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ABSTRACT

The global attention given to climate change that led to timeotlafor sustainable development

in the 21st century is a laudable development. The efforts of different governments worldwide
geared towards mitigatingimatechange effects are widespread. The construction industry has
taken centre stage in driving saisiable development through sustainable construction due to its
impacts on societyNevertheless, it is widely accepted that the 80% target reduction of
greenhouse gas emissions requiredhim UK by 2050 can only be realised if the industry
recognises theeed 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 buildingops@es enormous and
complex mainlydue tokey stakeholder§ack of knowledge in making informed and appropriate
decisions.This has arguably made decistiomaking difficult for key stakeholders because the
lessos learnedfrom sustainable retrofit projézare not capturedThis can improve if the
industry recognises the need to adopt knowledge management (KM) to lexadtigkeholders

to make informed decisions in the delivery of sustainable retrofitted building projects. This
research conducted a comapensive investigation of the literature followed by the collection of
empirical data using a mixedethod (quantitative and qualitative) approach. An exploratory
industry survey of 86 respondemss followedby multiplecase studies involving 12 semi
structured interviews, each with a representative of a different construction organisation. The
survey datavere subjectetb descriptive, reliability, factor and correlation analysis using SPSS,
while the case study interviews were analysed using NVivo aalitative content analysi$he
mixed-method approach assisted in answering 11 research questdansong the key findings

were (1) 9 barrietsand 3 enabling factors to embargon and delivering sustainable retrofits
projectswererevealed through faor analysis; (2) 6 critical enablers and barriers to sustainable
retrofit project deliverywere revealed through casstudies; (3)an optimal approachis
recommended foknowledge capture in retrofit project delivery well ascriteria for easy and

diffi cult decisioamakingin retrofit project deliveryThe research findings assisted in developing
sustainableetrofitted building process (SRBP) to gukley stakeholders on the steps needed.
The findings and the SRBP contributedatproposed sustainabletrofitted building decision
support framework (SRBDSF) with knowledge management principles and procedur8s, and
objectives were employed to delivethis aim The SRBDSF promotes the systematic
management of project knowledge, thershancing the decisiemaking capabilities of key
stakeholderd=inally, the SRBDSF framework was validatedibgtustry practitionersasho found

that theSRBDSFwasfit for purpose, easto use and relevarib making informed decisions in

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

validation contributed ttheresearchecommendationand 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 aindustrialisationmore greenhouse gases (GHG)
arebeingreleasednto the atmosphere. The built environmegpdyticularlyexisting
buildings and their operationsontributea significantamount ofGHG emissions

into the atmosphere. However, delivering sustainable retrofitted building projects
has posed a challenge in the industry dugh&ack of managing knowledge in
making informed decisions and choices in the uptake and delivery of sustainable
retrofitted building pojects. The need to employ knowledge management strategies
in the uptakeand delivery of sustainable retrofit projects is essential. Managing
project knowledge is necessary dughiekey stakeholder§ack of decisionmaking

abilities in theuptakeandddivery 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 alsdnvestigde the impacts of construction; the benefits of
retrofitted buildings stakeholder management and decisitaking tools. These
investigations areesignedo deliver answers to research questions and deliver the
research aim, which is to develop a decissopport framework with knowledge
management procedures and principtesrder toenhance and improve the decision
making abilities ofkey stakeholders irembarkingon and deliveing sustainable
retrofit projectsHerein, the termuptakefrefers to the spects of understanding

and gomprehensioffMerriamWebster, 2012)while the termgeliveringfefers to

the actual execution and completion to achieve outputs, outcomes and ljarafits

2017) This chapter presents an overview of the research, whidbhdes the
theoretical researalnderpinningsjustification of theresearchaim and objectives;
research scopegesarch methodologyontribution to knowddge, and a guide to the

thesis

1.2 Research theoretical underpinnings

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

development in the 24century is a laudable development. Efforts of different

1



governments worldwide geared towards mitigating the climate change effects have
been widespread amzell documentedEuropean Commission, 2007, Kapsaleki

al., 2012 McManuset al, 2013) Renukappaet al. (2013)argue that the issue of
climate change is one aspect of the broader problem of sustainaihikty posited
(2013) that several industriesparticularly the construction industryhave
acknowledged the need to address climh#ge challenges in order to survive and
grow in everchanging entangled global business economies. Hence, key
stakeholders of many organisations are now implementing va@bi@ reduction

strategies due to mounting pressures.

The need to reduce and miig climate change effectsas propelledby the
Brundtland report@ur Common Futur§which charged national and international
bodies to promote the course of sustainable development through three sustainability
conceptstenvironmental, economic and sdctan order toreduce climate change
(WCED, 1987a) The report further described sustainable development as
development that meets the needhaf present generation without undermining the
ability of futuregenerations to meet their own neéBeundtland, 1987)In a related

view, the IPPC Fourth Assessment Report reaffirmed that climate ¢helnigh is
predominantly caused by human activitissinevitable due to aimcreasdan GHG
emissiors (e.g. CQ) in the atmospher@PCC, 2007)While steps are being taken to
reduce carbon emissions from other areas such as road travel, reducing waste and
water consumptiorthe building and energy sectage becoming significant areas

of attention for GHG emission reductiamhich means growing potentitr energy
relatedobsolescence in existing built environme(Bsitt et al, 2012) These have

put the United Kingdom (UK) undea commitment to champion the concepts of
sustainable development in the built environmeyarticularly the construction

industry due to its impact society(McManuset al,, 2013)

Construction activitiehavesignificant dfects (both positive and negativeh the

UK and worldwide(Pietrosemoli andonroy, 2013) Some of the positive impacts
include thecontributionof about 7% to the UK Gross Domestic Product (GDP) or
approximatelyE110 billion in annual income; job creatioandthe produdion of
different types of building and facilities to meehuman need$ICRIBC, 2002,
Winch, 2010, Pietrosemoli and Monroy, 201Bjie negativempacts of construction

aredocumentedue toits contribution tdGHG emissions, which has affected climate



change(Stern, 2006, IPCC, 2007, Weight and Rawlinson, 2007, Levin, 2008,
Stolarskiet al., 2010) Furthermore, the built environment worldwide contributes
about 306 to 40% of CO, emissions to the atmosphere as vasitonsuming about

40% of the total energy usa@@oardman, 2007, Dixietal., 2010, Kapsalaletal.,

2012) The European Union (EU) estimates that its member countries contribute
about 50% of C@to the atmospher@aietal., 2011) In the UK, itis dacumented

that buildings consume over 45% of UK energy usage and generate approximately
50% of GHG emissionEStern, 2006)

Thesenegative impacts have made the industry come uhdescrutiny of theublic,
regulators and government more than ever before and have necessitatddsing

to increasingly recognise the need to achieve sustainable development by engaging
in sustaindle construction(Zuo et al, 2012b) Sustainableonstructions argued to

be the application of sustainable development concepts and principles to construction
processes and practicgsage, 1998, Cpenter, 2001, ICRIBC, 2002, Shelbown

al., 2006, European Commission, 2007, Winch, 208jstainable construction in
building projects exists in netwild andretrofit building projects. In the case of new
build, this involves theonstructiorof new energyefficient buildings while retrofit
involves sustainable refurbishment of existing buildings to deliver more energy
efficient or improvedbuildings TheUK governmenhadstated that by 2016 every

new building must be energegfficient or built on acarborrneutralbasis and nor
domestic buildings muste constructedn a carbomeutralbasis from 2018Kelly,

2009) It is pertinent to state that the government did not meet its target in 2016
largelydue to laclof enforcemenand lack of managing knowledge amongstkiine
stakeholderaboutembarking upon and deliviag sustainable retrofitted building
projects However, the neetbr this has been suggested and cannot be overstressed
(Menassa, 2011a, Ma et al., 2012, Maduka et al., 2015a)

In 2016 after theUK voted to leave the EU, th&overnment legislated the fifth
carbon budgetCCC (2017 stated thatite budgeis stipulated to achieve at least 57%
GHG emission reduction by 2030 he reductionis aimedat assisting the UK in
reaching its legally bindintarget of an 80% reduction in greenhouse gas emissions
by 2050, using the emissions in 1990 as a baselineetAmvachieving80% target
reductionof GHG emission in the atmosphere by 2050 be challenging unless

sustainable retrofitted building projecése given priority attention both bythe



government andthe construction industry(Glass et al, 2008, Kelly, 2009,
Pietrosemoli and Monroy, 2013)his is becausenly about onghird or 30% of

new energyefficient buildings would havieeen constructad response to the target

and this cannot contribute significantly GHG reduction by 205(QGlasset al,

2008) Hence,over two-thirds (approximately70%) of buildings existing today in

the UK will still be in use by 205@Glasset al, 2008, Kapsalalet al, 2012, Stafford
etal, 2012) Consideringhesdacts, it is evident thaémbarknguponanddelivering
sustainable teofitted building projectss inevitable and W contribute substantially

to greenhouse gas reducti@Blasset al, 2008, Deloitte and Lockwood, 2008, Kelly,
2009, Jenkins, 20, McManuset al, 2013, Stevenson, 2013pustainable
retrofitting building has been defined as an improvement made to an existing
buildingthat leads to an increase in the overall efficiency of that buil@egphens

et al, 2011, Fultoret al, 2012) BCA (2010)also definesustainale retrofitted
building as theprovision, extension or substantial alteration of the buildinglepee

and building services in an existing buildimgorder toreduce CQemissionsThe
World Business Council for Sustainable Development revealed that embarking on
such projects can contributgeatlyto tackling climate change and fostering the
conceps (economic, social and environmalptof sustainability(WBCSD, 2008)
Additionally, delivering sustainable retrofitted building projectas been
acknowledged to have tremendous economic, health, social and environmental
benefits(Dong et al, 2005, Verbeeck and Hens, 2005, USEPA, 2010, &yal,

2014)

However, while the previously mentionedbenefits & delivering sustainable
retrofitted building projects are well established and documethigterto, the
delively of retrofit projects has facedlat of challengesandobstaclesparticularly
with key stakeholder§ack of managing project knowledge inakinganappropriate
and informed decisiom embarking upon and delivag retrofit projects(Duahet

al., 2014) Delivering a sustainable retrofitted building projestmains a challenge
in the industry da toalack of managing knowledgét has been argued that there is
a possibility for substantial carbon emission reduction through appropriate
approaches to sustaible retrofit however, achieving it presents a multifaceted and
challengingproblem to the industry due to lack of knowledge managenment
delivering sustainable retrofit proje¢Staffordetal., 2012, McManugtal., 2013)



Lack of knowledge management has been stated to daysetakeholders to
reinventof the wheelland makedecision mistakes in the uptake and delivery of
sustainable retrofit projects (Wapgal, 2009 Madukaet al, 2015b).

1.3 Justification for the research

Existing buildings are responsible for half of the total GHG in thewdiich hasan
adverseimpact on global, environmental, human health and economyis It
recognisedthat 80% of the energy consumed throughout a builflihfe cycle
occurs when it is occupied and in use and where the service life of the building ranges
from 3040 yeargMenassa and Baer, 201Zhus it necessitated the effgrof many
governments and international organisations in the last ddogolét significant
efforts toward energy efficiency improvement in existing buildiiMa et al., 2012)
In 201Q the UK government madesgnificantcontribution to upgrachg the energy
efficiency ofaround7 million homes by 202®ith theaim of reducing GHG by 29%
(DECC, 2011c)however, that target is yet b@accomplishedThakoreet al. (2013)
posited that sustainable transformation to enef@gient bulding remains very
challenging.Thakoreet al.(2013)further statedhatimplementing energefficient

housing strategies remains a global challepgéicularly in Europe.

Thesefactscompelthe industry to deliver buildings thateenergy efficient during
their life cycle through sustainable retrofitting of the existingdings by employing
sustainability principlestUNEP, 2009) It has been suggestethat significant
reduction of GHG emissi@ncan be achievedhrough sustainableretrofitting of
existingbuildings(Menassa and Baer, 201Zhe critical rolghatexisting buildings

play in achieving energy reduction or GHG throwsgistainableetrofits can be part

of a complete plan for sustainable corporate developfiemang and Ng, 2013)
According toKubba (2010) sustainableetrofits should be designed for optimal
energy efficiency and constructed with a preference for natural, redaiend
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 providediinite
building performance necessitiesile at the same time minimising the disturbance

to local, regional and global ecosysteitnsth during and after their construction and



service life. Sustainable retrofitted buildingstendthe lifespan of a buildingvhile

at the same timenproving the building performance and preventing the early onset
of obsolescencéMenassa, 2011a, Gorse et al., 20I3)e need for sustainable
retrofitted buildings isdue to underperforming buildings impaoy on energy
commodities, hawng direct financial implications on the occupant aswhtribuing

to increases iIGHG emissiors (Gorseet al, 2013) Retrofitting of exsting buildings
offers significant opportunities for reducing global energy consumption and GHG
emissions. Delivering retrofit projects considered as one primary approach to
achieving sustainabilitynithe built environmenMa et al., 2012)

However, despite the benefits mfistainable retrofitted buildisgthere has beea

lack of interesfrom key stakeholders in embarkir@n sustainable retrofit projesct
betweerthe keystakeholder¢§Menassa, 2011a, Ma et al., 201Phis is primarily
dueto lack of adoption of knowledgeanagement by theeystakeholders as regards

to making informed and appropriate decisions and choices in the uptake andydeliver
of sustainable retrofitted building projecBuahet al, 2014, Madukat 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 oflessons learnefproject feedback, and the shortage of stlille
workers in the first placé&azi, 2005, Taret al,, 2010a) Although the industry has
been described byhelbourret al. (2006)as knowledgalriven, the management of
project knowledge has nbeen fully adoptedandits absence hasontributed to a

lack of appropriate decisiemaking (Pietrosemoli and Monroy, 2013y its key
stakeholders. ThuBuahet al (2014)have highlighted # need for the management

of project knowledge to underpian appropriate and informed decision support
framework (DSF). In turn, DSE would enable the key stakeholders to make an
informed angroperdecision hence solving the key knowledge issues in stakeholder

engagement with sustainable retrofitted building projects.

The need to employ knowledge management gfiegen the uptake and delivery of
sustainable retrofit projects has been suggested and docunfklatddkaet al,
2015a, 2015b, 2015c, 2015d, 2019dnnaging project knowledge is necessary
order toenhancehe decisionmakingabilities of the key stakeholders in the uptake
and delivery of sustainable retrofitted buildipgjects(Duahet al, 2014, Madukaet

al., 2015a) Adopting knowledge management in sustainableofietprojects will



assist in breaking some of the barriers to the uptake and delivery of retrofit projects.
Such barriers include: lack of awaren@d&FUS, 2015 ;)misconception ofetrofit
cost(Nelmset al, 2005) information overloadMalhotra, 2000, Robinsoat al.,

2006) complications involved in retrofit constructio@SCE, 1999) lack of
informed decisiormaking Madukaet al.,2015a); lack of client demar{@itt et al.,
2009)and insufficient expertisAzizi et al, 2011) poor quality desigwinston,

2010) lack of proven alternative technologi@itt et al, 2007)and unsatisfactory
building performancéAzizi et al, 2011) Overcaning these barriers necessitite

need to develop a decision support framework with knowledge management
procedures and priides toimprovethedecision capabilitiesf key stakeholderis

the uptake and delivery of sustainable retrofit projé8yalet 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 governfnent
interest in achievin§0% carbon emission reduction by 2{B@psalaki et al., 2012
Stafford et al., 2012)The focus orsustainableetrofitted building projects is also

due tothe fact thatin estimated 70% @010buildingsstocks in the UK will still be
standing andh use by 205@s earlier mentione@apsalakiet al, 2012, Stafforabt

al., 2012) This demonstrates thendoubed need for susinable 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 creaelistic approach to
enable them tadoptKM not just for retrofit projects, but also in all construction
projects. Thus the research focuses dkey knowledge issues and stakehold®rs
decisionmaking challenges thatlimit the embarking upon and delivery of
sustainableretrofitted buildingprojects.In relation tothat, the research explores
knowledge management procedures andcomprehensive examination of the
existing decisiormaking tools used in the construction industifie research
employed knowledge management principles ammoceduresin developing a
sustainable retrofitteduilding decision support framework (SRBDSféey key
stakeholders (clients, civil/construction engineers, architects/designers; project
managers; quantity surveyors; NGOs; goweent; material manufacturers and

suppliers) in the industry.



1.5 Research questions
RQ1:Who are théey stakeholders in sustainable retrofitted building projects?

RQ2:How do the stakeholders rate the camdtion in improving sustainabj@inciples

and pectices in deliveringustainableonstructior?

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

decision support framewofkr the deliveryof sustainable retrofit projes?

RQ4:What are the social, economic and envinemtal benefits austainableetrofitted

buildings?

RQ5:What are the environmental assessment mettiwtkey stakeholdersonsider

whendelivering sustainable retrofitted building projects?

RQ6:What are the sustainable retrofit materials used ivelatig sustainable retrofit

projects?

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

industry?
RQ& Whatis the role of knowledge in delivering sustainable retfiject®
RQ9:How can project knowledge be capturedgustinableretrofit projects?

RQ10:How can managing project knowledge enhance decisiaking in delivering

sustainable retrofit projects?

RQ11:How can stakeholders avoid information overloadelationto sustainable

construction?

RQ12:What criteria a& 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, theo&imhich is

underpinned byineobjectives

1.7 Research objectives

1. To examine through literature review the current practicéseiuptake and

deliveryof sustainableetrofitted building projects.



. To determinghroughliterature revienknowledge management principleasd
processes
. Toestablisithrougha surveythe barries and enabling factors to the uptake and

delivery of sustainable retrofitted building projects.

. To ascertain options that make decisinaking easyr difficult whendelivering
sustainable retrofitted building projects.

. To eshblishasustainableetrofit process order @pplication througla surveyin

order toassist in developing sustainable retrofit building process (SRBP).

. To ascertain through sessiructured interviews the critical enablers and barriers to

the uptake ashdeliveryof sustainable retrofitted building projects.

. To determine and report the extent to whiely stakeholders capture knowledge

during and after retrofitted building projects.

. To developa sustainableetrofitted building decision support framework

(SRBDSH with knowledge management principles and procedures.

. Totest andvalidatea sustainableetrofitted building decision support framework

The ensuing section summaas how the research objectives were delivered.

1.8 Research method summary

This research involves a mixadethod approacin order todeliver the aim and
objectives of thaesearch The mixedmethod approach ia combination ofboth
guantitative and qualitative research approabébethe collectionof data Themost
appropriate redtianalysis strategiesere identifiedand employedo analy® the
research findings. Figure 1Highlightsthe research desigitow and output that
consists of six stageBigure 1.1 depicts briefly hotheresearch an and objectives

were delivered



Figurel. 1 Research design flow and output
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Thefirst stageis a literature review investigation of current practices and previous
research in the areas dfe global construction industry and UK canstion;
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; decisiemaking and decision support tool$hese
investigations setsolid theoretical underpinningthat detemine the research
guestions andesearchmethodologyof the current research.

Stage 2involved conductingan industrial surveyusing aquestionnairefor data
gathering. The industry survey explored and determinedelyestakeholders in
retrofit projects; benefits of sustainable retrofits; emwinental assessment methods;
barriers and enablers of retrofit projects; knowledge management issues in retrofit
projects;andfactors that contribute tasyor difficult decisionmaking in delivering
retrofit projects. The researcher employed StatisBeakage for the Social Sciences
(SPSS) to analyse the data. The statistical infereangdoyedin the analysis

include descriptivereliability test factor analysis and Pearson correlation.

Stage 3nvestigats anddeterming the critical barries and aabling factors in the
uptake and delivery of sustainable retrofit projeSiscondly, itestablishethe risk
factors in delivering sustainable retrofit projects. Thirddy, this stagesome
knowledge management questions remaydhe delivery of sustaable retrofit
projectsareansweredSome of th@answeredquestions in the chapter include what
knowledge and knowledge management means to stakeholders; the role of
knowledge the relevance dtnowledge access t&knowledge knowledge capture

and the ra¢ of knowledgein enhancing decisiemaking. These were achieved
through mitiple casestudies using thesemistructured interview NVivo and

gualitative content analyswere employedh analysing the findings.

Stage 4this stageinvolved the developmenbdf sustainableretrofitted building
process (SRBP)This was developedvith the output of Stages 1, 2 and 3. The
developmentinvolved establishing the principles, standards and parameters of
sustainability tdoe adoptedh delivering sustainable retrofitbuilding projects.

11



Stage 5comprisesthe development of a decision support framework for the
sustainable retrofitted building proje@hiswas achieved using the outmitStages
1,2,3,4and 5. Itis pertinent to note that the framework developradmtawledge
management based. Thtise researcher employed holistic knowledge management

principles and procedures in developing the framework.

Stage 6nvolvesthevalidation of the framework by the industry experts flatook
in the data collection.Validation was neededto determine the relevancand
applicability of the frameworkin the delivery of sustainable retrofitted building
projects. In addition the validation established the limits and benefits of the
framework The feedback obtained fromethalidationwill be useful fora future
research studylrheframeworkcontributedo the recommendations and conclusions

of this research.

Further details on the research desigeseenin Chapter 5 of this thesig
addition the analysis of the regseh findingsis seenin 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.

Figurel. 2 Thesis structure framework
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Chapter One: consists of the introduction of the research establishing the theoretical
research underpinnings; rationadé the research research aim, objectives and

guestions; research scope and research flow and output.

Chapter Two: in this chapter a criticd literature review of the global and UK
construction industryis undertaken It also consists of an investigation of the
literature in regardto construction and sustainability. Thevestigationof the
literature covers climate change arthie constructio industry; environmental
impacts ofconstructionenvironmental assessment methods; sustainable retrofitting;
sustainable principles and practicesyironmental, economand social benefits of
sustainable retrofitted buildingand barriers and enablets embarkingon and

deliveringsustainable retrofitted building projects.

Chapter Three: this chapter involves the investigation of the literatareegardto
knowledge and knowledge management in the construction indwkioh includes
amongst otherknowledge management procedures and princgieshe need for

knowledge management in delivering sustainable retrofitted building projects.

Chapter Four: this chapter presentthe review of the literature as regards
stakeholder managementtireconstuction industry. Theeviewcoversstakeholder
management ithe construction industrywho the stakeholdes are identification of
stakeholdes in construction projects; the essence of stakeholders in construction
projects; roles of construction stakehmisl and the key stakeholders in sustainable

retrofitted building projects.

Chapter Five: this chapterpresend the research methodolog¥ollowing the
investigation of literature in Chapters 2, 3 andldis chapterprovides an outline of

the research metkology adopted for undertaking this reseafthe review of
research methodologies covered the adoptiopeskearch onioffas a guiding step

in the methodology The chapter discussed the philosophical underpinnings and
standings of the research which sms of the ontological and epistemological
standings of theesearchThis dapter alsa@onsistf the literature investigation of
research approaches; strategies; and techniques. In this chapitarales for
choosing mixeemethod asresearch appaech; survey and case studies as research
strategies;and research techniquesre 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 ifigd; analysis;
presentations and discussion. SR&S employedor statisticalresult analysis. The
statistical analysis presented in this chapteludes descriptiveanalysis reliability

test; factor analysis and Pearson correlations.

Chapter Seven this chapter comprises of the case studies firglimpalysis;
presentations and discussions. It employed NVivo and qualitative content analysis in
analysing the multiple casudy results. The rationale for the use of NVivo and

gualitativecontent analysi canbe foundin this chapter.

Chapter Eight: this chaptecomprises othedevelopment of sustainable retrofitted
building process (SRBP). Cham@r 3, 4, 6 and 7 contributéo SRBP development.
Also in this chapter,the researcher developedsastainale retrofitted building
decision support frameworlSRBDSF). Chapters, 3, 4, 6 and 7 contributéo
SRBDSF development he validation of the framework throughraixedmethod

approachs presentedh this chapter.

Chapter Nine: this chapter consistf adiscussiorof the research and its outcasne
recommendations and conclusiorisclusively, contributions to knowledge and
originality, research limitations and the possibilities of further researehalso

presentedhn this chapter.
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CHAPTER 2: THE CONSTRUCTION INDUSTRY AND SUSTAINABILITY
2.1 Introduction

The construction industry is vital worldwigend particularly in the Uted Kingdom,

in its significant contribution t&DP and job creation. The output of the construction
industry, be it pubit buildings, commercial buildings, homes infrastructure is felt
everywhere in society. The construction industiagkes an outstandira@ntribution

to the competitiveness and prosperity of any economy. Firms throutjieqglobal
economy are dependeott the performance of built infrastructuseich as roads, rail,
power stationsand telecoms networks to remain competitive, and investors will
consider the quality of thbuilt infrastructureas one of thé&ey considerations in
selectinga location However, the impacts of construction in society are well
documentedRICS, 2005a; Pitet al, 2009; Hultgren, 2011; USGBC, 201@&nd
these negative impacts have contributed to the climate change challenge through the

emission of greenhouse gaito the atmosphere.

Shen and Tam (200&tate that construction is ndiy nature environmentally
friendly. The industryby its size is oneof the largest users of energy, material
resourceswater andis signficant polluter of the environmentThe extent of its
impact isstill being debatetdecause information and data about the environmental
impacts of the construction industry are still not being collected and analysed
systematically(Horvath, 2004) The impactsof construction activities contribute
mostly to climate changé&limate changealso referredo asglobal warming has
necessitated a universal need foisolution hence, the birth of sustainability
Sustainability which was coinednto sustainable developmeritas three aspects

include environmental, economand social.

However, the constructiomdustry must not only comply with the ewgrowing

number of environmental rules and regulatidmst mustalso apply principles of
sustainable construction in each construction project and gets/itadeenglobally

advocatedo deliver the benefitsfasustainableonstruction particularly sustainable

retrofitted building projectsModern efficient construction is &ey driver of
productivity, and the construction industry hamajorrole in deliveringconstruction

projects in an innovative and eney HITLFLHQW ZD\ 7KH LQGXVWU\TV

depends on the efficiency and natofehe built environment. &y stakeholders in
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sustainable retrofitted building projects need to proactively promote the aspects of
sustainable development and integititato sustainable retrofit projecis order to
deliver the benefits ofsustainableonstructionessential for sustainable living and
future generation. It is relevant to understand thelivering sustainable retrofit
projects is essential primarilyrithe United Kingdomwhere itis estimatedas
aforementionedhat more than 75% aéquiredbuildingshavebeen built(Existing
Home Alliance, 2010; English Heritage, 2012owever, barriers to delivering
sustainable retrofitted building projects exmtmarily due tothe lack of project
knowledgemanagemenin delivering sustainale retrofit projectdMadukaet al,
2015a) Hence there is aneed for the industry to apply knowledge management
principles and approachashen making informed decisions imetrofit project
delivery.

This chaper reviewshe characteristicef global andthe UK construction industry.
It also discusses the climate chaiggeie, impacts of constructiathe emergence of
sustainable development atige construction industrysustainableconstruction
sustainable retrofitsustaimble construction practicethe benefits of sustainable
retrditted buildings, and barriers to embarking on aledivering retrofit projects.
This review is by no means exhaustive but demonsttiagenature of the industry

and associated challergnd ®lutions todeliveringretrofit projects
2.2 Global construction

Constructionand the ability to buildis one of the most ancient of human skills. In
prehistoric timesit was one of the talents ascribed Homasapiens aside other
species. Humanstrugded to survive and sought shelter from the elements and
hostile environment that surrounded them by building protective strugtdadgsin

et al, 2010) Howeverthe constructin industryfrom a global perspectiybas been
arguedasone of the oldest internationalised economic sectangch can be traced
back to more than 100 years ggow and Jiang, @04). A similar review byNgowi

et al (2005) points out that in traditional societies, construction relied on the
environmental resources of laathd was aractivity in which all members of the
community participated to create shelteshich reflected a precise and detailed
knowledge of local climatic conditions and a reasonable understanding of the

performance characteristics of the construction materialkabiea
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Colean and Newcomb (1952)ange and Mills (1979andBernold and AbouRizk
(2010)assessment of the construction referred to it as an aggregation of businesses
engaged in closely related activitidlam and Tatum (198%ggest that, historically,
constructionapplies to allactivitiesassociated with the erection and repair of fixed
structures and facilities. Similarlells (1985)escribegonstructioras an activity

involving the creation of physical infrastructure, superstructure and relateides

However, Halpin et al (2010) state that there are three sectors of construction:
buildings, infrastructure and industrial. Building construction is dividether into
residential and noenesidential (commercial/institutionalidapin et al. (2010) also
state thainfrastructures often called heavy civil or heavy engineering that includes
large public works, dams, bridges, highways, railwayster or wastewateand
utility distribution. Industrial constructionomprisesefineries process kbemicas,
power generatiommills and manufacturing plan{€hitkara, 1998)In a review of
statistics orconstructionin the United Khgdom ponstructiorfiwas interpreted to
mean the resources directly usedanstructionthe products of construction activity,
financial and operational aspects of the building materials and construction industries
(Ofori, 1991) Considering the participants in the construction procafsj (1991)
portrayed the industry as a series of relataat discrete activities, persons or

organisations as shown in Figure 2.1

Figure 21 Construction industryOfori, 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 demographtbat point towaré¢ an increasing level of
construction outpuduringthe next decad€ISION (2016)global construction will
experience one of the most sign#it market growths compared to other industries
in the next decad&merging markets and the US rebound will drive this growth
similarrevelation CIC (2017)argued that construction is likely to be one of the most
dynamic industrial sectors in theext fifteen years and is utterly crucial to the
evolution of prosperous societies around the woflle constructiorindustry is
capable of creating vast numbers of new jobs and significant wealth for some
countries across the globe. Accordingteight (2013onstruction output accounts

for 10% of Global GDPwhich is estimated to be US$18llion; hence, global
constructionsareestimatecat US$ 7.5 trillion. In a similar disclosurélook (2017)
asser$that the construatin sector is aital part of theglobaleconomy and currently
accounts for more than %dof global GDP. Howevera reportpredicts that it will
account for 13.2% of world GDP by 202BwC-Global, 2011)while 13.5%was
predictedby 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 regayefrom economic
instability and emerging countriewhich is expected to continue to industrialise
(GCPOE, 2017)In its publicationlECONOMICS (2017Yeported that the US is in

the first position as theountry with the highest GDP in constructiom second
position is NorthKorea,and thirdis China. In the sampublication,Paraguay was
ratedas thecountrywith thelowest GDP from constructigfollowed by Kenyathe

third position belongs to dpan.While global construction and Oxford Economics
predicts that in 2025 China will lead terms ofGDP, the US will be in the second
position; IndiaJapanindonesia and Russia will be in tH& 3" 5" and & 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 2@24C-Global,
2017) Meanwhile GCPOE (2013gstimated thain 2025 the global output would

be approximately $185rillion, although this may not be realisable duethe

dwindling crude oil marketThe value of constraion 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%haf glutputand

this isexpected toheriseto 52.8% by 202{PwC-Global, 2017)A study conducted

by market research firms Global Construction Perspectives and (&fortbmics
forecastthat US$97.7 trillimm will be spent on construction globally during the next
decade and the sector will expand byb @ average every year, outpacing global
GDP growth (PwGGlobal, 2011) GCPOE (2017)predicts that globally,
construction Wl grow more rapidly than the overall economy, with developed
markets expected to rebound from their depressed levels. Explaining further, they
stated thatnany countriesvould 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 rsuing 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
constructionwill grow by 67% from $7.2 trillion to $12 trillion by020 (PwG
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 2F20C-Global, 2011)

In another publicationthe CIC (2017)predicts that Asi@acific will continue to
account for the substantial share loé tglobal construction industry, given that it
includes the vast markets of China, Japan adid [The publication further asserted
that the worldwide construction output would stand at about $10.1 trillion in 2021
with the Asia Pacifiat $4.8trillion (33%), Western Europat $2.1 trillion (2.4%)
North America accounting for $1.6trillion (1.9%)atin Americaat $646 billion
(2.1%) andhe Middle East and Africat $502billion. Although the predictions are
slightly different in figures, the similaritgepoint to the apparent growth expeadted
theglobalindustry from 2017 to 2020/21.

PwGCGlobal (2011)and PwC-Global (2013)predictions statehat Canada and
Australia would also lead construction growth in developed countries, boosted

particular by demand for natural resources and favourable demographics.
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The publication drther 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 prospectshd publication further stated that Chitradia,
United Statesindonesia CanadaRussia and Australizvould account for 65% of

the growth in global construction to 20Zlherehas been a contrary prediction on
Australiain that theexpected constructionoom isoverpredicted mainlydue to
slow investment irthe mining industry hence it will impact on construction by
slowing 4.3% as at 2012 to 1.3% by 2qZECPOE, 2Q3).

Globatinsight (2017)stated that Asia accounts for 46% of the global market
Western Europe 23%lorth America 18%South America 5%the Middle East and
Africa account for 4% and Eastern Epeo4%. The pace of expansion in the global
construction industry stabilised in 2016, standing at 2.4%, but there will be an
improvemenbverthe next five years, withn average growth &.8%. The pickup

will reflect trends in the broader econonalyringthe period201722021, the world
economy is set to expand bBymost3% per year on averag€ISION, 2016)

PwGC-Global (2011)andGCPOE (2013in its publication emphasised that China and
India would drive growth in emerging markets as rising populations, rapid
urbanisationand strong economic growth aeey drivers for construction. Ci) 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
-DSDQ WR EHFRPH WKH ZRUOGYTV WKLUG ODUJHVW FRC
experience a sharp cyclical rebound in construction with gkam doubledigit
growth in both residential and neasidential building sectors. However, seven
countrieswhich are Chinathe US, India, IndonesiaCanadaAustralig and Russia

will contribute to the two-thirds of the growth in global construction to 2020
(GCPOE, 2013Hook, 2017)

Considering the expected global growttie construction industnyeedgo work out
how to deploy skills and develop the best coalgito benefit the industry from the
exciting growth opportunities that exist abding predictedHook, 2017) Figure

2.2 highlights anoreglobal outlook of construction in developed countries.
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Figure 22 Construction atput rate in developed countries (GCPOE, 2013)

Figure 2.2xplains the construction outpaftdeveloped natiorand thegrowthrate
experiencedetweer2005and2020. It also highlights the downward trend of global
construction during the 2008 recessibattpoorly affectethe constructionindustry
worldwide. It also deduces that North America will experience more growth from
2015 to 2020, followed by developed countries in Asta Pacific and Western
Europe. However, Figure 2.3 highlights constructiatpat in emerging nations and

percentage growth.

Figure 2.3 Construction output rate in emerging count(@S€POE, 2013)
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Figure 2.3 indiates the construction output in the emerging countries, which
includes BrazilRussiaTurkey and India. In comparison to the developed countries,
the 20082009 global recession did not hasachan adverse effect. However,
Eastern Europe had poor grovatiringthe recession period. Meanwhile, emerging
nations in theAsian Pacific are leading inthe construction output and growth
betweer2010and2020.From 2015 to 2020theMiddle East and North Americare
leading after emergingAsian Pacific countriesSub-Saharan Africa and Eastern

Europefollow, respectivelyfor theyearson view.
2.2.3 Global construction market trend and predictions up to 2030

PwGC-Global (2017)describes the medium and garterm 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 2030P@E (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 outpctrded in 2017.
However, the report sta¢hat there is expected growth in constructio China
regardinghealthcare, educatipand social infrastructurencludingtheretail market.

In India, the publication affirmed that the construction market in India would grow
almost twice as fast as China in 2030. The growthbeilfacilitatecoy ,QGLD YV XUEDQ
population which is expected to grow by a@stimated extrd65 million by 2030,

with an increase in population in Deliedictedto be 10.4 million indicating that

itis the Z R U O G 1 MaNéstcRy@hGs drivingglobalgrowth in emerimng markets
(GCPOE, 2013PwGC-Global, 2017)

In the US construction growth will incline towards treeuthern states, therefore,
UHIOHFWLQJ WKH UHJR pofevtidihhé highwyv pdp@aiidd groity F K
(Globatinsight, 2017) In Europe, théJK is expected to have a significantrease

until 2025, hence overtaking Germany to become the largest in Europe and the
ZRUOGTV V lcongtkucmb arkeVby 203GCPOE, 2017)It is pertinent to

note that while Chinahe 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 owe Japan by 203Gowever Latin America

andMexico areexpected to surpass Bra@@CPOE, 2Q7).
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According toGCPOE (2017jorecast, the volume of construction outputl \yiow

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

India, leading the way and accounting for 5¥bich is about $8 trillion of all global

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

next 15 years despiteits 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 st ofChina. ( XURSH ZLOO QRW UHJDLQ LW
but renstats WKDW WKH 8. ZLOO EH FRQWLQHQWDO (XURS!
RYHUWDNLQJ *HUPDQ\ WR EHFRPH WKH ZRUOGYV VL[WI
(CIC, 2017) &KLQDYV VKDUH RI WKH ZRUOG FRQVWUXFWI
marginally as growth slowsitWKH ZRUOGYV ODUJHVW FRRR®WUXFWL
is expectedslow growth in China construction due to a slump in housing and the first

ever decline in housing outprdcorded byChina in 2016. The construction market

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

global growth in emerging markef&lobalinsight, 2017 CIC, 2017 PwC-Global,

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

years expanding by an average®é per annum.
2.2.4 Potential risks in the expected globaonstruction 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 econotithies wi
respond to the shift towards monetary policy normalisation, particularly in view of
the likely pickup in inflation as commodity prices bounce bgEkSION, 2016
Globatinsight, 2017) Nevertheless, despite structural weaknesses and price
pressures, the sector has become slightly less {i8k¢-Global, 2011) However,
despite this current positive global trend, thdustryis still one of theriskiest
industrieswith several countries facing a negative outl¢Gtobatinsight, 2017

CIC, 2017 EHER, 2017) There is a possible risk for construction growth in key
emerging mar&tsincludingBrazil, Russia, Turkey and Indiavhichcould all suffer

from significant shorterm reductions in construction growth, with some of these

countries potentially halving grow{lcCPOE, 2013)
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approximately 80% of the total volume, has bearried outby smaltscale local

builders who construct single houses or maintain roads ovdramas, using very

traditional materials and methods. Therefaonés implies that only 20% of the total
YROXPH RI WKH ZRUOGTV FRQVWUXFWLRQ LV FRQVLG
foreign construction firmgNRC, 1988 Han and Diekmann, 20QHanet al., 2010)

hence, this may impact on growth. In a similar publicatPwGC-Global (2011)
predictedthatlarge public deficits would constrain construction in most developed

countries austerity programmeslow population growthand limited economic
expansionexcept thadJS due toits growing populationEHER (2017)argues that

since the construction sector remains mainly composed of small firms with very high
advantage ratigshighlighted strengths and weaknesses could impact on global
growth.

Strengths

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

Stimulating impact of new environmental standards in mature markets

Global population growth and amcreasean urbanisation rateand

Well-established major players

Weaknesses

Many small companies with fragile financial structures highly exposed to market
fluctuation

Longer payment delays compared to the overall economy

Infrastructure investments postponed in emerging counares

Dependency on national and household borrowing capacity linked to interest rate

trends
2.3 The United Kingdom¢ &bnstruction industry

The UK ®onstruction industry is distinct; it is a large and highly diverse sector of
industry activities. It has built ®at Britain, and its monuments are evident. Its
operationsare concerned with the planningegulation design manufacture

construction and maintenance of buildings and other structyig¢arvey 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 Tunmiich is an international jot venture, estimated

to cost over £10b(Banister and fiurstainGoodwin, 2010)While the principles of
execution are similar, the scale, complexity and intricacy vary enormoLisy.
industry is viewed as having a narrow and broad definttggarding itssize and
structure(Pearce, 2003)Figure 2.4 explains shows the narrow definition focuses
attention on the actual esite construction activities of contractpnghilst the broad
definition, which actually covers the true extent of the construction industry, draws
in the quarrying of construction raw materjdteemanufacture of building materials

the sale of construction producasd the services provided by the various associated
professonals(Pearce, 2003)

Figure 24 The composition of the construction industry (Adapted from Pearce, 2003)

According to Ashworth (2006) the construction industry has characteristieat

separate it from all oth@ndustries These are:
1. The physical nature of the product

2. The producis normally manufacturedn WKH FOLHQWY{V SUHPLVHV L H
site

3. Many of its projects are owtdf designs anthck any prototype model being availgble
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4. The arrangement difie industryjn whichthe design has typically been separate

from construction
5. The organisatiownf the construction processnd
6. The methods used for price determination.

These characteristics mean that the delivery of the built environmentastdraged

with the involvement of numerous participants whose responsibilities are set out in
contracts. There is also limited control over the production environfAshtvorth,
2006) The risk and uncertainty associated witesbmethod of production and
price determination also mean that margins are thin, unceatagheasily eroded,

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

of the turnover of a participant in any yébiarvey and Ashworth, 199Fellowset

al., 2002) Hence, there is inevitably mistrust among the participants because firms
are struggling to avoid making asly andas aresult,relationships are oftevery
confrontational. Notwithstanding these challenges, the UK construction industry is
still very economically significant, and its contribution to the econ@mmexamined

in more detail below
2.3.1 Economicsignificance of the United Kingdom( ¥onstruction industry

The UK Y ¥bnstruction industry is renowned for itdricateand dynamic industrial
environment. It is highly responsive to the economy, especially regarding new
construction, and is often usedakey indicator by economistélelegraph, 2008
Morganet al, 2008) In examining the significance of the construction industry,
variousindicatorscanbe employeds the basis of analys@mong theses output,
employment and skills shortage. As highlighted BBarce (2003)each of these
indicators reveals paof 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 trsaipporting pillars of the UK economy. While
initial thoughts may throw up images of hard hats and builder's behinds, the industry
is farreaching and covers areas such as architecture, civil engineering and
manufacturing Hook, 2017) Due to the high caoéigh-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 theirJiecovery
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will result in a surge of investment. Despite these many ecanftuotuations 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 contribgtos®f
value addedGVA) (ONS, 2015)

2.3.2 The United Kingdomf{ &bnstruction output and gross domestic product

Another seful indicator of the economic significance of construction is the

contribution to the8 . § ¥ross Domestic Product (GDR)onstructioris a highcost

highfrisk| longterm activity; hence, its performance is a good indicator dfi¢tadth
of thewider economy. When the economy falters, constru jtimestmeF‘grinds to

a halt, but when the economy begins to recovercmlmetructiorindustry can quickly
rebound (DesignBuilding, 2017a) DesigrBuilding (2017a) and Trading

Economics (2017affirmed that, in the UK construction output measurascount

for the yearly change in the amount charggddmnstruction companies to customers

for the value of work. The publications explained that thelue 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 areraponent of GDP from the
production approach, contributing approximately 6.4% of GBParce (2003)
estimated this to be abihlo GDPsince2002 for contractors (the narrow definition)

and 10% for the broader definitio@onstruction output in thgK|is more than £110
billion per annum and contributes 7%tbe GDP (CabineOffice, 2011).In 2014,

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

total output(AgencyCentral, 2017)Approximately a quarter of construction output

is public sector anthreequartersprivate sector (Desighuild, 2017).In 2009, the
construction mdustry received total orders of around £18.7 billion from the private
sector and £15.1 billion from the public sect®NS, 2010) While manufacturing

in the UK shrak 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, Th&uardian, 2014)Figure 2.5further explains the output

of the constructionindustry in the UK from 2007 to 2016.
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There are three mainaersof constructionincludingcommercial and socialvhich
contributeto approximately 45% othe construction outpyfollowed by residential
and infrastructurewhich account for 40% and 15%espectively(CabinetOffice,
2011) Neverthelessaround60% of construction output isew builds, while 40%

is|refurbishmenandmaintenancgCabinetOffice, 2011 DesigrBuilding, 2017d)

The ®nstruction output in the UK grew sharply by 3.5% yeayear in August
2017, beating market expectations of%@.a&yain and following an upwardly revised
2.7% increase in previous mont{@NS, 2017h)All work jumped 3.7% (1.9% in
July 2017), driven by an 8.5%ain in all new housing and a rebound of 4.9% in
infrastructure outpufONS, 2017a)Meanwhile, all repair and maintenance went up
at a softer pace (3.3% from 4.2% in JulesigrBuilding, 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 2.08étweerl997and2017, reaching an
all-time high of 24% in March of 2002 and a rectod of -19.20% in January 2010
(TradingEconomics, 2017) Figure 2.5 explains furthethe output of the
constructionndustry in the UKbetweer2007and2016.

Great Britain, Current prices, non-seasonally adjusted, £ million
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£ million All New Work 75313 81391 79689 65881 72800 78102 69681 74922 85240 92257 99266
® £ million Total Private Sector 618686855 63395 46871 48961 54403 50399 54753 63345 69543 77012

= £ million Total Public Sector 1345014536 16294 19010 23839 23699 19282 20167 21895 22714 22255
u £ million Total Public Sector 13458 £ million Total Private Sector 61863£ million All New Work 75313

Figure 25 All new work is brokendown into public and private sectors, 2007 to
2016 (Adapted, ONS, 2017)

From Figure 2.5, one can deduce that theevafiall new work increased to £99,266
million in 2016 the highest level on recorduring the year investigated. The
publication statethat this increase in all new work has occurred notwithstartdeng
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public sector output decreasing in 2016. With histdly 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 sectgrwith growth coming from the housing sectorparticular. The UK
economy is made up of four maareas services, production, constructjcand
agriculture. Construction also influences some ofléfaglingeconomic indicators,
including inflation and gross domestic product (GDP). In the UK econdney, t
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
sumup to 100.1% due to roundingDNS, 2017a)Figure 2.6 explains the GDP
growth of the construction industry in the UK from 2010 to 2016.
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m% GDP m% Construction

Figure 26 GDP and construction output quarterly volume growth rates, 2010 to 2016:
Chained volume measure, seasonally adjusted, United Kingdom (Adapted ONS,
2017)

Fromthe 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
Quarter4 (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 evidergxpansions and contractions in

construction exaggeratemall fluctuations in GDPSince 2013, growth in the

30



construction industry has been broadly positive, with onlyauraater of negative
growth coming in Quarter 3 (July to Sept) 2qCINS, 2015)

2.3.3 The future outlook of construction in the United Kingdom

However,the future outlook of the constrtion industry comes with uncertainties.
in its forecast, theCPA (2017)emphasisethat there is an expected increase in
infrastructural activity and private house buildinigesewill be primary drivers of
growth over the next two yeanshich will help offset a sharp fall in the commercial
and industrial sector$he publication further highlights that growth in infrastructure
would be due taignificantprojects in rail and watemdsewerage such as HS2 and
the Thames Tideway Tunnel, wiémactivity forecast to grow by 7.4% in 2017 and
6.4% in 2018. Growth will be reliant dhedelivery of these projects, and the extent
of the continued delays toajorworks at Hinkley Point C has resulted in it no longer
being included in theConstruction Product AssociatiofCRPA) prediction.The
BarbourAbi (2017) publication state that on all contracts, activities show that
August 2017 witnessed an increasthimconstruction levelwith avalue of contracts
awarded at £5.8 billion, based arthreemonth rolling aveage withthe London

region accounting for 20% (the highest in all tbgiors) of the overalregion

The publication further expla@rthat the estimates reflect a 7.4% increase from July
2017 and a 4.7% increase in the value recorded in August 2016,Heaaumber

of construction projects increased by 19% in July and were higheirthfugust

2016. HoweverONS (2017apndthe FinancialTimes (2017)n a closely watched
business survey revealed th3 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 conéinoto the autumn, with fragile business
confidence contributing to weaker trends for job creation and input b(Fimgncial
Times, 2017) According to ONS (2017a) output in the construction industry
deaeasedy 13% in the second quarter of 2017 due to a decline in new commercial
work. In similar publicationsCPA (2017) theFinancialTimes (2017andSkynews
(2017) stated thathe SXUFKDVLQJ PDQDJHUVY ,QGH[ 30, VKI
decrease in buildingvorks, and this was argued to be the weakest overall UK

construction pdgormance 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 publicafi, itwas revealethat u F O lw¢i@ W V
reluctantto invest in new projects, choosing instead to delay spending decisions, and
in some cases, scaling back planned ventures. HowgkgNews (2017)yevealed

in asurvey conducted by Mark@hartered Institute of Purchasing and Supply
Constructionthe downsgle of the currency plunge, with firms linking higher costs

to rising prices on imported raw materials and the exchangehextee, affecting

construction output.

In a similar study, th&CPOE (2013)ktates that theCPA revealed that imports

largely follow construction output in the UJiKowever, &ports fluctuate. The study

further explais that one otonstructionLQ G XVWU\{V NH\ WD Uiégv¢eWV E\

a 50% reduction in the trade gap between total exports and total imports of
construction products and materials. Hencejasasserted that closing the gap by

50% will require the industry to increase exports by about £3bn over the next 12
years.Nevertheless, it carbe arguedthat reduced government spending and
HFRQRPLF DQG %YUH[LW XQFHUWDLQW\ ZHUH WR EODP|
In the neaiterm future, withoutonsideringhose new orders, the poor performance

of the construction ingstry will likely continue. Hencea recent survey indicates

that the construction industry SOLUWLQJ ZLWK DERNEWSHAO1ITHFHV VL

2.3.4 Employment and labour

The UK construction industry was estimated to have about 194,000 construction
companies in 20Q9rom that figure, about 75,400 employed just onesparand 62

hired over 1,200 peop(®NS, 2010)As noted in a World Bank report on the wealth

of nations, it infers that the output of any country, or in the comwmtietktis study the
construction industry, fundamentally depends on its human respiimeeshe skill,
dexterity, and judgment of its labof(World-Bank, 1997) Although figures vary

from source to source, is estimatedhat between 1.4 to 2.0 million peopee
employedin the UK construction industryPearce (2003%tates that as of 2001,
contractor employment was of the order of 1.7 million, accounting for about 6% of
total UK employmentONS (2009)estimateghat there ar@.6 million construction
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employeeswho represat over 8% of all jobs in the UKfrom highly skilled
professionals through to lower skilled workers. A more recent publicatidDNgy
(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 decad&€heindustryaccounts for approximatelyrillion jobs, 10% of

totalUK |employment{HMG, 2013) this includes both manufacturing aservice$
(DesignBuilding, 2017a)

According toDBIS (2013)the industry is made up as follows: (a) @anting,
2,030,000 jobs, 234,000 businesdes Services 580,000 jobs, 30,000 businesses
and (c)[Product$ 310,000 jobs, 18,000 business€SN (2017)state that lower

skilled workers (trades and operatives) represent approximately 63% of tfie/UK

construction workforce. The publication revealed that the repiasen also varies

by region, with Northern Ireland (75%) and the North East (72%) having the most
substantial proportion of loweskilled workers. Across all regions, lower skilled

workers represent more than 55% of the regional construgbdiforce. 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 seskHP SOR\HG ZRUNHUV LQ WKIKORS2009,QKk X VWU LI
Constructim, 2015) These levelswhich are higlcompared to other industrigsan

be explained by theigh UDWH RI VXEFRQWUDFWLQJ LQ WKH LQG
use subcontractors as a means of surviving the volatility of the construction business
cyclef(Dainty et al., 2001)In addition government policies have made the setting

up of small businesses fiscally attract{&glgell, 2006 HMTRC, 2009) Regarding

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

jobs have varied slightly since 2005, falling by nearly (@gencyCentral, 2017)

Figure 2.7 deduces thiegionalemployment generation in the UK.
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Regional concentration of construction specific employment as a
percentage, in Great Britain 2016
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Figure 2.7 UK regional concentration of construction employm@dapted, 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
Yorkshireand The Humber, which grew by 18.6% compared with Z04&.growth

rate ofScotland increased, rising to about 13,500 in 2016 and coimigl@% of

all construction employment in the Ulkrespective ofhe jobs provided by private
contractors in the UKselfemployment in the construction industry is becoming
increasingly widespreadONS (2017a)highlights the rise in popularity in self
employmenin the economy as a wholkis broadly reflectedn the services sector,
which has risen rapidly since 2008. The publication furthersttzaethe latest report

on selfemployment in the construction sector equates to more than the agriculture

and praluction sectors collectively.

Furthermore, relating Figure 2.7 tloe regionalconcentration of firms, the number

of employees and companies in each regionimraost caseglirectly relatablei.e.

a higher number of firms ia regionresults in a highrenumber of employees. For
example, the South East and London provide the most notable contributions to
construction employment. However, in soareas such as Scotlanthis is not the

case. Scotland contributes 6% of all construction firms in GreagiBrivhile
contributing10% of all construction employmef@NS, 2017h)ONS (2017b}tates
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that the overall rise in companiagas drivenby increases in England, where the
number of construction firms rose to about 20,136 in 201& ihbrease 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
organsations operating in these regioesnainssmallcompared tahe rest of Great
Britain as a whol¢ONS, 2015) The industry remains a vital area for employment,
the economyand social growth; however, skill gaps are threatening to derail the

industry from market recovery and growth.
2.3.5 Skills slortage in the United Kingdom { 8onstruction industry

The UK ¥onstruction industry is one of the country's leading economic drivers.
However, alack of expertise is becoming a challenge for a field that relies on its
workforce more than most industri®ver the last decade, the construction
workforce hasfluctuated but it peaked in 2007 with about 2.3 million people
(Agency Central, 2017) However, since the 2008 recessitmse numberbave
fallen considerably, and nearly 400,000 jobsre lostfollowing the stock market
crash (Agenc¥entral, 2017). Hiowing thecrash construction organisation had the
most challenging timegspecially in employment, leading to a vast number of skill

sets leaving the UK fgobs abroad

The UK is currently experiencing an ageing population, and the construction secto
is set to see more skill sets leave the industry thaany other area of workn
addition there is ahallengen the sector regardindp¢ ageing population. Around

a quarter of the construction workforisenow over the age of 50, while 400,000
empbyees over 5are planning to retirduringthe next decad@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 themost significandrop off being in the under 3QCIBT, 2013) While work
experience isvital in any working environmentgurrent trends suggest that the
construction workforce will begin to decrease as new employees are incapable of

meeting the demand left behind by retiring practitioners. Furtherndgency

Central (2017)statesthat employers and professiorwlnstruction recruitment

agenciemre experiencingat first-hand a lack of qualified candidates. The

publicationnotes thatthetrade recruitment market is always complainatgputthe
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lack of skilled workers.The study conducted by tteederatiorof Master Builders
FMB (2015)investigated th skillsshortage problems. The result of the investigation
shows thabricklayers wergby far, the most difficult to recruit in the third quarter
(Q3) of 2015 carpenters/joinersupervisors and site managers were also hard to
come by while constructioarganisations found scaffolders the easiest to hire (see
Figure 2.8).

Figure 28 Selected skills recruitment difficulty experienced by construction
organisations (FMB, 2015)

In another report by the Recruitment and Employn@onfederation (REC), the
skillsshortage irtheconstruction and engineerinmgdustrywas describeds ‘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 moreah 36,000 new workers a year will be needed to cover
current demandCITB, 2017) The skill gap is very challenging because more than
half of employers are findingdhallengingo fill skilled positions as aforementioned.
While current market conditions dictate any shorsgaghe Royal Institute of
Chartered SurveysrRICS) has predicted that this lack of skills could impact 27,000

construction projects each year until 2@aAgencyCentral, 2017)UK construction
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(2015) statethatthe RICS survey showthat 66% of surveying firms have already
been forced to turn down work dueddack of staff and this could be det grow
over the next five years. A combination of factors learcreditedvith forcing open
the construction skills gabut, put simply, there is dack of expertise to cover the
demandThisis primarily dueto a diminishing interest in the professiagging staff

and a boom in investme@BT (2013)

Furthermore Public Finance (2015)states that 37% of the UK construction
workforce is seHemployed and 23% (equivalent to 182,800 people) of those are set
to retire from the industry in the nextH) years as aforementiondtlis predicted

that 1 million construction workeese needetly 2020to 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 progré3gblicFinance, 2015, Skynews, 201This

has made construction staff the most in demand within recruitment circles according
to the Recruitment and Employment Confederation (R&QgncyCentral, 2017)

and KMPG construction survéiPMG, 2016)

The volatility of the construction industry is evident in the skill gaps currently
trending,andcRQVWUXFWLR Q FR P SaBQadcElvfithe QAURPanei Q FL HV
thus,it can be described astertwined. Figure 2.9 shows the number of new starter
company insolvencies for the highéstsectorsn England and Wales in 2016.
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Figure 29 Total new company insolvencies 2016, highBgindustries in England
and Wales (Adapted ONS, 2017b)
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As exhibited inFigure 2.9, across the top 10 highest industries in 2016, 14,937 new
companies entered insolvency. Of these firms, 2,58/ mew starter construction
firms that enteredinsolvency in the year ending 2016, second only to the
administrative services sectofhe administrative services contributed more to
insolvenciesthan construction. Alarminglyconstructionhad been the higest
contributing sector to new company insolvencies for the five yeating up t@016.
Thiscalls for concern and a conscious effort to address the skill® gaget up with

the predicted construction growth in the years reviewed.

2.4 Climate changeand construction industry

Climate change has brought about pdssfiermanent alterations tine Earth's
geological, biological and ecological system§TNAP, 2011) Of the many
environmental impacts of development, the one with the highest profile is currently
global warming, whiclilemands changes fraimegovernment, industryandsociety
(WHO, 2017a) Concerns about the local and global environment situaie
increasingall over the world. Climate changalso called globalarming is the
consequence d longterm buildup of greenhouse gases (£ @H4, N20, etc,)
which trap energy in the higher layer of the atmospf@reenwoodet al, 2011)

The average temperature of B® U W K { VhagiXdeebBel By about 1.4°F (0.8°C)
over the past 100 yeamspproximatelyl.0°F (0.6°C) of this warmingas occurred
duringthe past three decad@&NAP, 2011) Similarly, Loaiciga (2009) state 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 centusyexpectedThe WHO (2017ayevealed that the most
report from the Intergovernment@bnel on Climate Change (IPCC) concludes that
the average temperature of tarth's surface has risen by 0.6°C since the late 1800s.
It is expected to increase by another $£.8°C by the year 210 a rapid and
profound change. Global temperaturessaeto 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(Houghta et al, 2001) Even if the minimum predicted increase takes place,

it would be larger than any centdigng trend in the last 10,000 years.

Global warming has intensified mamjimatic extremes leading to significant
increase in the frequency and egty of heat wavefGlasby, 2002)These climatic
changes have led to the emergendamfe scale of environmental hazards to human
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existence, such as extreme weatfMPG, 2013) ozone depletionandincreased
danger of wildland fireéTanget al, 2015) loss of biodiversitfSahneyet al, 2010)
stresses to foedroducing systemsirought(Mattson and Haack, 1987@nd floods
(Vigran, 2008) In a similar publicationMPG (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 storrasdmay become more frequent if not checked.

The effects of climate change on human health has been documented, and these
include, Malaria(Greenwoodet al, 2005) Dengue feve(Hopp and Foley, 2001

PMH, 2012 WHO, 2017b) mental health issu¢€hand and Murthy, 200®oherty

and Clayton, 2011and globalnfectious diseased&Epstein, 200;IMcMichael, 2003

Meehl et al, 2007) and vascular diseased.iu et al, 2015) The World Health
Organization (WHO) estimates that 160,000 deasiisce 1950, are directly
attributable to climate chang®/HO, 2017ajs a result of the mentioned sicknesses.
However, Figure 2.10 highlights the relationship between global warming and

humaninducal hazards.

Figure 2.10 Potential relationships between climate change and naturaiusnan
inducedhazardgBosheret al., 2007)
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Nevertheless, greenhouse gaan old issugbecausgeas early as 189&, Swedish
chemiststated that atmospheric carbon diexconcentration was thimary cause
of global temperature fluctuations(Kininmonth, 2003) affirming that
industrialisation is one of the principal reasdior a worldwide increase in
temperaturedue to théburning of evergreater quantities of gigasoling and coal
the cutting of forests and use specific farming methods. In a related wie
Buchanan and Honey (199dfated thathe emission of hese gases is the result of
intensive environmentally harmful human activities such as the burning of fossil
fuels, deforestatigrand land use changds.addition in 1985, researchers claimed
that global warmingvas createdy human activitiegKininmonth, 2003)and the
claimwas confirmedn 1988 at the first Intergovernmental Panel on Climdtar@e
(IPCC). The subsequent report, published in 1990, confirmed that tlaeradverse
greenhouseeffect and human actiyit has causedthe increased atmospheric
concentration of carbon dioxide in the atmosphdfewever, a second IPCC
followed in 1995and a third in 20Q1both articulated growing assurance that
greenhouse gases will cause dangerous future climate ch@zde, 1998
Kininmonth, 2003 Meadows ad Hoffman, 2003) having been widely believed or
confirmedthat human actiwt contributes primarily to global warming. However,
the built environmentparticularly constructionhas been accused obntributinga
hugepercentage to climate change duéi@impact of itsactivities

It has been suggested thahstructionis causing environmental problems ranging
fromtheexcessive consumption of global resouydeg toconstruction and building
operatiors, to the pollution of the surrounding environnteihese have contributed

to global warming(Edwards, 2002 Greenwoodet al, 2011) The construction
industry is a highly active sector all over the wo(ldNEP, 2003) hence, its
immense contribution to global warming. The construction sector delivers
infrastructureandbuildings to societyhrough theconsumption of &argeamount of
unrenewable energy. Consequently, t@asumptiorcausesonsiderablemissiors

of CO» (Huanget al, 2017) Khasreeret al. (2009)revealed that environmentally
harmful ativities differ from one industry to another, buistdiscoveredhat the
highest contributor to GHG emissions is the built environment, accounting for up to
50% of global carbon dioxide emissioffigaynsford, 1999)

40



The building construction industry consumes 40% of the naddeentering the
global economy and produces about&#Wo of theworldwide output of GHG
emissions and the agents of acid ré@EPA, 2000) Furthermore the embodied
environmental impacts generated by the building duringlitsle life-cycle can be
of the same order of magnitude as thasatedluring the utilisation stag€itherlet,
2001) The construction sector is responsible for a high percentage of the
environmental impacts produced lblevelopedcountries(UNEP, 2003) In the
European Union, the cetruction and building sectareresponsible for roughly 40%
of the overall environmental burdef§ NEP, 2003) Homes in the UK (their
construction and occupation) are responsible for the consumption of 4@8é of
primary energy ithe countryDEFRA, 2008) If the other 30% of the building stock
(nonresidential)s consideregdthe mpact of buildings is highdBoermans, 2004)

Notwithstanding the industry has contribdto global warming as aforementioned
construction haalsobeen identified as the sector with thest significanpotential

to reduce consumptioffPCC, 2007, GhaffarianHoseist al, 2013) It is essential

to reduce Green House Gases (GHG) emissions by 50% or more to stabilise global
concentrations by 210Houghtonet al, 2001) The Tyndall Centre has suggested
that a 70% reduction in GOemissions will be required by 2030 to prevent
temperatre rising by more than 1°GBows et al, 2006) Most European
governments have introduced new policy instruments such as the European
Community$ energy performance directive for buildings (EPBD)educe the
negative impacts from the itding sector(Bowie and Jahn, 2002Jhe productivity

of the construction industry has a significant effect on national economic growth.
Gains from higher construction productivity flow through the econ@ng,like all
industries, rely on construction to some extent as part of their business investment
(Mageeet al, 2013) Hence, the industry must apply sustainable principles and
practices in every construction projéctachieve themuchdesiredgreenhouse gas

reductionduringthe next century.
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Figures 2.11 and 2.12 deduce ttebal contribution ofthe constructiomndustry to
global warming.An explanation of the detailed results from the eight regions on
global warmingas shown in Figure 2.11 includes China, the European Union (27
member states, EQ7), Indig the aganisation of emerging countries (OECD)
includes thePacific (including Australia, Japan, and South Korea, OFQ,ther
leading emerging economies (incing Brazil, Indonesia, Mexico, and Turkey,
OME), Russia, the US and thest of the worldRoW) (Huanget al, 2017)

Figure 211 (a) Direct CQemissions of global construacti sector by
countries/regions nfillion tons) in 2009, (b) Indirect Cmissions of global

construction sector by countries/regionslijon tons) in 200QHuanget al, 2017)
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Figure 212 (a) Direct CQ emissions intensity of global construction sector by
countries/regions k{lotongmillions US$) in 2009, (b) Indirect C{emissions
intensity of global construction sector by countries/regidiietongmillions US$)

in 2009(Huanget al, 2017)

Huanget al (2017)explain that the highest G@mission of the global construction
sector has taken place in China. Ab28% direct CQemission, 42% indirect CO
emission and 41%of thetotal CG emissiors of world construction activitieare
from China. EU27 is the second higheshmediateCO, emission contributoat
18%, and the US is the thied 13%. EU27 is alsohe secondhighestindirect CQ
emission contributoat 10%, andndiais the thirdat 8%. Most developed countries
contribute more direct C{emissiors than indirectones As a result, ELR7, India,
OECEP, OME, Russia, US and the RoW contribute to ardlotd, 8%, 7%, 4%,
3%, 6% and 20% respectivelywhich wasaddedo the total carbon emissisof the
global construction sector in 2009. China, India and Russia have higher CO
emission intensity than other regions/countries and average world value, specia
indirect CQ emissiosintensity. Equally, thenagnitudeof the direct CQemissiors,

the indirect CQemissiors, and the total C&emissiors of the construction sector in
EU-27 are thdowest in the world.
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2.5 The oonstruction industry and its environmental impacts

Construction projects around the worlthve significant implications foour
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 worlgthe construction process itsehd the waste removal and disposal
process that follows the completion of the proj&®ith a fast developing global
ecoromy, it is vital that the industry understands how construction projects impact
the environment and ssttandards on how to reduce that impact in the fijtdaenza

and Greenwood, 200€-SUB-Construction, 2017)Appoximatelyhalf 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 evironment to better suit its need®, today our daily lives are carried

out in, and on constructions of one sort or another: we live in houses, we travel on
roads,andwe work and socialise in buildings of all kin¢i®ixon, 2010) Human
civilisation depends ohuildingsand 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 argoalelyf the most
resourcentensive industries. There increasedconcern about the impact of
building activities on human and environmental hedlttesampacts/concernisave

put the industry under the scrutiny of fheblic, regulatorsandthegovernnent more

than ever before and has necessitateththgstryto increasingly recognise the need

for tenabledevelopment through sustainable constructicuwo et al, 2012b) It is

clear that actions are needed to make the built environes®tially construction
activities more sustainabl@ill and Bowen, 1997.&8Barrettet al., 1999 Holmes and
Hudson, 2000Morel et al, 2003 Scheueet al, 2003 Abidin, 2010)

The construction industry and theveronment are linked, and it has found itself at
the centre of concerns about environmental impadbday'sworld, it is accepted
that sustainable development has three foundatiengironmental, socialand
economic.The link between sustainable de@ment and construction becomes
clear becauseonstructionis of high economic significance yet it hashigh

environmental impact.
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Abidin (2010) argues that buildings areenormouscontributors to environmental
deterioration.Buildings are longlived, and cities have even longer lives: their
impactswill stretch into the lives of many generations of our ancestodsnto a

future of unknown resources, pollutioand unstable climatic conditior{®ixon,

2010) Kein et al (1999)andDing (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 significa@versible
impact on the environment across a broad spectrum of its activities durisigeoff
on-site and operationactivities which alter ecological integriffher, 1999Ding,

2008 Gorseet 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 hato change, and construction companies have a leading role to play in
that change. It igherefore prudent to address environmental issues at the outset;
otherwise, our created wealth of the constructed assetbwilsignificantly be
destabilisedFigure2.13 refers to théfe-cycle conceptof all constructioractivities

from the extraction of resources througtproduct manufacture and ysad finaly
disposal or recyatg, i.e. from p WekKatlle tahegravey The following sections focus

primarily onthe environmental impastrelevant to construction activities.
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Figure 213 Life cycle environmental impact of building constructigRranklin-
Associates, 1990)

2.5.1Energy use and its impacts

In the last hundred years, the Edris warmed by about OG(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 diwmtids is produced
whenever fossil fuelare burnt to obtain energy. The construction industry and the
built environment is known to be the primary consumerwérgyin the UK.
According toHultgren (2011)buildings account for over half of global energy use.
TheUSGBC (2011)ktates that energy use in buildings contributes about 40% of all
energy use forecasting that by 2030, emissions émmmercial 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 énergsted

through poor design and wasteful practicesc@ding tothe USGBC (2016)

buildings accountforanady UDJH R Rl WKH ZREdv@adg 2062 HUJ\ X
study statethat 50% of total UK energy consumption is from the built environment

that consists of £ of heat, light andentilaing buildings, whichconsume 5% of
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the total energyn their constructionln the UK, buildings consumapproximately

50% of thetotal energysold in the country and are responsible for about 50% of the

F R X QW barfissiénwhile arguablymore 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 rapidlyncreasingworld energy use, andoncerns have
already been raised about tirge of finite fossil fuel resourcas terms ofsupply
difficulties, exhaustion oénergy resourcesnd substantial environmental impacts
(ozone layer depletion, carbon dioxide emissions, global warnaindclimate
change(Clough, 1994 Spence and Mulligan, 199®fori, 1998, Langforcet al,

1999 Uher, 1999, Perekzombard et al, 2008 Ilha et al, 2009 Hamza and
Greenwood, 2009Building material production consumes energy, the construction
phaseconsumesnergy, and operating a completed building consumes energy for
heating, lighting, poer, 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 sec{@alaraset al, 2005, Poeét al, 2007)

It is essential to state that the UK government has failed to live up to expextation

in championing the course ¢ifie enegy review and cut down to challenge the
broader and more fundamental issue as it relates to sustainable development despite
the fuel povertybill (HoC, 2006, Pittet al., 2009). This has necessitated the UK
government to set a targdtachievingan80% realuction in energy use by 208DT],

2003a) The current low levels ofnergy efficiency in the built environment offer

vast scope for improvement in energy performance, which lmeagccomplished
through the deployment of an array of techniques ranging from plants and insulation
upgrades to the implementation of advanced gneignitoring and contrqlAkadiri

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 resalta significant amount of waste.

Building waste often includes concreteetals glass plastics, wood asphalt and

bricks. These wastese often disposeaf in landfills or incinerators. Not only does

this pollute the land and the air, but the transportation required to remoweasteh

alsohas a significant impact on the environm@dasGBC, 2016) Throughout the
construction cycle, and especially at the end MW UXFW XUHYfV OLIH ODUJ|
wasteare producedThe construction process also generates signifaraotuntsof

waste.

Much of this waste is avoidable on site, but inattention to design detailing
inappropriate materig)dimensionslate variatons and overordering contribute to
waste(Dixon, 2010) It has been affirmed that a substantial volume results from the
production, transportatigrand use of materialthat are generated as a result of
constrution project activitiegKein et al, 1999, Osmanet al, 2008) Hultgren
(2011) states that construction activities consuna@proximatelyone-quarter of
global waste. According t@BIMhow (2013) the construction sector globally
contributego 50% of landill waste.Teo and Loosemore (200ahdMohd-Nasir et

al. (1998)statethat construction activitiesontributeto about 29% of waste in the
USA and more than 28% in MalaysMcDonald and Smithers (1998)portthat 14
million tonnes of wastereput into a landfill in Australia each year, and 44% ad th
waste is attributedto the construction industry. In éhEuropean Union, the
construction industry contributes about 80% of wasteper year(Stigon, 1999
Sterner, 2002)

Furthermore,Burgan and Sansom (2006arried outa studyfor the European
Commission in 1999and disclosed that in the EW5, phFRUHY FRQVWUXFWL
demolition waste amousito goproximatleyl80 million tonnes each yeand that

only is about 28% across the EU as a whole is reused or recycled with the remaining

72% going to landfillFive memberstates (Germany, the UK, France, Italy and Spain)
accounted for around 80% of the total, broadly consistent with the shhesoderall

construction market accounted for by these countries. In thespécifically, the

BRE (2006a}ktudy affirms that construction demolition and refurbishimgenerate

around100 million tonnes of waste each year in the Wcording tothe HMG

(2008) report he percentage increasedhich affirmed that construction and
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demolition process produces the most significant quantity of waste in the UK. The
reportstated that the industry is generating an estimated 120 million tonnestef
covering onehird of all waste produced each year in the UkKa similar study,

BRE (2006) asserts that about half of this waste is recycled from the demolition
sectorand marts of the construction sector. This is why the Government Green
Construction Board (GCB) in iteow carbon construction actiomcluded waste
control and management as one of the means of reducing environmental degradation
at the same timeachieving satainable constructio(HMG, 2013a) Figure 2.14
deduces the contribution of the construction industinglation towaste poduction

compared to othesectors

Figure 214 Constructiorand Demolition Waste in the UBBRE, 2006a)

In a relative viewRICS (2005a}tates that the construction industry produces about
40% of all waste in the UK, includingreenhousegas emissions. These have
necessitated thgovernment to project that landfill capacity will be established and
fully integrated into the sector by 201@TI, 2003b; Pittet al, 2009; Menassa,
2011b) The introduction of the Landfill Tax and Aggregate Lewys helped in
reducing wast¢OECD, 2006) This has compelled the most significant contractors
in the construction industry to establisastemanagement procedures and practices
(Group, 2004Pitt et al, 2009)

Furthermore, the need for the wastéorecyclechasbeen suggested ime with
the obectives of achieving sustainable construction. The negative impacts of
construction waste to the environment remaiosalengeand thishasnecessitated
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WRAP (2011) in their studyto propose a waste management hierarchy to help in
managing constructiowastewith processescluding prevention preparing for re

use recycling other recoveryand disposal. Nevertheless, screening, checking and
handling construction waste for recycling are tioemsuming activities, and the lack

of environmental awaress amongst building professionals may create significant
barriers to the usefulness of recyclifigangston and Ding, 2001pterner (2002)
states that implementing a waste management plan during the planning and design
stages can reduce waste onsite by 15%, and debgesaving 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
substantiaénvironmental impact associated with the eottom 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 farge quantitie®f CO, emissiongdue

to high contents ofembodied energ{(Hultgren, 2011) The industry is one of the
largest exploiters of renewable and frenewable natural resourcé€Spence and
Mulligan, 1995; Curwell, 1998; Uher1999; Abidin, 2010) Various natural
resources namely energy, land, materials and water are used during the typical
construction process (Shenal, 2005). The depletion of natural resources by the
building industry isaconcern and most recyclable maal from building sites ersd

up in landfill sites(Morel et al., 2001) Moreover, several construction equipment
operationsareinvolvedin theconsumptiorof 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 materigls et al, 201Q
Zolfaghariaret al, 2012 Boss, 2017)According to thdJSGBC (2011) 40% of the
ZRUOGTTV U D areRi&euv Blildimy©dnstruction The publication affirmed

that thebuilt environmentsnotony UHVSRQVLEOH IRU D ODUJH SHUFH
water use, budlso a significant amount ofasted water. Is estimatedhat buildings

use 13.6% of all potable water, which is roughly 15 trillion gallons of water per year.

According tothe Worldwatchinstitute (2003) building and construction activities
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worldwide consume 3 billion tores of raw materials each year, or 40% dfato
global use. In a similar studdultgren (2011estimatedhat goproximately3 billion
tonnes of raw materials are usegbrldwide to manufacture building products and
componentsevery year That is about 40%%0% of the total material flow in the
global economy. The construction industry accounts for-sixta of dobal
freshwater consumption, omiarter of global wood consumption, and -ap&rter

of global waste generatighiultgren, 2011)Materials used for construction projects
are derivedrom numerous sources ardppliers hencetheyhave a severe impact
on the avironmenf 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 recyditamy of the
materials used in the consttion of buildingsare produceh a nonsustainable way.
The factories that make tlmeaterialsproduce CQemissions, which is harmful to
the environmentnot to mention the actual production of those materials in their final

form.

According toLevin (1997) in theUSA, constriction uses 30% raw materials, 40%
energy and 25% water. In Europe, the Austrian construction industry has about 50%
of material turnover induced I®pciety as a wholeper year(Rohracher, 20013nd

44% in SwedeliSterner, 2002)The UK conguction industry consumes around 420
million tonnes of materials annually, the highest of any s€&®t, 2003b; Plank,

2008) many of thesematerials have an adverse impact dhe environment
(Sourceable, 20216BRE, 2016) as the industryrelies 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 ses 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 Godfaurdet al, 2005) The
subsequertransfer 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 castruction industry: sand and gravel extraction imply significant
environmental impact from the loss of habitat and ecosystdamage to the

landscapgpotential subsidence problenasd release of methane. Constructias
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a significant effecton the enironment 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 deana&rgyfor transport.

Furthermore, the UK water consumption rate in the last 30 pearsicreased to an
estimated 70%Brownhill and Yates, 2001 onsequently, witlapproximatelyt.1

million houses needg to be built in the UK combined with the increase in
population and a higher standard of liviige water use requirement will increase
drastically which mighthave negative impact @ociety(Edwards, 2002Pitt et al,

2009) It hasbeen arguethatthe constructiorindustry is inaposition to implement
water conservation techniques into refurbishmentrofitting, and new build
projects(Pitt et al, 2009) In a relative viewDTI (2003b)in its report states that
incorporating wateefficient technology, such as low water flush et 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 buildiffdawkenet al, 1999)

Resources %

Energy 4550

Water 50

Materials for building and roadby 60

bulk)

The agriculturaland loss to the 80

building

Timber products for construction 60 (90% of hardwoods)
Coral reef destruction (indirect) 50 (indirect)

Rainforest destruction (indirect) 25 (indirect)

2.5.4 Pollution and biediversity

Pollution can be defined in many ways: as that arising from the built environment
(for example sewage and wasm@llution caused by the manufacturing of materials
and productspollution and hazards from the handling and use of materials or from
the site itselfand other constructiorand operationally related activiti€Bixon,
2010) The study byKukadia et al (2003) acknowledge the British Research

Establishmenf {BRE) definitionof pollution as theintroduction of contaminants
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into the natural environmerdamaging itlt states that in line with the construction
industry, it could take the form of chemical substangh as ajrparticles noise

heat vibration and vaporous discharges.

Pollution has been defined from @nstructionperspective asparticles, noise,
vibration and vaporous dischardge@&ukadia et al, 2003 Pitt et al, 2009)
According toBIMhow (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 thgrocessing 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 dmetgreenfieldor previously developed sites. Each

of these activities poses a risk of introducing pollutants into the atmosphere, which
can affect workers on site, the neighbourhood, orqinity of thelocal ground,

water, and air. Similar impacts cancecur during the operational phase of
development. Such disturbances can also upset the equilibrium between the land,

waterand air and introduce the risk of pollution.

According toHolton et al. (2008) the UK { ¥onstruction is responsible for 40% of
atmospheric emissions, 20% of water efflueatsl 13% of other releases. Dust and
other emissions include some toxic substances such as nitrogen and sxiliiésir o
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)n its reports, thedoC (2006)affirms that global greentuse gas
emissiondaveincreased more than fofwld in the last half of the twentieth century.
Other harmful materials, such as chlorofluorocarbons (CFCs), are used for insulation
air conditioning refrigeration plants and firBghting systems and haveeverely
depleted the ozone layé&Zlough, 1994Langfordet al, 1999) The need to identify

the risks associated with pollution in the environment and the steps taken to minimise
potential pollution haveen emphasisg@GC, 2005) Zolfagharianet al. (2012)
BIMhow (2013) and Sustainablebuild (2017summarise the three significant

pollutions and how thegre generateduring construction activitieshese include:
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2.5.3.1 Air pollution

Construction activities that contribute to air pollution include land cleathn
opemtion of diesel engineslemolition 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 categorisadpasticulatematter less

than 10 microns in diameter (PM10Wwhich cannotusually be seenwithout a
microscopeThere is alsdhe issue of transportatipmaterials thaare not produced
locally are transported often across the country and from overseas. The mode of

shipmenibf thesematerials 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, butalso from people shouting and radios turned up too loud during
construction. Egessive noise is not only annoying and distracting but can lead to
hearing loss, high blood pressure, sleep disturharmak 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 angainht solvents
other harmful chemical&nd construction debris and dirt. When landleared it
causes solil erosion that leads to-s#aring ruroff and £diment pollution. Silt and

soil that runs into natural waterways turn them turbid, which restricts sunlight
filtration and destroys aquatic life. Surface wateroffis also cary other pollutants
from the site, such as diesel and oil, toxic chemicals$ balding materialsuch as
cement. When these substaneeser 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. Oncercmated,
groundwater is much more difficult to treat than surface watdsle 2.2 highlights

the estimate of global pollution generated by buildings.
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Table 22 Estimate of global pollution that cée attributedo 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, frequentlydue to negligence on construction project sites.
Consequently, spillagese washethto underground aquatic systems and reservoirs
(Huberman and Pearimutter, 2008Yhe accumulated amount of adverse
environmental impacisuch asvaste noise dust and hazardous emissions still occur
during the construatn processwhich causes severe damage to humans and
ecosystemgUNEP, 2003 Zolfagharianret al, 2012) With the rise in the number of
constructios of new buildings, the ecosystems/biodiversity impaataistruction

has become an important issue.

Langford et al (1999) argue that around osfthird of the world's land ibeing
degradedand pollutants are digiing 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 #r@vironmentnd the steps taken to
minimise potentiapollution hasbeen suggeste(Pitt et al., 2009) Having known

the negative impacts of pollutipnecessary steps shouldta&enby the industry to
protect biodiversity (ecosystem, genetand cultural) through good design and
landscaping(OGC, 2005) In addition if the construction industry continues to
overuse natural resources without mitigating measures, a lineit@momic growth

will eventually emerge. Hence, the destruction of the environment will undoubtedly

have an adverse effect tre construction industry.
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2.5.5 Planning, landuse and conservation

Thereis a wide range of environmental issues concerned tivéhnteraction of the

land use, planning systerand the construction industry. Almost all development
undertaken by the construction industry requires planning permi&ion, 2010)

Land use policiesrelated R ODQGYYV SHUFHLYHG YDOXH $RU FRQV
in social inequities, particularlyhenit competes with energy biomass production,
commercial food cropsnd other use@JNEP, 2003) Thebiodiversity on particular

sites can be devastated by developments and through mineral extraction for the

construction industr{Dixon, 2010)

UNEP-Earthscan (2002yarns that if the impacts of constructiare not properly
checkedthen consumption ofatural resources through the expansion of the built
environment global populatiowill increase; economic activities and urbanisation
will destroy or disturb natural habitats at about 70%anth ] Mnd surface by 2032.
Constructiorrelated activities hae significant impacts on transport movements.
Considerable pressure che placedon the local road network and neighbouring
useshroughquarrying operationg-his has often ledo requestby governments to
reduce transport energy use dnddemand fotand. Earth movements that usually
take place during constructiam rainy daysypically lead to the deposition of mud

if tyres are not cleanewhen leaving construction sites. Thaarth movement has
several consequengesuch as the unpleasant aspecthe streetincreased car
accidents, and higher maintenance costs for public space and private properties
Some simple measures should be implementeditento avoid these problems
(Teixeira, 2005 Ametepey and Ansah, 2015pther 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 thwilt environment and the natural environment also has

a significant impact on the hydrological systéieixeira, 2005) The combined
effect of urban expansion and agricultural intensification has exceeded the capacity
of the land to absorb exceptional levels of rainBlixon, 201Q Ametepey and
Ansah, 2015)At the same timeaainfall has become more intensive, concentrated
and erratic dea to climate change. Climate charggemptedan increasing rate of
severe floodingaswitnessed in the UK, ltaly, Germany, Cambodia, Vietham and
India since the yea?000(Dixon, 2010)
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The spatial planning systeand design of buildings and landscapds therefore,
contributeto absorbing the new rainfall peaks, and thereby reducing stress on our
engineered drainage and river systemsis lestimatedthat constructionrelated
energy consumption, including badlirect and indirect activities, amount to around
50% of national energy uggumar and Kaushik, 2005Hence, land use planning
can contribute to energy consumption through the configuration and location of
buildings agormal planning procedures largely control the location of developments
initiated by the key stakeholderRegarding 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 scarcapten
option is becoming increasingly not to buildbut to renovate. Renovation and
maintenance account for otf@rd of construction activity in Europe (up to 50% in
some countriesluNEP, 2003)

Ametepey and Ansah (2015)udy, soil alteration was rae# as the eighth most
essential environmental impact of construction activities. They stated that land
occupancy was the mostucial factorin this category. Building activities also
irreversibly transform arable lands into physical assets such as bsijlddads, dams

and other civil engineering projectSpence and Mulligan, 199%angfordet al,

1999 Uher, 1999) According toLangfordet al (1999) approximately7% of the
ZRUOGTV wad hSethe@ri51980 and 1990. Arable land is also lost through
guarrying and mining the rawnaterials 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 tglobal warming and air pollutioUNEP, 2003
Ametepey and\nsah, 2015)A study byTeixeira (2005paffirmed that construction
activities damag vegetation onsite arkdeenvironment because of land uSeecial

care needs to lestablishedo ensure tree preservatj@onsidering the relevance of

trees as natural elements of the urban landscape.

UNEP (2003)eports thamuch 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 irreversitblewever, a wide range of nature
conservationnitiatives and area designations has been developed to protect habitats.

The preservation of trees associatedavith respect for thenvironmentand welt
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being of populations. Hence, diminishing or damaging existing trees may result in
complaints and uavourable public opinions. The specific preventive measure has

to be putin place before falling treeddultiple actions on land use usually lead to
damage trees, and this sometimes leads to damages on the environment such as saoll
compaction substantialincreass in the soil level opening ditches and trenches
removal of superficial soil layefoss or damage to the roots and damaging of the

trunk and leaveéTeixeira, 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 bysdaggetrucks, can
significantly harm public health and the environm@ePA, 2016aEPA, 2016b)

Most construction projectare locatedn a densely populated area. Consequently,
people who live clasto 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 (2006bpserve that omaverage

human beings spend about 90% of their livebuiidings. Thereforethe internal
environment of the buildings we live, work and play have proved to bmdjer
contributor to our quality of life-or example, the fact thabor quality living spae

is responsible for health problems has been recognised by the WHO for some 15
\HDUV LQ ZKDW LW WHUPV uVLFN EXLOGLQJ V\QGUR
worldwide, 30% of offices, hotels, institutions and industrial premises have the
syndromeln the developed world, human beings spend agpnately 90% of their

lives within buildings (Clements, 2000)Hence, theyare exposedo a range of
chemicals arisinfom house furnishing and finishes. Other practices that take place
within the building also affect their physiological and psychological reactions.
Youngeret al. (2008) obserwka similar trend that inadequate heating or cooling,
waste disposal, and vidation systems result in adverse health effectduding
respiratory illnessesasthma infectious diseasesinjuries, and mental health
disorders. Carbon dioxide emissions from buildiags primarily causely the use

of electricity to provide heatingooling, lighting, water, information management,

and entertainment systerfi&rown et al,, 2005 Youngeret al., 2008)

Furthermore, the design and layout of buildings necessitattitve measures to

maintain conditions that ensure the health and generabe®lyof their occupants
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and these show that construction activisemetimes expodaumanity to ill health.

The study byAmetepey and Ansah (201&ifirms that accidents and incident®re

ranked asthe seventhmost significantenvironmental impact of construatio

activities. The study reveals that architects and quantity surveyors agreécethat
outbreals werethe mostsevereenvironmentalmpact of construction activities. On

WKH RWKHU KDQG VWUXFWXUDO HQJLQHHUVY UDQNH
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 duringonstruction

Buildings have a very long lifexpectancyHence, it affed the environment and
public health for a long timén a similar study of accidents in the built environment
conducted byurgan and Sansom (200@vealed that in England, for example, the
construction industry accounted for 31% of all fatal injuries to workers in 2002/2003.
The figure issignificantly higher than other industrial sectors, and workers with the
least time with their current employer (or at least timeaelployed) had the highest
rate of reportable injuryThe breakdown of Europe industries involved in fatal and

nonfatal accidentsare highlightedn Figure 2.15.
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Figure 215 Fatal and nosfatal accidents at work by economic activity, 28, 2014
(% of fatal and notiatal accidents (Eurostat, 2016).

The breakdowrf Figure 2.15 shows that the eatf fatal accidents is very high in
construction The industry came first ifatal accidentsand came third in nofatal
accidents after manufacturing. The need to tackle tihgs&ctson the environment
by the construction industry cannot be oeeerphased having reviewed the
literature on theeffectsof constructioron the environment. Therefore, timelustry
must inevitably change ithistorical methods of operating with little regard for
environmental consequences and sustainability to a new modenihleds
environmentatoncernghe centreof 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 awarenexfenvironmental 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 industwyhile reducing its impact on the
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environmen{Hill and Bowen, 1997.aVlyers, 2004 Ugwu and Haupt, 200 Kuhtz,
2007 Ding, 2008) A paradigm shift is essential for the industry concerning
environmental implications as a small part acgnstructionprocess instead of
implemening the integration of all building projectsithin the broadecontext of
theenvironmentahgenda. Thus, the activitiestbEconstructiorindustry must work

and comply with the needs to protect and sustain the environment.

2.6 Emergerte of sustainablelevelopment and construction
2.6.1 Background

The beginning of industrialisation and economic development in most counsies ha

been accompanidaly growth in fossil fuel consumption witim increasing amount

of coal, oil and natural gaseing burnedy electric power plants, factories, motor

vehicles and household8rundtland, 1987 AlA, 2013a) The resliing carbon

dioxide (CQ) emissions from these developments have turned intartjestsource

of greenhouse gaseshich are gases that trap the infrared radiation fronkdrén

within its atmospherecausng global warming(Royal Society and UNAS, 2014)

Thisis due to thde D U \WWddIfigicalsystemsbeingsocomplex the exact timing and
HIWHQW WR ZKLFK KXPDQ HFRQRPLF DFWLYLWLHV ZLC
unclear, but many scientists believe ttta¢ changes are already observable.

mitigate the effects of global climate changerld leaders rose to the occasion

which characterised the need for sustainable developamehgenerated a lot of

interest inthe last two decadeéBrundtland, 1987AIA, 2013a) However, more

concerted efforts are needed from governments around the world with the political

will to promoWH HQHUJ\ HIILFLHQF\ IXUWKHU DQG VKLIW I1U

fossil fuels to eliminate the impacts of climate change.

The Z R WsGstainabilityfstems fronforest management in the 12th to 16th centuries
(Enhnert, 2009,2012) However, overrecent decades,the concept e been
significantly widened. The terngustainabléwas first used in the contemporary
general senday the Club of Rome in 1972 in itfassiaeport on the limits of growth
written by a group of scientstled by Dennis and Donella Meadows of the
Massachusetts Institute of Technology (E®&hnert, 2009)Describing the desirable
or needed state of global equilibrium, Grober (2007) and Finn (26@%) the word
1V XV W D3ugdinaliektfiout sudden and uncontrolled collapse aunstainable
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that is capable of satisfying theecessarymaterial requirements of marhe

formation of the concepustainable developme(8D) can be traced to 1980 whe

the International Union for the Conversation of Nature (IUCN), an association of

nation states, environmental agencaslnon governmental organisations (NGOs)
including the United Nations Environmental Program (UNE®) World Wildlife

Fund a nonrgovernmental organisation publishdkg pn: RUOG &RQVHUYDWLRQ ¢
under the patronage of UBeneral Secretaryhis declaration was simultaneously
presented in 34 capital cities around the wd@dober, 2007)The title was the

Living Resource Conversation for Sustainable Development. Thesustdinable
developmen(SD) gained popularity with thBrundtlandreport in 1987 titled Our

Common Future.

The repoekDOOD\HG IHDUV DERXW WKH ZRUOGfVf6ftOLPDWH
developmento takecare of the present generation without undermining the need for
futuregenerations to meet theirs. The rembatedthat SD at societal level requires

the simultaneous realisation of an economic, environmental and social
dimenson/concept of sustainabilitiRogeret al. (2008)reiteratethat for a project to

be termed as sustainabt has to incorporate the thre@nceptssSD oratriple bottom

line approach. Due to theport,1992 Earth Summit in Rio de Janewas realised
which further made the word SD a global langu@gidebrand and Paul, 20Q7n
thesummit,the United Nation presentedetthree concepts as strategic concepts for
shaping and saving the future of the plaf@tober, 2007) However, Table 2.3
highlights thecritical objectives of sustainability and its requiremefotsachieving
sustainable developent.

Table 2.3 Critical objectives and necessary conditions for sustainable development
(Adapted fromWCED, 1987b)

Critical Objectives The pursuit of sustainable development

requirements

Stimulating growth An economic system that provides 1
solutions for tensions arising fro

disharmonious development

Changing the quality of gith A political will needed to secure the citize
participation inefficientdecisionmaking
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Meeting essential needs for jobs, foq

energy, water and sanitation

A production system that respects |
obligation to preserve the ecological base

dewelopment

Ensuring a sustainable level of populatig

An that foste

sustainable patterns of trade and finance

international  system

Conserving and enhancing the resource

base

A flexible administrative system that has t

capacity for sekcorrection

Re-orientating technology and managing

risks

A technological system that foste

sustainable patterns of trade and finance

Integration of environment and econom

in decisionmaking

2.6.2 Sustainable development definitions

Sustainable development$ 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 pedoos and improve the environmeg@titical

business decisions atgeing increasingly takemvith environmental and social

concerns alongside economic considerationshavebeen promoted globally as an

essential part of the whole value system in all indestincluding governments.

Sustainability is described as the ability to continue to support or maintaitian

for a prolonged period approaching perpetiiatalis et al, 2011) In business

terms, thigs conventionallyrelatedto economic factors as businesses try to stabilise

inputs and outputs to sustain a profitable enterprise.

Table 2.4 highlights definitions of sustainable development iextiséing literature.

However, considering these definitions this research adopts the definition of WCED

63



(1987) which refes to sustainable development as meeting the needs of today

without compromising the abilitio meet the needs gfiefuture 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 acceptabl
rate of growth in pecapita real
incomes without depletintpe 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 decad

to centuries.

WCED, 1987 Development that meets the needs ¢
the present without compromising th
ability of future generans to meet

their own needs.

Mitchell (1997) A creatively ambitious phrase is an
intuitively attractive but slippery

concept.

Interpretation of sustainable development

Redclift (1997) Statedthat SD is like motherhood, an
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) SDtendsto be an oveused and

misunderstood phrase.

However, this growing awareness of sustainable development in all sectors has been
remarkable,and the construction indtry hastaken centre stagén driving
sustainable development througpiistainableonstruction. Therefore, regand the
adopted definition of SD and the construction industry, it is essential that the
LQGXVWU\ITV SULQFLSOHV DQ @bles gramiwih RheVbuit HIO H F V
environment that will not endanger the future growth of the industry in achieving
holistically sustainable construction, particularly sustainable retrofit. The
construction industrydue to its activitieshashad asignificant po&ive and negative
impact especially on the social, environmental and economic aspects of
sustainability in the UK and the entire glqBetrosemoli and Monroy, 2013 ome

of the positive impacts asentioned aboveéncludea significantcontribution tothe

UK Gross Domestic Product (GDP), job creatiand the productiof different

types of building and facilities to meet human nedtSRIBC, 2002 Winch, 2010
Pietrosemoli and Monroy, 2013)

The negative impacts of constructj@s discussed earlieare well documented for

its contibution to greenhouse gas emissions, which has contributed enormously to
global warming/climate chang&tern, 2006IPCC, 2007 Weight and Rawlinson,
2007 Levin, 2008 Stolarskiet al.,, 2010) For more discussipon the negative
impacts see Section 2.5lowever, sustainable development pillars, which are
environmentgleconomicand social as mentionedrlier, are inevitable in achieving
sustainableonstruction. Hence, the next section discusses how it atiedrsdustry

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 relatestistainable

construction

To achieve sustainable development through construction projectsoribepts or
pillars of sustainable development mus¢ takeninto consideration, andhese
conceptsare environmental protection, social progress, economic prospemity
resources availabilityi.e. environmental, sociahnd economic aspects)jonathan
and Simon (2002)efined sustainable pillars as comprising of economic, social and
environmentalelements. Figure 2.16 highlights the thrspectsof sustainable

development and itslementsn achieving sustainability.

Economic objectivesGrowth
Efficiency

Stability

Constant capital

Social Objectives
Poverty
Full employment
Equity
Security
Resources
Education
Health Environmental
Participation
Cultural
identity'heritage Environmental Objectives
Biodiversity
Resilience
Rational e of renewable natural
resources
Security
Conservation of nonenewable natural

Figure 216 The three concepts of sustainable development

2.6.3.1 Environmental sustainability

An environmentally sustainable system must maintain a stable resource base and
avoid overexploitation of renewable resourdesnake investmerddequatéHarris,

2003) Environmental sustainability also prevents harmful and irreversible effects on
the environment by the efficiense of natural resources, encouraging renewable
resources and also protecting the soil, water and air from contami(icin and

Paquire, 2007Roufechaekt al, 2014) Even thoughhe construction industrias
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little influenceon the extraction of natural resources, they can help discourage this
activity by demading fewer nonrenewablenatural resourcesmore recycled
materials and efficient use of energy and mineral resagitbeough sustainable
construction (Addis and Talbot, 2001)However, some considerations aref
relevancein the review ofenvironmentalsustainability,and theseconcernsare

discusedbelow.

Environmental considerations of sustainability

The minimisation of waste the HMG (2008) in its report established thathe
construction and demolitiomdustry produces théargestquantity of waste in the

UK. The report statethatthe industry generasan estimated 120 million tonnes of
waste accounting foronethird of all waste produced each year in the. A&
previouslynoted this is why the Governent Green Construction Board (GCiB)

its low carbon construction action included waste control and management as means
of reducing environmental degradation and achieving sustainable construction
(HMG, 2013Db) In a relative viewRICS (2005ajstates that it hadbeen estimated
thatthe construction industry produces?4®f all the waste in the UK including
greenhouse gas emissionkhese have necessitated the government to establish
landill capacity, which hasbeen fully integratedhto the secto(DTI, 2006b; Pitt et

al., 2009; Menassa, 2011bhe introduction of the Landfill Tax and Aggregate Levy
has helped in reducing waste and its mininisatiue to thencreasedaost of waste
disposal (OECD, 2006) This has compelled mosmajor contractors in the
construction industry to establislvaste management procedures and pradic
(Group, 2004Pitt et al, 2009)

Furthermore, the need for wastebi recyclechas alsdeen suggestednd thisis
in line with the objectives of achieving sustainable constructeBC (2013)
proposeda hierarchy to help in managing waste in itdustry,and thesenclude
prevention preparing for rause recycling other recoveryand disposalSome
intellectualworks by(Coventryet al, 2001 Greenwood, 20Q3Poonet al, 2004
Baldwinet al, 2006 Ortizet al, 2019 Wu et al, 2016)arguethat building designers
have an important role to play in construction wasteimmgation and reduction.
Suggestions havieeen maden threeimportantroles design teasshould play in
the early stageof sustainable constructiogiving advice to clientanitiating waste
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reduction at a project levedand generallyimproving design gactices(Coventryet
al., 2001 Greenwoockt al., 2011)

Reducing and recovering construction waste is essehtaddonald and Smithers
(1998) Teo and Loosemore (20Q19nd Esin and Cosgun (2008uggest that the
most efficientmethodof reducing the environmental impact of construction from
waste is by principally preventing its gen@atandreducingit asfar as possible. If
waste generation could not peeventedor, at leastprevented to a certain degree,
the next step should be to ensure that the construction wasteycledand reused

as much as possibl&Esin and Cosgun, 20Q7Analysis has shown that recovery
reduces the amount ofasteand Green House Gas (GHG) emissions, saves energy,
and reduces the use of raw mater{@snenteiraet 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 lessepréissing

energy conditiongMarchettiniet al., 2007)

Energy use reductionEnergy use is one of the masttical environmental issues
and managing its use is inevitaleany functional society as discussed. The built
environment is known to be thgimary consumer of energy in the UK. According

to Edwards 2Z002), 50% of total UK energy consumption is from the built
environment which is comprisedof 45% heang, lighting, and ventilabn of
buildings then 5%is consumedhrough their constructiont is essential to state that
the UK government has failed to live up to expectaiarchampioning the course

of energy review andeductionas it relates to sustainable deyanent despite the
fuel poverty bill (DTI, 2006k Pitt et al, 2009) This has necessitated the UK
government to set a targetachievea 60% reduction in energy use by 2080DTl,
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 he aimed energy consumption levels.

However, Thormark (2006¥ound out that the total energy needed an energy
efficient building may be evegreaterthan in a building with a higher amount of
energyrequiredfor operation.Thisis due tolarge amounts of enerdeingneeded
for production and maintenance of the technical equipment. Therefore esethy
neededor operation decreases, more consideratioist begiven to the energy use
for materialproduction, which is the embodied engr@he embodied energy of a
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building is the total energy requiréar its construction including the direct energy
used in the construction and assembly process, and the irefisegithat is needed
to produce the materials and mechanisms dbtileing (Huberman and Pearlmutter,
2008)

This indirectenergywill include allrequired energfrom the raw material extraction,
through processing and production, and wilhsist ofall energy used in transport
during this pocess and the relevant portions of the energy embodied in the
infrastructure of the factories and machinery of manufacturing, construation
transportationTheprimarygoalof energy conservation is to reduce the consumption
of fossil fuels, as well aincreasethe use of renewable energy in delivering
sustainable building$ience, attainable by selecting materials and components with
low embodied energyleveloping designs that will lead to enesfficient building
operation energy selfsufficient bulding operation designing for energy efficient
deconstruction and recycling of materjalslecting means of transport for delivering
materials and components to construction sites that are energy effimneht
developing energy efficient technologigabcesses faheconstruction, fitout, and
maintenance of building®\kadiri, 2011a)

Efficiency in water useit hasbeen discoverethat the UK water consumption rate
in the last 30 years has increased to an estimated B@nhill and Yates, 2001)
Consequently, witlthe need for approxiately 4.1 million houseseingbuilt in the

UK by 2016 (vhich wasnot achieved) combined with the increase in population and
a higher standard of living, water use requirersgill increase drasticallywhich
might have a negative impact on soci@gwards, 2002, Pitt al., 2009) It has
been arguedhat theconstructionindustry is ina position to implement water
conservation techniques into refurbishmeetrofitting, and new build projectditt

et al, 2009) In a relative viewin its reporttheDTI (2003b)statesthat incorporating
waterefficienttechnology, such as low water flush tasletomestic applianceand
reduced flow taps can aelre water use efficiency adibout 20%. In similar views,
some publications reveal strategi®endler and Odell, 2000McCormacket al.,
2007 Sev, 2009, lIhat al, 2009 Akadiri, 2011a) whichcan be employeateduce

the amount of water udehrough a buildind] Me cycle These approachésclude
systemoptimisation(i.e. efficient water systems design, leak detection, and repair)

water conservation measuyasd water reuse/recycling systems.
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They suggesexplicitly thata wide range of technologies astndardshat can be

employed within each of these strategies to save water consumption. These include:

Waterefficient plumbing fixtures dltra-low-flow toilets and urinals, waterless
urinals, lowflow and censored sinks, leflow showerheads, and watefficient
dishwashers and washing machirgesign for dual plumbing to use recycled water
for toilet flushing or ggreywater system that recovers rainwater or otherpatable
water for site irrigation;

Minimising wastewater by usingltra-low-flushtoilets, lowflow shower heads, and
additionalwater conserving fixtures;

Using re-circulating systems fazentralisechot water distribution;

Recycling water;

Designing lowdemand landscaping;

Collecting ranwater using rainwater amgeywaterstorage and

Using lowflow showerheads, dual flush toiletsid sekcomposting toilets.

Reuse and recycleZhanget al (2000)argue thatthrough sustainable construction,

the industry should ensure a systamapproach at an operational level that inckide
recycling construction materials and using renewable and recyclable materials.
According to The Sustainable Construction Task Grdjo4) 90% of existing

building stocks will still be in use in the nexX@ $earsthe groupsugges that better
management and retrofitting is needed and esseBR&.(2006bstudy established

WKDW UHWURILWWLQJ DQG UHIXUELVKPHQW DUH WKH
positive impacts realised becausé has alessenvironmental impact anid more

costeffedive in comparisono redevelopment solutions (Anderson and Mills, 2002).

Efficient use of materia: there is a need for efficient use of materials in
construction project€Extraction and consumption of natural resources as building
materials or as raw aterials 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 lppnstruction activitiegSpence and Mulligan, 9B5) In
particular, asignificant amount of mineral resourceme consumedn the built
environmentandmost of these mineral resources are-remewable. Therefore, it

is imperative taeducethe uilisation of nonrenewable materials.
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Abeysundaraet al (2009) state that material use deliberations particularly
renewablesshould be employed and discusdedng differenfphases of th project

mainly in designduring whichthe selection omaterialsis vital, and the choice
shouldbe basedRQ VXVWDLQDEOH PDWHULDOVY WR UHGXFH
imperative to mention that at the construction and deconstruction phasesa) seve
approaches can albe usedor reducingthe effectsof materials consumption on the

natural environment, for example, materials recycling and reuse, constraetion

disassembly by using modular, using materials and components available locally.

Pollution and biodiversitythe need to identify the risks associated pibHutionin

the environment and the steps taken to minimise poteptiBlition has been
suggestedOGC, 2005, Pitet al, 2009) It hasbeen arguedhat pollution from
construction industry affects buiversity, hencenecessary steps should be taken by
the industry to protect the buiversity (ecosystem, genetic and cultural) through
good desigrand landscapin(DGC, 2005)

2.6.3.2 Social sustainability

Brain (2010)rguesthat thesocial DVSHFW RI VXVWDLQDELOLW\ GHSH
economic statuis relation tohow rewarding their jobare anchowfinancially stable

they areto suit their lifestylesThisis also applicable tthesocial aspect as it relates

to theenvironmental factorThis isbecause the environmeaifects the socialell-

being of individualse.g. ecreation involvethe use oenvironmentatesources and

the physical environment we liven. A socially sustainable system must achieve
fairness and equity in distribution and opportunity, adequate provision of social
services including health, good education, gender lgguand political
accountability and participation, creating goodwill, improving community
consultation and promoting interest in different fiel#arris, 2003) This area
considers significanissuesthat influenae the area such as poor headthd crime
social expectatioshould beconsideredefore any actiors taken to make tharea
more sustainabl@Boyko et al,, 2006) Social sustanablitis concerned with human
feelings, security, satisfactioand thesafety and comfort of sociefombardi, 2001
Boykoet al, 2006 Roufechaeet al, 2014)and human aatributions such as skills,
health, knowledgeand motivatiorn(Parkin, 2000a)
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It also considers thguality of life, health, transport, accessibility, aesthetics, safety
and nuisance to neighboyRoufechaeet al, 2014) The way the industry delivers
the built environment hassagnificantimpact on the social aspeaft sustainability.

If due consideratioms not givento social aspect duringpe demolition, design and
construction ofouildings, it often results inthe loss of opportunities anddverse
social outcomegBrain, 2010) It is essential that the industry consgléhe
objectives of social sustainability in construction projects, policy development a
programme implementationThis is because implementing social aspects of
sustainability can also provide excellent living and working spaces resulting in

increased employee productivity levé&hou and Lowe, 2003)

Social considerationof sustainability: the CIRIA (2011) argues that the quality,
performanceand design of domestic and rRdamestic buildingsand services and
recreation could directly affect the quality of lifethe 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 thieousingsector can providerucial,valuable feedback about how
they are affected and at the same time indtate in output delivery. It hdseen
arguedhat sustainable buildisgpenefitfrom lower energy coghat is deemetb be

vital, hence, the neetbr sustainableconstruction(Keeping and Shiers, 1996)
However, Pitet al. (2009) argue thad goodenvironment socially supports staff
retention and employment and portrays the whole image of an organisation very
positivdy. This, at the same tim&eeps th@rganisationn an adantageous position.
Shah (2007arguesthatto achieve social sustainability in constructistakeholders

must be involvedo havea positive impact on the locabmmunity/authorityn the

form of aspectsuch as the economy, skjlend working practice.

Therefore, the design of a building helps in developing the social aspect of
sustainability or sustainable development inlibet environmentTheDTI (2003b)

states, Optimum design requires optimised performance on the constructidh site
Thisimplies that desigplays a major role idelivering sustainableuilding projects.

It is importantthat while they are expected to wook the briefsor meet the needs

of clients, they areexpectedo have the opportunity to inform the clieaboutthe
necessarybjectives that shoulde considereth the design tochieve asocialaspect

of sustainability. This can be achievedby creating awareness of the reduced
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operating costenhanced cooperate imagad consider thgoodwell-being of end
users (occupantspdditionally, 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 architedis stated that whil¢heirfundamental
responsibility is the client, it is essential th@tie regard to their wider resyxibility

to conserve and enhance the quality of the environment and its natural re§ources

2.6.3.3 Economic sustainability

Economic sustainability deals with a wide range of factors badloaial and global

level (Gloet, 2006) It hasbeen arguethat an economically sustainable gystmust

be able to produce goods and servioastinually to maintain manageable levels of
government and external debt and to avoid extreme sectorial imbalaatcEsnage
agricultural produce or industrial productifiiarris, 2003) The economi@aspect of
sustainability deals with the main economic concerns or drivers of adopting
sustainable principles and the enhancement of propertyrpemce and durability

as a result of maintenance and operational cost for the duration of the life cycle of
the housing projecfKaats et al, 2007) Abidin and Paquire (2007argue that
economicsustainability increases profitability through the efficient use of human,
materia] and financial resources. On the other hamegarding economic
sustainability the construction industry must consider affordable houding,
housing life gcle, and reduced expenditure on renovating and developing business
enhancement, legislation compliance, profitahilégd work managemeiiBennet

and James, 1999)

Economic approacheto sustainability:

The global relevance of theonstructionindustry, in relationto economic growth
particularly in the UK hasbeen widely statedn the UK, the construction industry
represents 8% of the GDP employs more than 2 million people in the UK with an
estimated 20% of all employment linked too#lrer sectoin variousways (RICS,
2005a; Pittet d., 2009; CIRIA, 2011)Abidin and Pasquire (200%rgue that the
industry stakeholdersiad been considered the key drivers towards achieving
sustainable development through sustainable construction. Abidin and Pasquire
(2005) arguethat the chilenges ofdelivering this would be surmountedf the
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industry takes responsibififor achievingeconomic prosperity in the sector without

undermining the societal gains.

The environmental impacts associated with construc®discussed in Section 2.5
highlight the consequences of poorly managed construction projedtseamichpact
onachieving sustainableonstructionAbidin and Pasquire (2005Suggest that there
is a necessity for amcreasein client awareness of sustainability avad a
predominantly financiallecisioamakingprocessAbidin and Pasquire (2002007
argue that value managemeamtuld help to reducehe environmentaand social
damage that will affect the industry economically. They suggest that this le®uld
achievedf the industry can integrate solutions in the design process such as waste
minimisation energy efficiencygoodindoor environmentow running cos, and
user comfort. The industry can also help in achievangood economic return,
accountabity, and excellence in social and environmental performasieeh as
value management and lean construction that agdlistin realising or achieving
sustainable development (Rettal, 2009).

2.7 Criticism of sustainability and sustainable development

Despite the commendable concepts of sustainability and sustailesiele pmentit

has been criticisedsince its emergence into prominence. The term sustainable
development seems to connote scepticism expressed by many in the environmental
community (Robinson, 2004)Much of the criticismis centred on the argument
presented in the Brundtland report that global economic product would have to
increasdive- to 10-fold for the realisation of sustainable development. Some critics

of sustainable H YHORSPHQW KDYH GHVFULEHG WKH FRQFF
IDVKLRQDEO Bedk@@Qar HBPMIDQG uD FHQWUDO LGHD DQ
international bodies to accomplish effective integration between development and
environmental challenge@ afferty, 1999) Such an approach definition is more
attractive to government and businesses than a nnadecal tackling of
environmental issuesZhenhua (2003)3defines sugainability as a statement of
aspirations: a voluntary agreement rather than a binding tigegyterm gustainable
developmenfiis perceived by some critics as fundamentally inconsistent in terms,
between the opposing imperatives of growth and developmenhe one hanand
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, tryiragd¢omplishthe

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 vieyfMebratu, 1998)This is why Robinson (2004) argse

the challengerelates tosustainable developmeriteing perceived as naturally
reformist, mostly avoiding questions of powerpkitation, even redistribution.
Hence, the necessity for more fundamental social and political clsigeegarded
Instead, critics argue that champions of sustainable development suggest an
incrementalism agenda that does not challenge any existirenelned powers or
privileges (Robinson, 2004). In this regatde mantra of sustainability tends to
distract society from the real social and political changes that are vital to improving
human weHlbeingin any substantial way, particularfgr the poor This argument

can be related to the amgfiobalisation campaign movement worldw{géein, 2000)
Mitcham (1995)cknowledgeshat the sustainability concept incorporates a level of
MVWXGLHG RU FUHDWLYH DPELJXLW\Y )RU 5RELQVRQ
sustainability is a strength rather than a weakness. Howkesner (2008insists

that sustainable development ambigu#ty mentioned earliedoes not diminish its
meaningless concemnd therefore, it is a welcome development. Considering this
view, Jacobs (1999ktates that the ambiguity surrounding sustainability is a
HLFRQWHVWDEOH FR @FrhegnW§lest) DWVETKiE heask D@ the

interpretation of sustainability remains open to different conceptions.

JURP WKH FULWLFLVP GLVFXVVLRORIL W KR/XHKWEH&QW I/
with the sustainabilityconcept hence lack coherence of werstanding 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 irsociety However, the ensuing section discussesagubility in

construction.
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2.8 Sustainableconstruction

Throughout the last decade, sustainable construction has emerged as a public
discussion and has become a topic of policy, research and innovation. The term
HVXVWDLQDEOH FRQVWd9¢d i Hetige the iapomsitility Wwfdhe S X U
construction industry for attaining sustainability/sustainable development. Several
definitions have emerged. However, theres leeen a different definition of
sustainable constructio@harles Kibertduring The kst International Conference

on Sustainable Construction in Tampa, 1994, defined sustainable construction as
pgreating and operating a healthy built environment based on resources efficient and
ecological principled[cited in Du Plessis, 2007: p.6®u Plessis (2007)efines it

as @ holistic process aiming to restore and maintain harmony between the natural
and built environment and create settlements to affirm human dignity and encourage
econanic equityfKibert (2003)defines sustainable construction as the creation and
operatiorof a healthy built environment based on resource efficiency and ecological
principles. The term gustainableconstructiorffis describedas the application of
sustainable development in the construction indygtryyami and Prece, 2006)

However, Khalfan et al. (2002) describesustainable construction as a subset of
sustainablelevelopmentwhich encapsulatematters such as design, tendering, site
planning and organisation, material selection, recycéng waste minimisatiolu
Plesss et al. (2002) define sustainable construction@msolistic process aiming to
restore and maintain harmony between the natural and the built environments, and
create settlements and affirm human dignity and encourage economicYgo&@}y
These defiitions take sustainable construction beyond redusitivgrsempacts, but
include the restoration of the environment and identifying sbeiceconomic
aspects of sustainable development as agtlefining goals towards sustainable
development througlisugainable construction. These definitions are not wholly
satisfactory, but they identityith the three aspects of sustainable development.

Nevertheless, sustainable construction loarclassifiednto demolishingand new

build, and sustainable retrofit agxisting housing stock. Of coutsas the name

suggests, L~GHPROLWLRQ DQG QHZ EXLOGY PHDQV EXLOC(
demolition to groundworlandthe entire construction processcluding finishing

and handover with sustainable or low carbon matedalssideing three sustainable

76



development factorddowever,sustainable retrofitting mearise refurbishmentof
an existing building with low carbon materials to improve energy efficiency. Further

discussion on sustainable retrofitting can be seen idBez. 10
2.8.1 Sustainable construction in the UK

In the UK there is commitment and effort teards achieving sustainable
development set oun five sustainable development stragsySDS) to secure the

future of the countryn relation toenvironmenthdegradation. Those five strategies

are referred taas the uyJXLGLQJ SULQFLSOHVY RI VXVWDLQDEO
LQFOXGH OLYLQJ ZLWKLQ WKH, easdin® & Sfdng, hegthil. URQ P |
and just societyachieving a sustainable econgmyomoting good governancand

using sound science responsifiBEFRA, 2011) Such commitment tgustainable
constructionis referredto asbuilding a better quality of lifeta strategy for more
sustainableconstrudion (DETR, 2000a) Sincethe agenddnas been made public,

the sustainableconstruction agenda has been taken forward through a dynamic
partnership between the government gr@ndustry. As a result of that, there have

been several developmentghich aresummarised below.

X There has beennaincrease in the number of voluntary policidsgislation
regulations, economic measurasd fiscal incentivesuch as Landfill TaxClimate
Change LevyAggregates LevyRenewable Grant Schemésnd Use Incentives
and changes to Building Regulatfon

x The Building Regulations, the Planning White Paper, the Communities Plan and the
Energy White Paper have been amended to reflecsustainable construction
agenda. There are several joint initiatives to promote awareness, capacity building
and repating mechanismssuch as Global Reporting Initiative& ,5,$TV LQGXVWU
sustainability indicatorghe sustainable construction task foread thesustainable
building task force.

x Sectors within the industry (e.g. steel, concrete, baokl civil engineeng) have
developed their sustainability straiegiand action plans and have started reporting
on progress.

X A host of sustainable construction project initiatives have emerged providing
tangible evidence of positivautcomessuch as Rethinking Construan, the Waste
and Resources Action Programa (WRAP), andthe Sustainable Construction Road
Show (SCRS).
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X The government nationwide has funded research centmegation tosustainable
construction. The centres have orgadisemerous conferencesd havepublished
booksandjournals. These publications are available in universitiesaamdisedn
offering various courses and degreedifferent fields.

X There exists plethoraof research on sustainable construction con¢cepttiding
tools frameworks technologies materials energy systemswater conservation
systems waste minimisation recycling techniguesalternative materiaJsand
environmental managemerithe results are available as publications (e.g. CIRIA
reports) digests (e.g. BRE)guidane notes (e.g. Environment Agency Pollution

Prevention Guidanc&E@APPQ, videos and training packs.

However, the UK government has introduced a wide range of measures to promote
competitivenesssuch asthe Enterprise Strategy¥nterprise:unlocking the U JV
talent (DBIS, 2008a)and the Innovation White Paper, Innovation Nat{®BIS,
2008b) For the UK to achieve its environmental targets, the government has to first
collaborate with the construction industry to demonstrateztltiiange was needed
and ®cond, 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 construdtsstrategy is
developed bythe government and the industry to focus on sustainability in
constructionHMG, 2008) Thestrategyis a joint industry and governmenttiative
and is inended to promote leadership and behavioural change, as weldelksver
substantial benefits to both the industry and ih@adereconomy(HMG, 2008)
However, this strategy conmgrhents the Action Plan for Civil Engineering published
in July 2007(DTTP, 2007) but itdoes not encompass some of the broader issues
facing developers such as plann{BfCLG, 2012b) the management of the existing
built environmen{NPBEC, 2016)and trangort policy(HCEAC, 2016) TheHMG
(2008) outlines important targets agreed in the strategy thatbelievedwould
radically change the sustainabilfiyactice in theconstructionndustry includng:

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 Enhancinghecompanyf ivhage and profé in themarketplacdy addressing issues

relating to corporate and social responsibility.
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TheHMG (2008)states that thepurpose of thatrategyis aimedat providingclarity
around the existing policy framework and signalling the future direction of

government policy. Iseeksto realise the shared vision of sustainable construction
by:

Providing transparencyto businesss RQ WKH JRYHUQPHQWYfV SRVLW
togdher diverse regulations and initiatives relating to sustainability;

Setting and committing to higher standards to help achieve sustainability in specific
areasand

Industry andgovernment arenaking specificcommitments to take the sustainable

constrution agenda forward.

To achieve the key targets of the stratetpe UK governmeniand industry have

developed &et of atencompassingbjecivesUHODWHG WR WKH pHQGVT
VXVWDLQDEOH FRQVWUXFWLRQ 7KH |sBl@Gsu¢h &sHODWH
FOLPDWH FKDQJH DQG ELRGLYHUVLW\ WKH pPHDQVY
DFKLHYLQJ WKH pHQGVY VHH 7DEOH 7TDEOH C
WDUJHWVY RI WKH VWUDWHJ\ ZLWK D EULlaHle ZEBLVFXV VL
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 considerablemomentum. However, the actual situation may not be a
expected because the indussgtill confrontedvith majorchallengegKibert, 2005

CIRIA, 2011) It is SLIQLILFDQW WR QRWH WKDW LQ WKHVH .
efforts to achieve sustainable construction, it is unfortunate that retrofit projects
recei\e the least attention. The essencembarking on retrofitted building projects

to contributeto GHG reductionis inevitable and canndie overemphasisedin
addition lack of knowledge management in making an informed decision in the
uptake and delivery of sustainable construction remairsg challenge for the
industry(Egbuet al, 2004; Shelbouret al, 2006; Madukat al, 2016b)

2.9 Sustainable construction practices

With a clear sustainability strategy, stakeholders should identify aedtd@kir
specific sustainable construction practices to assume their commitertset al

(2007) argue that sustainable practices should consider the environmental, social,
and economic consequences of desmganufacture and production methpden
renewable material uséogistics recycling optionsuse operation maintenance

reuse suppliers' capabilitiegnd service delivery and disposatubbs (20083tates

that the construction industry has traditiond&éen driverby financial concerns that

have often prevented prepconsideration of environmentally friendly solutions.

Furthermoreconstruction techniques have evolved over kimgframesand some

areas of the industry are reluctant to abandon or change their tried and tested methods
particularly when they raximise profits. Within this context, progress towards
environmental management procedures has been slower compared to other sectors
particularly thoseghatare more controlled by technological developments. Against
this backdrop, it is no surprise that chanigesonstruction practicesre now seeas
increasingly important in addressing the issues of environmental damage and overall
sustainability.Environmentalawareness is gradually improvinigut the industry

needs toshake offits reputationfor being relutant to adopt environmental
necessitie$Madukaet al., 2016b)

DTI (2006c)andHoC (2006)utlinedkey 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 decisading

EDVHG ®RQOLZKK YDOXHY G XVLQJ WKH DSSURSULDWH
strategies; (e) working collaboratively with fully integrated teaansi(f) evaluating
performance, and embedding project learnidigC (2006)states that sustainable
constuction practices include five major areas: 1. Compliance with sustainability
legislation 2. Design and procurement technology and innova8oorganisational

structure and procesé. Education and trainingnd5. Measurement and reporting.

Different organisationg characteristics lead to different choices in sustainable
construction practicefHoC, 2006) It is pertinent to state that sustainable

construction practices should be consistent in all construction projects.

First, better regulation will prade the right balance betweeegulation and
environmental protection withohtugelyincreasing costs or preventing compliance
(HMG, 2008) Second, sustainable design has a sigmfiaonpact (both positive and
negative) on project delivery before construction begins. Sustainable procurement
provides a green supply chain system where all the materials and equagmment
suppliedin a sustainablenanner(Vanegas, 2003)Third, technology research and
development (R&D) playa vital role in thesustainableconstructionand efficient

R&D will result in considerableimprovement in sustainability performance
(Miyatake, 1996) Fourth, appropriate organisational structure and process are also
necessary to determine responsib#itguthority lines of communicatioprocesss,

and resources needed to implement sustainable managementragatrsfjdill and
Bowen, 1997a)

Ruparathna and Hewage (20Esjue that an appropriate process is demonstrated
when organisations meet thegads for goods, services, workad utilities in a way

that achievevalue 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 environmerfifth, 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 organisatis to promote their sustainability performaribichael et

al., 2009)
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2.9.1 Achievingsustainableconstruction

Kibert (1994b)states that the sashable 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)a€rea healthy, netoxic
environment; and (6) Pursue quality in creating the built environniéititand

Bowen (1997bysummarisethe concepts of sustainable construction and divide them
into four pillars including social, economic, biophysical and technical principles with

a set of the proceswiented 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 wéticused and capable public sector clients, designing
DQG GHFLVLRQ PDNL@LEBDYHGXRHY pZEXR@QHWKH DSSURSE
and contracting strategies, working collaboratively with fully integrated teams,
evaluating performance, and embeddipgoject learning/knowledge. These
sustainable practices are reiterated in some existing studies, for ex@igple
(1999b), Christinet al (2004), Trufil and Hunter (2006), Nelrasal (2007), Kibert
(2008), and R et al, 2009) Additionally, the efforts of the UK government to
support sustainable constructiare revealeds stated ICEEQUAL (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 andivagb best practices. CEEQUAL supports

UK Governmentstrategiesand other governments by providing the infrastructure
professions andjlobal industry with an incentive angrocedurefor evaluating
benchmarking, and rating the sustainability performangeaécts and contracts as
ameasureRl WKH LQGXVWU\fVY FRQWULEXWLRQ WR VXVWD

According toStubbs (2008)sustainable construction aims to apply the principles of
sustainable development to the construction induStitybbs (2008)urther 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 les®pahd 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 deliveitgrédl these
factorshave WR EH FRQVLGHUHG DW WKH HDUOLHVW SRVVLI
to maximise its sustainability during the construction phase and over its operational
OLIHWLPH W LV HDV\ WR IRUJHW aftekKtbe/¢omstrEcdnO G L Q J
phase. However, the efficiency of a building regarding operation and maintesance

mostly decidedn the early planning, specification, and designstageySodagar

and Fieldson, 2008; Greenwoetlal, 2011) In achieving sustainabt@nstruction,
Greenwoockt al (2011)and Stubbs (2017) suggest thastainabl@roject proposals

should therefore carefully considdesign constructignoperation, and ultimately
demolition phases. As well as having direct impacts on sustainabiktyp¢ation

and structure of buildings also has indira@opactsby influencing the level of
sustainable behaviour of occupafsubbs, 2008)For example, offices away from

transport routes encourage car use and windows that chenopenedhence,

promotethe u® of air conditioning, and poorly planned working environments lead

to reductions in welbeing, health, and productivity.

Sodgar and Fieldson's (2008 XEOLFDWLRQ LV WKHPHG p7RZDLU
FRQVWUXFWLRQ SUDFWLFHY $GRSWLQJ WKH NH\ VWD
the key stakechdbHUVY UROHY DQG UHVSRQVLELOLWLHYV LQ DI
VXSSRUWV LW ZLWK RWKHU H[LVWLQJ OLWHUDWXUH
roles include sustainable clieship, sustainable design, sustainable services design,
sustainablecost managemensustainableconstruction,sustainable operation, and

sustainable deconstruction.

Sustainable clientship: Sodgar and Fieldson (200&tate the need fokey
stakeholders to show leadership in selecting the design and procurement team and
managing the project to promote proper udeushan resource and knowledge. They
emphasised the respect of the client for the values of the organisations it involves in
building procurement alongside tpeecisedefinition of itsbenefits The USGBC
(2011)agreeto this and emphasise the nded key stakeholder integration. They

state that to achieve sustainable development through sustainable constitustion
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 designGood design is erucialaspect of sustainable development that

is inseparablerom proper planning, and should contribute positively to making
places better for peopl&odgar and Fieldson (2008fate 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 cotiguieit should maximise

guality and minimise impact. They emphasise the needdoitor theentire life

circle of the construction (planning to disposal) and application of low energy in the
building processMicGraw-Hill -Construction (2006andDCLG (2012a)xorrobaate

this by indicating tha& design philosophy that seeks to maximise the quality of the
built environment, while minimising or eliminating negative impacts to the natural

environment, is essentisd managing risk through adaptation.

Kibert (2005)argues that sustainable design byithelvementof all key internal

and external stakeholders is vital. Diverse represient from the project team
functions (design, architecture, building contractor, environmental engineer, real
estate consultant, etc.) is ide@llcGraw-Hill -Construdion, 2006) Establishing
design criteria will help communicate the project's goals and priorities to the project
team in a measurable technical fofRobichaud and AnantatmulaPp@3) 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.
Sweh policies should focus dacal opportunities and constraintshile avoiding the

repetition of nationally available information.

Sustainable servicesSodagar and Fieldson's (20afsign 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 dgpadl not be achieved.

The buildingshould alsdbe targetedait maximising efficiency before low carbon
technologies thateedto be includedn carrying out the design. The DCLG (2012)
states thaproperapplication or implementation of sustainable geshould achieve
minimum reductiongn greenhousgas 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 connectisrused Unless it can be demonated, that

such provision is not technically or economically viable (DCLG, 2012).
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Sustainable cost managemerfodagar and Fieldson (200&gue that calculation

of capital or initial cost with running cost/maintenance shdiddnadeand these
costsmust balance and be justifieldnowledge management alongside corporate
responsibility evaluation to pvide better decisions in cost evaluation for
sustainability should be applied. Lack of confidence, lack of education and fear of
failure shouldoe avoidedRobichaud and Anantatmula (201drgue that complete
preconstruction estimates with input from the builder, project manager, architect and
real estate comdtant are vital. They stated that estimating costs associated with
specialised areas such as sustainable building products requires experience. The
budget may also include an emphasidifacycle costing, shifting théocusfrom
shortterm to longtermgains from operational savingRobichaud and Anantatmula,
2008, DCLG, 2012a)

Sustainable constructionThis is the management of the construction process in a
safe, efficient and effective way to save money ame,tand much of this cost is
related to fuel use and logisticSddagar and Fieldson, 2008jbert (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 lifecycle costs and focusing on qualityfemploying
modularisation and offite construction methods to reduce performance
uncertainties and riskf accidents on site is suggest&bdagar and Fieldson, 2008)

This will help to achieve environmental benefitsgarding reducing waste from
materials and transportation and can improve building performance concerning air
tightness and finish qualitjRobichaud and Anantatmu(@008)suggest launching
construction with akick-off meeting, which includes a sustainable education
component for ofsite construction personnel; monthly-sitemeetingsare required

by entire site workforce and include periodic education and tras@sgions on

sustainable building construction projects.

Sustainable operationGood and wetinformed facilities management is critical to
excellent building performance, pestcupancy evaluation carried out regularly is
vital, and the monitoring of sepes is necessary to ensure the building is operating
as itwas designetb and occupant surveying will help to establish comfort levels.
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The need for additional investment from time to time is st@edagar and Fieldson,
2008) Maintenance and cleaning are vital to ensure a building continues to perform
well. Robichaud and Anantatmula (20G8iggesthat, in sustainable operation, key
stakeholders such as government regulators should work as partners in the project,
as opposed to being an outside influence. Hence, lesskrewdrfield adjustments

reduce the chances of having to requestspections.

Sustainable deconstructioimplementing deconstruction is not an easy task. Hence,
Sodgar and Fieldson (2008)ggest that good, wealformed facilities management

is critical to excellent building performance, postupancy evaluation carried out
regularly is vital, monitoring of services is necessary to ensure the building is
operating as ivas designetb, and occupant surveying will help to establish comfort
levels. Kibert (2001) argues that successful implemematuld notoccur 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 betmeeprofit

social service and environmental organisations, government agencies, and the private
sector(Catalli and Goode, 1997l is necessarifjrst to educatend train those who

are potenal deconstructors 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 hasi® created

Deconstruction can supply useful materitas 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 divantagesare 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 globalkothari (2009)corroborate this by
stating that deconstruction assists in wastnagement, maximises reuse and
recycling, reducegnvironmentalimpact, minimises negative sociahpacts,and
reduces unrenewable fuel usa§edgar and Fieldson (2008)ggest the need for

additional investment from time to time for a sustainable outcome.
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2. 9.2 Regulatory legislation, policies anguidance into achieving sustainable

construction

Appropriate organisational structures and processesessentialto determine
responsibilities authority lines of communicationprocessesand resources to
implement sustainableconstruction (Hill and Bowen, 1997). However, better
regulations and policies will provide the right balance betweevironmental
regulationsand protection without unduly increasing costs or deterring compliance
(HMG, 2011).The following explains the importance of sustainailiegislation

and policies in achieving sustainable construction.

2.9.2.1 Who are bound by these policies and guidance?

xBuilding owners/clients and occupiamho are considering what action they need to
take to improve energy performance, and to meeupass a range of statutory

requirements.

xArchitects, surveyors anélatedprofessionalsvho are preparing proposals for work
on traditional or historic buildings, and who need to make an appropriate professional

response to requirements, which can ottenflict.

xBuilding contractors, materials and component supplisneed to understand the
implications of decisions they make in carrying out their work, or of the technical

advice they give to their customers.

xOfficials, such asonservation and plammy officers, buildingcontrol surveyors,
approved inspectors, environmental health officers and housing offrdsoswill be
experts in one area (for example building conservation, general legislation or energy
performance). Hencé, may be less familiavith 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 intoi@ahg sustainable

construction

Government Policies and Legislations Roles and Responsibilities

Code for Sustainable Homes (CSH) Has a target to achievéhe UK
(DCLG, 2006aDECC, 2011b) JRY HU Q Pobj@dtws Vof 80%
carbon reduction in both new a
existing buildings by 205Kapsali

et al, 2012)

It has different levels of energ
improvementge.g.Level 3 to achieve
25% energy improvement, level 4
achieve44%, level 5 to deliver 1009
and Level 6 taleliver0%.

To ensure that from 2016 all ne
builds must comply with the cod

levels.

Building  Research  Establishmex To ensure the environmental impa
Environmental Assessment Meth{ of buildings and energy ratin
(BREEAM) performance on a simple scale of P
to Excellent. The busing standard i
known as EcéHomes. The ratings a
comprehensive environmenta
assessment process that covers al
following aspects: Managemer
operational energy; transport; wat
materials; land use; the ecologiq
value and pollution.

< It promotes and adapts best practi
for sustainable degn and post
occupancy management within th
sector.

To reduce the whole life costs for ne

and refurbishment projects.

89



To develop stakeholders by providi
training and information for
sustainable design, construction g

postoccupancymanagement.

Climate Change Act 2008 (HMG, 200
2011).

Has a fiveyear carbon budge
reduction that defines emissio
pathway to achieve 2050 G(
reduction target.

A clear strategy to COreduction in
the UK

Established an independent exp
body Committee for Climate Chaag
(CCC) to advise the governme
properly and report to the parliame
on the progress made.

Domestic and nodomestic sector
included in this Act.

Energy Performance Certificates (EP
(DCLG, 2012).

To ensure that buildings in the U
meet the required B standards in
Energy Performance Buildin
Directives.

Certificates provided to Clients (
accredited energy assessors ug
standard methods and assumpti
about energy usage produce
industry.

Ensure that stakeholders in t
industry (buyers, ownerspccupiers
etc.) should see the need
information on the energy efficieng
and carbon emissions from thg¢

buildings so they can consider enel
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efficiency and fuel costs as part
their investment.

The accreditation scheme cove
existing buildings, newbuildings,
commercial buildings, energy displg
certificates and  aiconditioning
inspection reports.

Types of accredited energy assess
include; Building Researc
Establishment, ECMK Ltd, Quido

Sterling accreditation, Stroma etc.

Building Regulatios (DCLG, 2012).

It sets a standard on the minim
energy reduction level in a buildin
for acceptable performance.

Mainly applied to new building
hence no general required standard
existing buildings.

It is supported by the Approved
Document (Part L)which serves a
guidancefor complying with varioug
forms of construction. This docume
is in four sections that include: (
new dwelling buildings (L1A) (b)
existing dwelling buildings (L1B)c)
new nondwelling buildings (L2A)
(d)
buildings (L2B).

and existing  nordwelling

Fuel Poverty Policy (National Statistig

2011)

Policy createdargelyto reduce CQ@
and high cost of energy.

Reduceheincreasean fuel bills

Building Performance and Evaluatig
Certificate (BPEC)JCommission, 2002

To ensure robust measurement g
certification procedure is in plag
(Kelly etal., 2012).
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Green.Fiscal.Commission,
DECC, 2011a)

200

Helps to aggregate data in vario
ways to ascertain the performance
buildings in different categorig
(Kelly et al, 2012)

Exposes hidden informatioaut the
performance of a building
Addresses the issue of imperfe
information and encouragesiwuch
needed investments in building
energy efficient homeCommission,
2002)

Display Energy Certificates (DEG

(DCLG, 2012).

It champions the improvement
energy performance d@iuildings,and
it covers England and Wales.
Ensure that public knowledgeas
creaedon theenergyuse of buildingg
to enlighten the visitors of energy u
to a particular building.

Display the certificate in a promine
and visible part of a building fg
visitors to that building to be aware
Ensure that the certificate display
has & energy rating of the buildin
from A-G with A indicates Very
Efficient and G indicates the Lea
Efficient and thesare basemn the
actual quantity of metered ener
used in thebuilding for the last 12
years.

Provides the building with a vali
advisoy report, which contain
recommendations for improving th

energy performance of the buildin
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The report alsancludes shortterm
paybackof up to 3 years (to builg
energy management measurg
mediumpaybackwhich is 3 to 7 year
(upgrading building serges) and
long-term payback which is more
than 7 years (low carbon or zer

technologies).

2.9.3 Sustainable construction principles

As the sustainable construction initiative continues to develop and gain popularity,
critics and supporters alike aortinually evaluating the progres®drien and
Laura, 2010) By employing sustainabilitprinciples, the evaluation has iteclude
more than the immediate invest@ig@ntstenants of the buildingbut also consider
suppiers, the local community in which the structure resid@sd otherkey
stakeholders. Sustainable principleshave to be embraced,promoted and
implemented in construction projectB1 respect to sustainablprinciples for
sustainableconstruction, variosi 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 creatagustainablduilt environment under six

principles

1) minimise resource consumptipn

2) maximise resource reuse

3) use renewable or recyclable resources

4) protect the natural environment

5) create a healthy, ndoxic environmentand

6) pursue quality in managing the built environment.

Amongst the published works relating to the principles of sustainable construction
areKibert (1994a)Liddle (1994) Miyatake (1996)Hill and Bowen (1997a), DETR
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(2000b) Ding (2008) SECBE (2009)Abidin (2010) andMadukaet 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 andironmental aspects of sustainability.
Each of these three pillars/aspects (and their related principtesjerarched by a

set of processorientated tenetsThe principlesof sustainable construction govern
three main pillars: environmental protectjosocial welbeing and economic
prosperity(Addis and Talbot, 20Q1Brownhill and Yates, 2001)The benefits of
these principles in the built environment asatiety ingeneral(Hill and Bowen,
1997a)are essential for the present and fatgenerations includinghgironmental

protection as itconcerns the built and natural envinoens.

The built environment refers to the activities within the construction project itself,
which may, if not handlecefficiently, have asevereadverse impact on the
environment. Environmental sustainability involveshe extraction of natural
resourcs (Addis and Talbot, 2001 50cial weltbeing relates tahe human feelings:
security, satisfaction, safety and com{dudmbardi, 2001and human contributions:
skills, health, knowledge and motivatigi®arkn, 2000b) the involvement of
stakeholdersequality and diversity in the workplacand creating employment
opportunitiegSourani and Sohail, 2013indly, economic sustainability involves
the monetary gains from the project for the benefits of the clientsstruction
players, public and the governméAbidin and Paquire, 2007lHence, it focuses on
issues such as wheliée costing, support of local economies and financial
affordability for intended beneficiaries. Construction activities need to reduce
environmental impact and enhance aband economic contributio(Hill and
Bowen, 1997a)f the key stakeholders fully recogniseistainable principles in
delivering construction projects. It is essahthat when stakeholders set up a
sustainability strategy iprojects the principlesof sustainableconstruction should

beimplementedn the approach and appreciatgddll stakeholders

Hill and Bowen (1997a(ummarisehe principles of sustainable construction and
GLYLGH WKHP LQWR IRXU puSLOODUVY LQF&OKGLQJ
technical principles However, tls research highlightshree main principle®f

sustainabilityin Tables 2.7, 2.8and 2.9. It is relevant to state that some of these
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principleswere usedvhenasking questionduring the collection oémpirical data.

This was achievedhrough a survey questionnairg respondets were asked to

ascertain the principles of sustainable construction. Chapter 6 of this thesis has

details of the empirical evidence of sustaingdniaciplesand practices isustainable

construction

Table 2.7 Economic pringples of sustainable construction

Economic sustainable principles

Sources

Ensure financial affordability for intended
beneficiaries

(Hill and Bowen, 1997a; Zhou ar
Lowe, 2003; Plank, 2008, Taeat
al., 2011; Kibet, 2016)

Promote employment creation and, in some
situations, labour intensive construction

(Hill and Bowen, 1997a; Zhou ar
Lowe, 2003; Plank, 2008; Tast
al., 2011; Kibert, 2016)

Use fulkcost accounting anealcost pricing to
set prices and tariffs

(Hill and Bowen, 1997)

Enhance competitiveness in the market place
adopting policies and practices that advance
sustainability

(Hill and Bowen, 1997)

Choose environmentally responsible suppliers
and contrators andStakeholder partnership

(Hill and Bowen, 1997a; Zhou ar
Lowe, 2003; Plank, 2008; Taet
al., 2011; Kibert, 2016)

Invest some of the proceeds from the use of n
renewable resources in social and huimede
capital, to maintain the capacity

(Hill and Bowen, 1997a, Zhou ar
Lowe, 2003; Plank, 2008; Tast
al., 2011; Kibert, 2016)
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Table 2.8 Environmental principles of sustainablenstruction

Environmental principles of sustainable construction

Sources

Extract fossil fuels and minerals, and produce persis
substances foreign to nature, at rates that are not fa
WKDQ WKHLU VORZ UHGHSRVLW

(Hill and Bowen, 1997,
Kibert, 1994a)

Reduce the use of four gereeresources used in

. ) (Hill and Bowen, 1997
construction, namely, energy, water, materials and |
Kibert, 1994)
X Maximise resources reuse, and /or recycling (Kibert, 1994a; Hill and
X Use renewable resources in preference te non ’ ’
renewable resources Bowen, 1997a)
Maintainand resttt H WKH HDUWK(Y{V YL (Kibert, 1994a; Hill ano
diversity ’ ’
Bowen, 1997a)
Create a healthy and naooxic 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 Socialprinciples of sustainable construction

Social principles of sustainable

. Sources
construction

Seeking intergenerational equity

(Hill and Bowen, 1997a; Zuet al, 2012a;
Yin et al, 2018)

Stakeholders participatio

(CIB, 19992; GCCP, 2000; Adeturst al,
2003; Ashleyet al, 2003)

Improve the quality of human life,
including poverty alleviation

(Hill and Bowen,
Sourani and Sohail, 2005; Zebal, 2012a;
Yin et al, 2018)

1997a; CIB, 1999
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Protect and promote human health
through healthy and safe working
environment

(Hill and Bowen, 1997a; GCCP, 200
Adetunji et al, 2003; Ashleyet al., 2003;
Zuoet al, 2012a; Yiret al, 2018)

Social inclusion

(Ashleyet al, 2003; Berardi, 2013; Kiber
2016)

Improving the image of construction

(DETR, 2000%; CIB2010; Yinet al, 2018)

Employment and equal opportunities
employment

(DETR, 2000a; Adetunjiet al, 2003;
Sourani and Sohail, 2005; Plank, 2008; 1
et al, 2011; Kibert, 2016)

Protect and promote humanditd
through healthy and safe working
environment

(Hill and Bowen, 1997a; GCCP, 200
Adetunji et al, 2003; Ashleyet al, 2003;
Plank, 2008; CIB, 2010)

Equality

(GCCP, 2000; RethinkingConstruction,
2002; Adetunjiet al, 2003; Taret al, 2011)

Seek for fair and equitable distributior
of social costs of construction

(Hill and Bowen, 1997a; Plank, 2008; Ta
etal., 2011; Kibert2016)

Make provision for social self
determination and cultural diversity in
development planning

(Hill and Bowen, 1997a; CIB, 1999
Sourani and Sohail, 2005; CIB, 201

Kibert, 2016)

Compensation and benefit

(Adetunji et al, 2003; Berardi, 2013

Kibert, 2016)

Implement skills training and capacity
enhancement of disadvantaged peop

(Hill and Bowen, 1997a; DETR, 2000
Rethnking-Construction, 2002; Soura
and Sohail, 2005; Plank, 2008, Kibe

2016)
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2.9.3.1. The need to promote and implement sustainaljeinciples in

construction projects

It is vital that o©nstruction stakeholderglobally, should startto appreciate
sustainability, acknowledge the benefitssnfstainableconstructionand admonish
those sustainable principlés be supported, promotedand implemented in all
construction projects, whiclvill, in turn, achieve sustainable developmeRar
example,Kibert (1994a), Hill and Bowen (1997&Bartlett and Howard (2000)
Hydes and Creech (20Q0and Maduka et al. (2016b) add that if sustainable
principlesare implementeéh sustainableonstruction itwill contribute positively
to a better quality of life, work efficiency and healthywork environmentYates
(2003)explores the business benefits of sustainability principles and consthdé
the benefitsare diverse and potentially very significa@chienget al (2014)
developed a sustainability framework for small and medium contractors to improve

their performance againgtethree dimensions of sustainability.

According toCurwell (1998)theconstruction industry as a whateustrapidly come

to terms withreality regardingthe broader environmentadocial challengesand
agenda thaare presented by the concept of sustainable developrbeoause the

built envirmmment affects alhuman activitiesHence there is a neetb holistically
promote sustainable principles in the built environm&he Environment Agency
suggest that the industry has to change the way buildings are delivered, produce
energy and make technology more iefent, and these must go hand in hand with
changes in behaviour atttelifestyle needed if we are to survive climate change and
thrive (Harman, 2007)Therefore, any methatiat can overame climaé changes

worth tryingand should be considered as part of the growing sustainability agenda
(Georgeet al, 2012) Moreover, the promotion of sustainable practice is achieving
the right balance between these sustdenphinciples in implementing construction
projects(Ochienget al, 2014) Therefore, the need &pply sustainablgrinciples

in constructionprojects issignificant becauswhatis built today will provide the
future sustainablebuilt environment and will influence the ability of future

generations to meet their ned@dt et al, 2009)
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2.9.4 Environmental assessment metks

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
acknowedge their responsibilities for trenvironment thereby causing a shift on

how buildingsare designedbuilt, and operatedGreenwoodet al, 2011) This
change in attitude comes from conscious public policy decisions imposing
requirements on industrial and economic activities and frogroaving market

demand for environmentally sound products and seryidaslin, 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, regardihg b

identifying starting points and monitoring progress.

JURP WKH FRQVWUXFWLRQ DQG SURSHUW\ VHFWRUTV
slightly different points of view: measuring the environmental impact of design,
construction and property managent activities (as services or industrial production
processes) and the environmental impact of buildings (as prodiécisgn and

Laura, 2010)Therefore, the need f@nvironmentahssessment methods is vital to
reduceenvironmental impacts construction projects. With the rising interest and

demand from policymakersto achieve a sustainable society, the need for
environmentally related information is growing. There has been an increasing
interest in environmentalssessments of the built environm@ateenwoodkt 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 expectedeiover to a
specified set of criteria after constructi¢@ole, 2005) They aim to provide a
collective set of standards for assessing the environmental impact of buildings.
Hence, gathering detailed information about the building architectureitand
operation to identify priorities for sustainable building design and structure
environmentainformation, and create a body of information about the impacts of
buildings on the environmeiiCole, 1998, 1999; MzDonaldet 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 (SECB#),. 200

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 tomeasure key features of vital subsystems and elements of concern in a
building (Gardner, 1989; Nguyen and Altan, 201Most building assessment
methods rankbuildings 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 designeduate

the sustainability of buildings and to reduce the possibility of uninformed decision
making in delivering sustainable buildings. The use of most building assessment
methodis best approacheidom the start of a development project, such afién t
design phasw ensure that all of the criterae includedn the building plangSay

and Wood2008) It is challenging to use a building assessment method after crucial
decisions about building architecture, engineering, and siting issuebdwvenade
(Cole, 2005)

Before discussing the mentioned environmental assessmentita®lisnportant to
state why these tools are essential. What these methods assesnisrdmenental
capacity, whichincludesthe ecological integrity and equity of urban development
plans, programmes and projects captusggardinghe built stock, @insport, safety,
security, health and welleing needed for cities to instituteaality of life (Deakin
and Reid, 2014)Cole (1999, 2005)Dixon (2015)andSay and Wood (2008)ote

the need t@onduct an environmental assessment befonstruction, including:

OHHWLQJ WKH FO lred@&vet; FRQWUDFWXDO

Enhancing the market value for possible higher rental incomes and increased
marketability, increased energy efficiency and lowered lifetime maintenance costs
Demonstrating compliance with environmental requirements from occupiers,
plannersgovernments, and development agencies;

Environmentalimprovements 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 enduser benefitstto 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
Numerousenvironmental assessments methods and tools exist globally in the bui
environmentThese assessmemiethodsocus onenergy use in buildings, the sick
building syndrome and indoor climate, building materials containing hazardous
substances, and many other aspects in fragmented or integrated maanmey of
them assess bding components and some whole buildings, while others also
consider the surrounding environmé¢hodd et al, 2001; Forsberg and Malmborg,
2004; Malmqvist, 2008; Trinius and Nibel, 200&reenwoockt al. (2011)in their
study acknowledged theggardingsustainable buildinggomecodes and methods of
measuring compliance halueeen designedtypically, they havebeen developed
locally (starting in the UK and USA and now proliferating) and some baea

adaptedor international use.

Two of theearliest 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 environmtal 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 systébBigon, 2015) However,

this research will alsdiscuss Passivhaus, which is popular in the UKEBNYEST

used in the UK. It is important to note that BREEAM and Ska use UK po{l2irsn,

2015) nevertheless LEED and Passivhaus can sit alongside as part of a global

corporate envonmental 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 elvelopment of sustainable retrofitted building decissapport
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 amvironmentallabel for
buildings (Fowler and Rauch, 2006)developed by the mish Research
Establishment (BRE). BREEAM hdseen further developednd now there are
several BREEAM tools for different kinds of buildings: offices, residential houses,
blocks of flats, industries, healthcare, retail, education, communities, and @omest
refurbishmentgWallhagen, 2010)BREEAM is comprised of nine variations of
assessment tools to fit the building occupancy, including Courts, EcoHomes (single
and family residential), industrial, muttiesidential, prisons, offices, retail, schools,
and bespoke (which includes all buildings that fall outside the standard BREEAM
category ratings)Say and Wood, 2008For projects in the UK, there are six
standardschemes including new construction, communitiesjse, Eco Homes,
refurbishment and Code for Sustaite Homes (soon to be replaced by the Home
Quiality Mark)(Dixon, 2015) However, the Eco Homes tool has been developed into
D u&RGH IRU 6XVWDLQDEWad ats® fPardsfofmehté €od&r@) G
residential buildings in EnglareahdWales in 2004DCLG, 2009)

Crawley and Aho (1999Malmqvist (2008) andHaapio and Viitaniemi (200&xate

that versions of BREEAMould have many othepurposes, foexample,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, sponsorslage,show appearances,

and mor¢. 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 tde usedEven though it originated in the UK, projs outside

the UK can use BREEAM International. Hence, the BREEAM vers@vailable

to Austria, Australia, Germany, Hong Kong, The Netherlands, Norway, Spain, and
Sweden(Wallhagen, 2010)BREEAM is a voluntary, consensbased, market
focused assessment method, which uses three scales for environmental implications:
global, local, and indoor issuéSay and Wood, 2008}t is targetecht developers,
builders, designers and owreecupiers, and environmental labels atldwsusers

to differentiate their building 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 basesd on
performance against eight sections. Those sections include energy and water use, the
health and welbeing of inhabitants, pollution, transportation challenges, materials,

waste and ecology and management facility, and compares them to established
berchmarks(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 reffadditional
HLQQRYDWLRQ FUHGLWVY suRadinabltgrélated HEP&IGSQrW LR Q F
performance levels that are currently not recognised by standard BREEAM
assessment issues and critéfdrien and Laura, 2010, Dixon, 2015)7 KH EXLOGLQJV
score for hese 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 @00 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 Vergoodand Excellent forWKH FUHGLW p(1( B5HGXF
&DUERQ (PLVVLRQVT

In terms of BREEAM limitationsAwadh (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 systemgive the environmentapillar the most impoence and the
economicpillar the least. Based on this, te@vironmentalassessment method
assessethe environmental impact of developments rather than their sustainability.
Cole (2005prgues that, although BREEAM is arvennmental 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
RI QRW EHLQJ DGHTXDWHO\ F Rprotesses@nd @ nStLYRM HFW V
important weighting in the method. According Berardi (2011) addressing the
social aspect of sustainable development requires contextual design and relating the
building to its neighbourhood. BREEAM is a Unitethdom Accreditation Service
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(UKAS) accreditedhird-party certification scheme and entails a vigorous auditing
procesfUKGBC, 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) laurethin 1998 USGBC, 2008)LEED is

a building assessment system that has hestrumental in determining the
environmental impact of buildings. As construction industry purswssainable

aggressive environmental goals, specific targets for certification through the US
*UHHQ %XLOGLQJ &RXQFLOTV /((' (Kdbs\2DA3)LEEDVSWHP DU F
aimedatimSURYLQJ D EXLOGLQJYYVY HQYLURQPHQWDO SHUI|
savings, water efficiency and G@missions reduction. Similar to BREEAM, LEED
certification is available for five project types; Building Design and Construction,

Interior Design and @nstruction, Buildings Operations and Maintenance,
Neighbourhood Development and Hon{€®wler and Rauch, 2006; Zimmerman

and Kibert, 2007; Dixon, 2015However, LEED is a poirbased system in which

building projects earn LEED points for satisfying specific green or sustainable

building criteria certification.

The certification processffers four categories based on the number of points
accrued, and the highest rating is Platinum (80 points or more), followed by Gold
(6049 points), Silver (5@89), and Certified (489 pointsYUSGBC, 2008) There

is a flat registration fee that paidup front at the time of registratig®ixon, 2015)
Thecertification feds basedn the size of the project and the rating system that the
projectwas registerednder, hence, it is subject to changarthermore, the LEED
certification indicates that a building hdgen designedvith triple-bottomline
susainability (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 reducedr eliminated, and the loAgrm financialimpactshave also been
assesse(\y et al, 2006) In the construction industry, companies have a choice to

determine which level they would like their building to achiéRetzlaff, 2009)

+RZHYHU /(('"TV WRWDO VFRUH LV SRLQWV FRQWUL
2.10), there is an opportunity to gain an additional six ppintRU PLQQRYDWLRQ L
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DQG IRXU SRLQWV I|RUMWalhbgéh, RRQIDOWERU &R ROLEY \ |
Fundamentals are required, and the building does not receive any poausding

to Wallhagen (2010any 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 tedming 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 rentipes of 1%2% for a silver LEED certificatiofKats, 2003)

Some studies propose LEED as a strategic sustainable development framework, and
these includeNy et al. (2006) incorporating the natural step (TNS) based on
backcastingrom basic principles for sustainabilitgimmerman and Kibert (2007)
propose LEED as a potential application of the TNS to overcomsighéicant

shortcomings of buildingssessment systems.

Table 2.10 LEED categories and points (over 100 total score po{Atdjien 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

Regional priority 4

In terms of LEED limitations, Awadf2017) argues that LEED has not attributed

any weighting for theeconomicaspect of sustainability; which is one element that

gets the most resistance by key stakeholders. Addhlignis drivenby cost, the

economic viability of a building is systematlty covered automatically in project
decisions. However, and in most cases, operational and maintenancareasis
considered In the developing countries, where construction is continuously
increasing, sustainability practices are more or less divenWKH pJUHHQ FHUWL

with less attention given to the operation stage. In terms of the social pillar, it is at
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ULVN RI QRW EHLQJ DGHTXDWHO\ FRYHUHG LQ SURMH
significant weighting in the methgqdwadh, 2017; Mattonet al, 2018) LEED is

argued to bdenientin energy performance credits (Awadh, 2017). There are also
differences in the way LEED calculates credits. They linkedto the US Dollar

(especially the energyedits), 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 noAJS projectgDoanet 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 Charteed 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 fi(xbn, 2015) It

was formdly launchedin 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-diit in the perspective of the developing

significance of sustaindlily 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, consultasdst fibntractors,

and the supply chain. No matter wiyaur starting point, a Ska Rating will assist in
measuring up to 100% of the environmental performance of an offwet{iDesign

Building, 2015) The 100% performance rating covers energy ang ®@&ste; water;

pollution; transport; materials and wellbeifBICS, 2017) 6 NDYfV JRRG SUDF)
measure explains the criteria timieeds to be achieved, including the reasons behind

the rule and guidance on how to attair{kesigrBuilding, 2015) RICS (2017)

reveals that Ska Rating does not consider the baite: Instead,it measures only

what the user intends to do to add value to the buildeg.aspects of the rating

system ee:

Flexible scoping: match the rating to the scope of theuit
Easy to use and free online tool;
A clear label and easy to understand: Bronze, Silver Gold plus % santes

Formal quality assurance scheme for those who require a certificate.
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DesignBuilding (2015)andRICS (2017)in summarising the Ska rating assessment,

state that the process involves three stages. The stages include:

1. Design: thistepis about client identifying measures and probleesgiiredin the
scope, hence, avails the client the opportunity to priomtisasuredor decision
making regarding design, cost, programme, and benefit and add thenptojé&uot
scope This stage will also set the environmental performance standards of project

delivery as it relates to waste and energy in use;

2. Handover: thisensures that the criteria specified Hasen deliveredthus

performance and waste benchmaaks delivered

3. Occupancy: this involves an optional review of the performance of tbeatfit
against its original brief after a year the project hasn deliered To have the

project certified, you need a licensed Ska assessor to undertake the Ska assessment.
Hence,RICSis in charge of Ska assessment because they operate an accreditation
scheme to enable qualified professionals to conduct quality assureBafkg
assessments on behalf of organisati@izon (2015)states that, as of July 2015,

there are 191 accredited assessors, assessments in progress (formal and informal):
2070, completed assessmeintgormal): 981. Femally certifiedassessment869,

theseassessmentomprise the following ratings in Table 2.11.

Table 2.11 Ska scheme ratin@ixon, 2015)

Ska scheme Gold Silver Bronze
Offices 84 91 34
Retail 13 114 28
Pilot 1 1 3

The pilotis projects such as higher education, for which an appropriate scheme may

be developedh the future.

Ska limitations was designed as a-sa&$essment rating tool aisdocusedn rating

the scope of workaddedto the base buding. Hence, Ska does not currently have a
IXOOXMHY DVVHVVPHQW DV SURMHFW GHOLYHU\ WHD
RSHUDWLRQDOXWHD PWDWGY BHQW LV EDVHG RQ D GLI
made by a different set of people to thoseha tlesign stagdJKGBC, 2013)

However, UKGBC (2013) revealetV KDW WKHUH LV DQ URFFXSDQF\
that measures energy and water consumption in the 12 months following the
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