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Bassey B. Okon Abstract

Abstract

The rapidexpansion in the construction industry worldwide has placed more pressure
on the available natural resources, as the various construction activities and the services
they require, increasingly draw on supplies of watel @nergy. The provision of these
utilities and their continual maintenaneetivites within a building, promotehuman

daily sustenanceand economic development generalyut the exploitation of these
resources, their environmental impact, seewonomicimplications, and sustainability

all necessitate proper managemehtdeed, sustainability has now become the
cornerstone for effective building services infrastructure and building construction
managementlt is against this backdrop that this study,iethfocuses on building

services infrastructure and construction activities management, is set.

The study aims tointegrae the sustainability agenda in this context as a basis for
achievingsustainable development goals. Increasingly, building seruidessiructure
processes and theterdisciplinary engineering fields cannot operate optimally without
the incorporation of the sustainability agenda as a core management consideration.
pursuit of its aims, the study hasnployed variougheoretical propsitions, suitable
methods and frameworksall aimed at addressing the susthitity issues as a way
forward. The current technologies and management techniques related to building
managementlo already offersustainable and googluality service deliverybut the
findings from this study have yielded value addedtributions capable of promoting
greater success in the drive for sustainability, by employing the sustainable engineering
infrastructure (SEI) model, sustainability indexatrix (SIM), andparial differential
equation techniquesThe SEI model wasused in evaluating building services
infrastructure characteristics within the UK and Nigeria in the study phad¥s and

the outcomes are presented.

Life cycle assessment (LCA) and life cycle ts08.CC) methods were also applied to
examine building services infrastructure systems and their performance in the study
phase V. The LCA phase in this study considered ten environmental impacts during the

construction, operation (use), maintengraoed he endof-life phases obix buildings.
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The LCC techniqueappraisedthe use of construction materialsater, energyand
utilities to avoid duplication that leads to unnecessary costs in the aforementioned
phases of buildingsThe results of the differananalygs arepresented Energy and
utilities usage, togethewith carbon footprint management evaluation in bdte
healthcare and education sectors in the UKadse shown in the study phase Mh
appraising these scenariod)etpartial differential equation methodwas adopted
generating results fdhe healthcare and education sectd8.74 and 0.62 respectively
which expresses a goategree ofeliability of performance within thee two particular
contexts. In phase VII of the study, interviewih experts from academia and industry

havecorroborated thevidence secured froother phases of the research.

There is also a novel discovarythis studyjn its use of the&sIM function which is able

to provide a corresponding sustainability indersuit for buildings/facilities
performancen respect ofcritical and strategic management decisiofise SIM has
defined the sustainability index §f©oin pr ol
for any given system functioithe SIM and SEI models have been applied within some

phases in this study based on the acquired data and the resultsdiastedh
Additionally, there is a proposed algorithmic project life cycle framework with an
allowance for either on/offsite recycling process managing building infrastructure

challenges.

In its scope,lte studyfocuses on buildingfacilities) only, since thenonrintegration of
sustainability ethicgepresents the major challengedermining the blding services
infrastructure succesdlVith this focus in mind, His study has delivered improved
knowledge and understandiing the proper applicationand management of building
services infrastructure systemBhis has been underpinned by tlieree themes of

sustainable developmefur the present and future generations.

Keywords Building (facility) servicessystems carbon fooprint, energyand utilities
managemenengineering sustainabilitgnvironmental impact assessméar€A, LCC,

sustainable building, sustainablevélopment, sustainability index
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Definition of key terms

The key terms as applil in this theis are clearly defined. They include

Building services infrasticture performanceExplainsthe services delivery arttie
measure of the related activities to include resources use within a building (facility).
Coefficient of Variation[Expesses thpercentagelifference in one v@ablerelating
to another variable in data analyéiseld, 2006)

Factor: Another name foran independent variable and is typically used when
descrbing experimental designs in analysis (Field, 2006).

Frequenyg: Defines the number of repetitisnf sample distribution iadata test.

Matrix: Expresses a collection of numbers arranged in cadiand rows. The values
within a matrix are typically referred to as components or elemeatsumerical test.

Normalisation Arrangingsustanablity values limit to unity or sorting of variables
for the ease of computation (Hegtial.,2005).

Reliability: Describes the ability of a measure to produce consistent results when the
same entities are considered under timeeseonditions (Field, 2006).

Sustainability indexExplainsthe ratio of the global bisapacityof the eartho the
ecological footprintn building infrastructure (Clevelan2013 Knoepfel,2001).

Sustainability The practice of sustainabiliy this context explains the creation of
new techniqugin the exploitation of available resourcespt@omoteequitable bearable
and viablevalues witha healthy future foeveryindividual and the planet.

Severity IndexExplains thdevel of impact or influece

Weighting Describes the number by which variables are multiphediata analysis
Theweight assignetb a variable determindke influence that the variable has within a
mathematical equatiaffrield, 2006)
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Chapter One

1.0 Introductionto building servicesnfrastructure systems
management

This study overviews the management practiegardingouilding (facility) services
infrastructureand building construction aeities in the UK In addition, there are also
some comparative elements in this study between thaméKNigerian scenario$he
aim of this studyis to investigate the key managemeracticesconcerningthe
highlighted background activitieand to address such problemsgth a view to
achievinga more sustainable and good quality services deliverybuildings. The
Chapter bems with an introduction to the general context of the researhls is
followed with a synopsisof the situationregardingsustainability inbuilding services
infrastructureand building constructiomanagemenpractices. In this Bapter alspthe
associtedmanagement practicese assesseffom the &radle to gravéprocessesn
terms ofthdr integration ofthe sustainabilityagendaas a means to realisestainable
developmentAdditionally, this chapter presents a statementtloé researclproblem
with is concerned with exploring hote deliver the appropriat@anagement practices.
Furthermore, theChapter containsthe research ugstions, aim and objectiveand
indicatesthe scope of study. The significanaed benefitsof the researclare also

consdered briefly, and the way in which the thesis is structured is shown.

1.1 Sustainability in hilding services infrastructure

The huilding servicesnfrastructure utilityresourcesindtheir application witlin the
built environments of great concerrEnergyandwaterresourcesrethe basic utilities
commonly used in every home aall facilities around the worldKillip, 2005 NSF,
2005; KintnerMeryer, 1999) The sustinability of these resources n®w becominga
topical issudan the global economyUNFCCC, 2012 Eco Homes, 2003)0ka, 2007.
Contemporaryresearchers havestablishedhat one of he greatest challenges of the
present erais anchored onthe issueof resources exploitatiorand sustainable

development But, there ae huge implications of the exploitation of resources for
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human activitieWCED, 1987; Ellis, 2007GSGF, 201Q)In this respe¢tBREEAM

(2008) nots that he rapidindustrialisation as withessedhrough building services
infrastructure growth in variousmeging economies worldwidénasa negative impact
on theavailable resources and tleamvironment Bardos,et al., 2009; CIOB, 2011)

Fundamentally:

Building services iffastructure in this context spreadacross water,
wastewater energyand utilities, heat, airconditioning and ventilaon (HVAC), fume
extracion, fire protection andalarm systemm Additionally, elevatos (lifts), waste
managemergysters and inbrmation technology (IT) systerare neededor the proper
functioning ofbuildings (facilities). Other building servicesesponsibilitiesare the in
house predictive, corrective and ancillary maintenancepractices undertaken on the
listed equipment within the buildiadfacilities) for effectiveservices deliveryGrigg,
1988; Armstrong, 198konet al.,2010; ASHRAE, 2004)

The overall aim in this case is to provide sustainable, economic and reliable
management practices to sopipthe buildings (facilitiesuse.However, hese building
servicednfrastructurepractices and theadevelopmenhaveplacedthe issue of resource
availability andthe environmental implicatiosiof currentspreadstrategiesat the centre
stage ineconomicexpansioractivities(BSI, 2006;GSGF, 201 Indeed, recent studies
from (Cuellar and Adisa, 2011; Darlst al, 2011) have also revealed the impatt
building services infrastructure activitiegore often than nqtthese impacts are seen
throughthe application otookinggas, coal, fossil fuebnd oil within the construction
and operatioal (use) phases ohé building.In this situationjt is noted(seeASHRAE,
2004 Armstrong, 198Y that the release of tbseburnt productdnto the atmosphere
means that toxinarecaught up in the aithusgiving rise to theglobal warmingthreat
(BREEAM, 2008 Smith, 20®). Consequentlysome researchers have proposeel
regulation ofbuilding services activitieshrough the integrationof the sustainability
agendawithin corpaate business strategiess a means ofchiewng sustainable
development goal@Velford, 2003 KPMG, 2008)

The ircorporationof the sustainability agendanto building services activitiess

tailored towards achievingest pacticesin the field ofresourceconsumption(CIOB,
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2010; CIOB, 2011;CCT, 2008) and management of the buildinggth a viev to
realisingsustainable development. It is in this direction that regulatory chdi§&sG,
2008; Loosemore and Phua, 20tbncerning the social, economic and environmental
reputation of building servicesfrastructuremanagement activities could lagained
(Epstein, 2006; Lelyveld and Woods, 2010).

1.2 Sustainability in bilding construction

In the 25t century, nuch emphasis has been placed on the concept of sustainability
within building construction activitiesI he constructionindustry has beeidentified as
one of themajor drivers of economic developmemithin the built environment (Oritz
et al.,2009; OCED, 2003put the activitiesundertaken within that industryeed to be
appraised for theisustainability Cheshire 2007 BREEAM, 20@). In fact, Boyle,
(2005) noted thatie overallconcept of sustainability relating to buildings is gtiborly
defined. However, b a large extent, thiocus of sustainabilityis on the utilisatiorof
energy inbuildings. In the UK, appramately 66% of tle total energyonsumptions
accounted for byuildings and building constructiactivities(Boyle, 2005) That said,
Winther and Hestned 999, andEaton and Amat¢1998) havearguedthatthe energy
consumed irthe operatioml phaseof a building oveshadows that of the construction
phase. Vpically, 90% of the energyis consumed irthe operatioml phaseover the
lifespan of thébuilding. As aresult much research has focusedsmstainability andhe
reduction ofenergyusein respect ohouse and wat heating (ASTM, 2002Ashworth,

1999 ASHRAE, 2004.

In respect ofhe integration of sustadility within construction activities, Boyte s
(2005) study revealed thdtis has become imperative dtethe growing concern that
human activities are affeny global and local ecosysteniBellandi, 2004; Sabol,
2008) These human activitieswithin the construction industry have severe
environmental impastand potentially cause permaneahanges to some ecosystems
andto natural resourcegenerally(Lorenz,2008 Killip, 2005). For instancelippiatt
(1999)indicates thabuildings consume 40% of the gravel, stone and sand, 25% of the
timber, 40% of the energy and 16% of the water used globally per year. In the UK

aloneg it has beerstimated that aboutténs of building materialper every member of
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the populatiorare used annuall§Cooperet al.,1997) Clearly, such statisticshowthe
need fora sustainability checkBardos.et al.,2009; Ding, 2008CIOB, 2010)

It is true thatthe principlesand benefi of sustainabilityand otherframeworksas
appliedto the constructionndustryhave been discussé@heshire and MaunseR007
BREEAM, 2008 BSI, 2008; CCT, 200&4ill and Bowen, 1997; ISO, 199Dutil et al.,
2017). And it has been argued that withihe context of the construction industry,
sustainabilitycould be promoted througloiporatesocial responsibility (KPMG, 2008;
Mior, 2001; Welford, 2003).In fact, this is a crucial requirement as sustainable
practices promotealueaddedfor building corstruction activities in terms of thdwng-
term viability (Pedersen2006) It is noted by KPMG (2008), thahé¢ integration of
sustainabilityasa corporate business strayegithin the construction industryprovides
the necessary framewofkr the sucess of building developmen{aaronson, 2009
Loosemore an@hua, 2011)Generally the effortsexpended in response to that strategy
encouragebuilding construction activitieghat arein harmony with theidea of
sustainableocioeconomic and environmealtsucces$ESCAP, 2006Clift, 2003.

1.3 Problem gatement

Building servicesnfrastructuremanagement and evaluation in contemporary society
is very challenginglncreasingly,building servicesinfrastructure users are finding it
difficult to adjustto the rats of water and energy use, among otfesourcesat the
same time as attempting to introduce sustainabilisasuregKintner-Meyer, 1999;
Eco Homes, 2003; ASHRAE, 2004)his study recognises thgessure associatedth
building servicesnfrastructureand the need for sustainabilignd consequently aims to
explorethe challenges, mitigating situatis and the current best praaitnplemented
in the hope of afiractical solutionThere are already many studies that hawesitlered
the current design abuilding servicegnfrastructuresystemsand modeldo incorporate
various innovativemodebk to promotequality of serviceswhilst also achiewng the
economical management afilities resourcegRICS, 2010; PMPCB, 2010; DEA,
2011)

And in this study, the building construction activities aienilarly appraisedrom

the &cradle to grav@as found inthe work ofvarious authorgsee for exampleClift and
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Bourke, 1999 Lorenz, 2008Clift, 2003). However, it is acknowledgedhat egardless

of the breakthroughthat have been made by the various modelling activities conducted
by previous researcherthere remains aneed for more emphasis time expansionof

tools that can be implemented, and on the need to create moem@sgaoncerninghe

use ofbuilding services and building construction activitie¥hese challengesrovide

the rationale foexaminng the entirerange ofbuilding managemeriracticesin order

to arrive afpossible solutionto the research problem

1.4 Aim and djectives of theesearch

This studyaimsto examinethe barriers tothe implementation of best practices in
managingsustainable buildingservicessystems.It focuseson the building services

infrastructureandbuilding construction activitewithin the UK and Nigeria

The main objectivesf the studyare as follows:

1 To identify the problems influencingustainable infrastructure management
practices within the building services dmdilding construction activities

1 To investigate thebstales to the achievement dfe best practicesvithin the
context of this study.

9 To appraise theurrent standard of performaneéthin the building services
infrastructure systems and management practices inthefublic andprivate
sectors.

1 To developsuitable moded and framework for addressing problems associated
with building servicesmanagement and building construction activities.

1 To compare the developed masleahd framework with the existing ones and to
verify the results using different phasef study.

1.5 Research gestiors

This study is concerned withe delivery ofbuilding servicesnfrastructuresystems
that aim to producsustainabilitywithin UK and Nigerianbuildings (facilities). As a

result, the following questiorare formulated
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1 Are building services infrastructure systewrasd building constructiomprojects
properlymanagedccording tadhe sustainability criteria?

1 Is the conceptof sustainability integrated ia building servicesinfrastructure
systemsandconstruction pragcts?

1 Is the sustainabilityagendaappropriatelyincorporated in boththe public and
sectorgn this contex®?

1 Is it possible for clier#to manage, verify and validate sustainability proesss
together withother important activities relating to buildisgrvicesnfrastructure
systemsand building construction projeéts

1 What are the private and public sectmttitudestowards integratinghe concept
of sustainabilitywithin building services infrastructure and building construction
projectsin the 25t century?

1 Does the awareness regardiig conceptof sustainabilityin this context have

any positive impaatiponpractical applications?

1.6 Scope otheresearch

This researchreviews an extensivebody of literature concerned withbuilding
servicesinfrastructure including that relating t@nergy, waterand wastewateamong
others and themanagement practicemssociated with these servicéghe building
construction aspegcs alsoreviewed. This approach is necessary the majorareas of
interest inthis study @ntre on the current management practices anddstab of
performanceassociated with success terms of sustainability. Building services
infrastructurecharacteristicsare consideredvithin the UK and Nigerian scenarios
Additionally, the LCA andLCC among othetechniquesareemployed tameasure the
performancef services delivery in this study.

Energy and utilities managemenand their carbon footprintvithin hogitals and
schools in UKare also studied anda comparative analysis male between the two
sectorsAn SEI mode] the sustainablmdexmatrix, andthe partial differentiakquation
methodare alsodeveloped toverify the sustainability indices of thauilding services

infrastructurestudied The eisting knowledge, identification of problem areasnd
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applicationsare addressedn this study. Generally,the managemenpracticeswithin

building services and construction projectsha UK and Nigeriare considered.

1.7 Relationshimmong the entire phasetstudy,l i VII

The study in phase, Irelates tothe buildingservicesinfrastiucture characteristics
associated wittlthe operation and maintenanceanagemenbf commercial buildings
(Shopping Mallsyithin the UK.In study phase II, construction activitiageexamined
within five building construction companies in the UK. The study in phase Il fecuse
on the building services infragtture characteristicen respect ofthe operation and
maintenance managementwithin the Aluminium Smelter Company ofNigeria
(ALSCON) facilities. In phase IV the studyaddresses the building services infrastrcture
characteristicassociated withthe operation and maintenanegnagemenwithin the
Mobil Producing Nigeria (MPNjacilitiesin Nigeria.

All the phases of this study arelated in terms afeir architecture, components and
engineering design fooptimum services deliveryClassically the building services
infrastructure characteristics in the study phasédV are designed witlmolistically
provide services ibuildings (facilities) settings from the cradle to grave. That is, from
the design, construction, operatignse) and maintenance stage$ luildings and
facilities (RICS, 2008;Grigg, 1988; NSF, 2005)As such, thigpattern houses all the
building servicesnfrastructure components ihe study phase Which LCA and LCC
examined Therefore the environmental impacarising from the equipment and
operation energyand utilities use togethemwith their related costsan be evaluated to
ascertain the quality of permancein buildings and facilities

In the cae of the energyand utilities appraisal instudy phase VI, thectivities
involved are within buildings andacilities as elements of the infrastructure systems.
The energyand utilities use gradually constutes environmental impactlence, the
impact arising fromenergyand utilities consumptioncontributes towards theclimate
change threat (PMPCB, 2010; RICS, 2008; Ellis, 2007; CCT, 2Q08Yith the
integration of sustainability programme into building sevices infrastructure and
building construction activities as core management stratethisgproblemcould be

appropriately addressetlowever, such integrationan only be effectively achieved
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through suitable innovative designand construction, the installation of quality
equipment and the implementation oftandard maintenance cultyveacticesin study
phases T V, as revealed idata from variousurveys(Horneret al.,1997; Bayetet al.,
2010) The study in phase VI islso related to the othephasesof the research
activities. In phase VII of this studwtructured interviewsre heldto evaluate the
perception ofsustainabilityin the currentmanagemenpractices and implementation
processes building projects.The interview findings are uddo corroborate the survey
informationcontained in ChaptereSen of thisliesis.

1.8 Gaps in the literature

Sustainabilityethicsand theirincorporationwithin activities concerned withuilding
servces infrastructure and building constructionprojects represent a challenge for
building services engineers, afiterefore, the entire topiequires more study. The
sustainability agend#s defined asmeetingthe needs ofhe presengenerationwithout
compromising the ability of the future generation to satitfyown needs (WCED,
1978 UM, 2002 and this agendhashad avery significantimpact acrosshe whole
range of differeneconomic activitieslt has been pgressivelynoted(see for example,
KMPG, 2008; Wood, 2006; OCED, 2003) thdite sustainability agendand its
implementation within this contextepresent gparadigm shiftin respect ofsocial,
environmental an@&conomic activitiegYudelson, 2008JUKSC, 2006; Turner, 2006).
The notion of the sustainability programme asequiring innovative building
management strategies has brougtich transformation into th constructiornsector
over the yeargDing, 2008; Shah, 200,7andrecent studiegsee for exampléyWood,
2006; GSGF, 2010; GirouardP21; Dutil et al., 2011) can be identifiedin this area
However,so far, the studies produced have considsustainabilityfrom a qalitative
approach

Thereis little or no informaton from researcherssho have addressed impacts upon
sustainability usng quantitatie method. Furthermore, studies exploring the
sustainability impact fronguantitativeapproaches, amot commorwithin this context.
Hence, there is kack of rigorous information concerned with the measurement of the

sustainabilityimpact caused bybuilding activitiesin the UK and Nigeria contexts
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This study will concentrate on providing literature in this respect, thereby producing
information concerningsustainability impact within buildingervicesinfrastructure
activities which is obtainedusing both qualitative and quantitative methoRscent
studies(Okonet al.,201Q Okon and Elhag2012) haveesstablishedhe SEI model and
sustainable infrastructure management model as implementable tools for appraising
guantitativesustainabity impactin respect obuilding activities goalsThis study will
alsoexplorethe sustainability drivers, poles, challengesand the factors affectintpe
appropriate immmertation of the sustainabilityagendawithin building management
Moreover variousbuilding management strategiedll be consideredo add valuable

contributionsto the debate abostistainable development success

1.9 Significanceand benefit®f the lesearch

The researchoutcomesare significant for a wide range of practitiers (experts)
concerned withsustainabilityprogrammse in the general area dduilding services
infrastructure and building construction activitiés. particular, he benefitswill be
through the identiiation of managemenproblems, characteristicgigps, themajor
policy drivers andthe provision ofimplemenation tools for sustainability goal$he
indicatorsin respect okustainability goalsre identifiedthrough the SEI modeinda
partial differential equation method A sustainability index matix (SIM) is also
established through this studys a managemeriechniquefor appraisingbuilding
servicesinfrastructure performancélso, a project lifecycle frameworks developed
andappliedin measuring the sustainability indices of the building gotgexamined in
the study These models arenovative managemenstrategiesaimed at supporting
sustainable developmesiticcessn this contextIn the same veirgther new approaches
towards the mitigation of building services infrastructure systems piems are
establishedin this tesis Moreover, all thephases of studyddress thebuilding
management problenns boththe public andprivate sectors ofheeconomy.

Findings from this studywill provide appropriateplatforms for building experts
(building services,facility managers building contractors, architects) arfisthanciers
amongt others. Thee findings will raise awareness amorigpth public andprivate

sector clients6 o fthe IsBlwnodeliore systaicable buiklingp | o y
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managementThe incorporation ofthe sustainable infrastructure management model
and sistainability indexmatrix modelwill also offer a better approach in evaluating
building project delivery Also, the project life cycle framework will create a
competitive advantageni appraising the cradle to grave activiti@s building
managemenprocesseslt is worthwhile to mention that this studyill also deliver
improved knowledge andunderstandingin respect of the integration of the

sustainabilityagendanto building manag®aentactivities

1.10 Structure of thehesis

The structure of th thesiss illustrated in Figuré.1.

Chapter One
Introduction

Chapter Two
Sustainabilitwv &

Sustainable
Devevelopment

Chapter Three I
Research Methods I
L 4 *‘ *‘
Chapter Four Chapter Five Chapter Six Chapter Seven
Building Services LCA and LCC Energv and Utilities Interviews
Infrastructure Analwsis Management
Characteristics

| Chapter Eight |
N Conclusions and

—l Recommendations

Figure 1.1: The structure of the thesis

This studyis structured into eighthapters anthe appendice€hapter One presents
the introdwtion to building services infrastructureand building constructioactivities
andmanagementt further includes sustainability integratianthin the context of this
study, the statement of theresearchproblem and the questions that have been
formulated to address thiTheaim and objectives of thetudy, scope significanceand
benefits together with thatructure of thehesis, and an overall summary of the chapter,

arealsopresented
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Chapter Two providea review of therelated literature andives anintroductionto
sustainability and sustainabiievelopmentn respect obuilding servicesnfrastructure
systems managemeinithe triple bottom lingTBL) of sustainable development is also
discussed. Again, the overall context of the study and toégical modernisation
regarding building servicesinfrastructure management are examined. Corporate
sustainability and knowledge transfer respect ofbuilding servicesinfrastructure
systems management aisoconsideredas are the associatetallerges.Sustainable
building servicesinfrastructurein the context ofeconomic growthin contemporary
societyis also analyse and discussedh this Chapter. The various framework for
building services infrastructurand building constructiondevelopmentare explored,
and proactie measures foraddressing sustainableuilding servicesinfrastructure
managemerandengineeringre indicated abest practice.

Chapter Three presents the research metids concerned with sustainable
infrastructure systems managarhe Additionally, the design for his study is
introduced,presentedn an algorithmicflow chart which showsthe sequence fothe
processes undertakemformation regarding the surveys conducted in the different
phases o$tudyis also provided, and delsiof the flot study,administration, feedback
and technigues of analysis are also givedditionally, the Chapterincludes details of
the SEI model development and the methagkd for the interviews and analysis.

Chapter Fouexplores the results andiscussionselating tostudyphases T IV. The
study phasesare commercial buildings (operation and maintenancelpuilding
construction companiesUK and ALSCON with MPN facilities in Nigeria This
basically addressethe findings from theexamination ofthe characteristics of the
building servicesinfrastructureassociated with these companies and facilitigse
building servicesinfrastructure in the UK coains shopping malls among other
commercial building, and the building construction industry the Nigerian situation,
ALSCON and MPNbuildings (acilities) areexamined This Chapter also accounts for
the sustainability indexmatrix used in the determination of thmiilding services
infrastructure performance.Results from the amparative analysi®f the UK and

Nigerian scenarios and tle sustainability indicesfor both cases irrespect of the
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building servicesinfrastructurecharacteristicsandthe managementechnique that are
used toascertain theerformance of individual organisations, alsgresented

Chapter Fiveconsidersthe results andffers adiscussionconcerningthe LCA
appraisal of ten environmental impaof the infrastructure o$ix buildings within the
UK, study phase V Furthermore the LCC evaluation of these six buildingsd
infrastructure and thefindings from thestatisticalexaminationof the findings in this
respectarealsoreported.

Chapter Six presentsthe results anda discussion b the energ and utilities
managementtogether witha carbon footprintstudy, of the healttcare and education
sectorswithin the UK This investigation is conducted phase Vlof the study The
Chapteralso incorporatemformation abouthe study process and data asdion. The
results anda discussionconcerning the operatioifuse) maintenance andvaste
management activitiegithin the investigated sectors aabso presentedThis Chapter
includes carbon footprinimanagementprobability analysis,sustainability indexesults
and a comparative analysithrough the application of apartial differential equation
methodin ascertaimg building serviceperformance

Chapter Severpresentsthe conceptof sustainability and itantegration within
building servicesinfrastructuremanagemenas perceived by industgpecific experts
with whom structured interviews are helthis section of the studsepresentphase
VII. Also contained in this Rapter isa discussion ofhe relationshipandthe benefits
derived fromall thephases of the study.

Chapter Eighthighlights the conclusionsof the studyand the recommendations
made It also discussesthe contributions to knowledgenade by the study, the
limitations it encountered, and makesommendations respect of further research

Several appendices are attached to the thasiefererce purposes.

1.11 Summary

This Chapter of thehiesishasprovideda detailednsightinto thebackgroundo the
study, and has given an introduction to ¢iverall context of the researchhe needor
the integration of sustainabilityobjectiveswithin building services infrastructure and

building construction projestactivitieshas beerpresentedand from this, a statement
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of the problem, the aim and objectives of the study, and the research questions
associated with it, have beeorihulated. The gaps in the current literature have been
identified, and thesignificance and benefitf this study are noted. In addition the way

in which the research study is structured has been shown. It has been notkd that t
benefit of this study &e specificallythroughits application othe SEI model andther
strategic management metisoBurthermore, bwever, theothercontributionsmade by

the studyare alsonoted. Having produced this background information, #eessary
theoretical foundatins of the researdiave been identified.
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Chapter Two

2.0 Sustainabilityandsustainabl@evelopmenin building
servicednfrastructure systems management

2.1 Introduction

Issues relating to sustebility in the 2%t century areincreasingly gaining
prominence ininterdisciplinary engineering applications within building services
infrastructure systems, sigystems and technologiesas the aim of achieving
sustainable deVepmentgoalsgathers momaum Indeed,all economic development
frameworls reston sustainabilityfor future advancemerfWCED, 1987 UM, 2002. It
therefore becomesnperative forthe sustainability agend& be incorporatedvithin
building servicesmanagemenas a core businesdrategy andiest practic§ KPMG,
2008) This studyrequires the exploration different themeasshownin Figure 2.1

Sustainahility Ecological modemisation Corporate Infrasmucture Contemporary
and sustainable on sustainable building sustainahility svstems challenges with
development infrastructure management and knowledge management | '] IsM
transfer (IS

¥
Engineering LCC LCA IS0 Frameworks Sustainable
Sustainability for |, | Frameworks Framewaorks forsustainable | | infrastructure
ISMand for ISM for ISM infrastructure towards economic
development development growth

Figure2.1l: The study process

2.2 Sustainabilityandsustainable elivelopment

Sustainabiliy and its wider applicatiors quite an innovativadvancemenivhich, in
part, seeks to adress the poor managementexisting natural resources. Thecent
application of sustainabilitypervades every facet of economic, material and human
endeavours regding the sustainable development gdélardoset al., 2009). More
interestindy, Drexhage and Murph{2010)argued that the concept of sustainabiigy

perhaps best described as a measure of how well a particular endeavour is able to meet
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these goalsfosustainable developmerit can also belefined as meeting the needs of
the present without compromising the ability of future generations to satisfy their own
needs (WCED, 1987Elkington, 1997. Certainly, ithas grown in significance across
many busiress organisationsindeed, ncreasingly organisations including the
construction industryare becomingmore concerned with the impact of their business
activities on economjsocial ancenvironmentasustainability EImualimet al.,2012)

The impact ofsustainability issues on building construction activitietocal and
challenging and consequently debates onrey forwardare neede@QUNFCCC, 2009
CIOB, 2011;Cheshire and Maunsel007). The overalldebate has culminated the
discoveryof theissues and drivers that can offer guidanirerelation tosustainability
appraisal andhe improvementof building constructionactivitiesto ensuresustainable
development Cheshire 2007 Elmualim et al., 2012 Eco Homes, 2003)However
Dutil et al. (2011) argue that guidance in itself is not enough and that sustainability
imperatives must be integrated with building management policy, and recognised as key
ingredients(OECD, 2003) Such an approachill curtail a significantamount ofthe
social econanic and environmentampactarising from building activitiesMoreover,
the compulsory integration ofustainabilitycriteriawill demandregulatory compliance
with the recurrentissues concerningesourcesuse and climate chand®ICS, 2008;
GSGF, 2010GBPC, 2010UNFCCC, 2012Lazarus, 2006

In a related developmenthe UNFCCC (2012) argua that issuesconcerning the
recurrentuse ofresoures and climate changézone depletion, pollution, ecosystem
destruction and global warmipgmongt others can bemanagedhrough sustainability
programmes(Rio Summit, 1992 Environmental concerrabout the economic and
socialoutcomes ofesource®ver-utilisation isa must ifsustainable developmeist to
be achievedNonetheless, such concern in itself ig sofficient, since aseveral studies
in this contexthave shownsustainable developmewrannot functionwithout actual
sustainability goal§WCED, 1987 Sattertherwaite, 20QPopeet al.,2004 WB, 2010.

2.2.1Review d the triple bottom line fosustainablelevelopment

The triple bottom line {BL) principlesof sustainable developmertnphasis the

need foran inseparableframework to support sustainability gogElkington, 1997
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KPMG, 2008. Increasingly, the TBL framework in this contartorporatesa highly
inter-relatedand equaly importantrelationship among théhree valuesregardingthe
use of natural resourc&s building managementrurthermoredueto the significance
of the TBL modelin achievingsustainability,Hacking and Guthri€2008) havenoted
that theframeworkis gradually gainingacceptabilityin the global building industry as a
vehicle for realising sustainability objectivdadeed, recently, ilsinesscommunities
worldwide have adopted the TBL paradigras a framework focorporde reporting
practiceso comply withregulatory changesndto improvetheir social, economic and
environmentalreputationin respect ofsustainable development god&/CED, 1987,
Elkington, 1997 KPMG, 2008. Figure 2.2 depictshe TBL modelof sustainable
development

Sustainable
Development

EBearability
Values
Eqguitahility

Values

Environmental
Economic Values

Values

Viability Values

Figure 22: The TBL model of sustainable development (UM, 2002kon et al.,
2010).

In practical terms,hie TBL framework expressesset of environmental vaésthat
include natural resources utibsion, environmental managemenand palution
prevention and control&ir, land wasteand water resourcegi\nneclke andSwilling,
2009. Elkington (1997)includes the notiomhatthe social set focuses on tiséandards

of living, equal opportunity, commuly, governance, institutions, inclusion
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consultationsand empowerment of citizenryThe economic set outlines cost savings,
profits, research and development, economic growthiciency, and stability. Within
the sustainability modekhe spheres of stanability intersect (socienvironmental)
valuesyielding a new set o$ustainable engineeringfrastructure(SEl) model values
(WCED, 1987: UM, 20020konet al.,2010.

On the other hand is maintained’Young, 1997; Elkington, 1997UM, 2002 that
the socicenvironmentalvalues are: environmental justicenatural resourcesand
stewardshipMoreover, wheresustainability intersectionsccurbetween economic and
social valuesthey can be seen pyomote the equitability standards of business ethics,
fair trades and workers rightThe intersection between environmental &sdnomics
values suppostthe viability values of energy efficiency, subsidiesd incentives
throughthe use of natural resources shownn Figure 22 (UM, 2002; Okon et al.,
2010)

However, due to the rapid industrialisation witnessetiroughout the building
industry in various emerging economies in the woikdis necessary for all available
resources to be suitably managed. Tikisvital, particularly because of the human
induced threat of global warming, and the fact that with more controls, the natural
environment could be better protectéthe TBL model is capable of integrating
sustainabilityinto corporate buildig industry strategiesto achievefor sustainable
develgpmert goals(Bardoset al.,2009; Keller, 2009)In this respect, it is valuable for
testingsustainabilitypracticesthusadding value to buildingervicesactivitiesandtheir

evaluationas reported in thidesis

2.2.2The ontextof the research

In this studythe main area of interest tise establishment dfest practices through
integratng sustainabilityprinciples intobuilding servicesnfrastructure management as
core business stratedpr sustainable developmenthe literaturereviewed inthis
chapter identifies th&ey sustainability issues, policy drivers and framewoesd
incorporats the concept of sustainabilityto building services activities within a wider
framework of sustainable developmenthe challenges associated with the

environmenal, econonc, and social values are also investigatethe light of theever
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increasingbuilding development and urbaprawlwitnessed in the built environment.

Basically, this studyrovides aroverviewof:

The services delivery withime building serviceginfrastructure utilities
managemeniand building construction projectctivities generallyThe infrastructure
services include energwater, heating, waste managemenaterials consumptigand
thar carbon footprint Also, thelife cycle analysis and lifecycle coss evaluation
associated withbuilding servicesperformanceare studiedASHRAE, 2004; Arstrong,
1997; GSGF, 2010; Bayet al,, 2010).

The built environmer@t s p o aseanrajoradontributor tthe achievement of
sustainabilityinitiatives cannot be oveemphasisedThesepotential contributions in
terms of sustainabilitprinciplescan be seen in the promotion of sustainddl#ding
industry activitiest BREEAM, 2008 ASHRAE, 1999,ASHRAE, 2004).The principles
themselvegest ongradual adoption bgcoefficient building services managemeuit
integratedand multi-disciplinary innovative approacheshat will ultimately produce
effective building performance Current innovativeand sustainability management
protocds regarding buildingpractices are well documented(PMPCB, 2010;Eco
Homes, 2003 CCT, 2008. Figure 2.3 illustrates how sustainability principles are

incorporated into the various processes involved in building construction.

$8 8

D cthare

Sustainability

Sustainable Building Services
Swstems Management

Figure2.3: The research contextualoael
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There is a need to incorporatastainabilityprincipleswithin building construction
processesbecause these principles/olve through active participation obuilding
servicesxperts who thraigh this involvementlirectly influencebuilding management
(NIBS, 2006; Shah, 2007; BSI, 2008)

2.3 Ecological nodernistionin building services practice

Ecological modernisatioraccouns for the generic polices hitherto formated to
address sustaibdity issuesand practicesn building servicesmanagementand the
construction industry¥Nebel, 2006 BREEAM, 2009. In this connectiona studyby
Popeet al.,(2004) has revealed thtite concept oécological modernationwithin the
building sectoris primarily focusedon the integration of sustainability goalwithin
building practices. Thiss most likely becausethe building servicesand building
professionals have the best opportunitypromote ecological modernation ethics
throughimplementirg sustainabilitypracticesin the early stage of building projecs
(CIOB, 2008; Eco Homes, 2003; CIOB, 2011lso, the theory and practices
concerningecological modernisation ithe building servicescontext haveoverlapping
significance in the social, economic and environmentdtriple) values and these
overlapsstrengthen sustainablevelopmentgoals (Lazarus, 2005; ASHRAE, 2004;
WCED, 1987).

Turner(2006 hasargued thathe theoryunderpinningecologicalmodernisation and
its promotion ofsustain@le building servicegpractice is tailored to incorporat¢he
techrological and innovative pdels that will improve the triple linef sustainable
developmen{Norris, 2006 UKSC, 2006) And other scholargsee for exampleé?opeet
al., 2004 Horneret al, 1997 Wood, 2008 have notedthat the noncompliance of
building services experts with the theory and practicescofogical modernagion will
weaken the entire success @lstainability processesln fact, te ecological
modernigition practices requed to achieve sustainability objectives are well
documented (IPMVP, 200BMPCB, 2010 UKGSD, 2003, and includenformation
regarding protocols for assessing energy utilities, water use, wastewater the
building services practices for sustainabilityainmeni{Wood, 2006 ASHRAE, 2004).

The ecological moderragion practices in this caseyill engender a balance in the
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utilisation of the available resourcesnd promote ecfriendly building services
infrastructureananagemenfGSGF, 201Q)

2.4 Corpoate sustainability and knowledgeanhsferin
building services management

Breakthroughs inexisting technologicaladvancementshave integratedccorporate
sustainability and knowledge transfewithin building services managemenand
interdisciplinaryengireeringpractices (Landman, 1999ASTM, 2003. With increasing
energy, water and maintenance costs currently experienced in various, lofimes
and the constructionindusty, the integration ofcorporate sustainability policies
becomes crucialMoir, 2011; CIOB, 2011; CCT, 2008 In a study conducted by
Kintner-Meyer (1999) on uilding servicesinfrastructure it was found thaenergy,
water and other utilitieall have a significant influencever how buildings are used,
thereby necessitatingcorporate sustainability policiesand implementation KPMG,
2008;BREEAM, 2008.

Corporate sustainability and knowledge transétsited to building industry activities
explain the paradigm shiftin theory associated with thelynamic policy changes
directed towards dst practices within the building services domain (CIOB, 2010
OECD, 2009a; NSF, 2009n recent times, the building industtiaroughthe corporate
sustainabilityagenda has establishedarbon reduction targgtwaste recyclingand
water and energy ceservation techniques amastgother poliges (CCT, 2008
Pederson, 2006; Thompson, 2008jgure 2.4 depicts theorporate sustainability
agendaasreviewed in this studyCorporate sustainabilitpolicies in the construction
context are aimed at establisgicodes of conduct, auditing and monitoringastgies,
and social principles with eco labels that will add value to sustainable g(dmih,
2001;Welford, 2003;Aaronson, 2009)
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Figure 24: Corporate sustairality agenda forthe constrution industry(Robinsonet
al., 2006).
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The corporate sustainabilitggendaaccording toa study byRobinsoret al.,(2006) has
establishedthat current sustainability polies are influencing building industry

activities. At the same timeKnoepfel (2001, andthe RICS (2008 haveargued that
building servicesactivitiesform an integral part of the building indusfpyocessesand

therefore with the growing number ofsustainability policies,issues relating to
resources magement and environmental impact beengaddressedBellandi, 2004;

Robinsoret al, 2006.

A corporate sustainabilitypprogramme generally cultivates proactive levels of
commitmentin building services management through knowledge transfer mectsanism
capable of sustaining rapid technological advancentéshce, the involvement dhe
building services experts in theplementation of theorporate sustainabilitpggenda
will gradually mitigate environmentalmpacts and promote sustainable development
suaess [Loosemore and Phua, 20aronson, 2009GSGF, 201

2.5 Building servicesnfrastructure systemsanagement

Numerous research efforts have focusedth@sustainablemanagement practices
related to building servicasfrastructure systemssidentified by their use of available
resourcesdise andthe environmeral consequence@BS, 2012 Sabol, 2008 In this

respect, it is understood thiamprovedefforts seekg to address sociand economic
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needs while minimigg the potential negativenvironmental impactscould promote
andfurther sustainable developme(MVCED, 1987; HillandBowen 1997). However,
the concept o$ustainability incorporatiowithin building services managemastopen
to a wide range of interpretats based oits vastapplicationsHence, it is appropriate
to summaris this concept within the context of the environmental movemehts
necessitas practical framework for the attainment of sustainabilitfDing, 2008
UNFCCC,2009 Hill andBowen 1997).

Accordingly, Gigg (1988) describebuilding servicesinfrastructure mnagement
activities as thse activitiespervading theconstructionsector,building industry and
facilities operations (Armstrong, 1987; ASHRAE, 1999) Building services
infrastructure managementalso involves the processs and practices of creating,
planning and maintainindpuilding infrastructuresystems fooptimum services delivery
(Elmualim et al, 2012; Cooke and Williams, 2004). Therefore, a sustainable building
servicesinfrastructuresystemmust integrate sustainability moddlem the cradle of
building design through to the completion stage in order to ensureefficient
performance as best practi@OB, 2011; LCI, 2007)Basically.

Building servicesinfrastructure systesiaccount for tle water supply
wastavater treatmentand energy useTheyalso include amongthe services sewage
managementtransport (elevatm), digital (IT) services,and arcillary maintenance
practices within (buildingg facilities. Increasngly, the greatest buildg services
challenges are the managerial expertise associated withthe multidisciplinary
applications of these stems after the designonstruction and operationactivities in
buildings for sustainability goal§Grigg, 1988;ASTM, 2002,Grigg, 1999;Horner et
al., 1997 OECD, 2003 Broers, 2005).

The potential contributiof building services infrastructure managemant the
constraintsto the achievement adustainability inthe building construction sectare
generallyare well documentedBREEAM, 2008 Kehily and Hore, 2012; ASHRAE,
2004).In a study of sustainable management practices in building services infrastructure
systemsthe OCED(2003, and Sabol(2008) observed tat building services experts

are responsible for the integration, impkentation and management of sustainability as
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a core building services managemenpolicy (Smith, 2009; WB 2004) This
development during the buildingonstructionprocesses will certainly offer the best
opportunity to add value tbuilding servicesnfragructure management througthe
resourceful use of sustainability practicewever, this canndbe achieved withoua
proper paradigm shift imuilding services managemeptocesseswhich sometimes
requires thoughtful integration of sound engineeringlgment and economics analysis
(CIOB, 2010 Grigg, 1999; Armstrong, 1987).

2.6 Contemporary challeng@s building services practice

The evironmental impactoften arising from the style of building services
management and especialy during the construmin stage is significant thereby
necessitating proper evaluatiqflift, 2003; Landman, 1999)Such environmental
impacs increasingly caus@roblems ranging from resourekepletion pollution, and
other environmental hazardall of which do not supportsustainability goal§NIBS,
2006 CIOB, 201). Apart from the highlightedndicatorsdriving the environmental
impactin building servicednfrastructureactivities the use of fossil fuels by heavy duty
equipmenduring the implementation stages alsords(DEIS, 2010 Killip, 2005).

Building servicesnfrastructureactivitiesfrequentlyresultin large amourt of fossil
fuels consumption at different phaseshuiilding implementation (Clift, 2003). This
obviouslycauses somenvironmental impacand ircreasingly fapcesmore pressuren
resourceuse in turn beingresponsible forclimate change challengeUN, 2003;
UNFCCC, 2009%. In practical termswhencookinggas, cogland oil are put to use
building services operationshese productsreleasegases including carbon dioxide,
which trap heat in the atmospherthereby causing climate change. Tisisuation
createsgreat management challengeshoilding servicesprofessionalsn respect of
their desire to achieve success in thaustainability initiatives (BREEAM, 2008
Bellandi, 2004).

Lazarus (2005has revealethe most gnificant envronmental impacto come from
building services infrastructure networks. Building (facilities) such as schools,
shopping mallshospitals factories, airpds, railway stationshomes and thebuilding

services activitiemssociated with these abnstitutesources ofnvironmental impact
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(Grigg, 1998 Halfawy, 2008. Indeed, it isnotedthat the building and construction
sectors have produced abdi&% of theU K 6éesbodied environmental impact within
the built ewironment(OECD, 2003; Killip, 2005)In this context, e RICS 000 has
maintainedthat the entire notion of sustainabilityshould addresthe wholebuilding
services infrastructuriéife cycle processes Theseprocessefvolve all thestagesn the
building process, these beinge-design and design, procuremesdnstuction, useand
maintenanceand thefinal commissioningand decommissioningtageqLazarus, 2005;
RICS, 2000, RICS, 2008)

The cancept of sustainabilitintegrationwithin building services deliveriiasplaced
more challengebefore both the public angrivate sectorsdue tothe poor attitude of
building usersand the overall administratiygractices(Armstrong, 1987; Horneet al.,
1997 Cooke and Williams, 2004In this respect, it is crucial taeat a partnership to
ensureinnovative, coseffective solutions with integrated modein the huiilding
servicesinfrastructuremanagemensystems since only by following such a pracg
will sustainability goalde achievedThis collaborativedevelopment will address the
overall buildingservicesnfrastructureperformancdife cycle for the present and future
generationsEREEAM, 2008 Cheshire and MaunseR®007 Nebel, 2005

2.7 Sustainablebuilding servicesin the interests of
economicgrowth

Sustainabilityandthe ways to achieve this, have beemajor focus in the building
constructionindustry andin infrastructure managementithin the built environment.
As a result,numerous research efforts have been inclib@dards sustainability
concentrating on theate ofresourcesonsumptionn the environmentEfforts which
seek to adressthe social needswhile minimisng potentially negative environmental
impact contribute towards the aim of delivesystainablduilding services(Hill et al.,
1994) Landman (1999arguedthat the contributions of sustainable buildingsiards
achieving sustainability goatsaannot beoveremphasisedndeed, sstainabléuildings
and the entireservices system$ave beenthe main anchorsupporting the socio
economic transformatigrthus promoting economic growttBREEAM, 2008 GSGF,
2010).
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Progressively,the economic advancementwhich cut acrossbuilding services
systemsandthe construction sectowith the three themes of sustainable development
are inextricably linkedogetheiin terms ofservices deliveryBut thesebuilding services
systems cannot function witholasic energy andtilities during the construction,
operatiam, and maintenance stagefa building (Sattertherwaite2001) It is alsothese
services systems that constity@rt of the livhg environment which affectde living
conditions, social welbeing and healtlconditionsgenerally(WB, 2004) Thereforeg it
is important to explee the social, environmental, economicand sound design
devebpment techniques to ensurauilding services infrastructure systems are
sustainable, affordabland healthy for habitatiofHill and Bowen 1997). A typical
model expressing thecontributiors regardingsustainable ifnastructure serviceghat
contribute towardseconanic advancemeris shown inFigure2.5

Infrastrmaictias
Services ‘

Figure 25 The contribution of sustainable infrastructure to economic growth
(Prudhomme2004; WB 2004).

Prudhommé s(2004) study clearly explains thesignificance of sustainable
infrastructureservices to the economic developmenths hation in generaln Figure
2.5 the most interesting aspect is the benefit of infrastruckerrices to the
development ohouseholds (buildings)The causality betweelnfrastructure services,
householdsand other social services like the millennium development goals (MDG)
operats through multiple channeldn this casethe delivery ofbuilding senices such
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as energy, water,wastewater, sanitation telecommunication and transportation
(elevators)directly benefis householdgbuildings)and facilities.Sustainablduildings
andthe services deliveryassociated with theralso playa maja role in achieving the
sustainable developmegobal, (Bohne, 2006ESCAP, 2006).

In order toattainthe set goals ofustainability inbuilding servicesnanagementall
the various stakeholdersvithin the building industry are expected to simulate

environmentasustainability in their activiés (Prudhomme, 2004; WR004)

2.8 Policy frameworls and driversfor sustainabldouilding
servicegdevelopment

In this study, the various policy frameworks and drivessociated witlsustainable
building services infrastucture management are reviewe8ustainability policy
frameworks in building services managementouragehe use ofbest practicedby
building managergSmith, 2009; Eco Homes, 2003)hese frameworks enabtbe
building industry tocommunicatats commtment to thesustainabilityprogramme and
simultaneously offer aroad map for the implementation of sustainabildgins.
However, the adoption of such frameworks requires tiin@y are accepted bsenior
managemengs workable models, nal are supported bth internally and externally
(Elmualim, 2010 Lorenz, 2008 It shoutd also be notedhat sustainability policy
frameworks necessitats understanding atheir overalldimensions This means being
aware of tle visions, aspirations, goaland the arem of emphasis in building
organisationsbut in actuality, commitment is often lacking aexpectationsare low
(Elmualim, 2010ESCAP, 2008).

According to Sioshansi (2011), the sustainability policies in building services are
data issues regarding water aedergy consumption, waste disposahd recycling
together with employee welleing. It is argued that proper knowledge regarding the
contents of sustainability policiess of greater importance as a determinanit
sustainable development activiti€Ritt, 2005) The main motivation for using a
sustainability policyframework in promotingsustainablebuilding expansionis to

maintain best practice abhownin Figure 2.6.
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In this thesis the gtional policy tool processs tailored towards improving theco
efficiency of building growthby creating more value with fewer resources and less
impact as revealed iRigure 2.6. The ewironmental impacts created from buildings and
other infrastructure systems withthe built environmentlemandpolicy frameworks
and a debate on thgroperissues and drivers capable of guidihg industrytowards
sustainability evaluation arehhancemenn this context.

TheCIB (2004)haspointed outhat thebuilding industry ha asignificant impact on
the sustainability plann that the natural resources useshd waste and greenhouse
gases are responsible fabout 40%of all emissiors (Killip, 2005) Additionally, the
existing buildings consume approximately 45% of the generated energy to produce heat
and power.ncreasingly, the buildingervices infrastructure utilitieand maintenance
costs along with the legislative and regulatory conditicors erergy use and carbon
reduction necessitatehe formulation ofsustainability polies In recent times, @ ny
building organisationdiave become committetb the sustainability agendahereby
developing sustainability policiesas an integral part of theicorporate social
requiremeni{Wood, 2006;Robinsonet al, 2006 Walker et al.,2007; Loosemore and
Phua, 2011).

Sustainability policiesand drivers directly influencbuilding services anégacilities
man ager s Gn the UK Howeéver,cuerent reseah on sustainability policies and
drivers influencing the activities dfuilding services andacilities managerarelimited

(Elmualimet al.,2010) Identifying the key issues and drivers wiélpto estimatéhow
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building managers are engaging with tkastainabilityagenda.Building managers
require appropriate knowledge and familiarity witke tkey sustainability issues and
drivers and they need to know howo implement the theory and practice of
sustainability inthe context of theibuilding servicesactivities (Elmualimet al.,2010)

In this respect,hekey sustainability issues to be addressexthe carbon footprintand
waste management. In addition, the biodiversity andriple themegesponsibility and
community engagememhust be approackd as sustainability issue®rogress in this
respect will promote the ethics of stenability programmg and help in the
construction ofnore sustainable buildingShah, 2007yWood, 2006.

In a recent studyizlmualim et al. (2012) have identifiedegidative pressure as the
major driver of sustainability in building servicemd facilitiesmanagementThis study
further reveals that energy efficiencies and consumption in buildings are regulated
through legal obligation As such, legal obligations oftgrlay an influential rolein
policy-making and implementation. In other words, to accomphsghestablished goals
of sustainability in building services and facilities management, government and
international bodies emplay wide range olegislaton to influencehow energy is used
and to promote efficiency in this castence building servicesactivities andthe waste
management(recycling) and subsequenteduction of carbon emissiagnsare all
controlledthrough legislativeactions(Pitt, 2005; Shah, ZI¥).

2.8.1 Project lifecycle ramework- building servicesnanagement

A project life cycle framework illustrated in Figure 2.7 was developed and
subsequenthapplied to appraisthe performance ofustainable buildingervices The
framework contais four major building activity verification phasesconsidered
necessary to ensure the growth afsustainablebuilding services infrastructure.
Moreover, astepby-step algorithmic approach concerning building management is
stated. Within theproject lifecyde framework, he followingabbrevigions areusedfor
clarity regardingbuilding construction activitiesacceptabilitystandardis denoted by
STDS, andspecificationby SPECS The materials handlingequiremenis marked by
REQ These terms are used todify the attainment in théradle to gravéprinciples

andcondition in each stag# the building project activities as presentedrFigure 2.7.
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Theapplication of groject lifecycle model became necessary in this context due to
the enormous challges associatedvith resources consumption and management
(Fernandez, 20100kon et al.,, 2010) These resources utilisationchallenges in
buildings and facilities management require the simulation and optimisatiorthef
entire system for effective servieelivery (GSGF, 201Q) This obviously could be
achieved througkhe suitableincorporation of cutting edge technological breakthroughs
into building servicesactivitiesmanagemenfor better result$ASTM, 2002 Elmualim
et al., 2012. Sustainable buildigp servicesmanagement underscereco-efficiency
through the application of soungfoject life cycle framework (Eco Homs 2003
Cheshire and Maunse2007).
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Figure 27: Project lifecycle frameworkOkonet al.,2010).
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In Figure 2.7, the economic benefitem the building project lifecycle framework
can be seen abe integrated environmental management systdiEmsS), ISO 14001
andthe life cycle assessment (LCA). Alsthe life cycle coss (LCC) evaluation could
equally be verified from this modelt should be noted thahis framework isable to
addressthe &radle to grav@ situation regarding sustainable buildisg(facilities)
management. Ti& involves cuttingacross theenvironmentalimpact, costs analysis,
recycling and other relatedssuesin building projects managemefdr sustainability
succesgOkonet al.,2010.

60Cradl e t o siteod and 6cradl e t o grave.
management are also made in a studyDagby et al. (2011). These auths have
highlightedsone factors giving rise tgreenhouse gas (GHG) emisson buildings
The factors includeperational emissions, produced by buildifiggilities) during use,
and embodied emissions, produced during manufacif materials and coropents. In
addition, the construction and demolitiophasesof buildings activities are indicated.
Darbyet al. (2011)further argued thaat the momentthere is lackof a consistent and
acceptable frameworfor the calculation of embodied emissions, te&tionship and
interaction between the embodied and operational elementsildings. However,
attempts have been made the BSI (2006, to dewlop project lifecycle analysis
frameworksfor building management. Thisrotocolamong other things capdle of
handling statistics regarding the emission factors and other building management
processefBSI, 2009.

Okon et al. (2010) maintairthat thereare significant paybackis terms of prudent
resources use igustainablébuildings when suitable projedtfe cycle framework are
integrated si nce these allow for the O6cradle t
adding value to the overalbuildings (facilities) services activitiesmanagement

processes terms of the likelysuccess in securirgystainability(Lorenz 2008)

2.8.2 Principles of sustainableuilding constructionframework

A study from Hill and Bower{1997) has also establishadignificant framework for
the building industry andinfrastructure systems managemprdctice.This framework

addresses the best practar®d principles for the building industryhusintegrating the
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concept of sustainabilityn this framework also, @rocessorientedprinciple regarding
sustainablebuilding is contained andlivided into four broad pillars These include
economic, social, biphysical and technicgdhass as illustrated irFigure2.8. On this
basis, sustainablebuilding construction practices accouftdr the following stages of

activities

1 Application of environmental impact assessm@iiA) during the planning and
design stages dfuilding projects- provided the traditional EIA is expanded to
cover theassessment of aflhe four illarsd of sustainabldéuilding construction
and is undertaken in accordance with proces®riented pmciples

1 Implementation of integrated environmental management systenS)IEs
described inthe specification providesternational standards for the building
industry. Theinternational organ&ion fa standardiation (ISO) is one of such
frameworksas appliedin the building industry The ISO overvievg building
activities from theconstruction,and use perspectives All these activities are
included withinthe four illarsd of sustainableéuilding frameworkas shownn

Figure2.8.

Hill and Bowen(1997) argued thatEMSs can only bamplementedas a framework
for attaining sustaiable buildingsif they are adopted by theonstruction industry.
However, he package as contained in t&&Ss providesfor the constructioractivities
associated witmewbuilding projecs, andexisting ones apresentedn Figure2.8.

ISO, 1997 notethat usually albuilding construction activities are performed by the
client. However, the responsibility for a building upon completion and commissioning
is usually transfeed to thefacility managemenservice. Therefore,another IEMS
could be developed thandle the operation (use) of the building/facility, andfthal
decommissioningEoL) stagesThe applicationof IEMSs into building processes from
the construction, operation andEoL phases, constitutean essential pardf this
framework. It should be noted that tkefinition of a sustainable buildingncludes
facility operation,maintenanceand the Eol(decomissioning) activitie$BSI, 2008,
CIOB, 2003; Doke, 2007

60



Bassey B. Okon

Sustainability and Sustainable Development in Building

Services Infrastructure Systems Management

PROCESS-ORIENTED PRINCIPLES OF SUSTAINABLE
CONSTRUCTION

© Undertake prior assessments of
proposed activities

© Timeously involve people potentially
affected by proposed activities in the
decision-making process

© Promote interdisciplinary
collaborations and multi-stakeholder
partnerships

action

and regulations

© Recognize the necessity of
comparing alternative courses of

© Utilize a life cycle framework

O Utilize a systems approach

© Exercise prudence

O Comply with relevant legislation

Over-arching principles indicating approaches to be followed in evaluating the applicability and importance of each
“pillar’, and its associated principles, to a particular project.

© Establish a voluntary commitment
to continual improvement of
performance

O Manage activities through the
setting of targets, monitoring,
evaluation, feedback and
self-regulation of progress

O Identify synergies between the
environment and development

PILLAR ONE: SOCIAL SUSTAINABILITY

© Improve the quality of human life, including poverty
alleviation

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

O Protect and promote human health through a healthy
and safe working environment

O Implement skills training and capacity enhancement
of disadvantaged people

© Seek fair or equitable distribution of the social costs
of construction

G Seek equitable distribution of the social benefits of
construction

© Seek intergenerational equity

PILLAR THREE: BIOPHYSICAL SUSTAINABILITY

O Extract fossil fuels and minerals, and produce
persistent substances foreign (o nature, at rates which
are not faster than their slow redeposit into the
Earth’s crust

© Reduce the use of the four generic resources used in
construction, namely, energy, water, materials and
land

O Maximize resource reuse, and/or recycling

0 Use renewable resources in preference to
non-renewable resources

O Minimize air, land and water pollution, at global and
local levels

© Create a healthy, non-toxic environment

O Maintain and restore the Earth's vitality and
ecological diversity

O Minimize damage to sensitive landscapes, including
scenic, cultural, historical, and architectural

PILLAR TWO: ECONOMIC SUSTAINABILITY

O Ensure financial affordablity for intended
beneficiaries

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

© Use full-cost accounting and real-cost pricing to set
prices and tariffs

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

© Choose environmentally responsible suppliers and
contractors

© Invest some of the proceeds from the use of
non-renewable resources in social and human-made
capital, to maintain the capacity to meet the needs of
future generations

PILLAR FOUR: TECHNICAL SUSTAINABILITY

O Construct durable, reliable, and functional
structures

O Pursue quality in creating the built environment

© Use serviceahility to promote sustainable
construction

O Humanize larger buildings

O Infill and revitalize existing urban infrastructure
with a focus on rebuilding mixed-use pedestrian
neighbourhoods

Figure2.8: Principles of sustainablenstruction Hill and Bowen, 1997).

Interestingly also, a study from Lorenz (2008) indicates akapting the principles

highlighted in Figure 2.8 will

context. Thes standardwwill

sustain innovative andcosteffective soltions in this

facilitate a stableuture in the fields of securityfjre

protection, waterandwastewater. In addition, power (energy) distributtord comfort

in the buildings services delivery will be adieved both promotingsustainability

(CIRIA, 2005 ISO, 2002. |

t could be argua that the theory behindsustainable
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construction frameworls has provided the basic conditions forthe mainstream
sustainable developmertthis isfoundin thebuilding constuctionindustry particularly
within European countrieg\t the same timethe majar social and economiealues of
these frameworls can significantly hasten the implementation of the sustainability
principles in the construction secsoand beyondGeneraly, the outlined principles
regardingsustainable buildingvill encouragesocially responsible poliegnakerswith a
view to achieving the begractice for the present and future generat(@CED, 2003;
WCED, 1987 CIRIA, 2005)

2.8.3 Frameworkfor sustiablebuildingandmanagement

As a means of appraisirige frameworkfor sustainabléuilding and management,
Hill et al. (1994)developed anodelwhich examinesbuilding projecs, environmerl
ethics, organisational structyand environmentananagerant programmes.fe scope
of their model extends tacover the internal review, external auditand the
environmental legislatioassocated with building constructigras presented iRigure
2.9. Later, astudy conducted biill and Bowen (1997korroboraed the findings of the
earlier study byHill et al (1994) both studieseeking taachiewe a standard and quality
of performancen the delivery of sustainablébuildings Within the model devised by
Hill et al. (1994), sme environmental issues and maeagent principles are
emphasisedthese being théSO 14001 environmental management systems (EMS)
and the easy access (EA). These principlesaaned atevaluatingthe entire phase of
operationwithin sustainabléuildingsas shownn Figure 2.9

CIRIA (2005)notes thdSO 14001 EMS framework offeimmeasurablessistance
regardingbuilding construction practicesnd various environmental assessment tasks.
Undoubtedly, however, it requires collaboration by the building industry to ensure a
sustainablefuture (ISO, 2002), and in fact,he I1ISO 14001 EMS framework ia
voluntary rather than a compulsostandard Nonetheless, its applicatiognablesthe
building industryto havecontrol over the impact dfs activities in the environmental
area of operabn (Bellandi, 2004). Contemporary researchers have found that
sustainable buildingsannot be ackived unless the building industitycorporates an
EMS outlinealongside théSO 14001 frameworin Figure 2.9.
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Principles of Sustainable Environmental
Construction Legislation

Y y

Project Environmental Assessment
O Identify issues and evaluate alternatives at
each stage of project life cycle:
feasibility
siting
design
2 construction -gf—
operation
decommissioning

O Formulate mitigating measurcs and
compensation plans

O Assess life cycle environmental costs of
resources and products used

+ 1st Key EMS
Environmental Policy Requirement
-t

O Set desired level of environmental performance

2nd Key EMS
Organizational Structure Requirement
O Stipulate interrelations and lines of communication,
internal and external between:

contractors

engineering consultants

environmental management team

client

interested and affected parties

Y

© Responsibilities of personnel and lines of authority

3rd Key EMS
Environmental M Pr Requirement

O Operational procedures for controlling various activities
© Operational procedures for dealing with emergencies

O Inspection procedures

© Procedures for measurement of performance indicators

(=] dards to reflect objectives and targets of EMP -
© Penalties and bonuses to ensure compliance with
P 4th Key EMS

4th Key EMS standards Requirement
Requirement

—
L

2 Records of monitoring data External Audit of

© Records of non-compliance and corrective action taken envirahmental

Internal Review performance and

© Environmental awareness training for personnel

¢ T

Source: Hill et al .,1994

Key: | Four Key Requirements of

Envir 1 Manage: Systems
{EMS) for the construction stage. Similar
requirements apply to EMS for operation
and decommissioning.

Figure2.9: A Framework for sustainableonistruction Hill et al, 1994).

One sophisticated technigue@dopted by thébuilding construction sectors the
integration of the environmentwithin building plans This process empowers the
building industry in managing the emi building construction process for
sustainability (Koskela, 2009; Lundan, 20@&trovicLazarevic, 2006

In a related developmerRrice and Newsome (2008ressedhat theapplication of
the SO 14001 standard stems fromheeving sustainable builags in the construction
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industry I n r e c e mgstaindble buddng 6ls a s  bcatchphnase wdhin the
construction sectors and the built environment at ldtigavever the greatest challenge
in thisrespect is not to ensure the industry is famivéh and understands the phrase,
but to develop @racticable implementation framework (Lundan, 2004}hla respect,
the ISO 14001modelin Figure 2.9is being adopted bgnany building companiethat
are currentlyusing the principle together witBMSs for thdar environmental auditing
and labelling

Information from Figure 2.%lso demonstrates that the frameworkcépable of
addressinghe building life cycle andevaluatingenvironmental performancé&he ISO
(2002) has arguedthat the environmentalauditing undertaken through aBMS for
building construction projects could be conductiernally by the environmental
managers or externally by consul&ritypically, an external audiitg activity would be
preferred for larg®uilding construction projets of extended duration withe potential
to cause ignificant environmental impadRICS, 2008) In fact, suchenvironmental
impact activities could be mitigated through suitableISO 14001 EMS framework
which enableshe construction companies todkatheirday-to-day operatioa Not only
will the model deliver effective and efficient building performandaut, it will also
promote prudentmanagemenby its integration ofthe ISO 14001 standar(lLundan
2004 ELC, 2006.

Figure 2.9also demonstrates good quality framework for sustainaldeildings
Anothersignificantbenefit from the employment diie ISO 14001 EMS agenda the
@reen and ledan (GL) initiative (NIBS, 2006) This scheme enhancebuilding
construction suppodsit provides for thegrotection of norrenewable natural resources
(Koskela, 2009) However the ISO 14001 EMSframework in this studyaims at
fostering the development of a reverse distribution system drivethéduilding
constructioneconomics. Thighallengehas always @sented problems for the building
sector but thenost often cited reasadior not rising to the challenges the relatively
little demand for ecycled and reclaimed materiaRarticularly this is experienced
within the building industry with low-cost andlow-profit margins So, with the

integration of the ISO 14001 EMS framework ta this context, proper annual
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environmental audits and reviewewuld be achieved fosustainablegrowth (NIBS,
2006;Klotz et al.,2007).

2.9 Life cycle assessmefitameworkfor building services
infrastructuremanagement

Life cycle assessment (LCA¥ the global procedure applied tietermine the
environmental impact of building infrastructure systerms.recent timesresearch
effortsto achievesustainabilityin building sevices delivery have resulted in integrating
the LCA frameworkwithin infrastructure systems managem&BLC, 2006) LCA
applicatiors in this perspectivlhavebecomea desirable and implementatiteol in the
current management obuilding infrastructure resurces (MTP, 2009) Building
services activities and building construction infrastructure projeaske, employ
suitable LCA frameworls as indicatorsmeant toprovide effectiveevaluation ofthe
energy utility resources(ISO, 2002;Cuellar, and Adisa, 2a). Energy, water, and
wastewaterresources utilisationare among otherbuilding services infrastructure
componentsappraisedor optimum and sustainable benefits through itherporation
of the LCA management.

Interestingly, the LCArameworks due tdeir versatility provideusefuland
efficient managementinformation regarding building services infrastructure
performancewith the ultimate aim of striking a balancemongthe three themesof
sustainable developmenh addition a cradleto grave assessentregardingbuilding
servicesgnfrastructureservicess madeusing the LCA techniqu@SO, 1997; Blengini,
2009Cuellar, ard Adisa,2011)

Theintegrationof the LCA frameworkwithin this study has becommperativedue
to the pressurassociatedvith the growing population anthe increasing consumption
of natural resources ithe building sectorThe pressures from thgrowing population
and the existing modern lifestyteave placed a greadurden on building infrastructure
utilities, resulting in geenhouse gas (GHG) emisssprand climatic change(Eco
Homes, 2003; ASHRAE, 2004)
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2.9.1 The life cycle assessmemamework

A study by Nebel (2006) hasevealedthe use ofthe LCA framework as being a
standard practice ithe building industry, as itprovides a soundanalytical framework
for the systematic evaluah of environmental impactdditionally, it allows for the
examination of theaw materials processeand thebuilding services system througbut
all the various stages in theiespectiveife cycles, with a view to establishing best
practice(Dutil et al.,2011) Hence, it can be seen thhetscope othe LCA framework
extends fromthe extraction and processing of raw materiatgght through to
manufacture, delivery, usend finally, to waste managementThis continuum of
processesas indicatedn the LCA framework is often refered to ast h eradlé to
graved situation, and the LCA framework allows for its complassessmentNebel,
2006;1S0, 1997 Blengini, 2009 Cuellarand Adisa, 2011).

According to the ETBP (fvironmentTednologyBestPractice 2000), the building
industryshould bealert to the general direction of environmental regulati@usmsumer
pressure otouilding materialsshould be known and appreciatadd consequentlyhe
LCA frameworkis valuablein providingusefuldatafor identifying potential problems
before theyactually arise.Such & approachwill promotethe reduction in resources
consumptiontherebysaving cost4ETBP, 2000;1SO, 2002;0ritz et al.,2009 GSGF,
2010). LCA appraisal in this situatiorconsiders building services infrastructure
producs from theirccradléstage hence, paying attention to the natural resources from
where thevirgin (raw) buildingmaterials are extractem acqured.

The process continugbroughto the entire construction and operati@se to its
@raved (disposa), and enebf-life (EoL) phases Qutil et al., 2011; GSGF, 201D
Figure2.10explairs the life cycleassessment modedith the causalities indicatg the
physical processesvolved in the building materials life cycle stages. The flow
processes within the system boundaries from the raw (virgin) materials acquisition
through the EoL phases of building infrastructure activifié® LCA model as gpied
in this study is showm Figure 2.10.
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Figure2.10: Life cycle assessmentadel (Richard, 1996S0O, 2002.

There is also amdicationof gases emissioreleasedrito the air, water and ground
(environment) generallfEnvironmental impacarising from the constructigmperation
(use) and maintenancghasesf buildings withinthis contextarethe mostimportant
elemens of sustainability in Figure 2.10. These environmentalimpact elements
necessitatéhe LCA study. Therdore, the LCA evaluationin this case aim$& address
the environmentaimpact profile regardingbuilding servicesinfrastructuretowards
sustainability succeg$SO, 2002 Oritz et al.,2009.

2.92 Thelife cycle assessmetdchniques

This study adopte the generic LCA process (ISO, 19938 shownin Figure2.11.
The LCA methodologycomprises fivesuccessive stages of operatitimese beingthe
goal and scope definition, inventory analysis, impact assessments netripretation

and application. Tése stages are briefly explained as follows:

9 Goal and scopestage This explains theintended applicatin of the related
environmental impaagroupwithin building servicesnfrastructuresystemsthe

rationale and the way of communicatiing outcoms
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Figure2.11: Life cycle assessmentaimework (SO, 1997).

1 Inventory analysiphase This isaimed aftcreatinga systems modelccording to
the requirements of the goal and scajsscription This stagealso involves
gathering quantifiablstatisticsrelating to the materidlows and energy inputs
Additionally, this analysis cutacrossthe whole life cycleof building materials
andtheir associatéd emissions, discharges and wasteselates to allstages of
the building life cyclefrom the &cradleto graved

9 Impact assessment. This stage of analysis fecuse the impact of the
environmental loads quantified in the inventory study. The inventory result at
this point is processed into more environtady relevant information. Again
more focus on the environmental problem rather than emission or resourdes use
within the building is evduated. In this scenario, cogargce is takemf human
health, resourcgandthe ecologyfactors(Richard, 1996).

1 Interpretaion PhaseThis produces the results amldependent on the goal tife
study. It consists of three elementdenmtification of significant issues,
evaluation and conclusion otest (Paulson, 2001; ISO, 1997; Honws al.,
2009).

68



Bassey B. Okon Sustainability and Sustainable Development in Building
Services Infrastructure Systems Management

Table 2.1 displays thempact phases ahe LCA and definition as applied in this
study.

Table2.1: Impact fhases of LCA and definitiofGuineaet al, 2001).
Impact Phases Definition

Abiotic depletion, acidifiation, eutrophication
fresh water aquatic ecotoxicjtyglobal warming,

Selection of impact categories human toxicity, marine aquatic ecotoxicityzone
depletion photochemical oxidation and terrestr
ecotoxicity potentials.

Classification Essentially addresses theoupingof the cata in an
inventory table into a number of impact categorie
Involves the quantification, aggregation a

Characterisation analysis of impact data within thavestigated
impactgroupsin the building.
Accounsfor the indicatos result andcan be furthel
elaboratedn the analysis.
Normalisation calculatesthe magnitude for eac

Valuationphase indicator result relative to reference level
Grouping sorts or ranks thenpact categories
Weighting aggregateghe indicator resultdased
on some valuechoice andnumerical hierarchy
(Cabalet al.,2005)

Guineaet al. (2001) maintained thatsea common practice ithe LCA method,the
impact assessment phase is often divided into four distinct stagd®wn immable2.1.
The choices of impact cate@es as applicable for the visuaiton d the environment
arechoseraccording tadhe scope and definition of the study.

Korkmazet al. (2008) have researchedkecisionmaking framework for minimising
the life cycle impactof building infrastructure systes using the LCA technique
primarily focusing upon tilding infrastructureexaminatiorand its benefits in realising
sustainability.Environmenal impact examinations &fustainable buildings have been
studied using the LCA approach by tBevironmentalLiteracy Council (ELC, 2006)
The appraisal in this studwas conducted with the consideration adf the building
materials inputs and outputs throogi the life cycle of the building as a &radle to
grave process Additionally, theextraction of the rawnaterias, their production and
use are consideredh further dimension comprises the occupancy, maintenéinedy
demoltion and disposal of wast@he LCA approachn this situationaccounts for the

environmental,economic and ®cial impact of materals during their life cycle
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However,this frameworkfocuses on the environmental impswtith specific targets on
emissionsand wast managementELC, 2006;Regal, 2005Nebel, 2006).

An earlier study by the NSF2Q05 overviewedthe application of the.CA in
assessing the buildirgervicesnfrastructure for sustainabilitynd in this circumstance,
the conceptof the LCA application was found adequate for euating the
environmental impactand performanceof different systemcomponentswithin
buildings. Also, Bayeret al. (2010) have applied the LCA framework to examine both
commercial and residential buildings. Thetudy hasestablishedthe LCA is an
emerging model that promises to aid in architectural decisioaking Moreover,
industrial ecologist, engineersand chemistsseeking to understand ard reduce
environmentalimpact within the built environmenthave all developedthe LCA
framework for such purposéGuineaet al.,2007).

Recently the LCA techniquehas beerpromoted as garadigmfor analysng the
environmental impact of buildings and makidgcisionsto reduce these impacfEhe
benefitsof LCA advancementan offer a wideranging environmental footprintn
building services infrastructure. These gains from the LCA application incltitkes
suchas energy, waterand wastewater analysi©ther benefits of the LCA arthe
assessment aflobal warming ptential, resourcedepletion and txic emissionsin
buildings(Patricket al.,2002;ISO, 1997; Varunet al.,2008).

2.10 Review ofthe life cycle cost(LCC) frameworkfor
building serviceananagement

The history ofthe life cycle cost (CC) framework began in the lted States
Department of Defers(USDD) inthe mid1960s andl980s(DIN EN, 2004) Later,
attempts were made to adapts modelinto buildingservicednfrastructurenvestmats
andconstruction project§heLCC framework can be applied in many situations, isd

economic benefitg building services assessmeatnot be oveemphasised.

LCC is a techniquappliedbe st abl i sh the Atot al cos
is, the sum of all the costs associated with an asset or part thereof, including acquisition

and installation. It also accounts for the operatifuse) maintenance, reflishment
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and disposal costselated b the building services infrastructure and construction

projectsgenerally(Epstein, 1996; Langdon, 2007).

Clift (2003) maintained thato a large extent,CC is an estimation of themonetary
costs of funding, design and construction ofbuilding services infrastructure for
sustainabilitysuccessHowever, it alsanvolves the costof operation, maintenance and
repair, component replacemeahd sometimeshe demolition of (facilities) buildings
(Clift, 2003). The LCC applicationcan deliver a new desigexistingbuildings, or can
assess theesidua life and value of a buildingAs such,with different maintenance
repair and replacememwperations takinglace atvarioustimes, incremental costs are
converted to presemlay valueusing a discounted sh flow approach(Flanagaret al.,
1989 ASTM, 2003.

2.101 Thelife cycle costechnique

The life cycle cost modetould be applied at any stage of theilding services
infrastructure projectnanagementindeed, at the inception stage of buildingvemes
infrastructure, the use of the LCC model can provide choices aaitargative in the
designof sustainable homg®IN, 2004; Flanagaet al.,1989) Sustainability is now a
critical consideration affecting the design, construction, operation aspubgdl of
constructedbuilding servicesnfrastructureassetsand herefore, he LCC method is a
key element in supporting improvements in the suakality of buildingsby providing
a common means forlatosts relatedo building assets (Klotzt al., 2007).In LCC
analysis, he selectiorof investment costat theinceptionstage of théuilding services
infrastructure projedis a necessity and should based on the client requiremeaisd
the services delivery. Theostsare estimated in broad terrdependingon the &osts
incurreddin similar historicalbuilding servicesnfrastructure projest Givendifferences
in the design of the particulduilding senices infrastructureinvolved, more detail is
accumulated, and then th€Cs areestimated irview of theadded or differenteatures
(Bakis, et al., 2003) Figure 2.12 presents the algorithmicCC process used in this
studyfor the estimation obuilding servicegperformane.

71



Bassey B. Okon Sustainability and Sustainable Development in Building
Services Infrastructure Systems Management

Defining the objectives of the proposed LCC analysis
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-

Figure2.12: Algorithmic process of LCCrémework (Homeet al.,2009).

Much later in the design phasewhen the individual building componentsand
fixtures are establishedhe LCC analysisis performedaccording toservice delivery
and cost data In practical termsl.CC tess are performedwhenall the facts abouie
price and life expatancy of thebuilding infrastructurecomponerg and fixturesand
thar associateaoss are collatedBut the process should also involve thaintenance
and operation frequencies of thmiilding servicesinfrastucturegenerally That is, he
LCC of all the components together with the buildsegvicesnfrastructurecostssuch
as energywater wastewateconsumption and buildingdafi r k and 181 | 61 s o
Bakiset al.,2003,Flanagaret al, 1989;Langda, 2007).

In their LCC studyFlanagaret al. (1989) maintainedhat whenappraisingouilding
servicesinfrastructurethee st i mat ed costs at each year o
discounted This to create proper allowance fortime value of investmentosts.
Additionally, such provision willenable the comparison of the alternatives on a
common basisising theLCC technique This suggestghe time value of moneyvhich

is the amount omoneyspent to fix thebuilding servicesinfrastructurewhich is mos
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likely to increase yedy by therelevantnet inflation interest ratéDIN, 2004; Parnell,
2008.

2.102 Ewaluating building servicegerformance life cycle cost

Economic life cycle asting related tduilding services infrastructure ésnecessary
component of the effort to achiewustainable buildingsand in recent timed,CC
analysishas become increasingly essentralthe determination of buildingervices
infrastructure performancéndeed, he introduction oL.CC tess into building services
infrastructure projects hasdfered best value for money in attempts to manage assets in
thelong term(Ellis, 2007) On this particular issuédshworth (1999 has argued that
when investigating LCCs, analysts should set less money asidsuri@nt building
servicesinfrastructureprojecs, in order to meet higher expenditar@ the future.In
actual fact, e calculation ofthe LCC of building servicesinfrastructure merely
involvesadding up the constituent coskéowever, this is a simplistievaluaion since
the timing of particular costs needs to be taken into account. This means tbastthe
of the buildingservicesinfrastructureshould first be convertenhto the present values
and then added up to compare the different options on a comman Hasi most
familiar comparison measure usedthe LCC analysiss the net presentalue (NPV)
method(Gulch and Baumann, 2004)

Bakis et al. (2003) maintainedthat depending on the choice IBEC method used
the time perspective magliffer, and this wil affect the outcomesfrom the LCC
computatiorwhen discounted to a NP@therLCC techniquesvhich could be adopted
in measuringhe building servicesnfrastructure pgormance arethe equivalent annual
cost (EAC), payback eriod (PP) return on investnent (RON), and saving to
investment atio (SIR). The five main economic evaluation methods for LCC, their
application, advantages and disadvantages building services infrastructure
managemensre indicatedin Table2.2. It is evidentfrom the literatue that the most
suitable approach fahe LCC in this contexts theNPV method

In the course of examining the buildisgrvicesnfrastructure performanagsing the
LCC techniquethe risk associated with each optisimouldalso be taken into account.

Various risk assessment techniques employedo evaluatethe possible failureof
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attempts to achieveustainability(Gulch and Baumann, 2004; Ellis, 2007; Dusral.,
2011).0Oneway of performingsuch risk analysis through the use ofsensitivitystudy

as presenteth Table 22.

Table2.2: The LCC evaluation rathods(Dusartet al.,2011)

Method Application Advantage Disadvantage
Simple Rough estimationif Quick and easyto Does not take inflation
paybackSP) the investment is calculateand interpret interestor cash flow data

profitable. the lesuls into account.
Discount Should only beused Takes the timevalue Ignores all cash flow
payback as a screeningtool of moneyinto account. outside thgpaybackperiod.
(DP) not a decisiomevice.

Net present Most LCC models Takes the timevalue Not usable when the
value (NPV) use the NPV. No of moneyinto account. compared options have
usableif the options Make thereturn equal diverse lifespan Not easy
incorporate different to the market rate o to interpret
lif espan interest.
Equivalent  Different options Different optionswith Just dves an averag
annual cost with varied period diverse timscale can number. But, it does not
(EAC) can be compare be compared ISO, indicate the actual cost.
(ISO, 2004). 2004).
Internal rate Can only be used i Result is given in Calculations need a trie
of return the investments will percentage which ca and error proceder IRR
(IRR) generatean income  be helpful can only be calculated if th
investments wilbroducean
income.

A sensitivity study could beapplied toassess the impact of a change in an input
variable on theLCC of building services infrastructure projects MonteCarlo
simulationis capableof testing the sensitivity of building services infrastructure tata
obtain a range of possible valuesthis case Anotherimportantbenefitin the LCC
examinationis thecoss broken down dgructure (CBS) The CBSsystemrepresents the
method in whichthe LCCs of building services infrastructure are performed as
presentedn Table 2.2 Hence,the aim ofLCC analysisis the comparison abptiors,
since it enablemformation relating taosts involvement in thieuilding to be shownin
a way that enablegroper judgmenfWhyteet al.,1999 Bakiset al.,2003.

Bakis et al (2003) studyhas found the integration ofthe LCC method within
building servicesnfrastructureevaluationcould yield more economigainover several
years after construction and oggon alike.Such dividend cut across theechnical

lifetime of building servicesinfrastructurethat is, theestimated number of years until
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the installed components, fixtures aa@plicable technologieare consideredbsolete
(Bakis et al., 2003) Similarly, the physical lifetimeof building servicesinfrastructure
explainsthe estimated period in whighe building is physically assessed for .uBke
LCC can also be applied in measuritige building servicesinfrastructure utilities
lifetime as mentnedearlier This aspect expressése economic worth in estimating
the actuatime, in which thebuilding servicesinfrastructurecan satisfythe established
performance standard$:urthermore LCC applicationis diverse in the quest for
sustainability access, as it cassobe usedwhen forecasting, itendering documents
andin biddingfor building projects (TG4, 2003; Smith, 2008).

2.103 Thebarriers in thdife cycle costapplication

Recently, he hiilding industryhasrelied heavilyon the usef the LCC technique in
its efforts to achievealelivery of sustainable projest However, despite iteconomic
importanceand versatilityin engineering and technolpgthereare stillsome limitations
to its application Contemporary sidies have discoved that the LCC approach is
commonlyused inthe implementation dbuilding servicesnfrastructureprojects under
private finance nitiative (PFl) scheme at the procurement phas@PC, 2010)
Additionally, it is seen thamostbuilding constriction orgaisations employ th&CC
method for costs appraisatluring the design phase for biddifgandon, 201Q)
However, this is not to suggest that I@C model cannot be successfully applied in
other phasesf operation(usejJmaintenanceand the enebf-life stages(Sterner, 2000;
Bakiset al.,2003 BPC, 2010. There arehoweveranumber of reasons for the limited
application ofthe LCC in building servicesnfrastructure systems managemsatfar.
Some of theeare either practical or politicatlepending upn the preciseircumstances
(Sterner, 2000Bakiset al.,2003)

In the practical dimension of LCC applicatiddyll (1993)revealedhatcapital costs
and operating expenditure are usuatigt by different partieg¢client and contractors)
before contraicexecution and thathere is no incentive on behalf of those responsible
for building construction to reducine subsequent costs-use(Bull, 1993).Figure2.13
shows the two major constraints associated with the LCC application in building

industry.
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Barrier in LCC application on
building infrastucture project
delivery

Practical limitation Political limitation J

Figure2.13: The major barriers ihCC application

Another practical barrieto the use of the. CC method is noted byFerry and
Flanagan (1991as beingthe difficulty in forecastindouilding servicesinfrastructure
projectsover a longperiod of time Other factorsare cited as th&ture operating and
maintenance cost&nd discounfpayback problemBakis et al. (2003 also itemised
severalreasos for the reluctance of the public secto invest inthe LCC techniquen
building constructionThey includeia) the tendencyor the use of duilding (facility)
infrastructureto change in th@earfuture, meaning thathe LCC applicationwould later
be regardeds a waste of monggb) thefact that building servicesinfrastricturehas a
longer services delivery period thats life spanas envisage by the clients (c) the
unwillingness ofgovernment agencie® invest in the more expensiaptions when
there are no solid technical data to guarargeg future savings on sudbuilding
servicesinfrastructure and(d) the practice of many decisiemakersusing theLCC to
opt for minimum initialinvestment{MIN) either to increasthereturn on investment or
meet budgetaryestrictions These factors areonsideredas thepractial obstaclesn
this situation(lLandon, 2010Kehily and Hore, 2012).

Kehily and Hore (2012have alsalisclosed othepracticalbarriersto the adoption of
the LCC technique inbuilding servicesinfrastructure management. They af&) the
complexity assciated with the.CC application and (b)the lack of sufficientdata for
computation. It is obviouthat in such situations, @operLCC evaluation could not be
performed One of the major setbacks this caseis the absence dframeworks or

mechanismdor collecting and storingnformation The accounting systems used by
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building managers and contractors seldprovide an alternativemeansto accurately
identify the costs omaintenance and repair of specific componevithin a building.

Moreover, he estimation of the.CC modelis a rather complex exercisehenapplied

manually, especially at the detailed degupase An analysthasto estimate th&CC of

each option for each buildingelemen such as energy, wateor the infrastructure
utilities as awhole, and he LCC of each option might consist eéveralcost items. For
each cositem, the relatedperformance and cost datave to beretrieval (Clift and

Bourke, 1999NSA, 1999; Langdon, 2006).

Political barries toLCC applicationlie in policy-making and generally, the decision
to applythe LCC modelin building servicesinfrastructureprojects deliveryis based
purely on the cliend sinclination Moreover, the lack of anyegislative policy
framewok promotes a situatiowhereby there is no aapelling obligationupon the
client or the contractors toaim to deliver sustainable building servic€sovernment
legislationmay, however,sometimeaffect both clients and other parti@s integrating
the LCC for cost analysigClift and Bourke, 1999NSA, 1999 Bakis et al., 2003
Langdon, 2007Kehily and Hore, 2012)

2.11 Engineering gstainability in building services
management

Engineering sustainability is a catalyst building servicesinfrastructuregrowth
Thepromotion of its principleyields economic benefits and resouredsch all help in
the effort to achievesustainable developmentiowever, such sustainability depends
upon the development dfusiness strategigkat can be effectively implementetiwo
main factors underpin the demarhd rationalefor eccbuildings believed to be
achievedthrough green growthincorporationwithin building servicesinfrastructure
advancenentgoals These fact@ are (a) the growing concerns about the environmental
unsustainability of past and currento@omic growth patternsand (b) the risk of
irreversibly altering the environmental base needed to sustain economic prosperity
(ESCAP, 201} Increased awareness of a potential future climate crisis has made it

clear that the environment and the econarag no longer be considered in isolation.
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These concerns point to the need for substanhahgeof consumption behaviour,
industry structuresand technologies (OECD, 2G10CED, 2011 ESCAP, 2011

2.11.1Thegreen gowth model

Within the built enviroment, he green growth modas now commonplacein
sustainabléuilding servicegnfrastructure systems developm@SCAP, 200% Green
buildings could be definedas building services infrastructure that promots the
reduction of harmful effects on theeronment and construction activities as a whole
(Eco Homes, 2003)The sstainability model has been thmeacon for sustainable
developmentMoreover, he nterdisciplinaryengineeringields and socialscienceare
included inthe driveto integrae innovative modelsnto the management djfuilding
servicesinfrastructure systems for sustainabilipyrpose (Yudelson, 2008 Broers,
2005.

It is an established fact thaduch benefit has resulted from engineering sustainability
approaches within the conteaf building servicesinfrastructure but there still remains
a demand for more progress in this respect. Consequently potiaative measureme
adopted, including(a) concepts ofeduce reuse and recygléb) ecoefficiency, (c) the
publici private partnershipdrive, (d) educational awarengsand (e) the use of
mathematical modkng tools (OCED, 2003;ESCAP, 2006 Girouard, 201} In this

study,theconcept ofgreen growttcould tketter be described as:

Green growthpracticeis capable ofmaintainhg the economicexpansion
necessary for enhancinghe quality of life in this context. This practice will
simultaneously minimiseressure on the available resources consumptibareby,
improving the eceefficiency withn building industry(WBCSD, 2000ESCAP, 2006).

The green pwth approach to sustainable building services infrastructure
managementhas been found effectiven promoting engineering sustainabiit
Consequently, it fostemscoefficiency of building servicesinfrastructuredevelopment
creating more value with fewer resources and less imERCAP, 2006). Building

servicesinfrastructure development hasaditionally been the responsibility othe
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public sector and in measuring ecefficiency, it is necessary to enlist government
efforts. Government mustletermine both economic and environmegiated issue
respect obuilding servicesinfrastructure expansiosince thesare the major elements
of ecoefficiency schemgin engineering sustainabilitysuch determinatiors essential
during eachstageof building servicesinfrastructure developmensuch as planning,
design and construction (OECD, 2009d)ypical of themeasurs adopted, are those
indicated inFigure 2.14.

Pressure

-

Economy l

_— i - Qualitv

Fesources use -
. —
and pollution -_———

* Time

Figure2.14: Eco-efficiency andts impact on the economy(BCSD, 2000).

Figure 2.14 demonstrate the governmental measures of @fbiciency scheme
considering engineering sustainability objectivies respect of building services
infrastructureadvancemeni he notion thathere is arupward pressure on the economy
and quality of life with much emphasis on the resowwadilisation and pollution
released to the environmeninderpins the models such, thegreen growth approach
can facilitate theviable recovery obuilding servicesinfrastructure development with
environmentally and socialgtable economic growtfWBCSD, 2000) The WBCSD
(2000) studyindicatesthat eceefficiency involves increasingervices while reducing
material and energy inteity. This approach has hithertieen mainly appliedin
building servicegnfrastructire (water and enerjynanagementbut it may also offer
far greatesustainability benefits when applieddther economi@aspecs. For example,

it may provideincreased energywater, and wastewateuntilities with less use of
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material and other resources, therebgabling @reen growth and socieeconomic
developmenas shownn Figure 2.14OECD, 2009%; OCED, 2011ABS, 2012)
Severalframeworkshave beendentified for the promotion othe greengrowth
strategy In this respectpolicy mixeswith research andevelopments (R&D) neetb
be closer tothe best practice fronthe concept ofjreen growth(OECD, 2010; GSGF,
2010).The factorsare being identified akey elemerd of the economic framework to
determine theprofitable efficiency and sustainable developmentegrity (WBCSD,
2000) Legislative policy formulation withappropriateeducational awareness through
R&D couldsimulate a tradeff at both national and international le¢’6DECD, 2010.

2.11.2 Engineeringustanability through eo-efficiency methods

Eco-efficiency is achieved in buildingervicesinfrastructureby the integration of
environmentallysound technologies and fundamentally new systems solutions for the
services delivery. Progssively, such principlesill reduce the ecological impacts and
resource intensity throughout the life cyclebailding servicesgnfrastructuresystemgo
the bare minimum leveHence, more value is created at the same time as thiessis
use of thebuilding servicesinfrastructure utilities, and less environmentalimpact
(WBCSD, 2000 Eco Homes, 2003 UNCTAD (2003) hasargued tht the term ece
efficiency can be expressed as the ratio of the added value lhailtieg infrastructure
networkand its @vironmental impacts.

It can be seen, therefore, thdte conceptof eco-efficiency when successfully
implemented with thebuilding industry, is capableof yielding financial benefits.
Indeed it canalsosupport government in deri\gna national strategfpr the success of
the sustainable developmeagendaThe practicesassociated with eeefficiencycould
establish healthy framewako promote innovationand transparency that allovier
responsibility sharingmongthe stakeholderd-urthermore, thenitiative can amplify
ecoefficiency ethics for the economy and deliver progliesrespect ofsustainability
goals(WBCSD, 2000;ESCAP, 2011Eco Homes, 2003Janssen and Hendriks, 2002;
WB, 2010).Thebasicprinciples needed fahe promotion of ecoefficiency in building

serviceanfrastructure areshownin Table2.3.
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Table2.3: Principles for promoting eeefficiency ofbuilding infrastructur ESCAP, 2006)

Factors Benefits of eceefficiency
Use resources effiently  To obtain greater value from fewer resources and to re
waste and impactsithin the building.
Minimise externalities When considering market failures, including life cycle costs
the social benefits of policy tools such as utility bills
Use both mandatory anc For assessing and reducing environmental impacts, inclt

voluntary systems raising awareness of policy makers and the publibwitding
infrastructureusage

Promote the use of ecc To measure environmental sais@ability for building

efficient indicators infrastructure development.

Promote appropriate For eceefficient infrastructure in the region focusing on los

technologytools and renewal energy, climate responsive design for builc

waste management and treatment.
Promote effective multi Involving key actorén the building industry.
stakeholder partnership
Use innovative financin¢ Such as cost sharing and partnerimdpuilding industry.
and procurement method
Promote demandide Targeted aservicefocused pproach keepig in mind the end
management us er s 0 boigiegihBastfuaure sustainability.

On the whole, e employment okcoefficient plicies will sustain a longerm
building servicesinfrastructure lifespan and green growth initiativiehis drive is
capable of maintainingound and healthiuilding servicesinfrastructure systems for
the present and future generai¢WCED, 1987 ESCAP, 201}

2.11.3 The 3R@proach

The redudion, reuse and recyclingof materials within thecontext ofthis study is
termed the 3R approacBnvironmentallysound practiceachievedthrough3R can be
considered andppliedas best practice building servicesnfrastructuredevelopment
Minimising waste generiin throughsource reduction, sepaian, reus, recycling and
recovering goods and materialgll promote sustainability successbhis approachot
only responddo the problems of increasing waste generation, but may also provide
significant gains from the reuse and recycling of w@st® Homes, 2003 Promoting
this approach requires establishing-@fated policies along with environmaty-
sound recycling mechanisntisat will supportand impove informal waste recycling
(DEFRA, 2011)
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The use offinancial incentivesn the form ofgovernment subdies for recycling
technologies and harnessing market forsemotherengineering sustainability measure
that is adopted in the developmentboilding servicesnfrastructure. ie 3R approach
could also involve public awarenessaand wastecomposting practices foenergy
generation Eco Homes, 2003; ESCAP, 20§)6Sabol, 2008 DEFRA, 2010; WRAP

2017). Figure 2.15 depicts aypical 3R proces# engineering sustainability through
waste management.

Figure2.15: Best practice in waste managem@hRAP, 2011)
2.11.4 Publieprivate m@rtnership

The public-private partnershigPPP)scheme has been found deliver sustainable
buildings, and therefore this is ond the robustapproache currently employedn
engineering sustainabilityefforts in respect ofbuilding services infrastructure
developmen (Friesecke, 2006)A study by Tetrevova (2006) hasstablishedhe PPP
contributiontowardssustainablduilding servicesnfrastructuress beingsignificant and
laudable Indeed, the gain from this practice includ@gestment projects implemented
in the public inteest using financial resources fraime private sector. @ implement
theseprojects, not onlylo thefinancialresources fronprivate companies courtut the
expertise,managerialknow-how, organiational and innovational potentials aaéso
used (Broers, 2005; ASHRAE, 2004)Expert abilities and experiencaelating to
building servicesmanagemenand funding are theore mechasis in the delivery of

the sustainability agendaConsequently,PPP has become agroundbreaking, and
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strategic approacim the services delivery of sustainablgilding servicesnfrastructure
worldwide (ESCAP, 2006).

PPPprogramms canbe develogdthrough co-operation betweegovernmentsnon
governmental organagions (NGOs), communitpased organisations (CBQand other
private entities in managinuilding projectsfor sustainability.The PPPagendacan
also deliver in the procurement of theublic building sector therebyincreasingly
gainingmoreground in the effort to achiewsstainability ESCAP, 2011)The synergy
of the PPP initiative in the building services industryis evident, especially in an
economic climate where fewer resour¢eslities) areavailable for public service needs
(Friesecke, 20Q6-ernandez, 2010).

2.11.5 The use of mathematicabdeling theories

Engineering sustainabilityin the context of building services infrastructure
developmentan be delivered through suitabmathematical modéllg. Contemporary
studies have revealethe integration of mathematicahethod in measuring the
economic, socialand environmental valugbat canenhancehe potential of achieving
sustainability.Such technigue contributeto a varety of decisioamaking processes,
ranging fromthe planning, designand construction stages of the buildisgrvices
infrastructure(Gulch and Baumann, 2004)heseanalytial techniquescan also offer
efficient managerial pathwayin appraising the maianance operation and EoL of
building infrastructure projectévudelson, 2008Nebel, 2006L.angdon, 2007)

2.11.51 The sustainable engineering infrastructure (SEI) model

The SEI modelis one of the latest mathematical models applied in analysing
building services infrastructure performande.recent tudy by Okon et al. (2010)
found such novelty througtie integration ofan SEI model in evaluating a shopping
mall. The SEI model analyses thaal building servicesnfrastructureprojectlife cycle
with an allowance foor/offsite recycling processes. All aspects of conceptual design,
procurement, materials handling, construction, renovation, disposal, oessioning,
hazardous materigland demolition withrecycling proceduresare addressedor their

sustainabilityimpacts Additionally, gppropriate metrics for the engineering project life
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cycle are incorporated in th8El model functions tanarege ssues bordering on
building services infrastructure project viability, performance reliability, and
deliverability. Furthermore the maintenanceind useof buildings, EIA andthe return-
on-investment amongther parametersare integrated into a common design and
analysispool function for the overalbuilding servicesinfrastructuregrowth (Hill and
Bowen, 1997 Ellis, 2007.

Interestinglyhowever the SEI nodel also addresses and nornedisustainability
values (Suvithin ranges of @SuvO1 by applying the probability (P) and set theory
paradigminto sustainability Thug accurate and reliabledices of sustainability came
qualified and quantified. Typicallyfor an idealbuilding servicesnfrastructureproject
situation the Suv is 1. But this is impracticable the real engineering projects
situation Similarly, the reliabilityand regresen analysismodek (RRAM) are among
the effective method integated in assessinduilding servicesinfrastructure growth
(Stroud, 2001) These theor® have been applied inevaluating building service
infrastructureutilities (water, energy maintenarjce&nd other andéry practices The
outcomes from these methods are religblkonet al.,2010;0Okon and Elhag2011).

2.11.6Summary

In this Chapter of thehesis a comprehensive coverage of the literature relatéeto
aims and objectives of the study has been provi@mhsequently, a full review of
literature concerning buildingervices infrastructure and building construction activities
has been maddhereview has concentrated on issues relatingutstainabiliy-driven
buildings and has identifiedhe theoretical basis, gaps, drivers and limitations in
sustainabilitypracticesn order to createnoreawarenessegarding thestudy. Through
reviewing therelated literature the researcher has identified seveaglpropriate
sustainability management frameworkiS@ 14001 EMS, LCA and LCC) and
engineering sustainability modédlsathave been established ansked in the context of
building services development and manageméitapter Three presents detailed

informaion concerning the methodology adopted for the empirical work in the study.
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Chapter Three

3.0 Research mthals sustainable building services
infrastructuresystems management

3.1 Introduction

Building servicesinfrastructure sysims are typically characterised by complexity,
diversity, operational contextand their nonstandardised natur@ClIOB, 2003; CIB,
2004 Wood, 2008. Consequently it becomes necessary to design suitable and
implementable framewoskfor the proper determation and review of the extemd
which sustainability isntegratedin this context(NSA, 1991 ASTM, 2002) The CIB
(2004) has maintaine that building servicesinfrastructure systemeonstructed in a
well-planned andlesignedmanney will accountfor the wellbeing of people natural
resourcesand the environmerdll impact (Koskela,2009 ASHRAE, 2004; BREEAM,
2008;Gigg, 1988) However, the effectivenanagement of sudbuilding infrastructure
systems upon completion awdring use is currently posinggreat challenge¢Boyle,
2005) Problems arisingn this respectarethe lack of prudent managemerggarding
the infrastructure resourcesnd environmental impagssuesresulting in the threat of
climate changdGSGF, 2010; Shah, 2007uilding services infrastructure resources
are water, energyand wastewater all of which need to be properly maintained and
require more strategic appraisal due to worldwidesatiable demand&heshire and
Maunsell, 2007; GSGF, 201ASHRAE, 1999.

However, it is nopossible to effectively appraieiilding servicesnfrastructureuse
and their impactupon sustainabilitywithout clearer and more consst standards and
principles ofperformance BREEAM, 2008;CIB, 2004; ASTM, 2003. Theseethics
and framework must be developed fouse by the practitionersn this context.The
building planners,engineers, architegtand otherexpertswho are all involved in
encouragingsustainabilityare therefore, responsible for considering long and short
term economic, sociahnd the environmental implicatiofBREEAM, 2008; GSGF,
2010) There isalso needfor a mix of technological, political and innovativaodels.

Such models need to bmilored so that they camachieve best practice in the
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performance of ecoefficient and green growth buildings so that sustainable
developmengoalscan be realise(EcoHomes, 2003; Dutilet al, 2011, CIOB, 2010.

3.2 Researchasign

This sectiorpresents the metho@sd systematic approachesed in the studylhe
researchproblem statenent is indicatedand the methodsfor assessingsustainable
building servicesinfrastiucture systemsractices are presented Likewise, sirvey
information and detail of the pilot surveyused are given. Figure 3.1 shows the
approach to research designdicating the steps between the identification of the

research problems, and the eventual discussion of the results obtained after the

fieldwork.
F.esearch F.esearch Methods on - Survey
Problems > SISM "l Information
Results and Feedback Structured
Discussion  |je— and le—| Survev and le—| Pilot Studv
Analvsis Administration

Figure 3.1 The research design approach

Table 3.1depictsthe severphaseg(liVIl) of the study and the methodsadopted
during each phasd@he table further explains how these methods were applied in each

phase to achieve the overall objectives of the research.

Table3.1 Phases of study and the applied methods
Phases of tady ResearcTitle Adopted Method
*Methods usedfor the survey information pilot
study and administratiorwere; Akin and Wing
Buildingservices | ( 2007) ; Yin (198 4)2004)wand
171V infrastructure Last(2003.
characteristics *Elhag et al. (2005) approachwas used for the
feedback analysis.
*Also, Okonet al. (2010) method was applied -
study the sustainability indices.

86



Bassey B. Okon Research Methods on Sustainable Building Services
Infrastructure Systems Management

*The method according |
(2003) were adopted for the pilot study arte
Vv LCA and LCC| structured survey administration respectively.
evaluation *The LCA study employed ISO (1997) and Hoete
al. (2009) methods.

*Impact assessment study was conducted via (
(2007) approach.

*Guinea et al. (2001) and Cabalet al. (2005)
methods were applied to noalisethe environmental
impact test

*The staistical analysis on the LCA was studit
using Develli$(1991) and Field €006 methods.
*LCC study was conductedrtiugh Landon, (2007
methodand Romm (1994) approaeh wereapplied
for the LCC analysi. Also, the statistical softwar
package version (SPSS 19.0) was employed for
LCC study.

*The UK, FOI medium was used for contacts witl
the health and education sectors before a pilot st
*The methds used for the pilot study and structur
surveywe r e  O@Q04 and kast (2003)

*The averaging study were according to Sn
(1998) and Stroud (2001) methods.

*In studying the percentages outcomes, Str
Vi Energy & utilities | (2001) approach was used.

management *Carbon footpmit evaluationwas conducted in line
with Azapagic (2010) method.

*Also, the probability analysis study was carried
using Hansen (2005) and Montgomeatyal. (1998)
methods.

*However, permutations and combinations functi
alongside the statistical alysis were studied t
establishthe sustainability indices throug8troud,
(2001) approach.

*Interviews approacheas used in the studwere
Vi Interviews according to Kumar (1999)Kvale (1996) anc
McCracken (1988).

3.3 Presenting theesearchmethods

Suitablemethod weredecided upon, anidterapplied within thesevenphases othe
studyas shownn Chapters Bur, Five, Six and SvenrespectivelyThese methodwere
focusedon achieving theoverall aim and objectives athe research in each seio
Four phaseql71V) implement a common approach in addressingothiEling services
infrastructure characteristics evaluatihasesv andVI employ different methods for
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the studies as specified inetlsubsequent sectionshd interview sessiorss contained
in Chapter 8ven phaseVll) and details of thenethodsusedand theirapplicationare

alsoreporedin the appropriate sectisiof this thesis.

3.4 Surveyinformation instudyphased i IV

Tables 3.2 3.5 presenta summary of the survegistiibution within studyphasedi
IV as contained imMppendix |. The achievabledata from these surveysvere later
analysed and used for the investigationformation in these tableprovides an
overviewof thedifferent survey cases within the UK and Nigeiide analyses arising

from the surveyare contained ihapter Bur of this thesis

Table3.2 Summary of surveyistributionwithin Commercial Buildings

Survey Inventory Lot Period of administration Response time (mni
Survey produoed 100 September2009 -

Survey administered 100 September, 2009 -

Survey received after congilon 25 September2009 January2010

Survey returned unanswered 22 December2010 February, 2010

Table3.3 Summay of survey dstribution inBuildings Construction Companies

Survey Inventory Lot Period of administration é&ponse the (month
Survey produced 100  September, 2009 -

Survey administered 100 September, 2009 -

Survey received after completior 35 September, 2009 January, 2010
Survey returned unanswered 16 December2009 March, 2010

Table3.4 Summary of surveyistribution within ALSCON Building/Facility

Survey Inventory Lot Period of administration Response ti(neonth
Survey produced 100 May, 2010 -

Survey administered 100 May, 2010 -

Survey received after completior 48 September, 200 January, 201
Survey returned unanswered 8 March, 2011 February, P11

Table 3.5 Summary of surveyidtributionin MPN Building/Facility

Survey Inventory Lot Period of admiistration Response time (mohtt
Survey produced 100 May, 2010 -

Survey administered 100 May, 2010 -

Survey received after completior 30 Septerber, 200 March 2011
Survey returned unanswered 17 March, 2011 March, 2011
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3.5Research mthodin study hased 1 IV

The research methods tailored towards contributingotthe overall body of
knowledgeregardingbuilding senices infrastructureystemsmanagemerand building
construction activitiesln this context, the UK and Nigenacenarios were appraised.
Atkin and Wing (2007)explaired that in order to achieve such a contribution an
systematic way, its necessary tapproacha study with suitable and logically accepted
techniques At the same timeYin (1984, 2003 argues that a case study method
provides a rational approach @oresearch projecConsequently, theesearch method
consists of &ombination of strategs which involve atwo-stage methadan indepth
literature searclof previousstudiesconcerningcurrent practicesn this field, and a
surveyto collect primary data

The literature review was aimed at identifying th&ps within the management
procedires The survey was aimed at obtaining the views of the experts in the practical
situation As already shown in Chapter Twdjet literature searclvas focused on
illuminating all the background issues rdéilag to the sustainability agendaand
identifying best practicesin terms of policy and implementationin respect of
sustainablébuilding developmentThe evaluation othe sustainabilityagendaand its
application in respect of building services infrastructure systemsand building
construction activitiehave been thoroughbtudied

The suney was administerethroughemail regularmail, and persoal contact The
regular mail survey was found to be more productive, due to its wideragg BAJR,
2007). Building services ah building constructiorexpets were the majorespondents

to the survey

3.6 Research mcesaused instudy pasedi IV

This section addressesthe research processesemployed. The three different
processesnvolved in administering the questionnaire are presented, these H&ng:

pilot study the survey itself, and the methods of analysis
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3.6.1 Pilotstudyin phasesillV

A pilot surveywas prepared and administer@dthin two shopping malls antive
building construction companies the UK. This was aimed ahvestigatingthe key
parameters affecting the managementwfding servicesnfrastructure systems in both
the private and public sectofThe pilot study was meant to provide background
information fortherestructuringof suitable surveyfor the main studyThe pilotsurvey
was comprisedf structuredquestionst o capture respondents?o
suitability of the proposed methadl'he potential usefulnessf the surveyapproachn
researchis indicated byO 6 L e (2004) andLast (20@) who suggested its dability
for use within thesocial sciencedn total, 400 papercopies of themain survey were
prodwced and administered by haadd through the mail Soft copies of the survey
were also emailed to the organsationsindicated inTables3.21 3.5, Appendix lis a

sample copy of the survey for study in pha$é¥ fespectively.

3.6.2 Thestructuredsurvey @ministrationin study ghasesilV

The feedback fronthe pilot studyestablished g@roup ofsix characteristicsvhich
were subsequentistructurednto survey andadministeredvithin the four phasesli IV
of study Appendix |. These characterissc include energy, water resorces
management maintenance managementragtices, infrastructure desigmrojects
characteristicsand external factorsProvisionswere also made for the respondents to
return the survegitherby hand or email asdicatedin theappendicesMore details on

these surveyareindicated inSection 3.6.3.

3.6.3Survey feedback and ethodsused foranalysesphasedi IV

Within the main survey50 characteristicsvere found, and grouped intdhe six
differentcategories already identified, aad containeth Appendix | These are

1 Energy resorces management characteristics;
' Water resources management elaaristics;

fMaintenance management practices;
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T Infragructure design characteristics;
T Infrastructure project characteristiesd

7 External factors affecting infrastructure management.

The methodemployedfor the surveyin Appendix Iwas to rank and evadte these
factors according to their influence and significamcéerms ofthis study. The survey
in Section 3.4 was produced and specifically administeredo the maintenance/
operations managers within tokosen organisation$he responseatesfor the survey
in the foursectorsstudiedarewithin 25/ 48%, Tables3.2 3.5. This rateis higher than
the normal ate of 2030% for mostsurveysposed through the regular mail or hand
delivered(Elhag et al, 2005). More interestinty, the surveyfeedbackindicated that
65% of respondents habetween 5and 20 years and over 20 years, of related
professional working experienceéhe remaining responderttadbetween Jand4 years
suchexperienceThis wealth of experiencwasin the organisationstudiedor within a
relatedbuilding/facility or compauy.

All respondents were happy with the survey technique, and some recommended
ways for improvement as presented in the results and discussion s&oticalculate
the degree of influence of each variabiem the suvey feedbacka threepoint scale

was used (Elhagt al, 2005) as follows

1 = not significant
2 = moderately significant
3 = highly significant

For further analysis, the determinant factdesscribedin sub-sections 3%.3.1 and
3.6.3.2wereapplied.

3.6.3.1Analysis and ranking afeterminant management factors

The factors were ranked according to their significance in examining energy and
water resorces management characteristics. Almajntenance managenteractices,
infrastructure desigmroject characteristicand external factormfluencing theproper
delivery of sustainabléuilding projects were investigated A severity index (SI)
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computation was used for ranking the associated factors accoodimgr significance

(Elhaget al, 2005). Mahematically, the severity indeanalysisis given byEquation
(D:

o 3 ~
s =58 wxf K1 )
Gi= + N

Wherei represents the ratings il 3, fi, the frequency of the responses,the total
number of responses and, the weights for each ratind\ppendix Il is the worked
exampledor the severity indeanalysis Chapter Bur outlines the summary of findings

regardiry the statisticahnalysis for the severity index results.

3.6.3.2 Measuring respondentsd concoc

This was targeted at determining the variation of responses for each factor. The
coefficient of varianc€COV) allows for the comparisonf variables between two or
more different variables. Therefore, Elhat) al (2005) defined the coefficient of
variation as the ratio of standard deviatiothe mean o& givendata seé This isshown

in Equation(2). The r espondentavaysed asinfigore32ances wer €

.
L
.
L
s
™
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™

Figure3.2 Weight for each rating (Elhagt al, 2005).

The characteristics ifables3.2 3.5 were determined through the application of the

COV in the analysis as indicat@d Equation(2).

COV == 1006 )
X

whereCOV represergthe coefficient of variationS denotes the standard deviation and

X the weighting mean saste. The COVin this case, expresses the standard deviation
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as a percentage of the mean and is useful in comparing the relative variability of
different responses witvalues calculated usirtggquation(2). Appendixll is the worked
exampledor the coefficent of variation analysis

In computing for thecategory ranking analysis, this is usually the product of the
severity index result#\s such the order of sequence o$tl2nd, 3rd, are followed. But,
a constant of 1.5 is usually addedmithe prceedig order of sequencethen similar
(overlapping) results are achievétr instancein category ranking analysis where the
order of sequencis 4th, then the nextoverlappingseverity indexresultsof two value
equalto 5th. This order of sequencwill eventually chang to 6th considering the
specifiedconstantElhaget al.,2005) The overall ranking accounts for the evaluation
of the severity index results order of their magnitudenterestingly the different
methodologiesas applied in this studigave already beerpresented innternationally
refereed purnals(Okonet al.,201Q Okonand Elhag, 2011)The rationale behind this
approach ws to provide an in-depth understanding dhe benefits of incorporating
sustainabilityinto thecontext of thisstudy. It is also tailorecit more widelyimproving
thebuildinginfrastructureproject performance

3.7 Otheresearcltapproacles wsed instudy hasedi IV

In this study, sombasictheoreticaimodels weréncorporated for analysg building
servicesinfrastructue performanceThis becomesiecessary as other researchers have
not exploited these fundamental mathematoahponents in addressing sustainability
generally.Theyinclude (a) the set theoryb) the probability theoryand (c) the SEI
model developmentinformation regarding the application of theswdelsin this

research is presented in the relevant sections of this thesis.

3.7.1 The setteorymethod

Set theory applicatioattempts tdestthe veracityof the data irthis study.The use
of set theoryin data analyses i® provide for thesuitablemanagement of the acquired
information in any given circumstance or evdgy, (Stroud, 2001Hansen, 2005)A set

theory has wider application ranging from engineeringnseieand humanitiesettings

93



Bassey B. Okon Research Methods on Sustainable Building Services
Infrastructure Systems Management

just to mention but a fewlhe sustainable developmerthemerevolves around the
economic, socialand environmental values. These trio factors reveal a batanoag
the three themes of sustainability and can be appraisedqythtbe set theoryndeed,a
set theory is collection of elementdHansen, 2005)Also, if an elemenik is contained

in or belongs to the s& it couldbeexpressed as,

x| E ©)
Then if Ais a collection of elements all belongingEpthe expression is as follows:

Al E 4
Equation (4 indicatesA is a subset ofE. Thus,Ain itselfis a set included in the largest

set ofE. Therefore, the complement Af denotedasA” within E, is a set of elements in

E that do not belong té. This argumenthowever, has yielded:

A={x| Ebx| A} (5)
But,if A, Bl E are two suksets oft, this will define a union. Hence;

AUB={x| Ebx| A}or{x| B} (6)
From Equation (§ the intersection gives:

AZB={x| Ebx| Aandx| B} (7)

Also, A/B=AZ% B (8)
Equation (8 defines the set of elementsArthat do not belong tB.

The set theory according Janeset al (1996), explainsit is basically concerned
with the identification of one or more common characteristics among objects called
elements (members of the set). These members of the sets are usually presented in
capital letterstypically: A, B, C ard the subsets, a, b, ¢ respectivelgmith (1998),
arguesthat set theory has been one of the fundamental measerting objects into
certain similar groupings. In addition, the letfe) denoting universal is always applied

for the set theory in theahn diagram. Therefore, a finite set is one that contains only a
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finite number of elements (2, 3 é .n) while an infinite set is one consisting of an
infinite number of elementgStroud, 2001).These infinite sets in this case are
economicsocial and envonmental values of sustainable development.

In this thesis environmental values amepresented by (B, social values (),
economic values () and sustainable development is denoted by (S.D). However, the

two Venn diagrams ifigure3.3 depict the set theory representation.

S D

\Z/

Figure3.3 Venn diagram showing thatersection and union of set elements

Hence fronFigure3.3 the setleory guation is expressed irgBation ©):
EnwZ (SocZ o8 )

It is indicative from Kuation(9) thatthe triplefactors of sustainable development
belong to the same universal gatory Consequently, set theoayso holds as indicated
in Equation (10):

Socz EQUEW) =(ScZ2 BU Sz B (10)

The incorporatiorof set theory into sustainability originatéom the inter-relation
among the three themes of sustainable developmEmt. economic socia] and
environmental values are classified as sets. Thesstshare equitability, viabilifyand
bearability values of sustainabilityevidently, set theory is capablef evaluating
sustainabiliy along with the building servicesinfrastructuresystemsmanagerant as

contained in Figure.2 a page44 (Okon et al., 2010) The set theory modehas
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generatednto the Venn diagrangivenin Figure 3.3andis usedfor evaluatingouilding

infrastructure services delivery.

3.72 The probability heorymethod

Probability theory airs to measureghe achievable data in thiudy. The increasing
use of probability theory is to quantify the chance or possibility that sample test
measurement results or data fall within some set of vdldassen, 2005)Probability
theoryis usually expressed in terms of randeaniables during informationpresentation
(Montgomeryet al, 1998) Accordingly, probability theory can provide the foundation
for evaluating statistical inference in any research. Probability theofgund as the
main conceptual origin of statistics and a mathematiaihework for discussing
experiments with an outcomeathis uncertain(Smith, 1998 Stroud, 200L However
probability theory isusedto addressthe mathematical aspscbf uncertainies and is
calculatedtheoretically by specifying what properties such quantificaticepreserd
(Hansen, 2005)

The application ofprobability (P) theoremsfrom the Venn diagram inFigure 3.3 is

expresseas follows:

PX| R =1 (11)

where P) is the probability of random variable) is the set of real variablgE)

elements andX) denotes data informatidrom thisstudy
0O RXIR) O 1 fBr any se(?2

Contextually, itbe could statethat the environmentalsocial and economic values still
hold with the sustainability valug$,,). Thenthe boundary conditionn Equation (14)

was applied within the entire study analysience,
PX| E)=Sv=PEwzZ Z S) (13)

Therefore, the model as applied in this study becomes
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PXLE) = 400 a4 s (14)

3.7.3 Thesustainable engineering infrastruct(&&l) modeluse

Theresearch ainand objectivegoncernthe proper managementladilding services
infrastructureresourcesanda generic modehas been produced to assist in this respect
Specifically, he SEI model is developethroughthe interpretation of the three thesne
of sustainable developmerdnd it addressese inter-disciplinary engineering fields,
systems subsystems, devicealong with components application, technologies and
archite¢ures requiring sustainability succe§he term valuesn this case canlso

imply indices.Hence thefollowing abbreviations are applied in this study:

Sovi Social values

Eqv i Equitability values

E. 1 Environmental values
E./T Economic values

V1 Viability values

B, 1 Bearability values

S, 1 Sustainability values

The Venn diagram ntersectionin Figure 3.3 yielding sustainable development
among the three themestranslated into a mathematical model called the SEI model

This application is found in Chapter Four of Appendix Tius

N(Ecy) U n(En) U N(Sy) =n(Eey) + N(Eny) + N(Sy) T N(Evz BT
NEwZz oPi N(EnvZ od+N(EcvZ EZ o (15)
But:
NEw? o8 =n) )
NEwz oP=n(B)
> (16)

NEwZz oP=n(Eq)

NEwZ nEZ oP=n(Sw)

—/
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Therefore, substitutingduatiors (16) into (15) yields;

N(Ec) U n(En) U N(Sy) = n(Ecy) + N(Eny) + N(Sy) T n(VY) T
n(By) 1 n(Eq) +n n(Sw) (17)

Equation 17) is the final mathematical representation of the sustainability model by
the application of set thearyt implies that in orderfor the sustainability goalsf
engineering projects to be attained, relevant indicaslues of sustainability must be
defined and modelled as a set of integrated systénes) the sustainability engineering
stangboint should promote a rigorous interaction for a balance amorggtirge themes
of sustainable developmerithe SEI nodel also addresses and nornesisustainability
withinther anges w®f 10b® &ppl yi Bdhedryhine systaimabiliyb i | i t
(Stroud, 2001)The SEI model limits[0 @ O], thereby explaininghe underlying
principles associated with thefficiency of a machineincluding building services
operdions. The huilding services operatiooontains systems, stdystems (equipment)
installation whichcan be measured performanceerms(RICS, 2008 Ashworth,1999
IPMVP, 2002;Cheshire andMaunsell, 2007)The dficiency of a buildingin this case
undescoreghe ratio of measureand idealservicesdelivery within a building (Cengel
et al, 2008;ABS, 2012 Stroud, 2001NIBS, 2006.

Once constructed, and fitted with equipmenbuglding yields the efficiency of 1.
This logically expresses the idealnciition of sucha building. But, when a building is
put to use (operationdhe efficiency willincreasingly reduce over time tending towards
0. Also, this situation accounts for the fact thawvhen the installed equipmens
measuredvithin the building depreciation occurdue todeformation, friction, wear and
tear and thatpartsrequiremaintenancef servicesare to bedelivered (Cengelet al,
2008;CIOB, 2010 BREEAM, 2008 RICS, 2000. With the SEI model limitsaccurate
and reliable indices of swhability can be qualifiednd quantified.An ideal building
projectis expected to havime S, value of 1.However,this is found impracticable in
the ral engineering project contexSmith, 2008;BREEAM, 2008; Cengelet al,
2008) The proposed SEI adel reported in this study has defined and normalised S
values to unity for building services infrastructure applicatibhe SEI model is

expected to serve as a design, development, implement@tidmanagement platform
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for the sustainable engineggicommunity Indeed the differentmethodsasapplied in
this studyhavebeendiscussecarlier(Okonet al.,2010;0kon and Elhag, 2011).

3.7.4Partial differential equation method

The rtial differential equation methpdccording toStroud(2001) has alsobeen
appliedto studybuildings (facilities) asshownin Chapter Four. This method was used
for the determination of theustainability index (SI) anthe building infrastucture
performance (IP) within theavestigated buildings (facilities) sereis The application
of thistechnique accounts for the initial and tempdfiaal) boundary conditions ithe
analysed buildinggfacilities) with respect tdaheir lifespan The considered boundary
conditions are:

1 Initial building lifespan(t) boundary cadition, (t = 0);

 Temporal (final)ouilding lifetimeboundary condition, (t £).

whereUexpresses the infinity status withime investigated buildirg(facilities) and the
building services infrasuctureactivities duringhe constructiorphase igepresented by

(E). In addition, the buildingervicesinfrastructureactivities during use (operatios)
andmaintenance ardenoted by (IUandthe sustainability index is represented by (SI)

in this analysislt is alsonoted that all parameters in this analysis are normalised values,

therefore

SI(t) = IP(t) + E.IU (18)

Lete

b s (fatilides)mfoastructurecapacity(variables) factors, then;

[0 O ¢ O 1] (19)
But, U buwildings (facilities) infrastructureisage (variables) factortsen
[0 O U O 1] (20)

For the sustainability indexanalysis within the investigatedbuilding (facilities)

infrastructure at the initiadonstruction(c) time, beforeoperation (0) ouse:
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[ OSIED 1] (21)

Considering thénighlighted parameters for the investigated buildings (facilittes)

governing model for the analyisas established as presented gqu&tion(21).

-t
ar

SiLo-Sl, 7 22

In this situation,?represents the exponent@nstant inthe analysisThe model in
equation(22) was derived and subsequently applied for the analgkits in Figure 3.4
illustratethe buildingservicesnfrastructure at the construction and operaigmases.

Building Constouction Phase 4 Building Operational Phase
3
51, 5L
____________ TBSI

Utlisation curve

\\

Critical point

I
I o >

o -

. t (vears)
t(wvears)

Figure3.4: Constructiorand operational phases of building infrastructure.

In Figure 3.4,the point marked TBSI signifies the targeted building sustainability
index at the construction phaskthe building infrastructurg¢Barret, 1995; Chanter and
Swallow, 2000; Bayer.et al., 2010) The critical point in theoperatioml phase of a
building is where decommissioning is suggested applicable in this studyMore

details regarding teianalysis are reported Appendix III.

3.8 Researcimethodsusedin studyphaseV

The research evaluatssistainablebuilding servicesnfrastructure systemwithin
residential and office building# this study alsathe life cycle analysis (LCA) anide
cycle cost (LCC) within six ongoing constructduiildingsin the UK were gpraised

This investigationwas perforned on six new high-rise buildings, and focused otheir
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building infrastructureservices delivery and managemgmbceduresThe results are
presenedin Chapter Bur of thisthesis.

3.8.1 Pilotstudy in phase V

The pglot study was conducteavith three project managers handlifmgilding
constructionproject activities The feedbackrom these experts waable to provide
very useful andmportantinformation leading tdhe preparation of structuresiirve\s
for the sudy ( O 6 L €280d)yThe variousmaterialssupply chais involved in this
study were theenergy utilities water, wasteand building materialsonsumedat the
construction, operatigmrmaintenanceand endof-life phases.Other details regarding
this phasef thestudy areconsideed in theresults and idcussion sectian

3.8.2 The structured surveyministrationin study hase V

Structured surveys were prepad and administered ttwelve project managers
within the building construction industrgcros the UK Out of this number, six project
maregerswere able togive measuredield data from their organisan inventory for
the analysis as shown istudy phase Vin Chapter Five. The suggested research
methods by Las{2003) andO 6 Lrg (2004) wereadopted for thestudy, as they were
believed to assist i nin the rhainge thieresegrch tsdught st ud
information on the construction, operatifuse) maintenanceand EoL phasesof the
buildingsservicesnfrastructure system#& was pasible for respondents to return their
surveys either by haneémail and regular maids shown imAppendixIV. More details
of this phase ofess are reportedh Chapter kve.

3.8.3 Surveyinformation and éedbackn study haseV

Table3.6: Summary of surveyidtribution inBuildings Construction Companies

Survey Inventory Lot Period of administration Response time (mdn
Survey produced 10 July, 2010 -

Survey administered 10 July, 2010 -

Suwey received after completion 6 September2010 August 2011

Survey returned unanswered 4 August, 2011 September2011
Participating companies 6 See*Ai F -
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*A 1 Wates Construction Cormapy, UK

*B i GallifordTry Construction CompanyK
*C 1John Turner Construction CompartyK
*D i Northern Group Build Limited, UK

*E 1 Overburry Construction Company, UK
*F i Shepherd Building Group, UK

3.8.4 Methodsised for sistainaldity evaluatian in studyphase V

This study found it necessary fmd suitablemethod to evaluate the data obtaine
from the survey feedbaglkresentedn Section 3.8.3The features of sustainability were
analysed in three pargschusingadifferent methodas indicated imable3.7.

Table3.7: Features of sustainability and evaluation approach
Features of

Sustainability Methods Environmental Impact
EnvironmentaValues LCA Energy Demand* ADP, AP, EP, FAETP,
GWP, HTP, MAETP, ODP, POCP, TETP
Economic Values LCCl/value adeal Life cycle coss and value added potentials
This will be adopted aselatedto the sector.
Social Values LCA It may include thebuilding infrastructure

delivery and benefits to the users generally

* ADP i Abiotic Depletion Potential

* AP 1 Acidification Potential

*EP1 Eutrophication Potential

*FAEP i Freshwater Aquatic Ecotoxicifyotential
*GWP1 Global Warming Potential

*HTP i Human Toxicity Potential

*MAETP i Marine Aquatic Ecotoxicity Potential
*ODP10zone Layer Depletion Potential
*POCPi Photochem Ozone Creation Potential
*TETPT TerrestricEcotoxicity Potential

102



Bassey B. Okon Research Methods on Sustainable Building Services
Infrastructure Systems Management

3.8.5 Method used for the LCAusly in phase V

In this phase of studyhe methods of ISQL997), andHomeet al. (2009 were used
in the investigationin the LCA analysisthe bills of materialsdata were exported and
modelled usinghe Gabi 4 softwarepackage(Guineeet al., 2001; CML, 2007) The
rationale behind this approaetasto identify h e & Ip @ {inpdxrt) and déa gaps
across the supply chain from the measured field ddta.pocess flow diagranused

for theLCA inventory analysiss shown inFigure3.5.

™ ™
Flow model with Data collection Calculation of amount
system boundaries for all activities of inputs/ outputs with
functional Units

Figure3.5. LCA inventory analysis imcess

In this researchten listed ewvironmental impac associged with the supply chain
regarding buildingservicesinfrastructure systemswere evaluged usingthe CML
assessment methadGuineeet al. (2001) CML is a method developed in the Cenof
Environment Science dfeiden Universty in the Netherlandsand isthe best fit for
impact examination studylhe impact evaluation wastudiedand these includeboth
characterisation and weighting steps in accordance with the ISO 14044 standard
(Guinee et al., 2001; REGENER, 1997 ISO, 2002 This standard ist h e EUOG s
nomalisation techniquen Appendix Vaccording tahe CML packageGuineeet al.,

2001; Szalayet al., 2011; Bayeret al., 2010; Cabalet al, 2005). The LCA appraisal
alsoemploys a mathematical approaeltcording to ACLCA(2008), and Stroud2001)
to evaluateeachcharacteristis impad onthe analysis as shown im&ation @3):

(HHB- LHB,..XBn
HHB

Impact analysis= x100 (23
whereHHB is thehigh hot spotin the studied building, LHB is the low hot spot and
XBn signifies any of the buildingdn this situation(Lee and Burnett, 2008 he overall

impactresults in each case gyeesented as a percentage of the egamation.
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3.86 Methodsusedfor the LCCin study phase V

In this studythe Langdm (2007) aproach was used for the costsaminationThis
methodwas essentialto evaluatethe total cost of the buildingervicesinfrastructure
[facility ownership and to integrate the economic vdtresustainabilitybenefits The
appraisal in this context accounts for the cost of acquisitimjng and disposing of
the entire buildingervicesnfrastructure systems&.urthermore, iddresses the overall
costs ofbuilding servicesinfrastructure practs alternativesand seled the suitable
design for the services delivefigpstein, 1996)The LCC also aimedo ensurdhat the
buildings infrastructure services witleliver at the lowest cost of ownershighilst
keepingits quality and functiomstealy over the lifecycle(Romm, 1994)

Romm (1994)maintainedthat in practical terms,over a 50 year period of a
buildingd s | i theeritial oost,should account for just 2% of the total expenditure.
At the same timethe operatiorfuse)and maintenanceoss shouldbe worth about 6%
and the personnel costs eqtmB2% of the total investment (Mutt al, 2006).LCC
appraisalin this case was based on the suppliettd dataas containedn Tables5.40
and 5.41that appear irSection 5.22 Davis Lang@én and Jacol@sengineeringcosts
assessmentompaniesassisted in providing theumrent materials valuation for this
study as shownin Appendix IV. In analysing thebuilding infrastructureservices, the
related cost usually fall into the following classs (Muto et al., 2006; Romm, 1994,
Epstein, 1998

T Initial cossi purchasg, acquisitiorcosts

{Fuel ®ssi operation, maintenance arepairs

T Replacement costs (Residualwesi resale or alvage alues or disposal cost)
{Finance charge$ loan interest mymentsand the ron-monetarybenefits or

costs

At this stage in the study, tmeathematicakxpressiorshownin Equation (24 was
employedfor theLCC analysis

LCC = Acquisition costs +Ownership costs +Disposalcosts (24)
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Similarly, considering the total lifeycle costsanalysisin the investigatedouildings

infrastructure Equation (2% was applied in the study
LCC =1+ Repl.T1 Res. + E+ W +OM&R + O (25)

Where:

| = Investment cost

Repl. =Replacement cost

Res. =Residual cost

E =energy cost

W =water cost

OM & R = operation, maintenance and repairs

O =otherassociated costncurred

Similarly,

LCC = Total economic life cycleasts (£) in present valu®Y) of a given alternative
regarding thebuilding infrastructure. Therefore, in terms of present value the

component can be defined as follows:

| = PV of investment ast if incurred at the base datbey do notneed to be
discounted.
Then;
Repl. = PVof capital eplacementosts
Res. = P\Wof residual value (resale valualgage value) less disposal costs
E = PV of energy costs
W = PV of water costs
OM & R = PV of nonfuel operating, maintenance and repair costs
O = PV of other costespecially the cordict cost(Muto et al.,2006 andRomm
19949).
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Further analysis in thistudy also accourst for the other buildinginfrastructure
evaluation criteria. Thus, th@westeconomic LCCfor the purpose offinding coss
effectivenessassociated with the buildingnfrastructure consideringthe indicated
parametersThen, thefollowing parameterare definedor the building infrastructure
(Epstein, 1996Park and Tippett, 1999 amduto et al.,2006).The abbreviations are:

NST Net saavings operational savingsds difference in capital investment costs.

SIR T Savingto-investment ratio: ratio of operational savings to difference in
capital investment costslowever, other parameters include:

AIRR T Adjusted internal rate of returannual yield of alternative @r the study
period, taking into account reinvestment of interim returns at discount rate.

SPB 1 Simple payback:ime required for the cummulative savings from an
alternative to recover its initial investment cost and other accrued costs without
taking inb account, time value of monéyG4, 2003) Also;

DPB i Discounted payback time required for the cummulative savings from an
alternative to recover its initial investment cost and other accrued costs, taking

into account the time value of monégulch andBaumann, 2004; Ellis, 2007

3.9 Researcimethodsusedin study phaseV

This study evaluatesustainablebuilding servicesinfrastructuremanagemento

include water and energy utilities, wastand carbon emissionswithin hospitals and

schools in thaJK. Hospitalsareregarded as the National Healthc&arvices (NHS)

and schoolsare generallyconsidered ashe Educationsector.In addition the study

employed a twestage methodthat being an initialliterature review, subsequent
empirical work in tle form of the administration of surveybhe literature review was

aimed at discovarg the gaps within the management procedurasd the survey

targetedt h e e x p e onttisedissuesi raised in the literatulidhe researchwas

tailored to determine thebuilding servicesinfrastructuremanagemenpr of essi onal
opiniors on the existingstandard and bestpractices for improved services delivery.

Othe method applied n this phase of study are also indicated
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3.9.1 Pilot gudyin phase VI

Pilot surveyswere prepared and administeredtwo facility managers in a college
and universitywithin the UK Additionally, three operation and estate managers within
the hospitals (NHS) were contacted for information regarding this context. These
experts were ableéo supply very useful and significamformation leading tothe
preparation of structured sun&yor thisresearchO 6 L e d004) This methodwas
tailored towards achieving theverall aim of the study. The energy and utilities
consumptiontogether wih the waste and other datgfrom these organisationare

presentedinderthe structured survey i&ection 5.4.

3.9.2 The structured surveyministrationin study fhase VI

The structuredsurveyproducedin Appendix VI wasproduced and administered to
the facilities andoperation and estate managers within hosp#atsschools(colleges
and universitiesacross the UKThese professionals were able to supply measured data
from their individual organisatios 6 i n v ferntte amalysesk the @eration and
maintenance phasestbk activities thefocus wason the energy utilitiesuch as water,
electricity, natural gas, heatirmmdfuel/oil use The statisticsrom themaintenance and
refurbishment phases centred on the materials fémd their recydhg contents
respectivelyThe waste management list includes segregated andegpagated waste,
recyclable, landfill, incinerated aredher wasteOn t hi s b & £004)metwd Lear y
was adopted as it soughtadievethesame overall goals dlse ¢ u d gbjeéctives.

Last (2003)is supportive of th surveyapproach observing that it i®ften applied
and particularly so isocial science researdn.this study, respondents were able either
to return their completed survey byrtaemail and regula postalmail asindicatedin
AppendixVIl. More detailgegardinghis phase othestudyare contained ifables 6.2
and 6.3of Section5.4.

3.9.3 Survey mformationandfeedback irstudy ghaseV|

The datistical information in @ble3.8 presenta summary of the survedistribution

in study phaseVI asthe requisite data wasubsequently analysed and used for the
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investigation. Information iffable 3.8 accouts for thedata acquisition process both
the healtltareand education sectors within the W€ shownin Appendix VII. The
analysesnd discussiofrom the survey are contained Sections5.4 of the thesis The
response rates for the sursey the healtbareand education sectoase22% and 34%
respectivelyas indicated inTable 3.8 These ae high rates, being above therm of
201 30% for most posid and hanédministered survey(Elhaget al.,2005).

Table3.8 Summary of surveyistribution- healthcareand @lucation sctors

Surveyinventory Total number of Periodper sector (months)

survey per sector

Health Education Health Education
Survey produced 100 100 Feb. 2011 Feb. 2011
Survey administered 100 100 Feb- June 2011 Feb.i June 2011
Survey received afte
completion 34 22 March-Oct. 211 March Oct. 2011
Survey returnec
unanswered 11 17 March-Oct. 2011 March Oct. 2011

3.9.4 Averagingmethod

Averagingis a scientific approacto analysing data, and this was used in respect of
thedata obtained from the heakimd educatiosectors shownin AppendixVIl. In this
connection the methods advocated $mith (1998 and Stroud (2001) for finding
average statistical information were adopted in the anal¥&jsation 26) wasapplied
for the investigationAverage analysis is thatio of summatior{ xJf all the energy
andutilities and the total number of utilities consumption.

Y(EU1+EU2..EUn)

Average test= 26
g s (26)

Hence,EU is the energyand utility and TU signifiesthe total number of ltties. The

analysisoutcomesre contained isection5.4 of this study
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3.9.5 Percentageseathod

The application of the percentages metliimtomes imperative for analysing the
individual energyandutility consumption withinhe healtbareand educatiosectorsas
shown in Appendix VII. Stroud g2001) methodin determining the percentages
analysis was used in this studyPercentagesevaluation of energyand utilities

consumption was also calculatesingEquation (27 thus

I'mdividual Energy Utility

Percentage= 100 (27)

Total No. of Energy Utilities :
Theresults obtained from this method agportedn Section5.4.

3.9.6 Carbon footprint aalysismethod

In this study, a carbon footprint evaluation waso conductedusing the carbon
calculator (CalC) software packagdormulated by Azapagic (2010) as shown in
Section5.8.2 The study adoptethis methodas contained in thed@IC packagelueto
its wide application within théuilding industryand other field activities The CGalC
tool isauser friendlypackageallowing for quick and easy estimations of environmental
impacs and valie added along the supply chamnthis researchAppendix VI of this
thesis contaisithe analysis from th€calCsoftware package.

3.9.7 The conceptof probability theory

Probability theoryapplications in this study seé quantify the datacquirel from
the healthand education sectorgiansen (2005) explains thatobability theory isused
to quantify the chance or psibility that sample tesgnd measurement results or data
fall within some set of valuesThe methods suggested Wbyansen (2005)and
Montgomeryet al (1998 were used inexaminingthe datg and the results obtain are
presentedn Section5.9.1
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3.9.8 Sustainability index model with permutatios and
combinations functions

This study employed thsustainability indeXSI) modelwith the permutations and
combinationdunctions(PCF)methoddor data analysis. Theustainability indexnodel
was applieddue toits ability in arranging ad sortingof the obtained datia this phase
of study Moreover the achievable data frothe healttcareand education sectovgere
measured through this approaéht r o (2aDDH snethodvasthenusedto verify the
best mé&ch energy utilitiesamong the variabledn buttressing the testhe SEI model
approaclhof Okonet al. (2010) was adoptedlongsidethe PCF method®r addressing
the sustainability indegvaluationin this phase o$tudy.Equation £8) is the govening
principle of PCFin this analysis. Thus

NPm

NCm: T =1 (29)
5P

5Cs= —2= 30

5= 5 (30)

5C;= %21 (31

whereN is the numbeof energyandutilities = 5,andC is thecombinationfactors = 3
Also, P denoteghe permutation factor 3. The outcome of these methaglarereported
in Section5.10 of thisthesis.

3.10Interviews Qualitative nethodi study fhase VII

Chapterseven of thistesisreports on thestructuredinterview sessionshat were
conducted with two sustainability professionals within the @K indcated in
Appendices IXand X The individuals involved were(a) the Director of Building
Services and @nstruction Projects ManagementoBramme at the Liverpool John
Moores University and (b) theDirector of Sustainability at thecompanyBDP. The

interview evaluation was in linevith the aim and objectives of thigesearch.In
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addition, the structured interviews weexpected to validatehe results from the
administered surveydiscussed elsewhere in the thesitie achievable information
(data) in the phase of study wasf a qualitative typewhich adds valudo all the
objectives of tk researci{Maxwell, 1996; McCraken, 1998).

3.101 Interviewapproachin study hase VII

The associated problems or research issapeected with engineering manageme
in building services infrastructure systems and building construction actjvitieslve
the measurement afatathat are not easily quantified. Buildingfiastructure projects
scope definition, management capability, project compleagitygl deliveryservice are
all concepts that have proven to be essential for the successful management system
(Armstrong, 1987Grigg, 1987;GSGF, 2010; Ding, 2008However, these constructs
have posedlifficulties for researcherin evaluation efforts As a consegerce, the
research intention wde assess the parameters affecting building serinéesstructure
and building construction.

Maxwelld 51996 method was applied in this casas it offers a qualiative
investigationapproachto data collectionthrough pesonto-person inteaction. This
medium of dataacquisitionwas adopted with twodifferent management experts as
indicated inChapterSevenof this hesis A tape recorthg systemwasalso usedy the
interviewer to document the enticenversatioa for reference purpose#ccording to
Kumar (1999), theadvantages ofhe interview are as followsthe interview is more
appropriate for complexanalysis hence, m situations where wdepth information is
required, interviewing is the preferred method of datidection. Interviews can also
vary in their form, ranging from the highly structured, to the unstructured type,
distinguished by the degree ofeflibility in the interview sessionThe unstructured
interview is extremely useful in situations where eitheidepth information is needed
or little is known about the areAs this approactprovidesdetaiked information, many
researchers use dhtechnique for gathering rich background information, and
subsequently developing structured research instremt This form of interview

achieves itslesire forflexibility, broad and detailed information from the responses.
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In contrastfiln a structured interview the investigator ask predetermined set of
guestions, using the same wording and order of questiongeafied in the interview
schedule. One of the main advantages of the structured interview is that it provides
uniform information, which assures the comparability of dgtaumar, 1999).

Both methods have their advantages, but tkenistructured intenaw is
characterised by the best of both worlds, and was, therefore, adopted in th&k&udy.
interview session was conducted by inviting the intervieteeharetheir opinions in
an honest encounter with the researcher.

In accordance with Kval¢1996), fiThe interviewee should be provided with a
context of thénterview by a briefing befor&@he context is introduced with a briefing in
which the interviewer defines the situation for the subject; briefly tells about the
purpose of the interview, the usé tape recorder; and asks if the subject has any
question before starting the interviewConsequently, written lists of questions were
sent to the interviewesdan advanceogether with a clear explanation by the researcher
of the need for conducting inteews (McCracken, 1988)Theinterviewquestions were
openended with the purpose of achieving integrated information from the experts.

Obviously, the different methocs applied in this study th previously been
presented aheinternationallyrefereedconferencgOkon and Elhag2011)

3.102 Summary

In this Chaptey the research methods employed for the stude lieeen presented
and discussedThis Chapter bemn with a shortintroduction regarding ustainable
infrastructure gstemsmanagemenand pr@eeded to illustrate the approach taken to
research desigrin order to clarify the situation, the methods applied in the different
phases of the study have been tabulafattlitionally, general information concerning
the research processes in study ph&d&s V, VI and VII have beernighlighted from
which it is understood that a mixed methods approach has been adopted, with
guantitative research methotleing employedn phasesillV, V andVI of the study,
and aqualitativemethodbeingadopted inphaseVIl. This qualitativedimension to the
empirical work has been indicated as a methotest the veracity of the results from the

other phases of studyi (V, V and VI) respectively.
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Interestingly, various sustainability management mo@elA and LCQ are among
those techniquethatwereidentified through the related literature sunamdhave been
applied in this study.The SEI modeland a partial differentialequationmethodwere
developedand subsquently used in thresearch. fiese management moddiave
offered systematic advancemeiotvards the attainment of sustainability success in

buildings(facilities) projectsand implementation
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Chapter Four

4.0 Results andidcussiomf the esearch

4.1ntroduction

Theresults and discsgon are presentedn two broadphase asrevealedin Figure
4.1 Sections4.2i 4.6 considerthe building servicesinfrastructure charadtstics in
commercial buildings (facilitiesthese beingnainly, the operatiohand maintenance
(OM) practicesandbuilding construction companiesithin the UK In Sections 4.1P
4.13 the buildings (facilities) servicesinfrastructure characteristics analysis frone
Aluminium Smelter Company of Nigeria (ALSCONand Mobil ProducingNigeria
(MPN) scenaris are presentd. The four phases othis study arenamely; 1)
Commercial buildingsthe operatios and maintenance (OM) Phase ;I 2) Building
construction companieBCC) i Phase || 3) ALSCON i Phase Il and4) MPN i
Phase IV The comparativeanalysesresults from tke UK and Nigerian scenariosre

alsoreported Thepattern ofthe studyis shownin Figure 4.1

Building services infrasmucture Building servicesinfrastructure
charateristics studv, UK charateristics studv, Nigeria
*Commercial buildings — p—y *ATSCON Facilities
operations and maintenance (O&M) *NPN Facilities
*Building construction companies

(BCO)

Figure4.l The esults and discussion patterrtloé study

4.2 StudyPhasd: Commercial Buildings O&M evaluation
4.2.1Presentingthe phase oftady

Commercial buildings the operatios and maintenance M) activities of the
building servicesnfrastructurein the Arndale Centreand Liverpool One (shopping
malls in Manchester and Liverpool respectively) in the United Kingdom were

examing. The maintenance@peratiors and information desknanagersprovided the
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building servicednfrastructure statistics throughe survey, and the results obtained
appear irSectiors 4.3/ 4.20 of tle thesis

4.2.2 Goal and scopedfinition

The goalsverespecificallyconcerned witlihe operatiors and maintenance stages of
the building services infrastructungerformance Basically,water, energyheating and
the maintenanceulture were the services addressédlditionally, the charactestics
leading toeffective services delivery arlble sustainability of thbuilding infrastructure

overits life cycle were appraised.

4.3 Results andidcussionn study hase |

In this study, the follwing abbreviations aresed severity indices (Sl)coefficient
of variation (COV), ategory ranking (CRand the overall ranking (OR).
The outcomes from thenergy resources management characteristiphase lare

presentedn Table4.1

4.3.1Energy resources managemelmaracteristics

Table4.1 Energy resources managememmacteristics

FACTORS SI COV CR OR
1)Use of efficient and energy saving fixtures 827 19.2 3 11
2)Use of modern technological (energy) concepts 80.0 266 4 15
3)Use of sensor bad lighting systems fomgrgyconservation
in building/facility 79.7 275 5 16
4)Use of the renewable energy source in building/facility 68.0 360 10 31
5)Useof HVAC for energy efficiencyonservation 727 305 9 26
6)Empoyment of solar panels/photovoltaic technology 556 457 11 36
T)installation of modern energaving accessories in building
facility 788 304 65 17
8)Energy management via good operating efficiency in
buildings /facility 875 188 1 6
9)Energy maagement via good maintenance policy framewo
in building/facility 869 191 2 7
10)Educational awareness drive on the sustainable energy L
in building/facility 788 246 65 17
11) Application of hiilding regulation Part tfor energy
conservation i building/facility 758 338 8 22
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FromTable4.1lit can be seen that the group of respondieletstified 11 factors. The
severity indicesangefrom 55/ 88%. The result showthat these factors have relatively
weighty degrees of influence duilding infrastructureenergyandutilities management
in terms of cost rad service delivery. For instanc87% of the respondents strongly
agreed with (a) the use of efficient and energy saving fixtures in building infrastructure
for cost savings. The class main&incoefficientsvarying betweenl8% and 46%
which are relatively low andhowa good concordance level betwete respondents.
Thecategory raking range islsti 11th

This indicatesstrong agreement on (b) the application of enemgnagement
through god operating efficiency and maintenance policy factéteswever (c) the
employment of solar paneland (d) the renewable energy source in the buildang
ranked least in the categosgale.Their overall ranking ranges aé¢hi 36th There are
exceptionsof nine variables perceived by most respondents as not being highly

significant in this investigatiorgs shown ifmable4.1

4.3.2 Waterresources managemeimacacteristics

Findingsfrom thewaterresources management characteristicstudy phase | are
shown in Tablet.2

Table4.2 Water resources managemenam@acteristics

FACTORS Sl COV CR OR
1)Use of efficient water fixtureseasor flow taps 667 39.2 65 32
2)Useof modern technological concepts; water recycl
practice in building/facity 50.1 418 9 35
3)Use of water conservation techniques; grey water
building/facility 594 465 8 33
4)Installation of automatic shaff faucets for watel
conservation in building/facility 696 413 4 29
5)Installationof accessories/dual flushilet/wireless urinals in
building/facility 783 279 2 18
6)Prevention of water wastafigsses via leakages iithe
building/facility 812 245 1 14
7)Achieving DEFRA standard 2007/use of 124Bres of
water/head/day in building/facility 682 402 5 30
8)Educational awareness drive towamglsstainable water usag
in building/facility 773 369 3 20
9)Building of Onsite/Off-site (®wage) effluent plant ir
building/facility 677 463 65 32
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This categoryncludes nindactors,as indicated immable4.2 Seven of these factors
achieved severity indices within the rangé &0%. Some of these factors afa) the
use of efficient water fixtures (sensor flow tap®) the installation of automatic shut
off faucets for water conservatiorfc) the educationalawareness drive on the
sustainable water usagend (d) the prevention of water wastagehis showsthese
variables have higher degrees of influence and they are considered to be of top priority
in water resources management delivery. The category nma&dta coefficient of
variation between 24 and46% whichis relatively low, signifying a strondevel of
agreement between respondents.

Two factorsrecordeda coefficient of variation of 46%. Thesae (a) the use of grey
water conceptand (b) the pragion of an effluent treatment plant. This indicates that
these factors are less important among others. Morewvérg category rankinghey
are 1st9th. Hence, agood level of concordances revealedfrom the respondenis
perspective However, the ovatl ranking category containthe top two of the 10
factors these being(a) the prevention of water wastages/losses through leglaupks
(b) installation of accessories amtal flush toilet and wireless urinals. These results
demonstrate that priorityhould be given to these factorstive quest for sustainability

and improved servisaelively in the infrastructure systenffable4.2).

4.3.3 Maintenancenanagementractices

The statisticfrom themaintenance management practicestudy phasel, appear
in Table4.3.

Table4.3 Maintenancenanagementractices

FACTORS Sl Cov CR OR
1)Employment of technical /skilful expertise 827 26.3 4 12
2)Adoption of team working approach 89.5 233 1 3
3)Adoption of innovatie driven concepts 73.6 353 6 25
4)Predictive maintenance practice 826 269 5 13
5)Preventive maintenance praetic 88.9 191 2 4
6)Corrective maintenance practice 86.1 25.8 3 8
7)Maintain aswe-go philosophy 576 479 7 34
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