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employees who represent over 8% of all jobs in the UK, from highly skilled 

professionals through to lower skilled workers. A more recent publication by ONS 

(2017b) indicates that 2.1 million people work in the industry, and despite occasional 

drops caused by recessions, employment figures have remained relatively constant 

over the last decade. The industry accounts for approximately 3 million jobs, 10% of 

total UK employment (HMG, 2013); this includes both manufacturing and services 

(Design-Building, 2017a).  

According to DBIS (2013) the industry is made up as follows: (a) Contracting, 

2,030,000 jobs, 234,000 businesses; (b) Services, 580,000 jobs, 30,000 businesses; 

and (c) Products, 310,000 jobs, 18,000 businesses. CSN (2017) state that lower-

skilled workers (trades and operatives) represent approximately 63% of the UK�¶�V 

construction workforce. The publication revealed that the representation also varies 

by region, with Northern Ireland (75%) and the North East (72%) having the most 

substantial proportion of lower-skilled workers. Across all regions, lower skilled 

workers represent more than 55% of the regional construction workforce. The labour 

market characteristics of the construction industry are unique, with a high self-

employment rate, making up approximately 40% of the workforce, the largest 

proportion of self-�H�P�S�O�R�\�H�G���Z�R�U�N�H�U�V���L�Q���W�K�H���8�.�¶�V���L�Q�G�X�V�W�U�L�D�O���P�D�N�H�X�S��(ONS, 2009, UK 

Construction, 2015). These levels, which are high compared to other industries, can 

be explained by the high �U�D�W�H���R�I���V�X�E�F�R�Q�W�U�D�F�W�L�Q�J���L�Q���W�K�H���L�Q�G�X�V�W�U�\�����D�V���µ�P�D�L�Q���F�R�Q�W�U�D�F�W�R�U�V��

use subcontractors as a means of surviving the volatility of the construction business 

cycle�¶ (Dainty et al., 2001). In addition, government policies have made the setting 

up of small businesses fiscally attractive (Edgell, 2006; HMTRC, 2009). Regarding 

the proportion of the UK labour market as a whole, the percentage of construction 

jobs have varied slightly since 2005, falling by nearly 1% (Agency-Central, 2017). 

Figure 2.7 deduces the regional employment generation in the UK. 
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Figure 2. 7 UK regional concentration of construction employment (Adapted, ONS, 

2016) 

The most substantial contributions to construction employment growth came from 

London and the South East, which together contributed 29% of construction 

employment in 2016. However, the most notable increase in 2016 came from 

Yorkshire and The Humber, which grew by 18.6% compared with 2015. The growth 

rate of Scotland increased, rising to about 13,500 in 2016 and contributing 10% of 

all construction employment in the UK. Irrespective of the jobs provided by private 

contractors in the UK, self-employment in the construction industry is becoming 

increasingly widespread. ONS (2017a) highlights the rise in popularity in self-

employment in the economy as a whole; it is broadly reflected in the services sector, 

which has risen rapidly since 2008. The publication further states that the latest report 

on self-employment in the construction sector equates to more than the agriculture 

and production sectors collectively. 

Furthermore, relating Figure 2.7 to the regional concentration of firms, the number 

of employees and companies in each region are, in most cases, directly relatable, i.e. 

a higher number of firms in a region results in a higher number of employees. For 

example, the South East and London provide the most notable contributions to 

construction employment. However, in some areas, such as Scotland, this is not the 

case. Scotland contributes 6% of all construction firms in Great Britain while 

contributing 10% of all construction employment (ONS, 2017b). ONS (2017b) states 
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that the overall rise in companies was driven by increases in England, where the 

number of construction firms rose to about 20,136 in 2016. This increase was due to 

consistent reliance on London and South East, alongside growth in the East of 

England and North West. The number of construction firms registered in Scotland 

and Wales increased marginally in 2016, but the number of construction 

organisations operating in these regions remains small compared to the rest of Great 

Britain as a whole (ONS, 2015). The industry remains a vital area for employment, 

the economy, and social growth; however, skill gaps are threatening to derail the 

industry from market recovery and growth.  

2.3.5 Skills shortage in the United Kingdom�¶�V construction industry 

The UK�¶�V construction industry is one of the country's leading economic drivers. 

However, a lack of expertise is becoming a challenge for a field that relies on its 

workforce more than most industries. Over the last decade, the construction 

workforce has fluctuated, but it peaked in 2007 with about 2.3 million people 

(Agency Central, 2017). However, since the 2008 recession, these numbers have 

fallen considerably, and nearly 400,000 jobs were lost following the stock market 

crash (Agency Central, 2017). Following the crash, construction organisation had the 

most challenging times, especially in employment, leading to a vast number of skill 

sets leaving the UK for jobs abroad.  

The UK is currently experiencing an ageing population, and the construction sector 

is set to see more skill sets leave the industry than in any other area of work. In 

addition, there is a challenge in the sector regarding the ageing population. Around 

a quarter of the construction workforce is now over the age of 50, while 400,000 

employees over 55 are planning to retire during the next decade (CIBT, 2013); this 

will increase the skills gap already experienced. Furthermore, the increase in the 

number of workers over the age of 60 is the largest of any age group in the sector, 

with the most significant drop off being in the under 30s (CIBT, 2013). While work 

experience is vital in any working environment, current trends suggest that the 

construction workforce will begin to decrease as new employees are incapable of 

meeting the demand left behind by retiring practitioners. Furthermore, Agency 

Central (2017) states that employers and professional construction recruitment 

agencies are experiencing, at first-hand, a lack of qualified candidates. The 

publication notes that the trade recruitment market is always complaining about the 
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lack of skilled workers. The study conducted by the Federation of Master Builders 

FMB (2015) investigated the skills shortage problems. The result of the investigation 

shows that bricklayers were, by far, the most difficult to recruit in the third quarter 

(Q3) of 2015; carpenters/joiners, supervisors and site managers were also hard to 

come by while construction organisations found scaffolders the easiest to hire (see 

Figure 2.8). 

 

Figure 2.8 Selected skills recruitment difficulty experienced by construction 

organisations (FMB, 2015) 

 In another report by the Recruitment and Employment Confederation (REC), the 

skills shortage in the construction and engineering industry was described as 'critical' 

(Agency Central, 2017). Although the number of job opportunities is rising, the 

number of suitable candidates is not, and the Construction Industry Training Board 

(CITB) estimates that more than 36,000 new workers a year will be needed to cover 

current demand (CITB, 2017). The skill gap is very challenging because more than 

half of employers are finding it challenging to fill skilled positions as aforementioned. 

While current market conditions dictate any shortages, the Royal Institute of 

Chartered Surveyors (RICS) has predicted that this lack of skills could impact 27,000 

construction projects each year until 2019 (Agency-Central, 2017). UK construction 
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(2015) states that the RICS survey shows that 66% of surveying firms have already 

been forced to turn down work due to a lack of staff and this could be set to grow 

over the next five years. A combination of factors can be credited with forcing open 

the construction skills gap, but, put simply, there is a lack of expertise to cover the 

demand. This is primarily due to a diminishing interest in the profession, ageing staff, 

and a boom in investment CIBT (2013)  

Furthermore, Public Finance (2015) states that 37% of the UK construction 

workforce is self-employed and 23% (equivalent to 182,800 people) of those are set 

to retire from the industry in the next 5�±10 years as aforementioned. It is predicted 

that 1 million construction workers are needed by 2020 to keep up with UK housing 

plans (Skynews, 2017). The government hopes to build 275,000 affordable homes 

within this time; however, the Local Government Authority warns that skills 

shortage could impede such progress (Public-Finance, 2015, Skynews, 2017). This 

has made construction staff the most in demand within recruitment circles according 

to the Recruitment and Employment Confederation (REC) (Agency-Central, 2017) 

and KMPG construction survey (KPMG, 2016). 

The volatility of the construction industry is evident in the skill gaps currently 

trending, and c�R�Q�V�W�U�X�F�W�L�R�Q���F�R�P�S�D�Q�L�H�V�¶���L�Q�V�R�O�Y�H�Q�F�L�H�V��also occur in the industry, and, 

thus, it can be described as intertwined. Figure 2.9 shows the number of new starter 

company insolvencies for the highest 10 sectors in England and Wales in 2016. 

 

Figure 2.9 Total new company insolvencies 2016, highest 10 industries in England 

and Wales (Adapted ONS, 2017b) 
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As exhibited in Figure 2.9, across the top 10 highest industries in 2016, 14,937 new 

companies entered insolvency. Of these firms, 2,557 were new starter construction 

firms that entered insolvency in the year ending 2016, second only to the 

administrative services sector. The administrative services contributed more to 

insolvencies than construction. Alarmingly, construction had been the highest 

contributing sector to new company insolvencies for the five years leading up to 2016. 

This calls for concern and a conscious effort to address the skills gap to meet up with 

the predicted construction growth in the years reviewed. 

2.4 Climate change and construction industry 

Climate change has brought about possible permanent alterations to the Earth's 

geological, biological, and ecological systems (TNAP, 2011). Of the many 

environmental impacts of development, the one with the highest profile is currently 

global warming, which demands changes from the government, industry, and society 

(WHO, 2017a). Concerns about the local and global environment situation are 

increasing all over the world. Climate change, also called global warming, is the 

consequence of a long-term build-up of greenhouse gases (CO2, CH4, N2O, etc.), 

which trap energy in the higher layer of the atmosphere (Greenwood et al., 2011). 

The average temperature of the E�D�U�W�K�¶�V���V�X�U�I�D�F�H��has increased by about 1.4°F (0.8°C) 

over the past 100 years; approximately 1.0°F (0.6°C) of this warming has occurred 

during the past three decades (TNAP, 2011). Similarly, Loaiciga (2009), states that 

the carbon dioxide concentration in 1765 was about 280 parts per million by volume 

(ppmv), but it increased to approximately 364 ppmv in 2009. Significant climate 

change over the next century is expected. The WHO (2017a) revealed that the most 

report from the Intergovernmental Panel on Climate Change (IPCC) concludes that 

the average temperature of the Earth's surface has risen by 0.6°C since the late 1800s. 

It is expected to increase by another 1.4�±5.8°C by the year 2100 in a rapid and 

profound change. Global temperatures are set to rise by a further 1.1°C under a low 

emissions scenario, and by 2.4°C in a high emissions scenario, by the end of the 

century (Houghton et al., 2001). Even if the minimum predicted increase takes place, 

it would be larger than any century-long trend in the last 10,000 years.  

Global warming has intensified many climatic extremes leading to a significant 

increase in the frequency and severity of heat waves (Glasby, 2002). These climatic 

changes have led to the emergence of large-scale of environmental hazards to human 
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existence, such as extreme weather (MPG, 2013), ozone depletion, and increased 

danger of wildland fires (Tang et al., 2015), loss of biodiversity (Sahney et al., 2010), 

stresses to food-producing systems, drought (Mattson and Haack, 1987), and floods 

(Vigran, 2008). In a similar publication, MPG (2013) affirmed that when the carbon 

dioxide content of the atmosphere rises, the earth not only heats up but causes 

extreme weather events or environmental hazards, such as lengthy droughts, heat 

waves, heavy rain and violent storms, and may become more frequent if not checked. 

The effects of climate change on human health has been documented, and these 

include, Malaria (Greenwood et al., 2005), Dengue fever (Hopp and Foley, 2001; 

PMH, 2012; WHO, 2017b); mental health issues (Chand and Murthy, 2008; Doherty 

and Clayton, 2011), and global infectious diseases (Epstein, 2001; McMichael, 2003; 

Meehl et al., 2007), and vascular diseases (Liu et al., 2015). The World Health 

Organization (WHO) estimates that 160,000 deaths, since 1950, are directly 

attributable to climate change (WHO, 2017a) as a result of the mentioned sicknesses. 

However, Figure 2.10 highlights the relationship between global warming and 

human-induced hazards. 

 

Figure 2. 10 Potential relationships between climate change and natural and human-

induced hazards (Bosher et al., 2007) 
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Nevertheless, greenhouse gas is an old issue, because, as early as 1896, a Swedish 

chemist stated that atmospheric carbon dioxide concentration was the primary cause 

of global temperature fluctuations (Kininmonth, 2003), affirming that 

industrialisation is one of the principal reasons for a worldwide increase in 

temperatures due to the burning of ever-greater quantities of oil, gasoline, and coal, 

the cutting of forests and use of specific farming methods. In a related view, 

Buchanan and Honey (1994) stated that the emission of these gases is the result of 

intensive environmentally harmful human activities such as the burning of fossil 

fuels, deforestation, and land use changes. In addition, in 1985, researchers claimed 

that global warming was created by human activities (Kininmonth, 2003) and the 

claim was confirmed in 1988 at the first Intergovernmental Panel on Climate Change 

(IPCC). The subsequent report, published in 1990, confirmed that there is an adverse 

greenhouse effect and human activity has caused the increased atmospheric 

concentration of carbon dioxide in the atmosphere. However, a second IPCC 

followed in 1995 and a third in 2001; both articulated growing assurance that 

greenhouse gases will cause dangerous future climate change (Bala, 1998; 

Kininmonth, 2003; Meadows and Hoffman, 2003), having been widely believed or 

confirmed that human activity contributes primarily to global warming. However, 

the built environment, particularly construction, has been accused of contributing a 

huge percentage to climate change due to the impact of its activities.  

It has been suggested that construction is causing environmental problems ranging 

from the excessive consumption of global resources, due to construction and building 

operations, to the pollution of the surrounding environment; these have contributed 

to global warming (Edwards, 2002; Greenwood et al., 2011). The construction 

industry is a highly active sector all over the world (UNEP, 2003); hence, its 

immense contribution to global warming. The construction sector delivers 

infrastructure and buildings to society through the consumption of a large amount of 

unrenewable energy. Consequently, this consumption causes considerable emissions 

of CO2 (Huang et al., 2017). Khasreen et al. (2009) revealed that environmentally 

harmful activities differ from one industry to another, but it is discovered that the 

highest contributor to GHG emissions is the built environment, accounting for up to 

50% of global carbon dioxide emissions (Raynsford, 1999).  
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The building construction industry consumes 40% of the materials entering the 

global economy and produces about 40�±50% of the worldwide output of GHG 

emissions and the agents of acid rain (CEPA, 2000). Furthermore, the embodied 

environmental impacts generated by the building during its whole life-cycle can be 

of the same order of magnitude as those created during the utilisation stage (Citherlet, 

2001). The construction sector is responsible for a high percentage of the 

environmental impacts produced by developed countries (UNEP, 2003). In the 

European Union, the construction and building sector are responsible for roughly 40% 

of the overall environmental burdens (UNEP, 2003). Homes in the UK (their 

construction and occupation) are responsible for the consumption of 40% of the 

primary energy in the country (DEFRA, 2008). If the other 30% of the building stock 

(non-residential) is considered, the impact of buildings is higher (Boermans, 2004).  

Notwithstanding the industry has contributed to global warming as aforementioned; 

construction has also been identified as the sector with the most significant potential 

to reduce consumption (IPCC, 2007, GhaffarianHoseini et al., 2013). It is essential 

to reduce Green House Gases (GHG) emissions by 50% or more to stabilise global 

concentrations by 2100 (Houghton et al., 2001). The Tyndall Centre has suggested 

that a 70% reduction in CO2 emissions will be required by 2030 to prevent 

temperature rising by more than 1°C (Bows et al., 2006). Most European 

governments have introduced new policy instruments such as the European 

Community�¶s energy performance directive for buildings (EPBD) to reduce the 

negative impacts from the building sector (Bowie and Jahn, 2002). The productivity 

of the construction industry has a significant effect on national economic growth. 

Gains from higher construction productivity flow through the economy, and, like all 

industries, rely on construction to some extent as part of their business investment 

(Magee et al., 2013). Hence, the industry must apply sustainable principles and 

practices in every construction project to achieve the much-desired greenhouse gas 

reduction during the next century. 
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Figures 2.11 and 2.12 deduce the global contribution of the construction industry to 

global warming. An explanation of the detailed results from the eight regions on 

global warming as shown in Figure 2.11 includes China, the European Union (27 

member states, EU-27), India; the organisation of emerging countries (OECD) 

includes the Pacific (including Australia, Japan, and South Korea, OECD-P); other 

leading emerging economies (including Brazil, Indonesia, Mexico, and Turkey, 

OME), Russia, the US and the rest of the world (RoW) (Huang et al., 2017). 

 

 

Figure 2.11 (a) Direct CO2 emissions of global construction sector by 

countries/regions (million tons) in 2009, (b) Indirect CO2 emissions of global 

construction sector by countries/regions (million tons) in 2009 (Huang et al., 2017). 
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Figure 2.12 (a) Direct CO2 emissions intensity of global construction sector by 

countries/regions (kilotons/millions US$) in 2009, (b) Indirect CO2 emissions 

intensity of global construction sector by countries/regions (kilotons/millions US$) 

in 2009 (Huang et al., 2017) 

Huang et al. (2017) explain that the highest CO2 emission of the global construction 

sector has taken place in China. About 23% direct CO2 emission, 42% indirect CO2 

emission, and 41% of the total CO2 emissions of world construction activities are 

from China. EU-27 is the second highest immediate CO2 emission contributor at 

18%, and the US is the third at 13%. EU-27 is also the second highest indirect CO2 

emission contributor at 10%, and India is the third at 8%. Most developed countries 

contribute more direct CO2 emissions than indirect ones. As a result, EU-27, India, 

OECE-P, OME, Russia, US and the RoW contribute to around 10%, 8%, 7%, 4%, 

3%, 6%, and 20% respectively, which was added to the total carbon emissions of the 

global construction sector in 2009. China, India and Russia have higher CO2 

emission intensity than other regions/countries and average world value, especially 

indirect CO2 emissions intensity. Equally, the magnitude of the direct CO2 emissions, 

the indirect CO2 emissions, and the total CO2 emissions of the construction sector in 

EU-27 are the lowest in the world. 
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2.5 The construction industry and its environmental impacts 

Construction projects around the world have significant implications for our 

environment, both on a local and a global scale. Every stage of the construction 

process has a measurable environmental impact: the mining processes used to source 

materials, the transportation of these materials to the building site from sources 

around the world, the construction process itself, and the waste removal and disposal 

process that follows the completion of the project. With a fast developing global 

economy, it is vital that the industry understands how construction projects impact 

the environment and sets standards on how to reduce that impact in the future (Hamza 

and Greenwood, 2009; E-SUB-Construction, 2017). Appoximately half of all non-

renewable resources consumed by humanity are used in construction, making it one 

of the least sustainable industries in the world.  

Nevertheless, mankind has spent the majority of its existence trying to manipulate 

the natural environment to better suit its needs, so, today our daily lives are carried 

out in, and on, constructions of one sort or another: we live in houses, we travel on 

roads, and we work and socialise in buildings of all kinds (Dixon, 2010). Human 

civilisation depends on buildings and what they contain for its continued existence, 

and yet our planet cannot support the current level of resource consumption 

associated with them. Globally, the construction sector is arguably one of the most 

resource-intensive industries. There is increased concern about the impact of 

building activities on human and environmental health. These impacts/concerns have 

put the industry under the scrutiny of the public, regulators, and the government more 

than ever before and has necessitated the industry to increasingly recognise the need 

for tenable development through sustainable construction (Zuo et al., 2012b). It is 

clear that actions are needed to make the built environment, especially construction 

activities, more sustainable (Hill and Bowen, 1997a; Barrett et al., 1999; Holmes and 

Hudson, 2000; Morel et al., 2001; Scheuer et al., 2003; Abidin, 2010).  

The construction industry and the environment are linked, and it has found itself at 

the centre of concerns about environmental impact. In today's world, it is accepted 

that sustainable development has three foundations: environmental, social, and 

economic. The link between sustainable development and construction becomes 

clear because construction is of high economic significance, yet it has high 

environmental impact.  
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Abidin (2010) argues that buildings are enormous contributors to environmental 

deterioration. Buildings are long-lived, and cities have even longer lives: their 

impacts will stretch into the lives of many generations of our ancestors and into a 

future of unknown resources, pollution, and unstable climatic conditions (Dixon, 

2010). Kein et al. (1999) and Ding (2008) describe the building industry as uncaring 

and profit motivated, and the members as destroyers of the environment rather than 

its protectors. Undeniably, the construction industry has a significant irreversible 

impact on the environment across a broad spectrum of its activities during off-site, 

on-site, and operational activities, which alter ecological integrity (Uher, 1999; Ding, 

2008; Gorse et al., 2013).  

Construction activities affect the environment throughout the life cycle of a 

construction project. Clearly, for the good of the environment and the survival of the 

planet, its myriad of interwoven and interdependent ecosystems and humanity, 

something has to change, and construction companies have a leading role to play in 

that change. It is, therefore, prudent to address environmental issues at the outset; 

otherwise, our created wealth of the constructed asset will be significantly be 

destabilised. Figure 2.13 refers to the life-cycle concept of all construction activities 

from the extraction of resources through to product manufacture and use, and finally 

disposal or recycling, i.e. from �µ�W�K�H��cradle to the grave�¶. The following sections focus 

primarily on the environmental impacts relevant to construction activities.  
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Figure 2.13 Life cycle environmental impact of building construction (Franklin-

Associates, 1990) 

2.5.1 Energy use and its impacts 

In the last hundred years, the Earth has warmed by about 0.5oC (Lenzen and Treloar, 

2002). There is a global belief that this is due to an increase in the concentrations of 

greenhouse gases. Principal amongst these is carbon dioxide, which is produced 

whenever fossil fuels are burnt to obtain energy. The construction industry and the 

built environment is known to be the primary consumer of energy in the UK. 

According to Hultgren (2011), buildings account for over half of global energy use. 

The USGBC (2011) states that energy use in buildings contributes about 40% of all 

energy use forecasting that by 2030, emissions from commercial buildings will grow 

by 1.8%.  

Global energy use is currently equivalent to 81.5 trillion barrels of oil, which would 

be enough to stretch to the Moon and back 100 times. Most of that energy is wasted 

through poor design and wasteful practices. According to the USGBC (2016), 

buildings account for an av�H�U�D�J�H���R�I�����������R�I���W�K�H���Z�R�U�O�G�¶�V���H�Q�H�U�J�\���X�V�H����Edwards (2002) 

study states that 50% of total UK energy consumption is from the built environment 

that consists of 45% of heat, light and ventilating buildings, which consumes 5% of 
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the total energy in their construction. In the UK, buildings consume approximately 

50% of the total energy sold in the country and are responsible for about 50% of the 

�F�R�X�Q�W�U�\�¶�V���&�22 emissions, while arguably, more than 50% of all UK carbon emissions 

have been attributed to energy use in buildings (including residential and business 

emissions) (DEFRA, 2008). 

The building industry is rapidly increasing world energy use, and concerns have 

already been raised about the use of finite fossil fuel resources in terms of supply 

difficulties, exhaustion of energy resources, and substantial environmental impacts 

(ozone layer depletion, carbon dioxide emissions, global warming, and climate 

change (Clough, 1994; Spence and Mulligan, 1995; Ofori, 1998, Langford et al., 

1999; Uher, 1999, Perez-Lombard et al., 2008; Ilha et al., 2009; Hamza and 

Greenwood, 2009). Building material production consumes energy, the construction 

phase consumes energy, and operating a completed building consumes energy for 

heating, lighting, power, and ventilation. The existing building stock in European 

countries accounts for over 40% of final energy consumption in the European Union 

(EU) member states, of which residential use represents 63% of total energy 

consumption in the buildings sector (Balaras et al., 2005, Poel et al., 2007). 

 It is essential to state that the UK government has failed to live up to expectations 

in championing the course of the energy review and cut down to challenge the 

broader and more fundamental issue as it relates to sustainable development despite 

the fuel poverty bill (HoC, 2006, Pitt et al., 2009). This has necessitated the UK 

government to set a target of achieving an 80% reduction in energy use by 2050 (DTI, 

2003a). The current low levels of energy efficiency in the built environment offer 

vast scope for improvement in energy performance, which may be accomplished 

through the deployment of an array of techniques ranging from plants and insulation 

upgrades to the implementation of advanced energy monitoring and control (Akadiri 

and Olomolaiye, 2009). 
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2.5.2 Waste production and demolition impacts and lack of recycling 

The destruction and renovation of buildings results in a significant amount of waste. 

Building waste often includes concrete, metals, glass, plastics, wood, asphalt, and 

bricks. These wastes are often disposed of in landfills or incinerators. Not only does 

this pollute the land and the air, but the transportation required to remove such waste 

also has a significant impact on the environment (USGBC, 2016). Throughout the 

construction cycle, and especially at the end of a �V�W�U�X�F�W�X�U�H�¶�V���O�L�I�H�����O�D�U�J�H���T�X�D�Q�W�L�W�L�H�V���R�I��

waste are produced. The construction process also generates significant amounts of 

waste.  

Much of this waste is avoidable on site, but inattention to design detailing, 

inappropriate materials, dimensions, late variations, and over-ordering contribute to 

waste (Dixon, 2010). It has been affirmed that a substantial volume results from the 

production, transportation, and use of materials that are generated as a result of 

construction project activities (Kein et al., 1999, Osmani et al., 2008). Hultgren 

(2011) states that construction activities consume approximately one-quarter of 

global waste. According to BIMhow (2013), the construction sector globally 

contributes to 50% of landfill waste. Teo and Loosemore (2001) and Mohd-Nasir et 

al. (1998) state that construction activities contribute to about 29% of waste in the 

USA and more than 28% in Malaysia. McDonald and Smithers (1998) report that 14 

million tonnes of waste are put into a landfill in Australia each year, and 44% of this 

waste is attributed to the construction industry. In the European Union, the 

construction industry contributes about 40�±50% of waste per year (Stigon, 1999; 

Sterner, 2002).  

Furthermore, Burgan and Sansom (2006) carried out a study for the European 

Commission in 1999, and disclosed that in the EU-15, �µ�F�R�U�H�¶�� �F�R�Q�V�W�U�X�F�W�L�R�Q�� �D�Q�G��

demolition waste amounts to approximatley 180 million tonnes each year and that 

only is about 28% across the EU as a whole is reused or recycled with the remaining 

72% going to landfill. Five member states (Germany, the UK, France, Italy and Spain) 

accounted for around 80% of the total, broadly consistent with the share of the overall 

construction market accounted for by these countries. In the UK, specifically, the 

BRE (2006a) study affirms that construction demolition and refurbishments generate 

around 100 million tonnes of waste each year in the UK. According to the HMG 

(2008) report the percentage increased, which affirmed that construction and 
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demolition process produces the most significant quantity of waste in the UK. The 

report stated that the industry is generating an estimated 120 million tonnes of waste 

covering one-third of all waste produced each year in the UK. In a similar study, 

BRE (2006) asserts that about half of this waste is recycled from the demolition 

sector and parts of the construction sector. This is why the Government Green 

Construction Board (GCB) in its low carbon construction action included waste 

control and management as one of the means of reducing environmental degradation, 

at the same time, achieving sustainable construction (HMG, 2013a). Figure 2.14 

deduces the contribution of the construction industry in relation to waste production 

compared to other sectors. 

 

Figure 2.14 Construction and Demolition Waste in the UK (BRE, 2006a) 

 

In a relative view, RICS (2005a) states that the construction industry produces about 

40% of all waste in the UK, including greenhouse gas emissions. These have 

necessitated the government to project that landfill capacity will be established and 

fully integrated into the sector by 2017 (DTI, 2003b; Pitt et al., 2009; Menassa, 

2011b). The introduction of the Landfill Tax and Aggregate Levy has helped in 

reducing waste (OECD, 2006). This has compelled the most significant contractors 

in the construction industry to establish waste management procedures and practices 

(Group, 2004; Pitt et al., 2009).  

Furthermore, the need for the waste to be recycled has been suggested in line with 

the objectives of achieving sustainable construction. The negative impacts of 

construction waste to the environment remains a challenge, and this has necessitated 
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WRAP (2011), in their study, to propose a waste management hierarchy to help in 

managing construction waste, with processes including prevention, preparing for re-

use, recycling, other recovery, and disposal. Nevertheless, screening, checking and 

handling construction waste for recycling are time-consuming activities, and the lack 

of environmental awareness amongst building professionals may create significant 

barriers to the usefulness of recycling (Langston and Ding, 2001). Sterner (2002) 

states that implementing a waste management plan during the planning and design 

stages can reduce waste onsite by 15%, and deliver cost savings up to 50% on waste 

handling. 

2.5.3 Natural resource consumption/depletion, material use and its impacts 

The construction industry is a significant user of material resources. There is a 

substantial environmental impact associated with the extraction and consumption of 

raw materials for building. Construction activities are believed to consume around 

half of all the resources of human extract from nature such as concrete, aluminium, 

and steel, which are directly responsible for �µlarge quantities of CO2 emissions�¶ due 

to high contents of �µembodied energy�¶ (Hultgren, 2011). The industry is one of the 

largest exploiters of renewable and non-renewable natural resources (Spence and 

Mulligan, 1995; Curwell, 1998; Uher, 1999; Abidin, 2010). Various natural 

resources namely energy, land, materials and water are used during the typical 

construction process (Shen et al., 2005). The depletion of natural resources by the 

building industry is a concern and most recyclable material from building sites ends 

up in landfill sites (Morel et al., 2001). Moreover, several construction equipment 

operations are involved in the consumption of natural resources, such as electricity, 

diesel and petrol.  

The building industry is responsible for using a high volume of natural resources and 

generates a considerable amount of pollution as a result of energy consumption 

during the extraction and transportation of raw materials (Li et al., 2010; 

Zolfagharian et al., 2012; Boss, 2017). According to the USGBC (2011), 40% of the 

�Z�R�U�O�G�¶�V�� �U�D�Z�� �P�D�W�H�U�L�D�O�V��are used in building construction. The publication affirmed 

that the built environment is not only �U�H�V�S�R�Q�V�L�E�O�H���I�R�U���D���O�D�U�J�H���S�H�U�F�H�Q�W�D�J�H���R�I���W�K�H���Z�R�U�O�G�¶�V��

water use, but also a significant amount of wasted water. It is estimated that buildings 

use 13.6% of all potable water, which is roughly 15 trillion gallons of water per year. 

According to the Worldwatch Institute (2003), building and construction activities 
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worldwide consume 3 billion tonnes of raw materials each year, or 40% of total 

global use. In a similar study, Hultgren (2011) estimated that approximately 3 billion 

tonnes of raw materials are used worldwide to manufacture building products and 

components every year. That is about 40%��50% of the total material flow in the 

global economy. The construction industry accounts for one-sixth of global 

freshwater consumption, one-quarter of global wood consumption, and one-quarter 

of global waste generation (Hultgren, 2011). Materials used for construction projects 

are derived from numerous sources and suppliers, hence, they have a severe impact 

on the environment; the minimisation of waste presents a particular problem. 

Although many of the materials in use are common to most sites, the fragmented 

nature of the industry constrains the practical extent of recycling. Many of the 

materials used in the construction of buildings are produced in a non-sustainable way. 

The factories that make the materials produce CO2 emissions, which is harmful to 

the environment, not to mention the actual production of those materials in their final 

form.  

 According to Levin (1997), in the USA, construction uses 30% raw materials, 40% 

energy and 25% water. In Europe, the Austrian construction industry has about 50% 

of material turnover induced by society, as a whole, per year (Rohracher, 2001) and 

44% in Sweden (Sterner, 2002). The UK construction industry consumes around 420 

million tonnes of materials annually, the highest of any sector (DTI, 2003b; Plank, 

2008); many of these materials have an adverse impact on the environment 

(Sourceable, 2016; BRE, 2016) as the industry relies heavily on the natural 

environment for the supply of raw materials such as timber, sand and aggregates for 

the building process.  

This extraction of natural resources causes irreversible changes to the physical 

environment of the countryside and coastal areas, both from an ecological and scenic 

point of view (Ofori, 1998; Langford et al., 1999; Godfaurd et al., 2005). The 

subsequent transfer of these areas to geographically dispersed sites not only leads to 

further consumption of energy but also increases the amount of particulate matter in 

the atmosphere. Stone and primary aggregates dominate the mass of resources used 

in the UK construction industry: sand and gravel extraction imply significant 

environmental impact from the loss of habitat and ecosystems, damage to the 

landscape, potential subsidence problems, and release of methane. Construction has 
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a significant effect on the environment particularly in consumption of energy as 

discussed, both directly and embodied in the materials that it uses. The bulk of 

materials used consume a great deal of energy for transport.  

Furthermore, the UK water consumption rate in the last 30 years has increased to an 

estimated 70% (Brownhill and Yates, 2001). Consequently, with approximately 4.1 

million houses needing to be built in the UK combined with the increase in 

population and a higher standard of living, the water use requirement will increase 

drastically, which might have negative impact on society (Edwards, 2002; Pitt et al., 

2009). It has been argued that the construction industry is in a position to implement 

water conservation techniques into refurbishment, retrofitting, and new build 

projects (Pitt et al., 2009). In a relative view, DTI (2003b) in its report states that 

incorporating water-efficient technology, such as low water flush toilets, domestic 

appliances, and reduced flow taps can achieve about 20% water improvement 

efficiency. Table 2.1 highlights the resource consumption in buildings. 

Table 2. 1 Estimate of global resources used in buildings (Hawken et al., 1999) 

Resources % 

Energy 45�±50 

Water 50 

Materials for building and roads (by 

bulk) 

60 

The agricultural land loss to the 

building 

80 

Timber products for construction 60 (90% of hardwoods) 

Coral reef destruction (indirect) 50 (indirect) 

Rainforest destruction (indirect) 25 (indirect) 

2.5.4 Pollution and bio-diversity 

Pollution can be defined in many ways: as that arising from the built environment 

( for example sewage and waste), pollution caused by the manufacturing of materials 

and products, pollution and hazards from the handling and use of materials or from 

the site itself and other construction, and operationally related activities (Dixon, 

2010). The study by Kukadia et al. (2003) acknowledges the British Research 

Establishment�¶�V (BRE) definition of pollution as the introduction of contaminants 
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into the natural environment, damaging it. It states that, in line with the construction 

industry, it could take the form of chemical substances, such as air, particles, noise, 

heat, vibration and vaporous discharges.  

Pollution has been defined from a construction perspective as �µparticles, noise, 

vibration and vaporous discharges�¶��(Kukadia et al., 2003; Pitt et al., 2009). 

According to BIMhow (2013), the construction sector contributes to 23% of air 

pollution, and 40% of drinking water pollution. Raw materials extraction and 

construction activities also contribute to the accumulation of pollutants in the 

atmosphere, mostly in the processing of materials for construction. The design and 

construction phases involve the specification of materials, and the use of plant, 

processes and techniques. Pollution impacts also include large disturbances to the 

existing environment, whether on the greenfield or previously developed sites. Each 

of these activities poses a risk of introducing pollutants into the atmosphere, which 

can affect workers on site, the neighbourhood, or the quality of the local ground, 

water, and air. Similar impacts can occur during the operational phase of 

development. Such disturbances can also upset the equilibrium between the land, 

water and air and introduce the risk of pollution.  

According to Holton et al. (2008), the UK�¶�V construction is responsible for 40% of 

atmospheric emissions, 20% of water effluents, and 13% of other releases. Dust and 

other emissions include some toxic substances such as nitrogen and sulphur oxides. 

They are released during the production and transportation of materials as well as 

from site activities and have caused a serious threat to the natural environment 

(Rohracher, 2001). In its reports, the HoC (2006) affirms that global greenhouse gas 

emissions have increased more than four-fold in the last half of the twentieth century. 

Other harmful materials, such as chlorofluorocarbons (CFCs), are used for insulation, 

air conditioning, refrigeration plants and fire-fighting systems and have severely 

depleted the ozone layer (Clough, 1994; Langford et al., 1999). The need to identify 

the risks associated with pollution in the environment and the steps taken to minimise 

potential pollution has been emphasised (OGC, 2005). Zolfagharian et al. (2012), 

BIMhow (2013), and Sustainablebuild (2017) summarise the three significant 

pollutions and how they are generated during construction activities; these include: 
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2.5.3.1 Air pollution  

Construction activities that contribute to air pollution include land clearing, the 

operation of diesel engines, demolition, burning and working with toxic materials. 

All construction sites generate high levels of dust typically from concrete, cement, 

wood, stone, and silica. Construction dust is categorised as a particulate matter less 

than 10 microns in diameter (PM10), which cannot usually be seen without a 

microscope. There is also the issue of transportation; materials that are not produced 

locally are transported often across the country and from overseas. The mode of 

shipment of these materials has a considerable impact on air quality.  

2.5.3.2 Noise pollution  

Construction sites produce a lot of noise, mainly from vehicles, heavy equipment and 

machinery, but also from people shouting and radios turned up too loud during 

construction. Excessive noise is not only annoying and distracting but can lead to 

hearing loss, high blood pressure, sleep disturbance, and extreme stress. Research 

has shown that high noise levels disturb the natural cycles of animals and reduces 

their suitable habitat. 

2.5.3.3 Water pollution  

Sources of water pollution on building sites include diesel and oil, paint, solvents, 

other harmful chemicals, and construction debris and dirt. When land is cleared, it 

causes soil erosion that leads to silt-bearing run-off and sediment pollution. Silt and 

soil that runs into natural waterways turn them turbid, which restricts sunlight 

filtration and destroys aquatic life. Surface water run-offs also carry other pollutants 

from the site, such as diesel and oil, toxic chemicals, and building materials such as 

cement. When these substances enter waterways, they poison water life and any 

animal that drinks from them. Pollutants on construction sites can also soak into the 

groundwater, a source of water for human consumption. Once contaminated, 

groundwater is much more difficult to treat than surface water. Table 2.2 highlights 

the estimate of global pollution generated by buildings. 
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Table 2.2 Estimate of global pollution that can be attributed to buildings (Brown and 

Bardi, 2001) 

Pollution % 

Air quality (cities) 23 

Climate change gases 50 

Drinking water pollution 40 

Landfill waste 50 

Ozone depletion 50 

 Pollutants are usually released into the biodiversity causing severe land and water 

contamination, frequently due to negligence on construction project sites. 

Consequently, spillages are washed into underground aquatic systems and reservoirs 

(Huberman and Pearlmutter, 2008). The accumulated amount of adverse 

environmental impacts such as waste, noise, dust and hazardous emissions still occur 

during the construction process, which causes severe damage to humans and 

ecosystems (UNEP, 2003; Zolfagharian et al., 2012). With the rise in the number of 

constructions of new buildings, the ecosystems/biodiversity impact of construction 

has become an important issue.  

Langford et al. (1999) argue that around one-third of the world's land is being 

degraded and pollutants are depleting environmental quality, interfering with the 

environment's capacity to provide a naturally balanced ecosystem. Thus, the need to 

identify the risks associated with pollution in the environment and the steps taken to 

minimise potential pollution has been suggested (Pitt et al., 2009). Having known 

the negative impacts of pollution, necessary steps should be taken by the industry to 

protect biodiversity (ecosystem, genetic, and cultural) through good design and 

landscaping (OGC, 2005). In addition, if the construction industry continues to 

overuse natural resources without mitigating measures, a limit on economic growth 

will eventually emerge. Hence, the destruction of the environment will undoubtedly 

have an adverse effect on the construction industry. 
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2.5.5 Planning, land-use and conservation 

There is a wide range of environmental issues concerned with the interaction of the 

land use, planning system, and the construction industry. Almost all development 

undertaken by the construction industry requires planning permission (Dixon, 2010). 

Land use policies related �W�R���O�D�Q�G�¶�V���S�H�U�F�H�L�Y�H�G���Y�D�O�X�H���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q���I�U�H�T�X�H�Q�W�O�\���U�H�V�X�O�Ws 

in social inequities, particularly when it competes with energy biomass production, 

commercial food crops, and other uses (UNEP, 2003). The biodiversity on particular 

sites can be devastated by developments and through mineral extraction for the 

construction industry (Dixon, 2010).  

UNEP-Earthscan (2002) warns that if the impacts of construction are not properly 

checked then consumption of natural resources through the expansion of the built 

environment global population will increase; economic activities and urbanisation 

will destroy or disturb natural habitats at about 70% of Earth�¶�V land surface by 2032. 

Construction-related activities have significant impacts on transport movements. 

Considerable pressure can be placed on the local road network and neighbouring 

uses through quarrying operations. This has often led to requests by governments  to 

reduce transport energy use and the demand for land. Earth movements that usually 

take place during construction on rainy days typically lead to the deposition of mud 

if tyres are not cleaned when leaving construction sites. This earth movement has 

several consequences, such as the unpleasant aspect of the street, increased car 

accidents, and higher maintenance costs for public space and private properties. 

Some simple measures should be implemented on site to avoid these problems 

(Teixeira, 2005; Ametepey and Ansah, 2015). Other land uses can influence the 

propensity to travel and modal choice. In turn, these factors can impact the levels of 

energy used along with the pollution and emissions created.  

The interaction between the built environment and the natural environment also has 

a significant impact on the hydrological system (Teixeira, 2005). The combined 

effect of urban expansion and agricultural intensification has exceeded the capacity 

of the land to absorb exceptional levels of rainfall (Dixon, 2010; Ametepey and 

Ansah, 2015). At the same time, rainfall has become more intensive, concentrated, 

and erratic due to climate change. Climate change prompted an increasing rate of 

severe flooding as witnessed in the UK, Italy, Germany, Cambodia, Vietnam and 

India since the year 2000 (Dixon, 2010).  
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The spatial planning system and design of buildings and landscapes will,  therefore, 

contribute to absorbing the new rainfall peaks, and thereby reducing stress on our 

engineered drainage and river systems. It is estimated that construction-related 

energy consumption, including both direct and indirect activities, amount to around 

50% of national energy use (Kumar and Kaushik, 2005). Hence, land use planning 

can contribute to energy consumption through the configuration and location of 

buildings as formal planning procedures largely control the location of developments 

initiated by the key stakeholders. Regarding density issues, higher density buildings 

are preferable to lower density. However, human living conditions can suffer unless 

density is compensated in the design. Where land is particularly scarce, the chosen 

option is becoming increasingly not to build, but to renovate. Renovation and 

maintenance account for one-third of construction activity in Europe (up to 50% in 

some countries) (UNEP, 2003). 

Ametepey and Ansah (2015) study, soil alteration was ranked as the eighth most 

essential environmental impact of construction activities. They stated that land 

occupancy was the most crucial factor in this category. Building activities also 

irreversibly transform arable lands into physical assets such as buildings, roads, dams 

and other civil engineering projects (Spence and Mulligan, 1995; Langford et al., 

1999; Uher, 1999). According to Langford et al. (1999), approximately 7% of the 

�Z�R�U�O�G�¶�V���F�U�R�S�O�D�Q�G��was lost between 1980 and 1990. Arable land is also lost through 

quarrying and mining the raw materials during construction. Construction also 

contributes to the loss of forests through the timbers used in building and in providing 

energy for manufacturing building materials. Both deforestation and the burning of 

fossil fuel contribute directly to global warming and air pollution (UNEP, 2003; 

Ametepey and Ansah, 2015). A study by Teixeira (2005) affirmed that construction 

activities damage vegetation onsite and the environment because of land use. Special 

care needs to be established to ensure tree preservation, considering the relevance of 

trees as natural elements of the urban landscape. 

UNEP (2003) reports that much of the deforestation in developing countries is due 

to clearing for local building and harvesting of timber for export. Compaction of land 

by buildings and infrastructure is often irreversible. However, a wide range of nature 

conservation initiatives and area designations has been developed to protect habitats. 

The preservation of trees is associated with respect for the environment and well-
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being of populations. Hence, diminishing or damaging existing trees may result in 

complaints and unfavourable public opinions. The specific preventive measure has 

to be put in place before falling trees. Multiple actions on land use usually lead to 

damage trees, and this sometimes leads to damages on the environment such as soil 

compaction, substantial increases in the soil level, opening ditches and trenches, 

removal of superficial soil layer, loss or damage to the roots and damaging of the 

trunk and leaves (Teixeira, 2005).  

2.5.6 Health and wellbeing 

Construction tools and resources regularly used by contract workers and construction 

firms, such as chemicals on site and even the diesel used by diggers and trucks, can 

significantly harm public health and the environment (EPA, 2016a; EPA, 2016b). 

Most construction projects are located in a densely populated area. Consequently, 

people who live close to construction sites are prone to harmful effects on their health 

because of dust, vibration and noise due to several construction activities such as 

excavation (Li et al., 2010). Burgan and Sansom (2006) observe that on average, 

human beings spend about 90% of their lives in buildings. Therefore, the internal 

environment of the buildings we live, work and play have proved to be the major 

contributor to our quality of life. For example, the fact that poor quality living space 

is responsible for health problems has been recognised by the WHO for some 15 

�\�H�D�U�V�� �L�Q�� �Z�K�D�W�� �L�W�� �W�H�U�P�V�� �µ�V�L�F�N�� �E�X�L�O�G�L�Q�J�� �V�\�Q�G�U�R�P�H�¶���� �W�K�H�� �:�+�2�� �D�O�V�R�� �H�V�W�L�P�D�W�H�V�� �W�K�D�W��

worldwide, 30% of offices, hotels, institutions and industrial premises have the 

syndrome. In the developed world, human beings spend approximately 90% of their 

lives within buildings (Clements, 2000). Hence, they are exposed to a range of 

chemicals arising from house furnishing and finishes. Other practices that take place 

within the building also affect their physiological and psychological reactions. 

Younger et al. (2008) observed a similar trend that inadequate heating or cooling, 

waste disposal, and ventilation systems result in adverse health effects including 

respiratory illnesses, asthma, infectious diseases, injuries, and mental health 

disorders. Carbon dioxide emissions from buildings are primarily caused by the use 

of electricity to provide heating, cooling, lighting, water, information management, 

and entertainment systems (Brown et al., 2005; Younger et al., 2008). 

Furthermore, the design and layout of buildings necessitates active measures to 

maintain conditions that ensure the health and general well-being of their occupants 
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and these show that construction activities sometimes expose humanity to ill health. 

The study by Ametepey and Ansah (2015) affirms that accidents and incidents were 

ranked as the seventh most significant environmental impact of construction 

activities. The study reveals that architects and quantity surveyors agreed that fire 

outbreaks were the most severe environmental impact of construction activities. On 

�W�K�H�� �R�W�K�H�U�� �K�D�Q�G���� �V�W�U�X�F�W�X�U�D�O�� �H�Q�J�L�Q�H�H�U�V�¶�� �U�D�Q�N�H�G�� �E�U�H�D�N�D�J�H�� �R�I�� �V�H�U�Y�L�F�H�� �S�L�S�H�V�� �D�V�� �W�K�H�� �P�R�V�W��

disturbing factor. However, some contractors and consultants raised the issue of 

building collapse in the course of construction as part of accidents and incidents 

experienced during construction.  

Buildings have a very long life expectancy. Hence, it affects the environment and 

public health for a long time. In a similar study of accidents in the built environment 

conducted by Burgan and Sansom (2006) revealed that in England, for example, the 

construction industry accounted for 31% of all fatal injuries to workers in 2002/2003. 

The figure is significantly higher than other industrial sectors, and workers with the 

least time with their current employer (or at least time self-employed) had the highest 

rate of reportable injury. The breakdown of Europe industries involved in fatal and 

non-fatal accidents are highlighted in Figure 2.15. 
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Figure 2.15 Fatal and non-fatal accidents at work by economic activity, EU-28, 2014 

(% of fatal and non-fatal accidents (Eurostat, 2016). 

The breakdown of Figure 2.15 shows that the rate of fatal accidents is very high in 

construction. The industry came first in fatal accidents and came third in non-fatal 

accidents after manufacturing. The need to tackle these impacts on the environment 

by the construction industry cannot be over-emphasised having reviewed the 

literature on the effects of construction on the environment. Therefore, the industry 

must inevitably change its historical methods of operating with little regard for 

environmental consequences and sustainability to a new mode that makes 

environmental concerns the centre of its efforts. Abidin (2010) agrees with this and 

states that the concern for the environment is previously a relatively small part of 

most of the construction organisations.  

However, with the growing awareness of environmental protection and sustainability, 

this issue has gained broader attention. Applying sustainable principles and practices 

in construction projects have been suggested as a way towards fostering economic 

advancement in the construction industry, while reducing its impact on the 
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environment (Hill and Bowen, 1997a; Myers, 2004; Ugwu and Haupt, 2007; Kuhtz, 

2007; Ding, 2008). A paradigm shift is essential for the industry concerning 

environmental implications as a small part of construction process, instead of 

implementing the integration of all building projects within the broader context of 

the environmental agenda. Thus, the activities of the construction industry must work 

and comply with the needs to protect and sustain the environment.  

2.6 Emergence of sustainable development and construction  

2.6.1 Background  

The beginning of industrialisation and economic development in most countries has 

been accompanied by growth in fossil fuel consumption with an increasing amount 

of coal, oil and natural gas being burned by electric power plants, factories, motor 

vehicles and households (Brundtland, 1987; AIA, 2013a). The resulting carbon-

dioxide (CO2) emissions from these developments have turned into the largest source 

of greenhouse gases, which are gases that trap the infrared radiation from the Earth 

within its atmosphere, causing global warming (Royal Society and UNAS, 2014). 

This is due to the E�D�U�W�K�¶�V��ecological systems being so complex; the exact timing and 

�H�[�W�H�Q�W���W�R���Z�K�L�F�K���K�X�P�D�Q���H�F�R�Q�R�P�L�F���D�F�W�L�Y�L�W�L�H�V���Z�L�O�O���F�K�D�Q�J�H���W�K�H���S�O�D�Q�H�W�¶�V���F�O�L�P�D�W�H���D�U�H���V�W�L�O�O��

unclear, but many scientists believe that the changes are already observable. To 

mitigate the effects of global climate change, world leaders rose to the occasion, 

which characterised the need for sustainable development and generated a lot of 

interest in the last two decades (Brundtland, 1987; AIA, 2013a). However, more 

concerted efforts are needed from governments around the world with the political 

will to promo�W�H���H�Q�H�U�J�\�� �H�I�I�L�F�L�H�Q�F�\���I�X�U�W�K�H�U���D�Q�G���V�K�L�I�W���I�U�R�P���W�R�G�D�\�¶�V���K�H�D�Y�\���U�H�O�L�D�Q�F�H���R�Q��

fossil fuels to eliminate the impacts of climate change. 

The �Z�R�U�G���µsustainability�¶ stems from forest management in the 12th to 16th centuries 

(Enhnert, 2009, 2012). However, over recent decades, the concept has been 

significantly widened. The term �µsustainable�¶ was first used in the contemporary 

general sense by the Club of Rome in 1972 in its classic report on the limits of growth 

written by a group of scientists led by Dennis and Donella Meadows of the 

Massachusetts Institute of Technology US (Enhnert, 2009). Describing the desirable 

or needed state of global equilibrium, Grober (2007) and Finn (2009) used the word 

�µ�V�X�V�W�D�L�Q�D�E�O�H�¶����Sustainable without sudden and uncontrolled collapse and sustainable 
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that is capable of satisfying the necessary material requirements of man. The 

formation of the concept sustainable development (SD) can be traced to 1980 when 

the International Union for the Conversation of Nature (IUCN), an association of 

nation states, environmental agencies, and non governmental organisations (NGOs) 

including the United Nations Environmental Program (UNEP), the World Wildlife 

Fund, a non-governmental organisation published the �µ�:�R�U�O�G���&�R�Q�V�H�U�Y�D�W�L�R�Q���6�W�U�D�W�H�J�\�¶��

under the patronage of UN-General Secretary; this declaration was simultaneously 

presented in 34 capital cities around the world (Grober, 2007). The title was the 

Living Resource Conversation for Sustainable Development. The word sustainable 

development (SD) gained popularity with the Brundtland report in 1987 titled Our 

Common Future.  

The report-�D�O�O�D�\�H�G���I�H�D�U�V���D�E�R�X�W���W�K�H���Z�R�U�O�G�¶�V���F�O�L�P�D�W�H���F�K�D�Q�J�H���D�Q�G���D�V�V�H�U�W�H�G���W�K�H���Q�H�H�G for 

development to take care of the present generation without undermining the need for 

future generations to meet theirs. The report stated that SD at a societal level requires 

the simultaneous realisation of an economic, environmental and social 

dimension/concept of sustainability. Roger et al. (2008) reiterate that for a project to 

be termed as sustainable it has to incorporate the three concepts SD or a triple bottom 

line approach. Due to the report, 1992 Earth Summit in Rio de Janeiro was realised, 

which further made the word SD a global language (Hildebrand and Paul, 2007). In 

the summit, the United Nation presented the three concepts as strategic concepts for 

shaping and saving the future of the planet (Grober, 2007). However, Table 2.3 

highlights the critical objectives of sustainability and its requirements for achieving 

sustainable development. 

Table 2. 3 Critical objectives and necessary conditions for sustainable development 

(Adapted from (WCED, 1987b)  

Critical Objectives The pursuit of sustainable development 

requirements 

Stimulating growth An economic system that provides for 

solutions for tensions arising from 

disharmonious development 

Changing the quality of growth 

 

A political will needed to secure the citizen's 

participation in efficient decision-making  
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Meeting essential needs for jobs, food, 

energy, water and sanitation 

A production system that respects the 

obligation to preserve the ecological base for 

development 

 

Ensuring a sustainable level of population 

 

An international system that fosters 

sustainable patterns of trade and finance 

 

Conserving and enhancing the resource 

base 

 

A flexible administrative system that has the 

capacity for self-correction 

 

Re-orientating technology and managing 

risks 

 

A technological system that fosters 

sustainable patterns of trade and finance 

Integration of environment and economics 

in decision-making 

 

 

2.6.2 Sustainable development definitions 

Sustainable development has become a commonly used term that goes beyond 

simple economic security to include issues of environmental impact and resource use, 

together with social effects. However, pressures are rapidly growing to embrace such 

an agenda and indeed to assess performance and improve the environment. Critical 

business decisions are being increasingly taken with environmental and social 

concerns alongside economic considerations and have been promoted globally as an 

essential part of the whole value system in all industries including governments. 

Sustainability is described as the ability to continue to support or maintain an action 

for a prolonged period approaching perpetuity (Vatalis et al., 2011). In business 

terms, this is conventionally related to economic factors as businesses try to stabilise 

inputs and outputs to sustain a profitable enterprise.  

Table 2.4 highlights definitions of sustainable development in the existing literature. 

However, considering these definitions this research adopts the definition of WCED 
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(1987), which refers to sustainable development as meeting the needs of today 

without compromising the ability to meet the needs of the future generation. 

Table 2. 4 Definitions and interpretation of sustainable development 

Authors Definitions of sustainable 

development (SD) 

Turner (1988) Stated that in principles, such an 

optimal (sustainable growth) policy 

would seek to maintain an acceptable 

rate of growth in per-capita real 

incomes without depleting the national 

capital asset stock or the natural 

environment asset stock 

Conway (1987) The net productivity of biomass 

(positive mass balance per unit area 

per unit time) maintained over decades 

to centuries. 

WCED, 1987 Development that meets the needs of 

the present without compromising the 

ability of future generations to meet 

their own needs. 

Mitchell (1997) A creatively ambitious phrase is an 

intuitively attractive, but slippery, 

concept. 

Interpretation of sustainable development 

Redclift (1997) Stated that SD is like motherhood, and 

God, it is difficult not to approve of it. 

At the same time, the idea of 

sustainable development is fraught 

with contradictions 

Barbier (1987) It is indistinguishable from the 

development of the society 
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O'Riordan (1995) Its very ambiguity enables it to 

transcend the tensions inherent in its 

meaning 

Mawhinney (2001) SD tends to be an over-used and 

misunderstood phrase. 

 

However, this growing awareness of sustainable development in all sectors has been 

remarkable, and the construction industry has taken centre stage in driving 

sustainable development through sustainable construction. Therefore, regarding the 

adopted definition of SD and the construction industry, it is essential that the 

�L�Q�G�X�V�W�U�\�¶�V�� �S�U�L�Q�F�L�S�O�H�V�� �D�Q�G�� �S�U�D�F�W�L�F�H�V�� �U�H�I�O�H�F�W�� �D�� �V�X�V�W�D�L�Qable growth in the built 

environment that will not endanger the future growth of the industry in achieving 

holistically sustainable construction, particularly sustainable retrofit. The 

construction industry, due to its activities, has had a significant positive and negative 

impact, especially on the social, environmental and economic aspects of 

sustainability in the UK and the entire globe (Pietrosemoli and Monroy, 2013). Some 

of the positive impacts as mentioned above, include a significant contribution to the 

UK Gross Domestic Product (GDP), job creation, and the production of different 

types of buildings and facilities to meet human needs (ICRIBC, 2002; Winch, 2010; 

Pietrosemoli and Monroy, 2013).  

The negative impacts of construction, as discussed earlier, are well documented for 

its contribution to greenhouse gas emissions, which has contributed enormously to 

global warming/climate change (Stern, 2006; IPCC, 2007; Weight and Rawlinson, 

2007; Levin, 2008; Stolarski et al., 2010). For more discussion on the negative 

impacts see Section 2.5. However, sustainable development pillars, which are 

environmental, economic, and social as mentioned earlier, are inevitable in achieving 

sustainable construction. Hence, the next section discusses how it affects the industry 

and the need to integrate it in all construction activities. 
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2.6.3 The three concepts of sustainable development as it relates to sustainable 

construction 

To achieve sustainable development through construction projects, the concepts or 

pillars of sustainable development must be taken into consideration, and these 

concepts are environmental protection, social progress, economic prosperity, and 

resources availability (i.e. environmental, social and economic aspects). Jonathan 

and Simon (2002) defined sustainable pillars as comprising of economic, social and 

environmental elements. Figure 2.16 highlights the three aspects of sustainable 

development and its elements in achieving sustainability. 

Figure 2.16 The three concepts of sustainable development  

2.6.3.1 Environmental sustainability 

An environmentally sustainable system must maintain a stable resource base and 

avoid over-exploitation of renewable resources to make investment adequate (Harris, 

2003). Environmental sustainability also prevents harmful and irreversible effects on 

the environment by the efficient use of natural resources, encouraging renewable 

resources and also protecting the soil, water and air from contamination (Abidin and 

Paquire, 2007; Roufechaei et al., 2014). Even though the construction industry has 

Economic objectives Growth                                  
Efficiency                                      
Stability                                      
Constant capital 
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Poverty 
Full employment 
Equity 
Security 
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Biodiversity 
Resilience 
Rational use of renewable natural 
resources 
Security                                                
Conservation of non-renewable natural 
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little influence on the extraction of natural resources, they can help discourage this 

activity by demanding fewer non-renewable natural resources, more recycled 

materials, and efficient use of energy and mineral resources through sustainable 

construction (Addis and Talbot, 2001). However, some considerations are of 

relevance in the review of environmental sustainability, and these concerns are 

discussed below. 

Environmental considerations of sustainability 

The minimisation of waste: the HMG (2008), in its report, established that the 

construction and demolition industry produces the largest quantity of waste in the 

UK. The report states that the industry generates an estimated 120 million tonnes of 

waste, accounting for one-third of all waste produced each year in the UK. As 

previously noted, this is why the Government Green Construction Board (GCB) in 

its low carbon construction action included waste control and management as means 

of reducing environmental degradation and achieving sustainable construction 

(HMG, 2013b). In a relative view, RICS (2005a) states that it had been estimated 

that the construction industry produces 40% of all the waste in the UK including 

greenhouse gas emissions. These have necessitated the government to establish 

landfill capacity, which has been fully integrated into the sector (DTI, 2006b; Pitt et 

al., 2009; Menassa, 2011b). The introduction of the Landfill Tax and Aggregate Levy 

has helped in reducing waste and its minimisation due to the increased cost of waste 

disposal (OECD, 2006). This has compelled most major contractors in the 

construction industry to establish waste management procedures and practices 

(Group, 2004; Pitt et al., 2009). 

 Furthermore, the need for waste to be recycled has also been suggested, and this is 

in line with the objectives of achieving sustainable construction. GBC (2013) 

proposed a hierarchy to help in managing waste in the industry, and these include 

prevention, preparing for re-use, recycling, other recovery, and disposal. Some 

intellectual works by (Coventry et al., 2001; Greenwood, 2003; Poon et al., 2004; 

Baldwin et al., 2006; Ortiz et al., 2010; Wu et al., 2016) argue that building designers 

have an important role to play in construction waste minimisation and reduction. 

Suggestions have been made on three important roles design teams should play in 

the early stages of sustainable construction: giving advice to clients, initiating waste 
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reduction at a project level, and generally improving design practices (Coventry et 

al., 2001; Greenwood et al., 2011). 

Reducing and recovering construction waste is essential. McDonald and Smithers 

(1998), Teo and Loosemore (2001), and Esin and Cosgun (2007) suggest that the 

most efficient method of reducing the environmental impact of construction from 

waste is by principally preventing its generation and reducing it as far as possible. If 

waste generation could not be prevented or, at least, prevented to a certain degree, 

the next step should be to ensure that the construction waste is recycled and reused 

as much as possible (Esin and Cosgun, 2007). Analysis has shown that recovery 

reduces the amount of waste and Green House Gas (GHG) emissions, saves energy, 

and reduces the use of raw materials (Pimenteira et al., 2005). Recovery of useful 

energy and materials from waste has also been stressed as one of the key 

environmentally friendly practices for realising energy gains to lessen the pressing 

energy conditions (Marchettini et al., 2007). 

Energy use reduction: Energy use is one of the most critical environmental issues 

and managing its use is inevitable in any functional society as discussed. The built 

environment is known to be the primary consumer of energy in the UK. According 

to Edwards (2002), 50% of total UK energy consumption is from the built 

environment, which is comprised of 45% heating, lighting, and ventilation of 

buildings then 5% is consumed through their construction. It is essential to state that 

the UK government has failed to live up to expectations in championing the course 

of energy review and reduction as it relates to sustainable development despite the 

fuel poverty bill (DTI, 2006b; Pitt et al., 2009). This has necessitated the UK 

government to set a target to achieve a 60% reduction in energy use by 2050 (DTI, 

2003a). A truly integrated approach to energy efficiency in building processes would 

need to be prompted by the project team right from the beginning of the projects to 

achieve the aimed energy consumption levels. 

However, Thormark (2006) found out that the total energy needed for an energy 

efficient building may be even greater than in a building with a higher amount of 

energy required for operation. This is due to large amounts of energy being needed 

for production and maintenance of the technical equipment. Therefore, as the energy 

needed for operation decreases, more consideration must be given to the energy use 

for material production, which is the embodied energy. The embodied energy of a 
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building is the total energy required for its construction, including the direct energy 

used in the construction and assembly process, and the indirect energy that is needed 

to produce the materials and mechanisms of the building (Huberman and Pearlmutter, 

2008).  

This indirect energy will include all required energy from the raw material extraction, 

through processing and production, and will consist of all energy used in transport 

during this process and the relevant portions of the energy embodied in the 

infrastructure of the factories and machinery of manufacturing, construction, and 

transportation. The primary goal of energy conservation is to reduce the consumption 

of fossil fuels, as well as increase the use of renewable energy in delivering 

sustainable buildings. Hence, attainable by selecting materials and components with 

low embodied energy, developing designs that will lead to energy-efficient building 

operation, energy self�±sufficient building operation, designing for energy efficient 

deconstruction and recycling of materials, selecting means of transport for delivering 

materials and components to construction sites that are energy efficient, and 

developing energy efficient technological processes for the construction, fit-out, and 

maintenance of buildings (Akadiri, 2011a).  

Efficiency in water use: it has been discovered that the UK water consumption rate 

in the last 30 years has increased to an estimated 70% (Brownhill and Yates, 2001). 

Consequently, with the need for approximately 4.1 million houses being built in the 

UK by 2016 (which was not achieved) combined with the increase in population and 

a higher standard of living, water use requirements will increase drastically, which 

might have a negative impact on society (Edwards, 2002, Pitt et al., 2009). It has 

been argued that the construction industry is in a position to implement water 

conservation techniques into refurbishment, retrofitting, and new build projects (Pitt 

et al., 2009). In a relative view, in its report, the DTI (2003b) states that incorporating 

water-efficient technology, such as low water flush toilets, domestic appliances, and 

reduced flow taps can achieve water use efficiency of about 20%. In similar views, 

some publications reveal strategies (Mendler and Odell, 2000; McCormack et al., 

2007; Sev, 2009, Ilha et al., 2009; Akadiri, 2011a), which can be employed to reduce 

the amount of water used through a building�¶�V life cycle. These approaches include 

system optimisation (i.e. efficient water systems design, leak detection, and repair), 

water conservation measures, and water reuse/recycling systems.  
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They suggest explicitly that a wide range of technologies and standards that can be 

employed within each of these strategies to save water consumption. These include:  

�x Water-efficient plumbing fixtures (ultra-low-flow toilets and urinals, waterless 

urinals, low-flow and censored sinks, low-flow showerheads, and water-efficient 

dishwashers and washing machines, design for dual plumbing to use recycled water 

for toilet flushing or a grey water system that recovers rainwater or other non-potable 

water for site irrigation; 

�x Minimising wastewater by using ultra-low-flush toilets, low-flow shower heads, and 

additional water conserving fixtures; 

�x Using re-circulating systems for centralised hot water distribution; 

�x Recycling water; 

�x Designing low-demand landscaping; 

�x Collecting rainwater using rainwater and greywater storage; and 

�x Using low-flow showerheads, dual flush toilets, and self-composting toilets. 

Re-use and recycle: Zhang et al. (2000) argue that, through sustainable construction, 

the industry should ensure a systematic approach at an operational level that includes 

recycling construction materials and using renewable and recyclable materials. 

According to The Sustainable Construction Task Group (2004), 90% of existing 

building stocks will still be in use in the next 30 years; the group suggests that better 

management and retrofitting is needed and essential. BRE (2006b) study established 

�W�K�D�W���U�H�W�U�R�I�L�W�W�L�Q�J���D�Q�G���U�H�I�X�U�E�L�V�K�P�H�Q�W���D�U�H���W�K�H���P�R�U�H���V�X�V�W�D�L�Q�D�E�O�H���R�S�W�L�R�Q�V���L�I���W�K�H���L�Q�G�X�V�W�U�\�¶�V��

positive impact is realised because it has a less environmental impact and is more 

cost-effective in comparison to redevelopment solutions (Anderson and Mills, 2002). 

Efficient use of materials: there is a need for efficient use of materials in 

construction projects. Extraction and consumption of natural resources as building 

materials or as raw materials for the production of building materials and building 

materials production itself in delivering construction projects have a direct impact 

on natural biodiversity as earlier stated due to the fragmentation of natural areas and 

ecosystems caused by construction activities (Spence and Mulligan, 1995). In 

particular, a significant amount of mineral resources are consumed in the built 

environment, and most of these mineral resources are non-renewable. Therefore, it 

is imperative to reduce the utilisation of non-renewable materials.  
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Abeysundara et al. (2009) state that material use deliberations, particularly 

renewables, should be employed and discussed during different phases of the project, 

mainly in design during which the selection of materials is vital, and the choice 

should be based �R�Q���V�X�V�W�D�L�Q�D�E�O�H���P�D�W�H�U�L�D�O�V�¶���W�R���U�H�G�X�F�H���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���L�P�S�D�F�W�����,�W���L�V���D�O�V�R��

imperative to mention that at the construction and deconstruction phases, several 

approaches can also be used for reducing the effects of materials consumption on the 

natural environment, for example, materials recycling and reuse, construction-for-

disassembly by using modular, using materials and components available locally.  

Pollution and biodiversity: the need to identify the risks associated with pollution in 

the environment and the steps taken to minimise potential pollution has been 

suggested (OGC, 2005, Pitt et al., 2009). It has been argued that pollution from 

construction industry affects bio-diversity, hence, necessary steps should be taken by 

the industry to protect the bio-diversity (ecosystem, genetic and cultural) through 

good design and landscaping (OGC, 2005). 

2.6.3.2 Social sustainability 

Brain (2010) argues that the social �D�V�S�H�F�W���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���G�H�S�H�Q�G�V���R�Q���D�Q���L�Q�G�L�Y�L�G�X�D�O�¶�V��

economic status in relation to how rewarding their jobs are and how financially stable 

they are to suit their lifestyles. This is also applicable to the social aspect as it relates 

to the environmental factor. This is because the environment affects the social well-

being of individuals, e.g. recreation involves the use of environmental resources and 

the physical environment we live in. A socially sustainable system must achieve 

fairness and equity in distribution and opportunity, adequate provision of social 

services including health, good education, gender equality and political 

accountability and participation, creating goodwill, improving community 

consultation and promoting interest in different fields (Harris, 2003). This area 

considers significant issues that influence the area such as poor health and crime; 

social expectations should be considered before any action is taken to make the area 

more sustainable (Boyko et al., 2006). Social sustanablity is concerned with human 

feelings, security, satisfaction, and the safety and comfort of society (Lombardi, 2001; 

Boyko et al., 2006; Roufechaei et al., 2014) and human contributions such as skills, 

health, knowledge, and motivation (Parkin, 2000a).  
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It also considers the quality of life, health, transport, accessibility, aesthetics, safety, 

and nuisance to neighbours (Roufechaei et al., 2014). The way the industry delivers 

the built environment has a significant impact on the social aspect of sustainability. 

If due consideration is not given to social aspect during the demolition, design and 

construction of buildings, it often results in the loss of opportunities and adverse 

social outcomes (Brain, 2010). It is essential that the industry considers the 

objectives of social sustainability in construction projects, policy development and 

programme implementation. This is because implementing social aspects of 

sustainability can also provide excellent living and working spaces resulting in 

increased employee productivity levels (Zhou and Lowe, 2003).  

Social consideration of sustainability: the CIRIA (2011) argues that the quality, 

performance, and design of domestic and non-domestic buildings, and services and 

recreation, could directly affect the quality of life: the promotion of healthy living 

and cohesiveness of society. It stated that anyone that identifies or associates with a 

building could benefit from various sustainable practices. Walker (2000) asserts that 

stakeholders of the housing sector can provide crucial, valuable feedback about how 

they are affected and at the same time inter-relate in output delivery. It has been 

argued that sustainable buildings benefit from lower energy cost that is deemed to be 

vital, hence, the need for sustainable construction (Keeping and Shiers, 1996). 

However, Pit et al. (2009) argue that a good environment socially supports staff 

retention and employment and portrays the whole image of an organisation very 

positively. This, at the same time, keeps the organisation in an advantageous position. 

Shah (2007) argues that to achieve social sustainability in construction, stakeholders 

must be involved to have a positive impact on the local community/authority in the 

form of aspects such as the economy, skills, and working practice.  

Therefore, the design of a building helps in developing the social aspect of 

sustainability or sustainable development in the built environment. The DTI (2003b) 

states, �µOptimum design requires optimised performance on the construction site�¶. 

This implies that design plays a major role in delivering sustainable building projects. 

It is important that, while they are expected to work on the briefs or meet the needs 

of clients, they are expected to have the opportunity to inform the client about the 

necessary objectives that should be considered in the design to achieve a social aspect 

of sustainability. This can be achieved by creating awareness of the reduced 
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operating costs, enhanced cooperate image, and consider the good well-being of end 

users (occupants). Additionally, Wyatt et al. (2000) argue that architects and other 

building design bodies have a great role to play. They affirm their suggestion quoting 

the code of conduct 1999 guarding architects who stated that while their fundamental 

responsibility is the client, it is essential that �µdue regard to their wider responsibility 

to conserve and enhance the quality of the environment and its natural resources�¶. 

2.6.3.3 Economic sustainability 

Economic sustainability deals with a wide range of factors both at a local and global 

level (Gloet, 2006). It has been argued that an economically sustainable system must 

be able to produce goods and services continually to maintain manageable levels of 

government and external debt and to avoid extreme sectorial imbalances that damage 

agricultural produce or industrial production (Harris, 2003). The economic aspect of 

sustainability deals with the main economic concerns or drivers of adopting 

sustainable principles and the enhancement of property performance and durability 

as a result of maintenance and operational cost for the duration of the life cycle of 

the housing project (Kaats et al., 2007). Abidin and Paquire (2007) argue that 

economic sustainability increases profitability through the efficient use of human, 

material, and financial resources. On the other hand, regarding economic 

sustainability, the construction industry must consider affordable housing, the 

housing life cycle, and reduced expenditure on renovating and developing business 

enhancement, legislation compliance, profitability, and work management (Bennet 

and James, 1999).  

Economic approaches to sustainability: 

The global relevance of the construction industry, in relation to economic growth, 

particularly in the UK, has been widely stated. In the UK, the construction industry 

represents 8% of the GDP. It employs more than 2 million people in the UK with an 

estimated 20% of all employment linked to another sector in various ways (RICS, 

2005a; Pitt et al., 2009; CIRIA, 2011). Abidin and Pasquire (2005) argue that the 

industry stakeholders had been considered the key drivers towards achieving 

sustainable development through sustainable construction. Abidin and Pasquire 

(2005) argue that the challenges of delivering this would be surmounted if the 
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industry takes responsibility for achieving economic prosperity in the sector without 

undermining the societal gains.  

The environmental impacts associated with construction, as discussed in Section 2.5, 

highlight the consequences of poorly managed construction projects and their impact 

on achieving sustainable construction. Abidin and Pasquire (2005) suggest that there 

is a necessity for an increase in client awareness of sustainability to avoid a 

predominantly financial decision-making process. Abidin and Pasquire (2005, 2007) 

argue that value management could help to reduce the environmental and social 

damage that will affect the industry economically. They suggest that this could be 

achieved if the industry can integrate solutions in the design process such as waste 

minimisation, energy efficiency, good indoor environment, low running costs, and 

user comfort. The industry can also help in achieving a good economic return, 

accountability, and excellence in social and environmental performance, such as 

value management and lean construction that will assist in realising or achieving 

sustainable development (Pitt et al., 2009). 

2.7 Criticism of sustainability and sustainable development 

Despite the commendable concepts of sustainability and sustainable development, it 

has been criticised since its emergence into prominence. The term sustainable 

development seems to connote scepticism expressed by many in the environmental 

community (Robinson, 2004). Much of the criticism is centred on the argument 

presented in the Brundtland report that global economic product would have to 

increase five- to 10-fold for the realisation of sustainable development. Some critics 

of sustainable d�H�Y�H�O�R�S�P�H�Q�W�� �K�D�Y�H�� �G�H�V�F�U�L�E�H�G�� �W�K�H�� �F�R�Q�F�H�S�W�� �R�I�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �D�V�� �µ�D��

�I�D�V�K�L�R�Q�D�E�O�H�� �F�R�Q�F�H�S�W�¶��(Beckerman, 1994) �D�Q�G�� �µ�D�� �F�H�Q�W�U�D�O�� �L�G�H�D�� �D�Q�G�� �J�R�D�O�¶�� �I�R�U��

international bodies to accomplish effective integration between development and 

environmental challenges (Lafferty, 1999). Such an approach definition is more 

attractive to government and businesses than a more radical tackling of 

environmental issues. Zhenhua (2003) defines sustainability as a statement of 

aspirations: a voluntary agreement rather than a binding treaty. The term �µsustainable 

development�¶ is perceived by some critics as fundamentally inconsistent in terms, 

between the opposing imperatives of growth and development, on the one hand, and 

environmental (and perhaps social and economic) sustainability on the other 
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(Robinson, 2004). These critics believe that trying to achieve sustainable 

development equals trying to square the circle, hence, trying to accomplish the 

impossible.  

Considering these criticisms, it is not surprising that different conceptions of the 

meaning of sustainable development and sustainability tend to reflect the political 

and philosophical position of those proposing the definition more than any 

unambiguous scientific view (Mebratu, 1998). This is why Robinson (2004) argues 

the challenge relates to sustainable development being perceived as naturally 

reformist, mostly avoiding questions of power, exploitation, even redistribution. 

Hence, the necessity for more fundamental social and political change is disregarded. 

Instead, critics argue that champions of sustainable development suggest an 

incrementalism agenda that does not challenge any existing entrenched powers or 

privileges (Robinson, 2004). In this regard, the mantra of sustainability tends to 

distract society from the real social and political changes that are vital to improving 

human well-being in any substantial way, particularly for the poor. This argument 

can be related to the anti-globalisation campaign movement worldwide (Klein, 2000). 

Mitcham (1995) acknowledges that the sustainability concept incorporates a level of 

�µ�V�W�X�G�L�H�G�� �R�U�� �F�U�H�D�W�L�Y�H�� �D�P�E�L�J�X�L�W�\�¶���� �)�R�U�� �5�R�E�L�Q�V�R�Q�� �������������� �W�K�H�� �D�P�E�L�J�X�L�W�\�� �V�X�U�U�R�X�Q�G�L�Q�J��

sustainability is a strength rather than a weakness. However, Dresner (2008) insists 

that sustainable development ambiguity, as mentioned earlier, does not diminish its 

meaningless concept, and, therefore, it is a welcome development. Considering this 

view, Jacobs (1999) states that the ambiguity surrounding sustainability is a 

�µ�F�R�Q�W�H�V�W�D�E�O�H�� �F�R�Q�F�H�S�W�¶�� �U�D�W�K�H�U�� �W�K�D�Q��a meaningless one. This means that the 

interpretation of sustainability remains open to different conceptions. 

�)�U�R�P���W�K�H���F�U�L�W�L�F�L�V�P���G�L�V�F�X�V�V�L�R�Q�����L�W���L�V���H�Y�L�G�H�Q�W���W�K�D�W���V�R�P�H���µ�V�F�K�R�R�Os �R�I���W�K�R�X�J�K�W�¶���G�L�V�D�J�U�H�H��

with the sustainability concept, hence, lack coherence of understanding amongst 

scholars. However, the current global environmental challenges call for urgent 

attention from the comity of nations to promote further unwaveringly the importance 

of sustainability in society. However, the ensuing section discusses sustainability in 

construction. 
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2.8 Sustainable construction  

Throughout the last decade, sustainable construction has emerged as a public 

discussion and has become a topic of policy, research and innovation. The term 

�µ�V�X�V�W�D�L�Q�D�E�O�H�� �F�R�Q�V�W�U�X�F�W�L�R�Q�¶�� �Z�D�V�� �I�L�U�V�W�O�\�� �S�X�Uposed to define the responsibility of the 

construction industry for attaining sustainability/sustainable development. Several 

definitions have emerged. However, there has been a different definition of 

sustainable construction. Charles Kibert, during The First International Conference 

on Sustainable Construction in Tampa, 1994, defined sustainable construction as 

�µcreating and operating a healthy built environment based on resources efficient and 

ecological principles�¶ (cited in Du Plessis, 2007: p.69). Du Plessis (2007) defines it 

as �µa holistic process aiming to restore and maintain harmony between the natural 

and built environment and create settlements to affirm human dignity and encourage 

economic equity�¶. Kibert (2003) defines sustainable construction as the creation and 

operation of a healthy built environment based on resource efficiency and ecological 

principles. The term �µsustainable construction�¶ is described as the application of 

sustainable development in the construction industry (Al -Yami and Price, 2006). 

However, Khalfan et al. (2002) describe sustainable construction as a subset of 

sustainable development, which encapsulates matters such as design, tendering, site 

planning and organisation, material selection, recycling, and waste minimisation. Du 

Plessis et al. (2002) define sustainable construction as �µa holistic process aiming to 

restore and maintain harmony between the natural and the built environments, and 

create settlements and affirm human dignity and encourage economic equity�¶ (p.8). 

These definitions take sustainable construction beyond reducing adverse impacts, but 

include the restoration of the environment and identifying the socio-economic 

aspects of sustainable development as well as defining goals towards sustainable 

development through sustainable construction. These definitions are not wholly 

satisfactory, but they identity with the three aspects of sustainable development. 

Nevertheless, sustainable construction can be classified into demolishing, and new 

build, and sustainable retrofit of existing housing stock. Of course, as the name 

suggests, �µ�G�H�P�R�O�L�W�L�R�Q�� �D�Q�G�� �Q�H�Z�� �E�X�L�O�G�¶�� �P�H�D�Q�V�� �E�X�L�O�G�L�Q�J�� �D�� �Q�H�Z�� �V�W�U�X�F�W�X�U�H�� �I�U�R�P��

demolition to groundwork and the entire construction process, including finishing 

and handover with sustainable or low carbon materials, considering three sustainable 
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development factors. However, sustainable retrofitting means the refurbishment of 

an existing building with low carbon materials to improve energy efficiency. Further 

discussion on sustainable retrofitting can be seen in Section 2.10. 

2.8.1 Sustainable construction in the UK 

In the UK, there is commitment and effort towards achieving sustainable 

development set out in five sustainable development strategies (SDS) to secure the 

future of the country in relation to environmental degradation. Those five strategies 

are referred to as the �µ�J�X�L�G�L�Q�J�� �S�U�L�Q�F�L�S�O�H�V�¶�� �R�I�� �V�X�V�W�D�L�Q�D�E�O�H�� �G�H�Y�H�O�R�S�P�H�Q�W���� �D�Q�G�� �W�K�H�\��

�L�Q�F�O�X�G�H�� �O�L�Y�L�Q�J�� �Z�L�W�K�L�Q�� �W�K�H�� �S�O�D�Q�H�W�¶�V�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �O�L�P�L�W�V, ensuring a strong, healthy 

and just society, achieving a sustainable economy, promoting good governance, and 

using sound science responsibly (DEFRA, 2011). Such commitment to sustainable 

construction is referred to as building a better quality of life �± a strategy for more 

sustainable construction (DETR, 2000a). Since the agenda has been made public, 

the sustainable construction agenda has been taken forward through a dynamic 

partnership between the government and the industry. As a result of that, there have 

been several developments, which are summarised below. 

�x There has been an increase in the number of voluntary policies, legislation, 

regulations, economic measures, and fiscal incentives, such as Landfill Tax, Climate 

Change Levy, Aggregates Levy, Renewable Grant Schemes, Land Use Incentives, 

and changes to Building Regulations. 

�x  The Building Regulations, the Planning White Paper, the Communities Plan and the 

Energy White Paper have been amended to reflect the sustainable construction 

agenda. There are several joint initiatives to promote awareness, capacity building, 

and reporting mechanisms, such as Global Reporting Initiatives, �&�,�5�,�$�¶�V���L�Q�G�X�V�W�U�\��

sustainability indicators, the sustainable construction task force, and the sustainable 

building task force. 

�x Sectors within the industry (e.g. steel, concrete, brick, and civil engineering) have 

developed their sustainability strategies and action plans and have started reporting 

on progress.  

�x A host of sustainable construction project initiatives have emerged providing 

tangible evidence of positive outcomes such as Rethinking Construction, the Waste 

and Resources Action Programme (WRAP), and the Sustainable Construction Road 

Show (SCRS). 
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�x The government nationwide has funded research centres in relation to sustainable 

construction. The centres have organised numerous conferences and have published 

books and journals. These publications are available in universities and are used in 

offering various courses and degrees in different fields. 

�x There exists a plethora of research on sustainable construction concepts, including 

tools, frameworks, technologies, materials, energy systems, water conservation 

systems, waste minimisation, recycling techniques, alternative materials, and 

environmental management. The results are available as publications (e.g. CIRIA 

reports), digests (e.g. BRE), guidance notes (e.g. Environment Agency Pollution 

Prevention Guidance (EAPPG), videos, and training packs.  

However, the UK government has introduced a wide range of measures to promote 

competitiveness, such as the Enterprise Strategy, Enterprise: unlocking the U�.�¶�V��

talent (DBIS, 2008a) and the Innovation White Paper, Innovation Nation (DBIS, 

2008b). For the UK to achieve its environmental targets, the government has to first 

collaborate with the construction industry to demonstrate that a change was needed 

and second, implement a strategic reform in the manner in which the industry 

operated to improve both environmental standards and national sustainability. Thus, 

the introduction of a strategy for achieving sustainable construction. This strategy is 

developed by the government and the industry to focus on sustainability in 

construction (HMG, 2008). The strategy is a joint industry and government initiative 

and is intended to promote leadership and behavioural change, as well as to deliver 

substantial benefits to both the industry and the broader economy (HMG, 2008). 

However, this strategy complements the Action Plan for Civil Engineering published 

in July 2007 (DTTP, 2007), but it does not encompass some of the broader issues 

facing developers such as planning (DCLG, 2012b), the management of the existing 

built environment (NPBEC, 2016), and transport policy (HCEAC, 2016). The HMG 

(2008) outlines important targets agreed in the strategy that is believed would 

radically change the sustainability practice in the construction industry including: 

�x Increasing profitability through the efficient use of resources; 

�x Encouraging firms to secure the opportunities offered by sustainable products or 

ways of working; and 

�x Enhancing the company�¶�V image and profile in the marketplace by addressing issues 

relating to corporate and social responsibility. 
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The HMG (2008) states that the purpose of the strategy is aimed at providing clarity 

around the existing policy framework and signalling the future direction of 

government policy. It seeks to realise the shared vision of sustainable construction 

by:  

�x Providing transparency to businesses �R�Q�� �W�K�H�� �J�R�Y�H�U�Q�P�H�Q�W�¶�V�� �S�R�V�L�W�L�R�Q�� �E�\�� �E�U�L�Q�J�L�Q�J��

together diverse regulations and initiatives relating to sustainability;  

�x Setting and committing to higher standards to help achieve sustainability in specific 

areas; and  

�x Industry and government are making specific commitments to take the sustainable 

construction agenda forward. 

To achieve the key targets of the strategy, the UK government and industry have 

developed a set of all-encompassing objectives �U�H�O�D�W�H�G���W�R���W�K�H���µ�H�Q�G�V�¶���D�Q�G���µ�P�H�D�Q�V�¶���R�I��

�V�X�V�W�D�L�Q�D�E�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q�����7�K�H���µ�H�Q�G�V�¶���U�H�O�D�W�H���G�L�U�H�F�W�O�\�� �W�R���V�X�V�W�D�L�Q�D�E�L�O�L�W�\��issues, such as 

�F�O�L�P�D�W�H�� �F�K�D�Q�J�H�� �D�Q�G�� �E�L�R�G�L�Y�H�U�V�L�W�\���� �W�K�H�� �µ�P�H�D�Q�V�¶�� �G�H�I�L�Q�H�� �S�U�R�F�H�V�V�H�V�� �Q�H�H�G�H�G�� �W�R�� �D�V�V�L�V�W�� �L�Q��

�D�F�K�L�H�Y�L�Q�J�� �W�K�H�� �µ�H�Q�G�V�¶�� ���V�H�H�� �7�D�E�O�H�� ������������ �7�D�E�O�H�� �������� �D�O�V�R�� �K�L�J�K�O�L�J�K�W�V�� �W�K�H�� �µ�R�Y�H�U�D�U�F�K�L�Q�J��

�W�D�U�J�H�W�V�¶���R�I���W�K�H���V�W�U�D�W�H�J�\���Z�L�W�K���D���E�U�L�H�I���G�L�V�F�X�V�V�L�R�Q�����7�K�H���µ�F�K�D�S�W�H�U���K�H�D�G�L�Q�J�V�¶���L�Q���7able 2.5 

outline a vital delivery plan and specific actions the government and the industry 

should employ in delivering the targets. 
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Table 2. 5 UK strategy for sustainable construction (Adapted, HMG, 2008) 
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On the surface, it would appear that these efforts by the government are a significant 

success story and the industry movement toward more sustainable construction has 

gained considerable momentum. However, the actual situation may not be as 

expected because the industry is still confronted with major challenges (Kibert, 2005; 

CIRIA, 2011). It is s�L�J�Q�L�I�L�F�D�Q�W�� �W�R�� �Q�R�W�H�� �W�K�D�W�� �L�Q�� �W�K�H�V�H�� �J�R�Y�H�U�Q�P�H�Q�W�¶�V�� �V�W�U�D�W�H�J�L�H�V�� �D�Q�G��

efforts to achieve sustainable construction, it is unfortunate that retrofit projects 

receive the least attention. The essence of embarking on retrofitted building projects 

to contribute to GHG reduction is inevitable and cannot be over-emphasised. In 

addition, lack of knowledge management in making an informed decision in the 

uptake and delivery of sustainable construction remains a big challenge for the 

industry (Egbu et al., 2004; Shelbourn et al., 2006; Maduka et al., 2016b). 

2.9 Sustainable construction practices  

With a clear sustainability strategy, stakeholders should identify and select their 

specific sustainable construction practices to assume their commitments. Perera et al. 

(2007) argue that sustainable practices should consider the environmental, social, 

and economic consequences of design, manufacture and production methods, non-

renewable material use, logistics, recycling options, use, operation, maintenance, 

reuse, suppliers' capabilities, and service delivery and disposal. Stubbs (2008) states 

that the construction industry has traditionally been driven by financial concerns that 

have often prevented proper consideration of environmentally friendly solutions. 

Furthermore, construction techniques have evolved over long timeframes, and some 

areas of the industry are reluctant to abandon or change their tried and tested methods 

particularly when they maximise profits. Within this context, progress towards 

environmental management procedures has been slower compared to other sectors, 

particularly those that are more controlled by technological developments. Against 

this backdrop, it is no surprise that changes in construction practices are now seen as 

increasingly important in addressing the issues of environmental damage and overall 

sustainability. Environmental awareness is gradually improving, but the industry 

needs to shake off its reputation for being reluctant to adopt environmental 

necessities (Maduka et al., 2016b). 

DTI (2006c) and HoC (2006) outlined key sustainable construction practices, namely: 

(a) establishing effective construction programmes; (b) developing and supporting 
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well focused and capable public sector clients; (c) designing and decision- making 

�E�D�V�H�G���R�Q���µ�Z�Kole-�O�L�I�H���Y�D�O�X�H�¶�������G�����X�V�L�Q�J���W�K�H���D�S�S�U�R�S�U�L�D�W�H���S�U�R�F�X�U�H�P�H�Q�W���D�Q�G���F�R�Q�W�U�D�F�W�L�Q�J��

strategies; (e) working collaboratively with fully integrated teams; and (f) evaluating 

performance, and embedding project learning. HoC (2006) states that sustainable 

construction practices include five major areas: 1. Compliance with sustainability 

legislation; 2. Design and procurement technology and innovation; 3. organisational 

structure and process; 4. Education and training; and 5. Measurement and reporting. 

Different organisations�¶ characteristics lead to different choices in sustainable 

construction practices (HoC, 2006). It is pertinent to state that sustainable 

construction practices should be consistent in all construction projects.  

First, better regulation will provide the right balance between regulation and 

environmental protection without hugely increasing costs or preventing compliance 

(HMG, 2008). Second, sustainable design has a significant impact (both positive and 

negative) on project delivery before construction begins. Sustainable procurement 

provides a green supply chain system where all the materials and equipment are 

supplied in a sustainable manner (Vanegas, 2003). Third, technology research and 

development (R&D) plays a vital role in the sustainable construction, and efficient 

R&D will result in considerable improvement in sustainability performance 

(Miyatake, 1996). Fourth, appropriate organisational structure and process are also 

necessary to determine responsibilities, authority, lines of communication, processes, 

and resources needed to implement sustainable management arrangements (Hill and 

Bowen, 1997a).  

Ruparathna and Hewage (2015) argue that an appropriate process is demonstrated 

when organisations meet their needs for goods, services, works, and utilities in a way 

that achieves value for money on a whole life basis in terms of generating benefits 

not only to the organisation, but also to society and the economy, whilst minimising 

damage to the environment. Fifth, the importance of education and training for 

sustainable development has been pointed out by many governments and non-

governmental organisations (NGOs) because it changes the way stakeholders think 

about nature (Huckle and Sterling, 1996). Finally, measurement and reporting 

provide proof of business care for sustainable construction and encourage 

construction organisations to promote their sustainability performance (Michael et 

al., 2009). 
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2.9.1 Achieving sustainable construction 

Kibert (1994b) states that the sustainable construction concept focuses on creating a 

sustainable built environment under six principles, which include: 1. Minimise 

resource consumption; (2) Maximise reuse; (3) Use renewable or recyclable 

resources; (4) Protect national environment; (5) Create a healthy, non-toxic 

environment; and (6) Pursue quality in creating the built environment. Hill and 

Bowen (1997b) summarisethe concepts of sustainable construction and divide them 

into four pillars including social, economic, biophysical and technical principles with 

a set of the process-oriented principles. Procurement design, innovation, people and 

better regulation are considered as a means for achieving sustainable construction 

(HM Government, 2008). DTI (2006a) and HoC (2006) outline key sustainable 

construction practices namely: establishing effective construction programmes, 

developing and supporting well focused and capable public sector clients, designing 

�D�Q�G���G�H�F�L�V�L�R�Q���P�D�N�L�Q�J���E�D�V�H�G���R�Q���µ�Z�K�R�O�H-�O�L�I�H���Y�D�O�X�H�¶�����X�V�L�Q�J���W�K�H���D�S�S�U�R�S�U�L�D�W�H���S�U�R�F�X�U�H�P�H�Q�W��

and contracting strategies, working collaboratively with fully integrated teams, 

evaluating performance, and embedding project learning/knowledge. These 

sustainable practices are reiterated in some existing studies, for example CIB, 

(1999b), Christini et al. (2004), Trufil and Hunter (2006), Nelms et al. (2007), Kibert 

(2008), and Pitt et al., 2009). Additionally, the efforts of the UK government to 

support sustainable construction are revealed as stated in CEEQUAL (2019); through 

CEEQUAL, the UK government encourages and promotes the realisation of high 

economic, environmental, and social performance in all forms of civil and 

sustainable construction projects and delivers best practices. CEEQUAL supports 

UK Government strategies and other governments by providing the infrastructure 

professions and global industry with an incentive and procedure for evaluating, 

benchmarking, and rating the sustainability performance of projects and contracts as 

a measure �R�I���W�K�H���L�Q�G�X�V�W�U�\�¶�V���F�R�Q�W�U�L�E�X�W�L�R�Q���W�R���V�X�V�W�D�L�Q�D�E�O�H���G�H�Y�H�O�R�S�P�H�Q�W���� 

According to Stubbs (2008), sustainable construction aims to apply the principles of 

sustainable development to the construction industry. Stubbs (2008) further states 

that it involves the delivery of buildings, structures, supporting infrastructure, and 

their immediate surroundings, which: (a) maximise the efficient use of resources by 

using fewer raw materials and less energy, as well as causing less pollution and waste; 
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(b) improve quality of life and offer customer satisfaction; (c) offer flexibility, with 

the perspective to accommodate for future changes in use; (d) provide and support 

pleasing natural and social environments; and (e) still deliver profits. All these 

factors have �W�R���E�H���F�R�Q�V�L�G�H�U�H�G���D�W���W�K�H���H�D�U�O�L�H�V�W���S�R�V�V�L�E�O�H���V�W�D�J�H���R�I���D���S�U�R�M�H�F�W�¶�V���G�H�Y�H�O�R�S�P�H�Q�W��

to maximise its sustainability during the construction phase and over its operational 

�O�L�I�H�W�L�P�H�����,�W���L�V���H�D�V�\���W�R���I�R�U�J�H�W���W�K�D�W���D���E�X�L�O�G�L�Q�J�¶�V���L�P�S�D�F�W���O�D�V�W�V���O�R�Q�J��after the construction 

phase. However, the efficiency of a building regarding operation and maintenance is 

mostly decided in the early planning, specification, and designing stages (Sodagar 

and Fieldson, 2008; Greenwood et al., 2011). In achieving sustainable construction, 

Greenwood et al. (2011) and Stubbs (2017) suggest that sustainable project proposals 

should therefore carefully consider design construction, operation, and ultimately 

demolition phases. As well as having direct impacts on sustainability, the location 

and structure of buildings also has indirect impacts by influencing the level of 

sustainable behaviour of occupants (Stubbs, 2008). For example, offices away from 

transport routes encourage car use and windows that cannot be opened, hence, 

promote the use of air conditioning, and poorly planned working environments lead 

to reductions in well-being, health, and productivity. 

Sodgar and Fieldson's (2008) �S�X�E�O�L�F�D�W�L�R�Q�� �L�V�� �W�K�H�P�H�G�� �µ�7�R�Z�D�U�G�V�� �D�� �V�X�V�W�D�L�Q�D�E�O�H��

�F�R�Q�V�W�U�X�F�W�L�R�Q���S�U�D�F�W�L�F�H�¶�����$�G�R�S�W�L�Q�J���W�K�H���
�N�H�\���V�W�D�N�H�K�R�O�G�H�U�¶�V���U�R�O�H�V�
�����W�K�L�V���V�W�X�G�\���L�Q�Y�H�V�W�L�J�D�W�H�V��

the key stakehol�G�H�U�V�¶���U�R�O�H�V���D�Q�G���U�H�V�S�R�Q�V�L�E�L�O�L�W�L�H�V���L�Q���D�F�K�L�H�Y�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���E�X�L�O�G�L�Q�J���D�Q�G��

�V�X�S�S�R�U�W�V���L�W���Z�L�W�K���R�W�K�H�U���H�[�L�V�W�L�Q�J���O�L�W�H�U�D�W�X�U�H�����D�V���S�U�H�V�H�Q�W�H�G���E�H�O�R�Z�����7�K�H���N�H�\���V�W�D�N�H�K�R�O�G�H�U�V�¶��

roles include sustainable client-ship, sustainable design, sustainable services design, 

sustainable cost management, sustainable construction, sustainable operation, and 

sustainable deconstruction. 

Sustainable client-ship: Sodgar and Fieldson (2008) state the need for key 

stakeholders to show leadership in selecting the design and procurement team and 

managing the project to promote proper use of human resource and knowledge. They 

emphasised the respect of the client for the values of the organisations it involves in 

building procurement alongside the precise definition of its benefits. The USGBC 

(2011) agree to this and emphasise the need for key stakeholder integration. They 

state that to achieve sustainable development through sustainable construction, it is 

essential that economic, social and environmental gains should be sought jointly and 

simultaneously by key stakeholders through the planning system. 
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Sustainable design: Good design is a crucial aspect of sustainable development that 

is inseparable from proper planning, and should contribute positively to making 

places better for people. Sodgar and Fieldson (2008) state that the identification of 

the most appropriate design strategies is essential in sustainable construction so that, 

if applied to all aspects of design from inspection to completion, it should maximise 

quality and minimise impact. They emphasise the need to monitor the entire life 

circle of the construction (planning to disposal) and application of low energy in the 

building process. McGraw-Hill -Construction (2006) and DCLG (2012a) corroborate 

this by indicating that a design philosophy that seeks to maximise the quality of the 

built environment, while minimising or eliminating negative impacts to the natural 

environment, is essential to managing risk through adaptation.  

Kibert (2005) argues that sustainable design by the involvement of all key internal 

and external stakeholders is vital. Diverse representation from the project team 

functions (design, architecture, building contractor, environmental engineer, real 

estate consultant, etc.) is ideal (McGraw-Hill -Construction, 2006). Establishing 

design criteria will help communicate the project's goals and priorities to the project 

team in a measurable technical form (Robichaud and Anantatmula, 2008). The 

DCLG (2012) argues that policies on sustainable design and construction should be 

set out in a development plan document to ensure full consultation with the local 

community and other stakeholders and examination by the Planning Inspectorate. 

Such policies should focus on local opportunities and constraints, while avoiding the 

repetition of nationally available information.  

Sustainable services: Sodagar and Fieldson's (2008) design of renewable services 

systems should be carried out as part of the building form design and site layout, not 

as an afterthought, otherwise maximum generation capacity will not be achieved. 

The building should also be targeted at maximising efficiency before low carbon 

technologies that need to be included in carrying out the design. The DCLG (2012) 

states that proper application or implementation of sustainable design should achieve 

minimum reductions in greenhouse gas emission (regulated and unregulated energy 

use) from renewable energy generation on site or in the locality of the development 

as long as a direct physical connection is used. Unless it can be demonstrated, that 

such provision is not technically or economically viable (DCLG, 2012).  
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Sustainable cost management: Sodagar and Fieldson (2008) argue that calculation 

of capital or initial cost with running cost/maintenance should be made, and these 

costs must balance and be justified. Knowledge management alongside corporate 

responsibility evaluation to provide better decisions in cost evaluation for 

sustainability should be applied. Lack of confidence, lack of education and fear of 

failure should be avoided. Robichaud and Anantatmula (2011) argue that complete 

preconstruction estimates with input from the builder, project manager, architect and 

real estate consultant are vital. They stated that estimating costs associated with 

specialised areas such as sustainable building products requires experience. The 

budget may also include an emphasis on life-cycle costing, shifting the focus from 

short-term to long-term gains from operational savings (Robichaud and Anantatmula, 

2008, DCLG, 2012a). 

Sustainable construction: This is the management of the construction process in a 

safe, efficient and effective way to save money and time, and much of this cost is 

related to fuel use and logistics (Sodagar and Fieldson, 2008). Kibert (2005) argues 

that the goal of sustainable construction is to create and operate a healthy built 

environment based on resource efficiency and ecological design with an emphasis 

on seven core principles across the building's life cycle: reducing resource 

consumption, reusing resources, using recyclable resources, protecting nature, 

eliminating toxins, applying life-cycle costs, and focusing on quality. Employing 

modularisation and off-site construction methods to reduce performance 

uncertainties and risk of accidents on site is suggested (Sodagar and Fieldson, 2008). 

This will help to achieve environmental benefits regarding reducing waste from 

materials and transportation and can improve building performance concerning air 

tightness and finish quality. Robichaud and Anantatmula (2008) suggest launching 

construction with a kick-off meeting, which includes a sustainable education 

component for on-site construction personnel; monthly on-site meetings are required 

by entire site workforce and include periodic education and training sessions on 

sustainable building construction projects. 

Sustainable operation: Good and well-informed facilities management is critical to 

excellent building performance, post-occupancy evaluation carried out regularly is 

vital, and the monitoring of services is necessary to ensure the building is operating 

as it was designed to and occupant surveying will help to establish comfort levels. 
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The need for additional investment from time to time is stated (Sodagar and Fieldson, 

2008). Maintenance and cleaning are vital to ensure a building continues to perform 

well. Robichaud and Anantatmula (2008) suggest that, in sustainable operation, key 

stakeholders such as government regulators should work as partners in the project, 

as opposed to being an outside influence. Hence, less rework and field adjustments 

reduce the chances of having to request re-inspections. 

Sustainable deconstruction: Implementing deconstruction is not an easy task. Hence, 

Sodgar and Fieldson (2008) suggest that good, well-informed facilities management 

is critical to excellent building performance, post-occupancy evaluation carried out 

regularly is vital, monitoring of services is necessary to ensure the building is 

operating as it was designed to, and occupant surveying will help to establish comfort 

levels. Kibert (2001) argues that successful implementation could not occur without 

a support structure of government, regulations, and businesses working together 

toward a joint goal. Deconstruction can result in environmentally sound community 

economic development through the formation of partnerships between non-profit 

social service and environmental organisations, government agencies, and the private 

sector (Catalli and Goode, 1997). It is necessary first to educate and train those who 

are potential de-constructors or rather stakeholders working in the field of demolition 

are primary targets (Kibert, 2001). In addition to education and training, outlets for 

the recouped materials has to be created.  

Deconstruction can supply useful materials for building materials yards, recycling 

centres, and remanufacturing enterprises, which, in turn, can create additional jobs 

and community revenues (Kibert 2001). Kibert (2001) states that deconstruction has 

advantages over conventional demolition and that the advantages are an: (a) 

increased diversion rate of demolition waste from landfill; (b) potential reuse of 

building components; (c) increased ease of recycling of materials; and (d) enhanced 

environmental protection locally and globally. Kothari (2009) corroborate this by 

stating that deconstruction assists in waste management, maximises reuse and 

recycling, reduces environmental impact, minimises negative social impacts, and 

reduces unrenewable fuel usage. Sodgar and Fieldson (2008) suggest the need for 

additional investment from time to time for a sustainable outcome. 
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2. 9.2 Regulatory legislation, policies and guidance into achieving sustainable 

construction 

Appropriate organisational structures and processes are essential to determine 

responsibilities, authority, lines of communication, processes, and resources to 

implement sustainable construction (Hill and Bowen, 1997). However, better 

regulations and policies will provide the right balance between environmental 

regulations and protection without unduly increasing costs or deterring compliance 

(HMG, 2011). The following explains the importance of sustainability legislation 

and policies in achieving sustainable construction. 

2.9.2.1 Who are bound by these policies and guidance? 

�x Building owners/clients and occupiers who are considering what action they need to 

take to improve energy performance, and to meet or surpass a range of statutory 

requirements. 

�x Architects, surveyors and related professionals who are preparing proposals for work 

on traditional or historic buildings, and who need to make an appropriate professional 

response to requirements, which can often conflict. 

�x Building contractors, materials and component suppliers who need to understand the 

implications of decisions they make in carrying out their work, or of the technical 

advice they give to their customers. 

�x Officials, such as conservation and planning officers, building-control surveyors, 

approved inspectors, environmental health officers and housing officers, who will be 

experts in one area (for example building conservation, general legislation or energy 

performance). Hence, it may be less familiar with the balances that need to be struck 

in reaching reasonable solutions that suit all parties. Table 2.6 highlights government 

policies and responsibilities. 
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Table 2. 6 Regulatory legislation, policies and guidance into achieving sustainable 

construction 

Government Policies and Legislations Roles and Responsibilities 

Code for Sustainable Homes (CSH) 

(DCLG, 2006a; DECC, 2011b) 

 

�x Has a target to achieve the UK 

�J�R�Y�H�U�Q�P�H�Q�W�¶�V objective of 80% 

carbon reduction in both new and 

existing buildings by 2050 (Kapsalaki 

et al., 2012).  

�x It has different levels of energy 

improvement, e.g. Level 3 to achieve 

25% energy improvement, level 4 to 

achieve 44%, level 5 to deliver 100% 

and Level 6 to deliver 0%. 

�x To ensure that from 2016 all new 

builds must comply with the code 

levels. 

Building Research Establishment 

Environmental Assessment Method 

(BREEAM) 

�x To ensure the environmental impacts 

of buildings and energy rating 

performance on a simple scale of Pass 

to Excellent. The housing standard is 

known as Eco-Homes. The rating is a 

comprehensive environmental 

assessment process that covers all the 

following aspects: Management; 

operational energy; transport; water; 

materials; land use; the ecological 

value and pollution. 

�x It promotes and adapts best practices 

for sustainable design and post-

occupancy management within the 

sector. 

�x To reduce the whole life costs for new 

and refurbishment projects. 
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�x To develop stakeholders by providing 

training and information for 

sustainable design, construction and 

post-occupancy management. 

Climate Change Act 2008 (HMG, 2008, 

2011). 

�x Has a five-year carbon budget 

reduction that defines emissions 

pathway to achieve 2050 CO2 

reduction target. 

�x A clear strategy to CO2 reduction in 

the UK 

�x Established an independent expert 

body Committee for Climate Change 

(CCC) to advise the government 

properly and report to the parliament 

on the progress made. 

�x Domestic and non-domestic sectors 

included in this Act. 

Energy Performance Certificates (EPC) 

(DCLG, 2012). 

�x To ensure that buildings in the UK 

meet the required EU standards in 

Energy Performance Building 

Directives. 

�x Certificates provided to Clients or 

accredited energy assessors using 

standard methods and assumptions 

about energy usage produce the 

industry. 

�x Ensure that stakeholders in the 

industry (buyers, owners, occupiers 

etc.) should see the needed 

information on the energy efficiency 

and carbon emissions from their 

buildings so they can consider energy 
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efficiency and fuel costs as part of 

their investment. 

�x The accreditation scheme covers 

existing buildings, new buildings, 

commercial buildings, energy display 

certificates and air-conditioning 

inspection reports. 

�x Types of accredited energy assessors 

include; Building Research 

Establishment, ECMK Ltd, Quidos, 

Sterling accreditation, Stroma etc. 

Building Regulations (DCLG, 2012). �x It sets a standard on the minimum 

energy reduction level in a building 

for acceptable performance. 

�x Mainly applied to new buildings 

hence no general required standard for 

existing buildings. 

�x It is supported by the Approved 

Document (Part L), which serves as 

guidance for complying with various 

forms of construction. This document 

is in four sections that include: (a) 

new dwelling buildings (L1A); (b) 

existing dwelling buildings (L1B); (c) 

new non-dwelling buildings (L2A); 

and (d) existing non-dwelling 

buildings (L2B). 

Fuel Poverty Policy (National Statistics, 

2011) 

�x Policy created largely to reduce CO2 

and high cost of energy. 

�x Reduce the increase in fuel bills 

Building Performance and Evaluation 

Certificate (BPEC) (Commission, 2002, 

�x To ensure robust measurement and 

certification procedure is in place 

(Kelly et al., 2012). 
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Green.Fiscal.Commission, 2009, 

DECC, 2011a). 

�x Helps to aggregate data in various 

ways to ascertain the performance of 

buildings in different categories 

(Kelly et al., 2012). 

�x Exposes hidden information about the 

performance of a building 

�x Addresses the issue of imperfect 

information and encourages much-

needed investments in building 

energy efficient homes (Commission, 

2002). 

Display Energy Certificates (DEC) 

(DCLG, 2012). 

�x It champions the improvement of 

energy performance of buildings, and 

it covers England and Wales. 

�x Ensure that public knowledge was 

created on the energy use of buildings 

to enlighten the visitors of energy use 

to a particular building. 

�x Display the certificate in a prominent 

and visible part of a building for 

visitors to that building to be aware. 

�x Ensure that the certificate displayed 

has an energy rating of the building 

from A-G with A indicates Very 

Efficient and G indicates the Least 

Efficient and these are based on the 

actual quantity of metered energy 

used in the building for the last 12 

years. 

�x Provides the building with a valid 

advisory report, which contains 

recommendations for improving the 

energy performance of the building. 
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The report also includes short-term 

payback of up to 3 years (to build 

energy management measures), 

medium payback which is 3 to 7 years 

(upgrading building services) and 

long-term payback, which is more 

than 7 years (low carbon or zero 

technologies). 

 

2.9.3 Sustainable construction principles 

As the sustainable construction initiative continues to develop and gain popularity, 

critics and supporters alike are continually evaluating the progress (Adrien and 

Laura, 2010). By employing sustainability principles, the evaluation has to include 

more than the immediate investors/clients/tenants of the buildings, but also consider 

suppliers, the local community in which the structure resides, and other key 

stakeholders. Sustainable principles have to be embraced, promoted, and 

implemented in construction projects. In respect to sustainable principles for 

sustainable construction, various efforts have been made to examine several 

definitions of sustainability in an attempt to articulate principles to be maintained in 

achieving sustainable construction. Kibert (1994a) states that sustainable 

construction principle focuses on creating a sustainable built environment under six 

principles:  

1) minimise resource consumption ;  

2) maximise resource reuse ;  

3) use renewable or recyclable resources ; 

4) protect the natural environment;  

5) create a healthy, non-toxic environment; and 

6) pursue quality in managing the built environment.  

Amongst the published works relating to the principles of sustainable construction 

are Kibert (1994a), Liddle (1994), Miyatake (1996), Hill and Bowen (1997a), DETR 
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(2000b), Ding (2008), SECBE (2009), Abidin (2010), and Maduka et al. (2016b). In 

general, there is a consensus that the extent of the principles of sustainable 

construction reflects those of sustainable development, which is about synergistic 

relationships between economic, social and environmental aspects of sustainability. 

Each of these three pillars/aspects (and their related principles) are over-arched by a 

set of process-orientated tenets. The principles of sustainable construction govern 

three main pillars: environmental protection, social well-being, and economic 

prosperity (Addis and Talbot, 2001; Brownhill and Yates, 2001). The benefits of 

these principles in the built environment and society in general (Hill and Bowen, 

1997a) are essential for the present and future generations including environmental 

protection, as it concerns the built and  natural environments.  

The built environment refers to the activities within the construction project itself, 

which may, if not handled efficiently, have a severe adverse impact on the 

environment. Environmental sustainability involves the extraction of natural 

resources (Addis and Talbot, 2001). Social well-being relates to the human feelings: 

security, satisfaction, safety and comfort (Lombardi, 2001) and human contributions: 

skills, health, knowledge and motivation (Parkin, 2000b), the involvement of 

stakeholders, equality and diversity in the workplace, and creating employment 

opportunities (Sourani and Sohail, 2013). Finally, economic sustainability involves 

the monetary gains from the project for the benefits of the clients, construction 

players, public and the government (Abidin and Paquire, 2007). Hence, it focuses on 

issues such as whole-life costing, support of local economies and financial 

affordability for intended beneficiaries. Construction activities need to reduce 

environmental impact and enhance social and economic contribution (Hill and 

Bowen, 1997a) if the key stakeholders fully recognise sustainable principles in 

delivering construction projects. It is essential that when stakeholders set up a 

sustainability strategy in projects, the principles of sustainable construction should 

be implemented in the approach and appreciated by all stakeholders.  

Hill and Bowen (1997a) summarise the principles of sustainable construction and 

�G�L�Y�L�G�H�� �W�K�H�P�� �L�Q�W�R�� �I�R�X�U�� �µ�S�L�O�O�D�U�V�¶���� �L�Q�F�O�X�G�L�Q�J�� �V�R�F�L�D�O���� �H�F�R�Q�R�P�L�F���� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O, and 

technical principles. However, this research highlights three main principles of 

sustainability in Tables 2.7, 2.8, and 2.9. It is relevant to state that some of these 
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principles were used when asking questions during the collection of empirical data. 

This was achieved through a survey questionnaire; respondents were asked to 

ascertain the principles of sustainable construction. Chapter 6 of this thesis has 

details of the empirical evidence of sustainable principles and practices in sustainable 

construction.  

Table 2. 7 Economic principles of sustainable construction 

 

 

 

  

Economic sustainable principles Sources 

 
Ensure financial affordability for intended 
beneficiaries 

(Hill and Bowen, 1997a; Zhou and 

Lowe, 2003; Plank, 2008, Tan et 

al., 2011; Kibert, 2016) 

Promote employment creation and, in some 
situations, labour intensive construction 

(Hill and Bowen, 1997a; Zhou and 

Lowe, 2003; Plank, 2008; Tan et 

al., 2011; Kibert, 2016) 

Use full-cost accounting and real-cost pricing to 
set prices and tariffs  

(Hill and Bowen, 1997) 

Enhance competitiveness in the market place by 
adopting policies and practices that advance 
sustainability 

(Hill and Bowen, 1997) 

Choose environmentally responsible suppliers 
and contractors and Stakeholder partnership 

(Hill and Bowen, 1997a; Zhou and 

Lowe, 2003; Plank, 2008; Tan et 

al., 2011; Kibert, 2016) 

Invest some of the proceeds from the use of non-
renewable resources in social and human-made 
capital, to maintain the capacity  

(Hill and Bowen, 1997a, Zhou and 

Lowe, 2003; Plank, 2008; Tan et 

al., 2011; Kibert, 2016) 
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Table 2. 8 Environmental principles of sustainable construction 

Environmental principles of sustainable construction Sources 

 
Extract fossil fuels and minerals, and produce persistent 
substances foreign to nature, at rates that are not faster 
�W�K�D�Q���W�K�H�L�U���V�O�R�Z���U�H�G�H�S�R�V�L�W���L�Q�W�R���W�K�H���H�D�U�W�K�¶�V���F�U�X�V�W�� 
 

(Hill and Bowen, 1997; 

Kibert, 1994a) 

Reduce the use of four generic resources used in 
construction, namely, energy, water, materials and land. 

 

(Hill and Bowen, 1997; 

Kibert, 1994) 

�x Maximise resources reuse, and /or recycling 
�x Use renewable resources in preference to non-

renewable resources 

(Kibert, 1994a; Hill and 

Bowen, 1997a) 

Maintain and resto�U�H���W�K�H���H�D�U�W�K�¶�V���Y�L�W�D�O�L�W�\���D�Q�G���H�F�R�O�R�J�L�F�D�O��
diversity 

(Kibert, 1994a; Hill and 

Bowen, 1997a) 

Create a healthy and non-toxic environment (Kibert, 1994a; Hill and 

Bowen, 1997a) 

Minimise air, land and water pollution at global and 
local levels 

 

(Hill and Bowen, 1997) 

 
 

Table 2. 9 Social principles of sustainable construction 

Social principles of sustainable 
construction 

Sources 

Seeking intergenerational equity (Hill and Bowen, 1997a; Zuo et al., 2012a; 

Yin et al., 2018) 

Stakeholders participation (CIB, 1999ª; GCCP, 2000; Adetunji et al., 

2003; Ashley et al., 2003) 

Improve the quality of human life, 
including poverty alleviation 
 

(Hill and Bowen, 1997a; CIB, 1999a; 

Sourani and Sohail, 2005; Zuo et al., 2012a; 

Yin et al., 2018) 
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Protect and promote human health 
through healthy and safe working 
environment  

 

(Hill and Bowen, 1997a; GCCP, 2000; 

Adetunji et al., 2003; Ashley et al., 2003; 

Zuo et al., 2012a; Yin et al., 2018) 

Social inclusion (Ashley et al., 2003; Berardi, 2013; Kibert, 

2016)  

Improving the image of construction (DETR, 2000ª; CIB, 2010; Yin et al., 2018) 

Employment and equal opportunities in 
employment 

(DETR, 2000a; Adetunji et al., 2003; 

Sourani and Sohail, 2005; Plank, 2008; Tan 

et al., 2011; Kibert, 2016) 

Protect and promote human health 
through healthy and safe working 
environment  
 

(Hill and Bowen, 1997a; GCCP, 2000; 

Adetunji et al., 2003; Ashley et al., 2003; 

Plank, 2008; CIB, 2010) 

Equality (GCCP, 2000; Rethinking-Construction, 

2002; Adetunji et al., 2003; Tan et al., 2011) 

Seek for fair and equitable distribution 
of social costs of construction 

(Hill and Bowen, 1997a; Plank, 2008; Tan 
et al., 2011; Kibert, 2016) 

Make provision for social self-
determination and cultural diversity in 
development planning 
 

(Hill and Bowen, 1997a; CIB, 1999a; 

Sourani and Sohail, 2005; CIB, 2010; 

Kibert, 2016) 

Compensation and benefits (Adetunji et al., 2003; Berardi, 2013; 

Kibert, 2016) 

Implement skills training and capacity 
enhancement of disadvantaged people 
 

(Hill and Bowen, 1997a; DETR, 2000a; 

Rethinking-Construction, 2002; Sourani 

and Sohail, 2005; Plank, 2008, Kibert, 

2016) 
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2.9.3.1. The need to promote and implement sustainable principles in 

construction projects 

It is vital that construction stakeholders, globally, should start to appreciate 

sustainability, acknowledge the benefits of sustainable construction, and admonish 

those sustainable principles to be supported, promoted, and implemented in all 

construction projects, which will, in turn, achieve sustainable development. For 

example, Kibert (1994a), Hill and Bowen (1997a), Bartlett and Howard (2000), 

Hydes and Creech (2000), and Maduka et al. (2016b), add that if sustainable 

principles are implemented in sustainable construction it will  contribute positively 

to a better quality of life, work efficiency and a healthy work environment. Yates 

(2003) explores the business benefits of sustainability principles and concludes that 

the benefits are diverse and potentially very significant. Ochieng et al. (2014) 

developed a sustainability framework for small and medium contractors to improve 

their performance against the three dimensions of sustainability. 

According to Curwell (1998) the construction industry as a whole must rapidly come 

to terms with reality regarding the broader environmental, social challenges, and 

agenda that are presented by the concept of sustainable development, because the 

built environment affects all human activities. Hence, there is a need to holistically 

promote sustainable principles in the built environment. The Environment Agency 

suggests that the industry has to change the way buildings are delivered, produce 

energy, and make technology more efficient, and these must go hand in hand with 

changes in behaviour and the lifestyle needed if we are to survive climate change and 

thrive (Harman, 2007). Therefore, any method that can overcome climate change is 

worth trying and should be considered as part of the growing sustainability agenda 

(George et al., 2012). Moreover, the promotion of sustainable practice is achieving 

the right balance between these sustainable principles in implementing construction 

projects (Ochieng et al., 2014). Therefore, the need to apply sustainable principles 

in construction projects is significant because what is built today will provide the 

future sustainable built environment and will influence the ability of future 

generations to meet their needs (Pitt et al., 2009). 
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2.9.4 Environmental assessment methods 

Throughout the world, many industrial sectors are beginning to recognise the impacts 

of their activities on the environment and make significant changes to mitigate their 

environmental impact. The construction and property sector are beginning to 

acknowledge their responsibilities for the environment, thereby causing a shift on 

how buildings are designed, built, and operated (Greenwood et al., 2011). This 

change in attitude comes from conscious public policy decisions imposing 

requirements on industrial and economic activities and from a growing market 

demand for environmentally sound products and services (Abidin, 2010). 

The interest in assessing buildings seems to be continually increasing. A central issue 

in striving towards reduced environmental impact is the need for a practical and 

meaningful yardstick for measuring environmental performance, regarding both 

identifying starting points and monitoring progress. 

�)�U�R�P���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���S�U�R�S�H�U�W�\���V�H�F�W�R�U�¶�V���S�H�U�V�S�H�F�W�L�Y�H�����W�K�L�V���F�D�Q���E�H���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R��

slightly different points of view: measuring the environmental impact of design, 

construction and property management activities (as services or industrial production 

processes) and the environmental impact of buildings (as products) (Adrien and 

Laura, 2010). Therefore, the need for environmental assessment methods is vital to 

reduce environmental impacts in construction projects. With the rising interest and 

demand from policymakers to achieve a sustainable society, the need for 

environmentally related information is growing. There has been an increasing 

interest in environmental assessments of the built environment (Greenwood et al., 

2011). 

A building assessment method (also sometimes referred to as building assessment 

tool, building performance assessment, sustainable building assessment, etc.) is a 

tool that rates how well a building is performing or is expected to deliver to a 

specified set of criteria after construction (Cole, 2005). They aim to provide a 

collective set of standards for assessing the environmental impact of buildings. 

Hence, gathering detailed information about the building architecture and its 

operation to identify priorities for sustainable building design and structure 

environmental information, and create a body of information about the impacts of 

buildings on the environment (Cole, 1998, 1999; MacDonald et al., 2016). These 
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tools serve as a method for improving performance systematically and logically, by 

measuring and comparing your performance against others, and then using lessons 

learned from the best to make targeted improvements (SECBE, 2009).  

These tools can be used to assess the construction/fit out and refurbishment of a 

residential or commercial property by judging some factors including health and 

wellbeing, energy, and waste. Building assessment methods is an indicator that 

targets to measure key features of vital subsystems and elements of concern in a 

building (Gardner, 1989; Nguyen and Altan, 2011). Most building assessment 

methods rank buildings relative to standard practices, building necessities, or 

ultimate goals. Any planning or policy system designed to promote sustainable 

buildings needs to be involved in a building assessment method designed to evaluate 

the sustainability of buildings and to reduce the possibility of uninformed decision-

making in delivering sustainable buildings. The use of most building assessment 

method is best approached from the start of a development project, such as in the 

design phase to ensure that all of the criteria are included in the building plans (Say 

and Wood, 2008). It is challenging to use a building assessment method after crucial 

decisions about building architecture, engineering, and siting issues have been made 

(Cole, 2005). 

Before discussing the mentioned environmental assessment tools, it is important to 

state why these tools are essential. What these methods assess is the environmental 

capacity, which includes the ecological integrity and equity of urban development 

plans, programmes and projects captured regarding the built stock, transport, safety, 

security, health and well-being needed for cities to institute a quality of life (Deakin 

and Reid, 2014). Cole (1999, 2005), Dixon (2015) and Say and Wood (2008) note 

the need to conduct an environmental assessment before construction, including: 

�x �0�H�H�W�L�Q�J���W�K�H���F�O�L�H�Q�W�¶�V���F�R�Q�W�U�D�F�W�X�D�O requirement; 

�x Enhancing the market value for possible higher rental incomes and increased 

marketability, increased energy efficiency and lowered lifetime maintenance costs  

�x Demonstrating compliance with environmental requirements from occupiers, 

planners, governments, and development agencies;  

�x  Environmental improvements in support of a more comprehensive corporate 

strategy or as a standalone contribution; 
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�x Marketing as a selling point to potential customers or tenants;  

�x  Staff and end-user benefits �± to create a better place for people to live and work;  

�x  Best practice: ensuring best up to date practice, providing a checklist for comparing 

buildings and guiding their improvement  

Numerous environmental assessments methods and tools exist globally in the built 

environment. These assessment methods focus on energy use in buildings, the sick 

building syndrome and indoor climate, building materials containing hazardous 

substances, and many other aspects in fragmented or integrated manners. Some of 

them assess building components and some whole buildings, while others also 

consider the surrounding environment (Todd et al., 2001; Forsberg and Malmborg, 

2004; Malmqvist, 2008; Trinius and Nibel, 2008). Greenwood et al. (2011) in their 

study acknowledged that regarding sustainable building, some codes and methods of 

measuring compliance have been designed; typically, they have been developed 

locally (starting in the UK and USA and now proliferating) and some have been 

adapted for international use.  

Two of the earliest and most familiar examples of these rating tools were the Building 

Research Establishment Environmental Assessment Method (BREEAM) and 

Leadership in Energy and Environmental Design (LEED). However, this study will 

discuss, in detail, the environmental methods used mainly in sustainable construction 

in the UK. In the UK there are three conventional sustainability benchmark tools, 

which are BREEAM, LEED, and the Ska Rating systems (Dixon, 2015). However, 

this research will also discuss Passivhaus, which is popular in the UK and ENVEST 

used in the UK. It is important to note that BREEAM and Ska use UK policies (Dixon, 

2015) nevertheless LEED and Passivhaus can sit alongside as part of a global 

corporate environmental strategy. 

Furthermore, this research employed the three most popular environmental 

assessment method revealed in the empirical data (BREEAM, LEEDS and 

Passivhaus) to develop sustainable retrofitted building process, which also 

contributed to the development of sustainable retrofitted building decision-support 

framework (SRBDSF). 
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2.9.4.1 Building Research Establishment Environmental Assessment Method  

BREEAM, launched in 1990, was the first to offer an environmental label for 

buildings (Fowler and Rauch, 2006), developed by the British Research 

Establishment (BRE). BREEAM has been further developed and now there are 

several BREEAM tools for different kinds of buildings: offices, residential houses, 

blocks of flats, industries, healthcare, retail, education, communities, and domestic 

refurbishments (Wallhagen, 2010). BREEAM is comprised of nine variations of 

assessment tools to fit the building occupancy, including Courts, EcoHomes (single 

and family residential), industrial, multi-residential, prisons, offices, retail, schools, 

and bespoke (which includes all buildings that fall outside the standard BREEAM 

category ratings) (Say and Wood, 2008). For projects in the UK, there are six 

standard schemes including new construction, communities, in-use, Eco Homes, 

refurbishment and Code for Sustainable Homes (soon to be replaced by the Home 

Quality Mark) (Dixon, 2015). However, the Eco Homes tool has been developed into 

�D�� �µ�&�R�G�H�� �I�R�U�� �6�X�V�W�D�L�Q�D�E�O�H�� �+�R�P�H�V�¶�� ���&�6�+���� �D�Q�G��was also transformed into code for 

residential buildings in England and Wales in 2009 (DCLG, 2009).  

Crawley and Aho (1999), Malmqvist (2008), and Haapio and Viitaniemi (2008) state 

that versions of BREEAM could have many other purposes, for example, internal 

management for existing buildings and market communication (e.g. advertising, 

direct marketing, branding, packaging, your online presence, printed materials, 

public relations activities, sales presentations, sponsorships, trade show appearances, 

and more). There are now different schemes around the world, most of which have 

been based on or inspired by BREEAM, but each has been adapted to suit the region 

in which they are to be used. Even though it originated in the UK, projects outside 

the UK can use BREEAM International. Hence, the BREEAM version is available 

to Austria, Australia, Germany, Hong Kong, The Netherlands, Norway, Spain, and 

Sweden (Wallhagen, 2010). BREEAM is a voluntary, consensus-based, market-

focused assessment method, which uses three scales for environmental implications: 

global, local, and indoor issues (Say and Wood, 2008). It is targeted at developers, 

builders, designers and owner-occupiers, and environmental labels and allows users 

to differentiate their buildings from those of their competitors and take affirmative 

steps to minimise their environmental impact.  
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When a structure has been evaluated using BREEAM, the result is a single score. 

The assessment/category rating works by giving a building a score based on its 

performance against eight sections. Those sections include energy and water use, the 

health and well-being of inhabitants, pollution, transportation challenges, materials, 

waste and ecology and management facility, and compares them to established 

benchmarks (Reijnders and van Roekel, 1999; Say and Wood, 2008; Wallhagen, 

2010). There are minimum standards, which are credits that have to be achieved to 

secure a specific rating. To support innovation, BREEAM offers additional 

�µ�L�Q�Q�R�Y�D�W�L�R�Q�� �F�U�H�G�L�W�V�¶�� �I�R�U�� �W�K�H�� �U�H�F�R�J�Q�L�W�L�R�Q�� �R�I��sustainability-related benefits or 

performance levels that are currently not recognised by standard BREEAM 

assessment issues and criteria (Adrien and Laura, 2010, Dixon, 2015)�����7�K�H���E�X�L�O�G�L�Q�J�V�¶��

score for these eight sections (and innovation credits if applicable) will establish its 

BREEAM rating. BREEAM rating system include Outstanding (above 85% and the 

highest rating), followed by Excellent (Above 70%), Very Good (55% to 70%), 

Good (45% to 55%), Pass (30% to 45%), and Unclassified (below 30%) (BRE, 2008). 

Although it is a voluntary scheme, some authorities require a BREEAM assessment, 

e.g. the Welsh Government National Planning Policy requires new builds over 

1000m2 to achieve Very Good and Excellent for �W�K�H�� �F�U�H�G�L�W���µ�(�1�(������ �5�H�G�X�F�W�L�R�Q�� �R�I��

�&�D�U�E�R�Q���(�P�L�V�V�L�R�Q�V�¶���� 

In terms of BREEAM limitations, Awadh (2017) states that BREEAM International 

2016 for New Construction rating system is deemed to address the environmental, 

social, and economic pillars with the least unbalanced weighting. However, 

BREEAM rating systems give the environmental pillar the most importance and the 

economic pillar the least. Based on this, the environmental assessment method 

assesses the environmental impact of developments rather than their sustainability. 

Cole (2005) argues that, although BREEAM is an environmental assessment method, 

it could certainly provide a useful framework for guiding project decisions towards 

a sustainable design outcome (Cole, 2005). In terms of the social pillar, it is at risk 

�R�I�� �Q�R�W�� �E�H�L�Q�J�� �D�G�H�T�X�D�W�H�O�\�� �F�R�Y�H�U�H�G�� �L�Q�� �S�U�R�M�H�F�W�V�¶�� �G�H�F�L�V�L�R�Q processes and is not given 

important weighting in the method. According to Berardi (2011), addressing the 

social aspect of sustainable development requires contextual design and relating the 

building to its neighbourhood. BREEAM is a United Kingdom Accreditation Service 
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(UKAS) accredited third-party certification scheme and entails a vigorous auditing 

process (UKGBC, 2013). 

2.9.4.2 Leadership in Energy and Environmental Design (LEED)  

LEED is a green building certification system developed through consensus of the 

US Green Building Council (USGBC) launched in 1998 (USGBC, 2008). LEED is 

a building assessment system that has been instrumental in determining the 

environmental impact of buildings. As construction industry pursues sustainable 

aggressive environmental goals, specific targets for certification through the US 

�*�U�H�H�Q���%�X�L�O�G�L�Q�J���&�R�X�Q�F�L�O�¶�V���/�(�(�'���U�D�W�L�Q�J���V�\�V�W�H�P���D�U�H���F�R�P�P�R�Q��(Kats, 2003). LEED is 

aimed at im�S�U�R�Y�L�Q�J���D���E�X�L�O�G�L�Q�J�¶�V���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���S�H�U�I�R�U�P�D�Q�F�H���L�Q���D�U�H�D�V���V�X�F�K���D�V���H�Q�H�U�J�\��

savings, water efficiency and CO2 emissions reduction. Similar to BREEAM, LEED 

certification is available for five project types; Building Design and Construction, 

Interior Design and Construction, Buildings Operations and Maintenance, 

Neighbourhood Development and Homes (Fowler and Rauch, 2006; Zimmerman 

and Kibert, 2007; Dixon, 2015). However, LEED is a point-based system in which 

building projects earn LEED points for satisfying specific green or sustainable 

building criteria certification.  

The certification process offers four categories based on the number of points 

accrued, and the highest rating is Platinum (80 points or more), followed by Gold 

(60�±79 points), Silver (50�±59), and Certified (40�±49 points) (USGBC, 2008). There 

is a flat registration fee that is paid up front at the time of registration (Dixon, 2015). 

The certification fee is based on the size of the project and the rating system that the 

project was registered under, hence, it is subject to change. Furthermore, the LEED 

certification indicates that a building has been designed with triple-bottom-line 

sustainability (environmental, social and economic) in mind. Hence, the building will 

provide a healthier work environment, which will lead to improved employee health 

and increased productivity because the adverse impacts on the environment have 

been reduced or eliminated, and the long-term financial impacts have also been 

assessed (Ny et al., 2006). In the construction industry, companies have a choice to 

determine which level they would like their building to achieve (Retzlaff, 2009). 

�+�R�Z�H�Y�H�U�����/�(�(�'�¶�V���W�R�W�D�O���V�F�R�U�H���L�V�����������S�R�L�Q�W�V�����F�R�Q�W�U�L�E�X�W�H�G���E�\�����������E�D�V�H���S�R�L�Q�W�V�����V�H�H���7�D�E�O�H����

2.10), there is an opportunity to gain an additional six point�V���I�R�U���µ�L�Q�Q�R�Y�D�W�L�R�Q���L�Q���G�H�V�L�J�Q�¶��
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�D�Q�G�� �I�R�X�U�� �S�R�L�Q�W�V�� �I�R�U�� �µ�U�H�J�L�R�Q�D�O�� �S�U�L�R�U�L�W�\�¶��(Wallhagen, 2010; Wu et al., 2016) 

Fundamentals are required, and the building does not receive any points. According 

to Wallhagen (2010) many of the points are relatively easy to earn, such as allocating 

parking for low emission cars and bicycles and including changing rooms. Others, 

such as teaching construction workers to place waste in three different bins are also 

entirely feasible to reach based on training and enforcement. Sustainable 

construction also makes business sense as buildings environmentally built will often 

see a premium in rent prices of 1%�±2% for a silver LEED certification (Kats, 2003). 

Some studies propose LEED as a strategic sustainable development framework, and 

these include Ny et al. (2006) incorporating the natural step (TNS) based on 

backcasting from basic principles for sustainability. Zimmerman and Kibert (2007) 

propose LEED as a potential application of the TNS to overcome the significant 

shortcomings of building assessment systems. 

 

Table 2. 10 LEED categories and points (over 100 total score points) (Adrien and 

Laura, 2010)  

Categories Points 

Sustainable site 26 

Water efficiency 10 

Energy and atmosphere 35 

Matls and resources  14 

Indoor and environment quality 14 

Innovation and design 6 

Regional priority 4 

In terms of LEED limitations, Awadh (2017) argues that LEED has not attributed 

any weighting for the economic aspect of sustainability; which is one element that 

gets the most resistance by key stakeholders. As the design is driven by cost, the 

economic viability of a building is systematically covered automatically in project 

decisions. However, and in most cases, operational and maintenance costs are not 

considered. In the developing countries, where construction is continuously 

increasing, sustainability practices are more or less driven �E�\���W�K�H���µ�J�U�H�H�Q���F�H�U�W�L�I�L�F�D�W�L�R�Q�¶��

with less attention given to the operation stage. In terms of the social pillar, it is at 
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�U�L�V�N���R�I���Q�R�W���E�H�L�Q�J���D�G�H�T�X�D�W�H�O�\�� �F�R�Y�H�U�H�G���L�Q���S�U�R�M�H�F�W�V�¶���G�H�F�L�V�L�R�Q���S�U�R�F�H�V�V�H�V���D�Q�G���Q�R�W���J�L�Y�H�Q��

significant weighting in the method (Awadh, 2017; Mattoni et al., 2018). LEED is 

argued to be lenient in energy performance credits (Awadh, 2017). There are also 

differences in the way LEED calculates credits. They are linked to the US Dollar 

(especially the energy credits), which means that if the exchange rate is unfavourable, 

and then the building's rating could suffer. A downside is that these credits are not 

available for non-US projects (Doan et al., 2017). 

2.9.4.3 Ska Rating 

The SKA rating system is a voluntary assessment tool that commenced as a research 

project commissioned in 2005 by Skansen Ltd, in conjunction with Royal Institute 

of Chartered Surveyors (RICS) and Architecture, Engineering, Consulting, 

Operations, and Maintenance (AECOM). It was developed to ascertain if it was 

possible to measure the environmental impact of an office fit out (Dixon, 2015). It 

was formally launched in November 2009, and since then the SKA retail, fit out 

assessment has been created (Dixon, 2015). Ska Rating assists organisations in 

making informed decisions regarding fit-out in the perspective of the developing 

significance of sustainability in society in relation to construction.  

It is designed to be of specific use for occupiers, but has benefits for other property 

stakeholders, including property owners, developers, consultants, fit-out contractors, 

and the supply chain. No matter what your starting point, a Ska Rating will assist in 

measuring up to 100% of the environmental performance of an office fit-out (Design-

Building, 2015). The 100% performance rating covers energy and CO2; waste; water; 

pollution; transport; materials and wellbeing (RICS, 2017)���� �6�N�D�¶�V�� �J�R�R�G�� �S�U�D�F�W�L�F�H��

measure explains the criteria that needs to be achieved, including the reasons behind 

the rule and guidance on how to attain it (Design-Building, 2015). RICS (2017) 

reveals that Ska Rating does not consider the base build. Instead, it measures only 

what the user intends to do to add value to the building. Key aspects of the rating 

system are:  

�x Flexible scoping: match the rating to the scope of the fit-out;  

�x Easy to use and free online tool; 

�x A clear label and easy to understand: Bronze, Silver Gold plus % scores; and  

�x Formal quality assurance scheme for those who require a certificate. 
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Design-Building (2015) and RICS (2017), in summarising the Ska rating assessment, 

state that the process involves three stages. The stages include:  

1. Design: this step is about client identifying measures and problems required in the 

scope, hence, avails the client the opportunity to prioritise measures for decision-

making regarding design, cost, programme, and benefit and add them to the project 

scope. This stage will also set the environmental performance standards of project 

delivery as it relates to waste and energy in use;  

2. Handover: this ensures that the criteria specified has been delivered, thus 

performance and waste benchmarks are delivered; 

3. Occupancy: this involves an optional review of the performance of the fit-out 

against its original brief after a year the project has been delivered. To have the 

project certified, you need a licensed Ska assessor to undertake the Ska assessment. 

Hence, RICS is in charge of Ska assessment because they operate an accreditation 

scheme to enable qualified professionals to conduct quality assured Ska Rating 

assessments on behalf of organisations. Dixon (2015) states that, as of July 2015, 

there are 191 accredited assessors, assessments in progress (formal and informal): 

2070, completed assessments (informal): 981. Formally certified assessments: 369, 

these assessments comprise the following ratings in Table 2.11. 

Table 2. 11 Ska scheme rating (Dixon, 2015) 

Ska scheme Gold Silver Bronze 

Offices 84 91 34 

Retail 13 114 28 

Pilot 1 1 3 

The pilot is projects such as higher education, for which an appropriate scheme may 

be developed in the future. 

Ska limitations was designed as a self-assessment rating tool and is focused on rating 

the scope of works added to the base building. Hence, Ska does not currently have a 

�I�X�O�O�� �µ�L�Q-�X�V�H�¶�� �D�V�V�H�V�V�P�H�Q�W�� �D�V�� �S�U�R�M�H�F�W�� �G�H�O�L�Y�H�U�\�� �W�H�D�P�V�� �D�U�H�� �R�I�W�H�Q�� �G�L�I�I�H�U�H�Q�W�� �I�U�R�P�� �W�K�H�L�U��

�R�S�H�U�D�W�L�R�Q�D�O���W�H�D�P�V���D�Q�G�� �µ�L�Q-�X�V�H�¶�� �D�V�V�H�V�V�P�H�Q�W���L�V���E�D�V�H�G���R�Q���D���G�L�I�I�H�U�H�Q�W���V�H�W���R�I�� �G�H�F�L�V�L�R�Q�V����

made by a different set of people to those in the design stage (UKGBC, 2013). 

However, UKGBC (2013) revealed �W�K�D�W�� �W�K�H�U�H�� �L�V�� �D�Q�� �µ�R�F�F�X�S�D�Q�F�\�� �V�W�D�J�H�¶�� �D�V�V�H�V�V�P�H�Q�W��

that measures energy and water consumption in the 12 months following the 








































































































































































































































































































































































































































































































































































































































































































































































































































































