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FOREWORD

Welcome to the 30th annual Association of Researchers in Construction Management
(ARCOM) conference; an occasion to celebrate construction management research.

ARCOM has developed into a popular and professional research association; our
conferere is attracting ever increasing number of research students, lecturers, prolific
researchers and practitioners internationally. This year our delegates come from 28
countries with diverse range of backgrounds, interests and expertise.

In these proceedirsgwve present the rich variety of contributions to the conference.
Project management, building information modelling and sustainability continue to
draw a large number of submissions. Health and safety and wellbeing, and
construction management educatiowl éearning also feature as important themes in
the conference together with procurement and information management. Policy
research emerges as a new area of interest. In addition to our construction
management papers, ARCOM is pleased to host the CIB \Mdwi3and Dispute
Resolution Working Commission as a specialist stream of the conference this year.

We present to you 146 papers that were accepted for publication. This is the result of
an intense threstage review process through which we have beentalshaintain

high quality standards. Our initial call led to an astonishing 457 abstracts and 235 full
papers being submitted. The Scientific Committee have worked very hard to select
the final papers for presentation. If your paper is included in fhreseedings then

you should feel very proud of your achievement!

In addition to the research papers we welcome to the conference Tim Broyd
(University College London) and Libby Schweber (University of Reading), our
keynote speakers, and Martin Lowstegdh@lmers University of Technology) who

will deliver the Langford Lecture. Tim Broyd and Libby Schweber will join Christine
Raisanen (Chalmers University of Technology), Mark Addis (Birmingham City
University) and Stuart Green (University of Reading) asltiats on our debate: 'Do
we need to have a method in order for us to be or become a community of
construction management researchers?' The 30th ARCOM conference is a timely
opportunity for an academic debate; time for reflection on the nature of tegearc
construction management and discussion whether a method is central to our
development as a community of researchers.

Putting together the academic programme for the conference is a collective effort, and
we thank the ARCOM committee and wider SdinCommittee for their voluntary
contribution to making the conference such a success year after year. Paul Chan,
Andrew Dainty, Chris Harty, Scott Fernie and Simon Smith in particular have been
instrumental in supporting us throughout the planning aadaging of the conference
over the past eight months.

We wish you an enjoyable and inspiring three days in Portsmouth; enjoy the diversity
of research presented at the conference and proceedings and make the most of the
many networking events. We hopettlyau will engage in critical reflection and
discussions during the conference and afterwards through our web resources and
workshops, and thus support our ongoing aim to further the advancement of
knowledge in all aspects of management in construction.

Ani Raiden, ARCOM 2014 Conference Chair, and
Emmanuel Aboagylimo, ARCOM 2014 Conference Secretary
Nottingham Trent University, UK
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SUSTAINABLE CONSTRUCTION: EXPLORING THE
CAPABILITIES OF NIGE RIAN CONSTRUCTION
FIRMS

Dania A Afolabil, Graeme D Larsen ad lan J Ewart

School of Construction Management and Engineering, University of Reading, Reading, UK

As the built environment accounts for much of the wegdissions, resource
consumption and waste, concernsain as to how sustainable the seddor
Understanding how such concerns can be better managed is complex, with a range of
competing agendas and institutional forces at play. This is especiallysthéca

Nigeria where there are often differing priorities, weak regulations and institutions to
deal with this challenge. Construction firms are in competition with each other in a
market that is growing in size and sophistication yedihe business caser
sustainability has been argued severally in literature. However, the capability of
construction firms with respect to sustainability in Nigeria has not been studied. This
paper presents the preliminary findings of an exploratory roatie study carrieout

to understand the firlmiviews on sustainability as a source of competitive advantage.
A dmegaintemational firmband ad Wwer mediumsizedindigenoudirmowere

selected for this purpose. Qualitative interviews were conducted wile\tep
managerant of both firms, with key themes from the sustainable construction and
dynamic capabilities literature informing the case study protocol. The ieteswere
transcribed and analysedth the use of NVivo software. The findings suggest that
the multinatonal firmis better grounded in sustainability knowledééthough he

level of awareness and demand for sustainable construction is genergihpor,

few intemational clientsrebeginning to stimulate interest in sustainable buildings
This hastriggered both firms tobuild their capabilitiesn that regard, albeit in an
unhurried manneBoth firms agre®n the potentials aharketdriven sustainability

in the long termNonethelessnore drastic actions are required to accelerate the
sustainable castruction agenda in Nigeria

Keywords: competitivenessgeveloping countrieglynamic capabilitiessustainable
construction

INTRODUCTION

The sustainable construction (SC) agenda requires far reaching changes to the design,
construction and operations of buildings. The Agenda 21 for sustainable construction
document laid down an early marker for the constructiotoset national to local
levels(CIB, 1999. Many other strategies for dealing with the requirements of SC

have evolved over the years. In developing countiesincreasing relevance of the
buil di ng steené¢ed fogrepterstention teveards sustainable buildings
(Berardi, 2013 However, questions arise as to ifldmw the SC agenda can be

pursued in developing countries, particularly by those on the African continent.

T a.dania@pgr.reading.ac.uk
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Many of the challenges of construction in developing countries have been documented
by several researchgi®@fori, 200Q Reffat, 2004 Wells, 2007 Ofori, 1984. These
challenges negatively impact on the abilities of these countries to learn from past
examples of developed countries while addressing problems of rapid urbangsatio
inadequate housing and infrastruct(aa Plessis, 20Q7As attention gradually shifts

to the African continent as the next possible region for rapid economic growth and
development, conscious efforts have to be made to ensure that this projected
devel opment (Lusiana 300ysTheaconatraidiidn sedtor is likely to be

the focal pint of this development as the continent rises to meet its deficiencies in
housing and infrastructure. However, there is little or no evidence that the construction
sector in these countries are in a position to take on these challengeshead

Nigeria exemplifies an interesting context to study how these developments are taking
shape and what improvements can be recommended. The country has recently been
adjudged to be the largest African economy by GDP, and has attracted the largest
Foreign Direct Inveshent (FDI) on the continent in the past few ydatational

Bureau of Statistics, 204t has an active and vibrant construction sector catering for
the needs of its diverse 170million people. This paper discusses-tfuengrole
constructiorfirms are playing in advancing the sustainability agenda.

LITERATURE REVIEW
Sustainable Construction

SC is the construction sectord6s response to
came to global focus through (Wdrlé publ i cati on
Commission on Environment and Development., 198fie report emphasized three

fundamental components of sustainable development: environmental protection, social

equity and economic growth. For these three dimesdmibe captured in the built

environmentSC should address the concerns of water usage, energy consumption,

biodiversity, wasteconstruction materialandquality (Kibert, 2013. The literature

on SC and appropriate strategies and technologies that deal with these concerns is

growing. Environmental assessment tools such as LEED, BREEAM and Greenstar

(Cole, 2005Ding, 2008 have been developed, in addition to manytbé&shelf'

sustainable technologies that could readily be incorporated into buil@@migse and

Dommisse, 2000 Ethical sourcingGlasset al, 2011 of construction materials is

encouraged, while the biness case for corporate sustainability has been discussed
severally(Dyllick and Hockerts, 200ZSalzmanret al., 2005

The pursuit of SC is not without its challenges. T&wel of awareness is usually a
critical factor in the early stages of diffusifiderremans and Reid, 20@ainul

Abidin, 201Q. The concept hagrious definitiols whichare vague and subjected to a
variety of interpretationmaking it difficult to comprehen{Murray and Cotgrave,
2007, Berardi, 2013 It calls for new sources of knowledge and technology which
may be costly to implement in the short (ttéikkinen and Belloni, 201 Berpellet

al., 2013. It also requires input from individual stakeholders to ensure a holistic
approach in changing the way the construction sector carries out its activities.

Corporate sustainability

The corporate sustainability literature explores the integration of sustainability into the
core business goals and operations of the firm. Corporate entities are increasingly
under pressure to demonstrate how they contribute to sustayngbdits(Dunphyet

al., 2007). Perhaps more than any other sector, the construction sector is very central
to the sustainability debate. This is due to the quantum of energy, water and materials

4
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consumed, and the wastes generated during its construction and operative phase
(Pearceet al, 2013. Construction firms appear to be the melting pot of the activities

of all other stakeholdersintheseor as they interact with a
output. This places them delicately in the spotlight of the sustainability agenda. This

study draws upon the strategic management literature in understanding strategic

change within organizations. The resmibase view (RBV(Barney, 199)1and its

more recent extension, the Dynamic Capabilities View (P@@minates this area.

The Nigerian construction context

The Nigerian government has taken little steps in promoting sustainable development.

It participated in the Rio summit (1992), Johannesburg summit (2002) and the Rio+20
summit (2012). It is a sighary to the United Nations Framework Convention on

Climate Change (UNFCCC) and is also committed to the millennium development
goals(Government of the Federal Republic of Nigeria., 201902008, it set up a
stakehol derds conference on sustainabl e d
evidence of any significant momentum on sustainable development.

The Nigeria construction sector is projected to be the fastest growing (9.4%) in the

world up to 202qOxford Business Group, 201Mitchell, 2013. This is in part due

the sector 6s | ow -economyrofiNigerit (1.8% astgainst 0% macr
for similar countries). Recent surges in commercial and private developments,

compl ementing Governmentds massive patron
expected to account for much of this gro@offey International Development Ltd,

2014). Four distinct firm types were identified by Coffey Internatiqi2dl14): Mega

international firms, medium sized foge controlled firms, lower mediusized

indigenous firms and the micro, small and medium indigenous (MSME) firms. Market

share is skewed in favour of the largest firms (estimated€6), with the MSMEs

accounting for only 10 percent of output. While fgrefirms dominate the market, a

positive of this is the potential for technology trangf@fori, 1994 Carrillo, 1996.

Majority of the researches on the Nigerian construction sector addresses its historic
problems: low skills levels and productivi@®lomolaiyeet al, 1987, nature of
construction businessé&niekwu, 1999, time and cost overrurfMansfieldet al.,

1994 Aibinu and Jagboro, 2002housing/Awotona, 1999and riskg Adedokunet

al., 2013. The subject of SC is still relatively new in the research agenda and not
much is known about it in the Nigerian context. The Agenda 21 for SC in developing
countries sets a research agenda for developing countries like NoheRtessi®t

al., 20QL). Du Plessig2007) hinges the success of any sustainability initiative in
Africa on a O6capabled and O6viabled constr
framing SC as a possible source of competitive advarfageet al, 201) and

explores how firms seek develop their capabilitigd eeceet al, 1997 in this

regard.

STRATEGIC MANAGEMENT

Resource Based View

In the Nigerian construction sector, distinctions are made between foreign owned
firms and their indigenous counterpafgoka, 1979 their market position€Coffey
International Development Ltd, 204nd the implications as a result. The RBV
(Wernerfelt, 1984Barney, 199} focuses orstrategies for exploiting existing firm

specific assets that are valuable, rare, inimitable anesabstitutable (VRIN

attributes). However, the RBV has been criticised as being static and that firms run the
risk of neglecting the influence of market dynism(Eisenhardt and Martin, 2000
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As a result, a previous dominant metrbosition may become obsolete due to
innovations from competitors or changing market demand. Thus, firms must seek to
renew these VRIN attributes in order to gain or maintain market pogiielfat,

2007). This apparent weakness led to the development of the Dynamic capabilities
View of the firm.

Dynamic Capabilities View

The DCV(Teeceet al, 1997 has its roots in evolutionary economics and was

developed to address the weaknesses of the RBV. It is-defiiehframework which

adds the di meesibonnof apcapagbichianigi ng environ
The DCV seeks to explain how firms enter or maintain competitiveness in a more

hostile, dynamic and global wor{@owman and Carter, 1993t encompasses skill

acquisition, learningnd accumulation of organizational and intangible assets in

which lies great potential for contribution to strategy. The DCV lens distinguishes the

0di ffor epltcated, ordinary, zero | evel (tech
higher level cpabilities that are required to respond to fast moving business
environments 6open to gl obal competition and

costumer relevance and competitive consideraiidfister, 2003 Teece, 2000

This framework resonates witlhmpeting firms seeking to engage new knowledge
streams within the dynamic Nigerian construction sector. The DCV can be seen as a
potentially integrative approach to understanding newer sources of competitive
advantagéTeeceet al, 199) especially in response to a changing environment such
as the movement toward a sustainable construction sector. However, the DCV is not
without its criticisms. It has often been labelled as inconsistent in definition and
lacking theoretical foundatior{g\rend and Bromiley, 2009 This has beenti@ibuted

to the DCV being relatively neyGreenet al, 2009. It sill provides a good

framework for this research compared to the RBV. A research model by Wang and
Ahmed(2007) is adopted for this study (Figure 1).

Figure 1: Research Model for Dynamic Capabiliti®gang and Ahmed, 20D7

Market Dynamism Dynamic Capabilities

Firm Strategy
Industry technological Absorptive capabilities,
innovation, regulatory Adaptive capabilities, Capability Development
change, economic Innovative capabilities,
eyele, changing )
competitive nature of Integration, .
businesses reconfiguration,
recreation,
renewal

Firm Performance

RESEARCH DESIGN

The esearch adopted a duative (Creswell, 2009 interpretivistapproach in

studying how firms integrate, build and reconfigure its competencies to address the
rapid changing environmenésmd global requirements for sustainabildymulti-case
study(Eisenhardt, 1989methodology was adopted for this study. The suitability of a
casestudy research design is that it investigates social life within the pararéte
openness, communicativity, naturalism and interpreti&grantakos, 20051 T h e
concept of Dynamic capability includes the capawiityh which to identify the need or
opportunity for change, formulate a response to such a need or opportunity and

i mpl ement a c(ldeliat, 3087pgppfAs arestlt thkemes from the
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Dynamic capability framework and the Agenda 21 informed the develuprhéhe
case study protocol.

Data Collection

Using the firm classification by Coffey Internatiorfa014) two firms were selected:

one mega international firm (Multibrix Ltd) and one lower medgiged indig¢nous

firm (Dynamix Nig). Both names are fictitious for confidentiality purposes. The two
firms have regional operations in Abuja, the capital city, Lagos the Commercial
capital and Port Harcourt where most Oil and Gas operations take place. They have
beenin operation for upwards of 20 years, which anecdotally, suggests they are well
established in the Nigerian context as most firms have a very short lifespan.

Interviews

The interviews focused on the firmsd oper
organizational structure and challenges faced in operation. Of particular importance
were the firmsdéd grasp of sustainability i

capacity. The interviews were directed at top level management, each being in depth
and dittle over one hour long. They were recorded, subsequently transcribed and
anonymised. A total of ten interviews were conducted across both firms.

Corporate Reports

Archival records are standard sources of data on firm level cl{Bngman, 2008as

they reveal the image the firm wants to create of itself. Only Multibrix Ltd produced
corporate annual reports of which reports for years 2002 were analysed. As for
Dynamix Nig, a long term corporate strategic plan commemortimsmgQah

anniversary of the firm was obtained and analysed. None of the two firms had specific
sustainability reports.

Data Analysis

The interviews were transcribed into Microsoft Word and NVivo 10 software was

used to analyse the interviews against akeategories that emerged from the

responses of the interviewees. These include: understanding of the SC concept,

ownership structure, corporate social responsibility, clients, reliability, policy and
organisational cultur& hesewere used tonake sensefthef i r ms 6 under st an
its strengths, market position, the prospects of sustainable construction and possible
advantages from its enactment.

FINDINGS

The interviews sought to gain insight into how the firms understand and engage SC
and if they savany potential competitive advantage therein. On the other hand, in the
event that they did not engage with SC, it sought to understand why and what other
concepts the firms thought of as being important to their strategic development. The
DCV research moddédy Wang and Ahmed was adopted and has the following themes:
market dynamism, internal processes and configurations and capability development.
The general profile of the firms is presented in Table 1 and the findings are as follows:

1. Understanding of Suainability: this is drawn from the SC literature. A proper grasp of the
principles of SC is required to mobilise for change within the organisation. The analyses of
the interviews showed a very broad contrast
In Multibrix Ltd, all the respondents had a strong grasp of SC and its principles. The firm's
respondents equally talked about drivers and barriers of SC both in the foreign and
Nigerian context. The key drivers identified for foreign markets were leigislate long
term cost reduction. With respect to the local Nigerian market, the driver identified was
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‘international clients'. It was identified that both foreign and local markets shared common
barriers such as high initial cost, low awareness and damand. Some peculiar local
challenges stand out though: cultural inertia resisting change, absence of legislation and
incentive schemes, and inadequate systems to deal with change (see discussion section).
The firm had gradually started to incorporatstainable thinking and environmental
consciousness into its operations since 2007. On the other hand, the Dynamix Nig staff had
no understanding of SC as a concept as it exists in literature. However, while responding to
guestions on specific SC themestishowed some level of comprehension, even though
they did not previously link them to the SC concept. They had only recently encountered
the concept while bidding for construction project in 2013.

Table 1: Profile of Both Case Study Firms

Multibrix Ltd Dynamix Nig

Type Engineering, Procurement and Construction and Engineering
Construction Firm (Vertically Consultancy
integrated)

Turnover(£)* 815,384,615 38,461,540

Staff Strength Over 18000 Over200

Ownership Structure Public Liability Company Privately owned

Geographical 3 regions 3 regions

Spread*

Organizational Units 4 divisions, 3 service unitdierarchical 4 subsidiary companigfiat
organisation organisation

Interviewees Operational Diretor, service unit head Vice Chairman, 3 subsidiary head,
design head and LEED champion one director of operations

Clients Largely government, increasing Strictly private and corporate client:

number of corporate and private clien by unwritten policy

*Exchangerate £1= 260 Nigerian Naira ** Within Nigeria

2. Market Dynamism: Both firms' views on market dynamism appear predicated on the
nature of clients each firm possesses. Multibrix Ltd appeal to a wider spectrum of high
value clients in Nigeria's booming econongmpared to Dynamix Nig. So while both
firms alluded to the fact that they i mp
Ltddébs higher profile clients appeared t
with change. They both sense the pexgs for market driven sustainability.

3. Internal Processes and Capability Development: Multibrix Ltd claim to have put in place
measures of sustainability since 2007. These include internal training sessions and
appointment of a 'LEED champion' in thigiaed. It has also commissioned a flagship
LEED standard project for one of its subsidiaries to showcase this capability to potential
clients. This project, in addition to creating awareness is a way of diffusing knowledge
within Multibrix Ltd. Dynamix Nigon the other hand claims to be in the process of
learning about sustainability and have this as a clear objective in its short term strategic
plan.

DISCUSSIONS

The research sought to explore the perspectives of two very different firms, one being
multinational and the other strictly indigenous on the concept and practice of SC. In
displaying their knowledge on SC, Multibrix Ltd personnel relayed a lot of personal
experiences that were encountered outside of Nigeria. They displayed better
understanding of a global context for change regarding SC and the roles of multiple
stakeholders. Thus, specific advantage is derived from a diverse pool of staff with
varied workexperiences in both developed and developing countries. This knowledge
is being enacted currently on threegwing projects which have been designed and

| ement (
O accour

are being constructed to LEED standards. The
fitti ng otsaf EERUto theeNigerian context as it is quite different from the
mar ket which it was desi gnseafitssAbl 6 3$blstienin

not feasible and there might be a need for a bespoke assessment methodology for
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Nigeria. The chice of LEED is due to client requirement and the fact that the LEED
is more widely used globally than any other environmental assessment tool.

With respect to the drivers of SC in the Nigerian context, the 'international client’
refers to organisationggically based in developed countries that already have

minimum benchmarks that are expected of their operations from a broader sustainable

development point of view. An example was cited on how health and safety
provisions became standard practice acnogst construction firms due to Oil and

Gas clients' requirements. This resonates with the views of Q84 and Carrillo

(1996 on technology transfer by muhiationals in developing countries. Multibrix

Ltd also made reference to the supporting systems for change being inadequate. For
example, local materials manufacturers and suppliers did not have adequate product
documentation or certification. As such, in the event where a locally manufactured
product met certain criteria of quality, they were unable to use them.

The development of S€apabilities by Dynamix Nig. appears limited by absence of
legislation (common to both firms) and client demand. The clients prominent for this
class of firms are smaller scale commercial and residential clients. In the cases where
an international cliemequested a LEED rated sustainable building, Dynamix Nig

only then started to familiarize itself with the concept of SC and the criteria of LEED.
Only then did they realize that there were certain aspects of their operations, notably
community engagemeand energy efficient lighting that were in line with SC. That
tender has only been enough to trigger initial interest but not a full commitment to SC.
In the absence of enabling legislation, it is likely that clients would continue to remain
ignorant and/pindifferent to SC.

Many of the findings were consistent with the expectations of a developing country of

Nigeriads statute. Differing (R000makest i es

it no surprise that awareness and demand of sustainable buildings are very low.
However, poor accesand rising costs of water and energy supply is expected to have
triggered demand for renewable sources of energy and smart water systems. Many
sustainable construction materials are not locally manufactured and are relatively

6 h i g Hor thenastedage consumer and hence the poor demand once again. Overall,
Multibrix Ltd fare much better in making sense and its engagement of the SC agenda.

The reasons for this are quite clear: its large capital base, foreign networks, client base

and a Ighly organised management structure. This competitive edge it has over its
indigenous counterparts has been highlighted as far back agQ@dap9 and
remains largely unchanged up till now.

The dynamic capabilities lens was used to explore the prospects of sustainable
construction as a source of competitive advantage. The firms were able to state what
they both perceived to be 6uniqued and
base). Multibrix Ltd has been in existence for over twice the time as Dynamix Nig.
and its pattern of growth and survival matches the provisions of the DCV. Dynamix
Nig. has grown in size and statute from its incorporation to fill up a gap where
majority of the mega international firms and the medium sized foreign controlled
firms are nointerestedCoffey International Development Ltd, 2014

CONCLUSIONS

From the analyses, it is apparent that the Nigerian construction sector is still in a very
early phase of sustainaldenstruction. Stakeholders are only just gaining awareness
of the concept even though this seems to be happening at a very slow rate. However,
there are prospects of maritetl sustainability initiatives, largely driven by

0d
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international investors who sekmaintain standards identical to what they are used
to in their previous places of operation. While the firms see the business case for
sustainability, the pulse of their responses indicates that it would take a long time for
this concept to diffuse thugh the sector. The study does little to assuage the
criticisms of the dynamic capabilities view, but does not find anything to dispel them
either. The provisions of the research model by Wang and Ahmed fits better with
Multibrix Nig. due to its more foralised structures and processes. It is therefore
concluded that to accelerate the uptake of sustainable construction, government
intervention in terms of legislation and incentives is recommended.
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BENEFITS AND LIMITAT IONS OF SOCIAL PRACT ICE
THEORY TO EVALUATE P RACTICES IN
SUSTAINABLE OFFICE B UILDINGS: PRELIMINAR 'Y
FINDINGS

L.M. King !, C.A. Booth and J.E. Lamond

IConstruction and Property Research Centre, University of the West of England (UWE), Bristol, UK

Despite the acknowledgement that buildings are a major consumer of natural
resources, the gap between design and operational building performance continues to
present a challenge to both the construction industry and building occupants.
Occupant behavious recognised as a significant factor in understanding operational
performance. Approaches rooted in psychology have typically been adopted to
understand behaviour and develop interventions, with the 'individual' as the focus of
analysis. Social Practieheory (SPT) provides an alternative means of appraising
the dynamics between elements which converge to form practices impacting on the
operational performance of the building, moving the focus of analysis from the
individual to the practice. The buildifgatures designed to support sustainable
behaviour are therefore considered as material elements embedded in wider social
systems and not simply as physical features designed to determine behaviour. The
benefits and limitations of a social practice aggtoin this context are appraised
through the analysis of research undertaken in BREEAM Excellent certified office
buildings considering the practice of moderating comfort. Findings demonstrate that
SPT provides an opportunity to contextualise the phiyfedures of sustainable

office buildings and permits a more complex analysis of ‘why' and 'how" workplace
routines and practices are undertaken.

Keywords:behaviour changegreen buildingssocial practice theorysustainability

INTRODUCTION

The built environment is implicated in unsustainable patterns of global resource
consumption. Buildings contribute 40% of all annuargly consumption and up to

30% of all energyrelated greenhouse gas emissions globally ((HSBEI 2010).
Non-domestic buildings are responsible for significant natural resource consumption,
waste production and greenhouse gas emissions. Adaptive anatingtigpeasures to
reduce the environmental impact of buildings, developed by both industry and policy
makers, are embodied in technical and regulatory requirements at national and
international level and in voluntary sustainability assessment and ragsigas.

BREEAM? is the most widely used sustainable building ratings system in the UK
(Larsson 1998). Assessments of sustainable buildings are typically undertaken at
design stage. Predictions of sustainable building performance however, often diverge

! Louise5.king@uwe.ac.uk
2The Building Research Establishment Environmental Assessment Method

King, L M, Booth C Aand LamongdJ E (2014Benefitsand limitations of social practice theory to
evaluate practices in sustainable office buildings: Preliminary findingRaiden, A B and Aboagye
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significantly from the iruse performance. A growing body of literature has emerged
around this issue, termed ttgerformance gap'the discrepancy between predicted

and operational building performan@denezest al 2011) The PROBE Studies
undertakenn the 1990s, evaluated operational performance of 22laorestic

buildings, concluding that, once occupied, energy use could be as much as double
design stage predictiofgBT 2014) The Carbon Trust's 'Closing the Gap' report
identified factors potentily contributing to building underperformance: discrepancies
in design assumptions and modelling; built quality; building management and
occupant behaviour (Carbon Trust 2012). Occupant behaviour has been evaluated in
numerous studies.

Monfared and Shares (2011) contend that assessments undertaken prior to
occupatiorfail to rigorously consider the impact of end us€scupants in

sustainable buildings are typically considered in the context of monitoring behaviour
or measuring satisfaction and initiags aimed at 'managing’ demand and ‘changing’
behaviour dominate. Such approaches are embodied in educational campaigns, social
marketing, visual feedback systems, information campaigns, incentives, variable
pricing schemes, technological developmentsidsiedization and labelling (Shove

2003, Jackson 2005). The individual is the central unit of analysis in such linear
attitudeintentionbehaviour models which fail to robustly address social, cultural and
contextual factors.

Develped in response to crism of the individualistic approach, the systemic

paradigm shiftdocusfrom individualsto wider institutional actors such as
organisations, companies and local authorities and relies on the principles of physical
and environmental determinism; titesied behaviour can be achieved throtigg
appropriateenvironment, infrastructure and technologyine with stringent

regulation (Spaargaren, 201However this approach neglecsideration of
individual'scapabilities and the dynamics of social Iiféhat is termed the agency
structure debate has emerged, highlighting the limitations of both the individualist and
systemic paradigms. Sociological, practimsedheoriesoffer a morebalanced

approach to addressing unsustainable patterns of consuraptdifestylesNeither
individualistic nor structuralist, focus is shifted from the individual to everyday
practices whilst practices are considered entities, 'performed' by individuals or
‘carriers' (Reckwitz 2002).

SPT provides an opportunity teframe how occupants are analysed. Warde (2005)

notesit he principal i mplication of a theory of
behaviour | ie in the dev®O0).dpsmpaparevaloates pr act i ce
the application of SPT undersanding occupants in the specific context of

sustainably designed office building®ntributing to empirical research in this field

Sustainable office buildings and their occupants

Heerwagen (2000) contends that office buildings are widely consideeestiaegic

means to achieve corporate ends. Sustainably designed offices may not only showcase
the company and its '‘Corporate Social Responsibility' policies, but may reduce
emissions and resource consumption costs, increase productivity, health, comfort,
well-being and provide a future strategic asset. Post Occupancy Evaluation (POE) is
increasingly undertaken to provide a systematic review of buildings in occupation,
however in the context of office occupants focus is typically limited to issues

3 Post Occupancy Review of Buildings and their Engineering
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impactirg on productivity (Stevenson 2009). Building Use Studies (BUS)
methodology, developed within the PROBE studies, has been widely applied to gather
data regarding occupant satisfaction in sustainable office buildings (Seiajer

2008, Chokt al 2012, Haigeet al 2011, Steemers and Manchanda, 2009).
Contemporary environmental policy places responsibility on individuals through the
encouragement of 'green’ purchasing, waste reduction, promoting efficiency through
the adoption of 'green’ technology andspeal sacrifice (Shove 2010:1277).

However, the influence of social context must not be disregdnd@éididuals do not

exi st in a social vacuuméin some cases
al |l écogni t(Hawgreavdsa@ll: 81). FHeories of pices address issues of
how demand is constituted and changed. SPT offers an alternative to individualistic
models and may provide opportunities to reduce the performance gap through an
understanding of practices.

Theories of Practice

Theories of practie are grounded in the works of Bourdieu (1977) and Giddens
(1984), and propose a balanced cultural theory of social action and order. Practice
theories regained prominence through a second wave of practice theorists (Reckwitz
2002, Schatzket al 2002, Sbve 2003, Shove 2010, Shoetal 2005, Warde 2005).
Whilst there is no universal 'practice theory' Schatzki (2002) notes practice theories
offer a perspective which is neither individualist nor holist, encompassing interactions
between knowledgeable andpable individuals and social structures, such as
technology, infrastructure and institutions. Reckwitz's (2002) widely cited definition
of a practice describéa routinized type of behaviour which consists of several
elements, interconnected to one dmaot forms of bodily activities, forms of mental
activities, 'things' and their use, a background knowledge in the form of
understanding, knowiow, states of emotion and motivational knowled(feeckwitz

2002: 249). Elements are interconnected and coewargr time to shape practices.

Practices may be analysed as entities however in order to exist, practices must be
reproduced in daily life. The role of the individual is as the 'carrier' of the practice,
notwithstanding that the individual is'enowledyeable and capable individual”

(Schatzki 2002: 2). Practices do not exist in isolation, they are dynamic and constantly
evolving (Warde 2005, Shove and Pantzar 2012). For example, technology, economic
growth and historical influences impact on practicedividuals engage in multiple
intersecting and overlapping practices. It is contended that interventions based on the
isolated 'unsustainable' behaviours, will have limited success as they do not consider
how practices are shaped and the totality of prestindividuals are engaged in

(Evanset al. 2012).

Materials: things, technologies and
physical entities.

Competences: skill, know-how and

techmigue.
C - . e Meanings: symbolic meanings,
s maanings ideas and aspirations. (Shove et al.
. 2012: 14

Figure 1: The Social Practice Framework
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SPT has been applied to analyse diverse activities from Nordic walking (Shove and

Pantzar 2005) to changes in the digitalization of music consumption (Magaudda,

2011). Criticism of the approach centres around limitations of its application to

empiricaldatd as general theories of practiceétend
insufficiently attentive to social processes involved in the creation and reproduction of
practices"(Warde 2005: 135). Analysis of practices is subjective, each theorist has

“their own unique understanding of how practices are constituted and reproduced"”

(Strengers 2010:-8). How to undertake such analysis is also subject to wide debate

amoryst scholars. Reckwitz (2002) places the focus of analysis on the elements

which constitute practices, Schatzki (2002) on connections between elements and

Spaargaren and Van Vliet (2000) on links between practices, lifestyles and socio

technical systemsf@rovision. Hargreaves (2011) contends that Shove and Pantzar

(2005) provideati e mpi ri cal ly hel pful understanding of
dynamically integrated by skilled practitioners through regular and repeated

performance'(83). This approach is coeptualised in a Social Practice Framework

(SPF, Figure 1) which deconstructs practices, comprising three elements: meanings;

materials and competencies. This framework is adopted for analysis of initial findings

in this paper.

SPT offers a perspectivaot only useful for studying stability in practices (Schatzki
2002) but also for gaining insight into how social change occykalkier et al2011:

9). This is of particular interest as moves to ‘flagship' green offices are often presented
as a catalyspr in the language of practice theories 'points of disruption’ to instigate a
change in practices in worlelated consumption routines. Focus is shifted from
persuading or educating individuals to change their behaviours, to understanding the
potential torender practices more sustainable. The findings which follow set out the
potential of SPT for the analysis of the practice of moderating comfort within
sustainable office buildings.

METHODOLOGY

Individualistic approaches often utilise seport questionnaires, potentially subject

to social desirability effects (Burgessal 2003). Shove (2003) notes that
questionnaires seek to understand gaps or barriers and may imply individuals are
simply awaiting 'better information’ in order to make 'better' decisions. SPT however,
necessitates a deeper, contextual understanding of actions in situ. A more complex
understanding of daily life, as it is conducted, is required (Hargreaves, 2011).

In order toprovide a more complex understanding of everyday practices in context,
ethnographic research was undertaken. Ethnographic research aimdexstand

parts of the world as they are experienced and understood in the everyday lives of

people who actuallyive them out"{Cook and Crang 1995: 2ayne and Payne

(2004) define ethnography st he pr oducti on of highly detail
people in a social setting lead their lives, based on systematic andeiong

observation of, and conversations withn f o r njRayne and Bayne 2004:71)

Ethnographic observations were undertaken at multiple case study sites, providing

"mul tiple measur es (¥ih200309. Twee BREEAMI e N O menono
'‘Excellent’ certified sustainable office buildings in Englavere selected as case

studies (see Table 1).

Key practices were selected following a review of BREEAM Excellent criteria,
reflected in the physical design of each case study building and linked to user
interaction. Initial participant observations hdneen carried out over a 4 month
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winter-spring period which will be supplemented by further observations over the
following 8 months allowing seasonal variations to be taken into account. A field
diary was used to record observations which were then theaihatoded to identify
key issues and core themes underpinned by the SPF.

This paper discusses initial findings surrounding the social practice of moderating
comfort and lies within the scope of what is termed by Shove (288Bgcts of
everyday life tat are moving in increasingly resource intensive directiqS$iove
2003: 17).

Social Practice Framework Analysis

As previously noted, the SPF is a starting point for the analysis of practices, providing
a means to deconstruct a practice. Findings hase éealysed in line with this
structure, presenting the three elements of SPT: meanings, materials and competences.

Moderating Comfort Meanings

Meanings in SPT are dynamic, shared understandings dmagbhasize tacit and
unconscious forms of knowledaged experience through which shared ways of
understanding and being in the world are established, through which purposes
emerge as desirable and norms as legitimé&ioveet al. 2012: 12)In the context

of sustainable office building®djonfared and Sharples (2011) contend thase
buildings hold embedded meanings for their occupants, such as providing a 'green’
solution whilst meeting conventional comfort expectations.

Findings suggestemieaningsassociated wittintelligent' building. For some
respondentsacrossall buildings the benefits of occupying a sastable office were
that the building woldl 'deal with' resource issuehe FM team were considered to
be the gatekeepers of the building, with occupants powe@essmembeof the FM
team described the response of occupants to changing internal temgéhatdirst
hot day the windows opened and within 3 minutes | had HR on the phone 'we're
freezing. We've all got our jackets or{Building A, FM team, female

Perceptios surrounding building complexity were also reflected by members of FM
teams who described complex buildings which 'the average' occupant could not
comprehend. In the case of Buildings A and B, this may be linked to insufficient
handover systemasdiscussedater in this paper

Meanings also centred @ertain levels of comfois a minimum working righthat a
sustainable building should deliver a minimum 'unaerdttemperature (Shove,
2004), thusThere is more to comfort than temperature but dyaghere the
expectations lie along this range is, largely, a matter of culture and convention."
(Chappells and Shove 2005:)33

Meanings around temperature were also visual anddittkelements of competency;
occupants of the buildings kwohow to dres, reflecting their understanditige
temperature a sustainable office should maintain.

Positive findings around pride occupying a visibly 'green' building were noted.
Respondents were demonstrably proud of their buildings, and the associated green
statis. This may also be linked to external practices of organisational loyalty. Some
occupants perceive the sustainable building as flattening organisational hierarchy, not
only in terms of the open plan design in all buildings, but in the shared experience of
comfort. One occupant statétthe acoustics in this building are really odd, sometimes
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it's really hard to work, especially if they are holding events in the atrium, but we're
all in it together, even the CE@Building, B full time employee, female).

Table 1:Overview of case study office buildings

EREEAM Timein Floor SingleMulti  Key sustainable physical

occupation  area T ted design features
(sqft)

Building A Excellent 18 months 26,000  Single- Building Management

tenanted System (BMS), regulating
temperature - air exchange
and heating. photoveltaic
{PV) panels, motion sensor
lighting, low useage water
systems, solar shading,
atrium_ open plan with
meeting rooms, limited car
parking, cycle storage and
changing facilities, city
centre location.

Cert.

{over 3
floors)

Building B Excellent 8 years 76,500  Single- EMS regulating temperature

tenanted - natural ventilation, air
exchange and heating, PV
panels, motion and daylight
sensor lighting, atrium, open
plan with meeting rooms and
café limited car parking,
eycle storage and changing
facilities, town centre
location.

Building C Excellent 3 years 61,000  DMMuwln- BEMS regulating

(varies 3 tenanted temperature, natural

according E.E::S) ventilation, PV panels,

to tenant) Biomass boiler, motion
zenzor lighting and dimmer-
switch street lighting,
automatic meter reading,
open plan with atrium and
café limited car parking,
elactric car charging points,
changing facilities, city
fringe location.

{over 2
floors)

Building B is in the process of establishing a Green Team, each team member will be
responsible for setting targets and encouraging colleagues to reduce energy, waste,
water and travel more sustainably.W#ver, some respondents commeriggport

for the Green Team is not as strong as you would exfRaiiding B, member of

Green Team, male). Other respondents confirmed this view, indicating that it was only
certain"keen green typesiho became involvenh the Green Team. It is interesting

to note the focus of the Green Team on resources and not the services consumed.
Membership may be considered elitist; only environmental enthusiasts participate.
Findings support the contention that in examining anglsielement of a practice, a

full understanding of the practice is not gained.

Moderating Comfort Competences
In examining meanings above, a number of interlinking competences were identified.
Competences are embodied skills, kAoow and techniques rened to undertake
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practices (Shovet al. 2012). Policy and schedules also impact on the development of
required competences.

Initial findings highlighted the importance of understanding the sustainable design
features of the office buildings. FM TeamsBuildings A and B described very

limited handover processes, where cursory information and training were provided on
technical systems. Both teams described a slow processsgedeaarning, facilitated

by informal discussions with sutontractors. Buding C had a more comprehensive
handover and a Project Manager remained with the building following completion and
handover, undertaking the role of FM.

Building A offered a building tour to all new occupants to encourage them to adapt
their behaviourn line with the sustainable features of the building, although no
Building User Manual (a requirement of BREEAM) existed. Building B also offered a
tour to new occupants; however this often did not happen. New and existing
employees in Building B rely hedy on the organisation's intranet for information
regarding sustainable features. It was noted, however, that some respondents
identified an inability to access this information and linked this to feelings of
powerlessness. Another competency that is edéxlan understanding that some
automated controls can be overridden; lighting in meeting rooms once activated
remains illuminated for 20 minutes once occupants have left the room (Building B).
Occupants are able to override this feature by simply tufirie lights manually,
however most do not as th&hink the building will do everything for them™

(Building B, FM, female).

Understanding occupancy hours appears to be a highly contextualised issue in each
building. Building A operates the strictest core working hours, however flexible home
working can lead to difficulties in maintaining passive heat (Building A, FM, male).
Building B has highly flexible hours as does the midtianted Building C. One
respondent in Building B noted that although the office remains open until 8pm, the
majority of occupants | i ke to start early, and | eave
here andhave trains to catch or long car journeys, they want to miss rush hour"
(Building B, FM, female), however the building continues to operate as if it were at
full occupancy until 8pm regardless of how many occupants are working. Findings
show that competers may impact on the practice of moderating comfort and links
between elements of practice begin to emerge.

Moderating Comfort Materials

The final element considered in this deconstructed framwork is materials. Materials
refer to the physical entitieshich are implicated in the production and reproduction
of practices (Reckwitz 2002, Shove and Pantzar 2005). Materials in findings relating
to moderating comfort include BMS regulating temperature in all case study
buildings, cooling and heating systemstiman controlled lighting and override

controls, and windows, automated or manually operated. Materials also extend to
technical regulatory requirements. Materials other than technical equipment are also
important for moderating comfort, including in Build B, the provision of branded
fleeces for all employees to wear in cooler temperatures. Meanings surrounding
organisational loyalty may be important here. Storage areas for clothing encourage
occupants to bring in clothing to respond to temperature elsaangd create a

"cardigan culture"(Building C, Tenant, male), although meanings around this type of
working uniform appear to be mixed.
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Interrelatedness between the elements

Having examined findings in the deconstructed SPT framework, links between the
elements of practice are emerging. For example, whilst occupants are able to control
their own comfort, meanings associated with feelings of powerlessness over comfort

in the building and a lack of required competences can subvert this ability. It ®vital
reconstruct practices by understanding how elements interlink, the existence of a
practice"necessarily depends on the existence and specific interconnectedness of
these el ements andécannot be reduced to
(Reckwitz 2002250).

DISCUSSION AND CONCLUSIONS

In analysing initial findings, the potential of SPT as a framework to understand
occupants of sustainable office buildings has been considered. SPT provides an
opportunity to contextualise the physical features of sustainable buil&hgge and
Pantzar 2005) note that it is n@mply by designinga product, or in the context of
thisresearchconstructing a sustainable office builditigat design intent is realised
Carriers of the practice are essential to shifting the practice from an abstractoeatit
practce existing in its own righfThis may involve the establishing of new links
betweerelements of practicer the breaking of existing links.

Hypothesised links between elements of practices and between intersecting practices
may be drawn fnm findings. Changing working routines and practices may be tangled
up with a desire to 'be green’, with what understandings of 'being green' are, with tacit
rules of Corporate Social Responsibility, with policy and regulations, with
technological developnmé and design, with organisational culture and historical

working practices. This wide range of issues reflects Hargreaves' contnention that
individual agents alone may be incapable of bringing about change as they are merely
carriers of complex practicéblargreaves 2002).

In considering three sustainable office buildings as case studies, with similar design
features, at different points in their occupancy life, a picture of occupancy over time
may be generated and further research may identify elenfgmasotice common to

each case study. Moreover this study aims to address concerns that buildings must be
occupied if they are to rigorously consider the impact of end users (Monfard and
Sharples 2011). The limitations of SPT however, must be notedsdsdghly

contextual analysis prevents generalisations which could be drawn from quantitative
datasets, however, it is contended, that in order to change practices and reduce
resource consumption, the complexities of daily life and patterns of consumptsbn m

be understood-urther research is required to give findings greater contextual depth.

SPT extendghe analysis of 'ways of doing' to the development of culture and
conventions. The historical significanoeworking practicesad their future

trajedories are implicit in the deconstruction of practidess contended that SPT
permits a wider, more complex analysis of 'why' and 'how"' workplace routines and
practices are undertaken, and how these practices have developed over time (Shove
2004, Shovand Pantzar 2005, Strengers 2010). The role of material elements, such
as the physical features of the building, can then be understood in the context of how
technology and design shape practices and ultimately how ambitions of more
sustainable working pctices may be achieved.
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BUILDING ASSESSMENT TOOLS IN THE
CONSTRUCTION INDUSTRY OF BOTSWANA
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RG6 6AW, UK

Environmental building assessment tools have been developed to measure how well
or poorly a building is performing, or likely to perform, against a declared set of
criteria, or environmental considerations, in order to achieve sustainability principles.
Knowledge of environmental building assessment tools is therefore important for
successful design and construction of environmentally friendly buildings for
countries. The purpose of the research is to investigate the knowledge and level of
awareness of emdnmental building assessment tools among industry practitioners in
Botswana. One hundred and seven pdyaesed questionnaires were delivered to
industry practitioners, including architects, engineers, quantity surveyors, real estate
developers and acadersi Users were asked what they know about building
assessment, whether they have used any building assessment tool in the past, and
what they perceive as possible barriers to the implementation of environmental
building assessment tools in Botswana. Sfixtg were returned and statistical

analysis, using IBM SPSS V19 software, was used for anaBlsmst 85 per cent of
respondents indicate that they are extremely or moderately aware of environmental
design Furthermore, the results indicate that 32 et of respondents have gone
through for mal training, whlThicshoweseudpegse st s Or e asc
not correspond with the use of the tools on the grours® geer cent of practitioners
report never to have used any environmental building sis&eg tool in any project.

The study highlights the need to develop an assessment tool for Botswana to enhance
knowledge and further improve the level of awareness of environmental issues
relating to building design and construction.

Keywords:sustainabiliy, building assessment topBotswana

INTRODUCTION

Concerns about the negative impact of buildings on the environment have stimulated
interest in the developemt and use of environmental building assessment tools.
Environmental building assessment tools assess the impact of buildings on the
environment such as G@missions from the buildings energy use. Therefore the
assessment tools improkeowledge an@nvironmentaperformance of building

stocks(Reedet al,201). Dur i ng t he Ildasign, abnstrugtiénsands t age s
use environmental building assessment tagdsherinformationand reporbn
performancgMateus and Braganca, 201The information is operformance of

various attributes includingesource usage, waste, pollution amergy and water

efficiency. Accordinglyenvironmental building assessment tools share tinegpyi
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objective of stimulating the market demand for buildings with improved
environmental performang¢eee and Burnett, 2006

Knowledge ofenvironmentabuilding assessment toasd their assessment criteisa
essential for their successful implementati@oh and Rowlinson (20} &rguethat
training onenvironmental buildingssessment toois essentiato understand their
contentsHence, knowledge and awareness of green buildings practices and
environmentabuilding assessment t@slassessment criteria in particular is important
(Toddet al, 2013. The tools however can improve users understanding of
environmental design in buildings.

Thepurpose of this study is to investigate the level of knowledge and awareness of the
role of environmental building assessment tools in the Botswana construction

industry. To achieve this, the following objectives have been considered; to assess

u s eawéraness on environmental design and the source of knowledge of such
awareness, to develop an understanding of their knowledge of building assessment
and design using environmental building assessment tools, to determine how users
perceive the importan@nd use of environmental building assessment tools and

finally investigate possible barriers as perceived by users or potential users. This was
to establish the basis for potential use of an environmental building assessment tool by
the users in Botswankn the context of the paper, building assessmecdrised out

to assess a buildingbés ability to demonstrat
development by providing greater satisfaction to users, ealagacbetter protecting

the natural environment ateé water and energy efficient. Environmental building
assessment tools are used primarily festépurposs.

ENVIRONMENTAL BUILDING ASSESSMENT TOOLS

Environmentahssessment of buildings measure how well or poorly a building is

likely to perform, agairtsa declared set of criteria or environmental considerations
(Cole, 200%. They can béroadly classified as qualitative or quantitativels

(Reijnders and Roekel, 19p®ualitativetoolsare based on auditing of buildings as a
whole and puthg a score to each investigated parameter resulting in one overall score
of a building(Forsberg and von Malmborg, 200&coring in this regard emphasizes
different aspects of environmental performa(iReijnders and Roekel999.

Quantitative tools on the other hand use a physical life cycle appfoaaking on

aspects of a building like energy, indoor environment, building materials etc.in a
fragmented manndForsberg and von Malmborg, 200¥arious qualitative
environmental building assessment tools exists worldwide such B¥tBailding
Research Establishment Environmental Assessment Method (BREEAM),US
Leadership in Energy and Environmental Design (LEED), Green Star Australia,
Singapore Green Mark, SBTool, South African Sustainable Building Assessment Tool
(SBAT) and Japaneseomprehensive Assessment System for Building

Environmental Efficiency (CASBEE), all of which are relevant to the country of

design and use.

Theuse of environmental building assessment tools generally promotes sustainability

in the built environmenReedet al (201] argue that they improve sustainability

knowl edge i n each MaaovetCole/(20%2pdintautithdtithneg st oc k.
tools are instrumental in mainstreaming green building practices. Begfieing the

attributes of green buildings in practid@ddet al (2013 argue that they promote

market transformation. The tools have been used extensively in their countries of

origin possibly to transform markets and improve green buildiagtices. BREEAM
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and LEED are regarded as market leaders and to date have certified over 250 000
buildings and 44 270 projects respectively in the UK andBRFRE, 2014 USGBC,
2013.

Despite these positive uses, there are perceived shortcomings of environmental
building assessment tooReedet al. (201]) assertghat the use of environmental

building assessment tools is a complex process crippled by bureaucracy, and
consequently is prohibitively expensive. Moreover, they tend to be used as checklists
for scoring points rather thamgmoting sustainability. The tools follow the specific
countryo6s building regulations ¢aagpio,ot her
2012). As a result, performance requirements of the tools are different across
countries. The different performance requirements could yield different performance
results or attributes. Therefore there are different principles and conceptilioigou
performance, which creates complications for those who want to invest in property in
different marketgDixon et al, 2009. In spite of the challenges, environmental

building assessment tools are used actively in construction industries across the world.

BOTSWANA CONSTRUCTIO N INDUSTRY
Economic and Employment Contribution

Botswana has experienced a steady economic growth isidependence in 1966. In

June 2011 total workforce was estimated at 387,426 empl(9&€3, 2012 Of

these, 23,347 were employed in thestamctionindustry Since 20040 2011 the

construction industrgontribution to total employment has been more than 5%. The
construction industryo0alsobeenmaveradging® i on t owa
between the years 2004 and 2011.In 2011 the constmuntiastry contributed about

7.4 billion Botswana Pul&o the national economBOB, 2013 (1Botswana

Pula=0.071 British Pound).

Size of the Industry

Firms that intend to undertake public worke egquired to register with tHgotswana
Public Procurement and Asset Disposal Board (PPABPBADBclassify

construction firmsnto different categorieaccording to theifinancialand human
resourcesskills and experience relating to pastsimilarprojects. The contractors are
classed into classes OC, A, B, C, D an€ass OC is the lowest and E is the highest
for building works At the time of the study there were 1767 construction firms
registered in all classéBPADB, 2013. Consultantn the other had are not

classified on any size but rather on speciality. They are registered as consulting firms
who provide architectural, building engineering, project management, quantity
surveying, electrical and mechanical engineering services. Likewise ther&3@ere
such firms registered with the PPADB at the time of the study.

Environment Legislation

The Ministry of Environment, Wildlife and Tourism has the overall responsibility of
formulating and implementing environmental legislation. The current legislations
were not specifically formulated for the construction industry but there are some that
have nonetheless been applicable to the induBtgse includeEnvironmental

Impact Assessment Act 2011Mines and Minerals Act 1977, Waste Management Act
1999, Atmospheric Pollution Prevention Act 1971 and National Monuments and
Relics Act(DEA, 2013. The main legislatiomsedfor construction activities is the
Environmentalmpact Assessmentc
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METHODOLOGY

The study investigates the importance of knowledge and awareness of environmental
building assessment tools by construction industry practitioners for successful
implementation. A questionnaire survey was used in this study. The choiceadas
because questionnaires can be sent to many p&bplean fill them anonymously

(Leedy and Ormrod, 20).3Furthemorethey provide aeducedisk for bias due to

the presence of the researcher, have wider covaaadeffer stable, consistent and
uniform information with less variatiofbarantakos, 2005The questionnaire

comprised of four parts. Part one requested the profile of respondents. Part 2 was
intended to ask respondents to rate their environmental awareness and the main source
of that information. Part 3 asked respondents about their understanding of building
assessment and its importance. Also they were asked about their knowledge of
building desig using environmental building assessment tools and the possible
barriers to the implementation of environmental building assessment tools. Part 4
asked respondents about attributes that are important to assess environmental
performance of buildings. Allsvey data was examined and analysed using IBM
SPSS V19 software. A pilot study was conducted prior to the main study to test the
suitability of the questionnaire

Forsberg and von Malmborg (200ddentified local authorities, architects, designers,
consultants, building owners, investors and contrac®tBeamain decision makers
intended to use building assessment tools. It was the endeavour of the study to target
those groups who have influence on the use of the assessmer€omssquentlyn

the study, groups of users includjhgilding engineersarchitects,

construction/project managers, private developers, quantity surveyors,
environmentalists, real estate developers, government employees and academics were
purposively invited to complete the questionnaftéotal ;e hundred and seven
questionaires were distributed and sixty five were returned back as per Table 1.

Table 1:Summary of Respondents

Category Respondents

25

Building Engineers

Architects

—-
[ e = T = T Y -]

Quantity Surveyors
Construction/Project Manager
Private Developer
Government Employee
Researcher

University Lecturer

Others {Quality Controller)
Total

IBM SPSS V19 software was used for analysis and mostly data was analysed with
descriptive statistics. The ngrarametric KruskaWallis test was conducted to
determine whether there were statistically significant differences between users
regarding knowledge of building design using environmental building assessment
tools and theirmportance in design and construction. This was to determine whether
there was any bias in rating from any categorised group and how significant it was.
The KruskalWallis Test tests whether the distribution of ordinal variables is the same
in three or morgroups by comparing the sum rar{kiorusis, 2002 Testing was

done at 5% significance level. The grouping variable passtion in the organisation.
The study reports preliminary findings on anrgming research.

[+
w
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RESULTS AND DISCUSSIONS

Environmental Awareness

Responses show that 30.6% of the respondents are extremely aware of environmental
issues pertaining to building design and construction (Figure 1). Majority of
respondents (58.1%) however report moderate awareness. The remaining 11.3% were
somewhat and glhtly aware. There was no respondent who responded that they were
not aware. There were however three respondents who did not answer the question so
it is probable that they were not aware as well or they just missed the question. The
level of awarenessdm the results indicates that in theory users understands the
concepts of environmental building assessment tools.

60

50

40

Percent

30

20

R

T T T T
Extremely aw are Moderately aw are Somew hat aw are Slightly aw are

Level of awareness

Figure 1: Level of Awareness

It was important to find where users get knowledge and awareness of environmental
issues pertaining to buildg design and construction. As shown from Table 2,
respondents reported the three main source of information as from building
regulations, personal research and formal training. Formal training was reported in
32.3% of the cases which perhaps is indicativeeasonable knowledge. Building
regulations was reported in 49.2% of the cases. This somehow suggests the building
regulations include relevant information for environmental design and construction
and perhaps could be relevant for use if an envirorahbotlding assessment tool

could be introduced for use. Personal research at 36.9% of cases may suggest users
have interest on environmental issues relating to building design and construction. The
results points to interest of users on environmenta¢gseeiated to building design

and construction.

Table 2: Source of Information

Source of Information Eesponses  Per cent of
cases (%0)

2

Per cent (%)

()
—

17.2 32,
262
19.7
14.8

Formal Training

Building Fegulations

b L
(]

'
o

Perzonal Research

Media Articles

da
- [+ T = T )
1 b

[
=]

(]
1

Short Courzes/Conferences/Seminars 10 82 154
Co-Workers 9 7.4 13.8
Clients ] 4.9 932
Other Sources 2 1.6 31
Total 122 100 187.7
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Building Assessment

To appreciate the importance of using environmental building assessment tools, users
have to understand what building assessment is. To assess the ndoeysih
respondents regarding building assessment, respondents weré aghed t t hey
understood by the term building assessment and its importance to the construction

i n d u sThe rgspoases were varied and categorised into five themes including
compliarce to codes, feasibility study, building performance, quality assurance and
environment protection. A combined 40% of responses mentioned that building
assessment is primarily assessing the performance of buildings and protecting the
environment as indicadl in Figure 2.
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Figure 2: Users Understanding of Building Assessment

Most of the responses mentioned building assessment is monitoring the performance
of buildings. Some of the excerpts from three users to illustrate this are recorded
below:

Responden:fil t 6s about assessing the buildings
environmental impacts as well as construction. It is important especially for quality
assurance and environmental friendlinesso
RespondentZiBui | di ng assessment checkingéory br oad
compliance to design codes and assessment
Respondentl6 Enabl es the developer to determine
and its effect. on the environment?o

In the context of the paper building assessnetdririedout o assess a buil di

ability to demonstrate its contribution to sustainable development by providing greater
satisfaction to users, enha&and better protecting the natural environmentfzad

water and energy efficientheresponsefrom usersndicate thatheyare aware of

the rationale of building assessment and attribute it mostly to assessing the
performance of a building in view of protecting the environmentsaigdfying
stakeholdesthroughquality assurancef the building

Knowledge of Building Design Usindgenvironmental Building Assessment Tools

To design adequately for the environment, designers need to have adequate
knowledge of using environmental building assessment tools. From Table 3 69.8% of
respondents reported sufgait to excellent knowledge of building design using
environmental building assessment tools. 27% reported they have insufficient
knowledge and 3.2% reported they did not know of building design using
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environmental building assessment tools. A Kruskal \&/dlést revealed no
statistically significant difference in rating of knowledge of building design using
ronmental bui

envi

p=0.562.

di

ng

assessment

Table 3: Knowledge of building design using assessmeilst to

Eating Frequency WValid % Cumulative %
Excellent & a5 a5
Good 20 317 413
Sufficient 13 286 69.8
Inzufficient 17 27.0 26.8
Do not Know 2 3.2 100.0

Test Statiztics

Eruslkal Wallis Test

.2 =6.765, df =8, p=0.362

Importance of Environmental Building Assessment Tools in Design and
Construction of Buildings

t ool

In order to find the importance of environmental building assessment tools in design

and construction of buildings, respondents were asked to rate ore @a&tal. One
meant that environmental building assessment tools are not important and should not

be a priority in design and construction while five meant that it was a priority. The

results in Table 4 show that majority of the respondents believe thedremental

building assessment tools are important in the design and construction of buildings.
68.9% of respondents rated 4 or 5 while the remaining 31.1% rated 3 or below. A

Kruskal Wallis Test revealed no statistically significant difference in rating
importance of environmental building assessment tools in design and construction of
sampl ed

bui

di

ngs

acr oss

t

he

Table 4: Importance aissessment toails Design and Construction of Buildings

Eating Freguency Valid % Cumulative %o
1 4 6.6 6.6
2 6.6 13.1
3 11 18.0 311
4 22 36.1 67.2
5 20 328 100.0

Test Statistics

Eruszkal Walliz Test
2 =8.280, df =T, p=0.309

Use ofEnvironmental Building Assessment Tod in past projects

groups,

Sixty nine per cent of respondents reported never to have used any environmental
building assessment tools in past or present projects. This when compared with the
level of awareness where more than eighty pet ltave reported extreme or

moderate awareness shows a gap between awareness (theoretically) and

implementation. Environmental building assessment tools are used to measure
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environmental performance of buildings during design and construction. Therefore,
adequate awareness and knowledge should perhaps translate into implementation.

Users reported awareness of existing environmental building assessment tools from
elsewhereBREEAM was reported in 21.5% of cases. This was followed by both

LEED and Green Stakustralia at 18.5% of cases each. The South African SBAT was
only reported in 7.7% of cases. SBTool and CASBEE were reported in 6.2% and 1.5%
of cases respectively. Majority of cases however points out that respondents are not
aware of anynvironmental bilding assessment toulith 52.3% of cases reporting

such. Knowledge of thenvironmental building assessment taslikely from formal
training and personal research.

Possible Barriers to Implementation ofEnvironmental Building Assessment Tool

Successful implementation of environmental building assessment tools may
sometimes be hindered by certain barriers. Consequently identification of those
barriers is important for the successful implementation of environmental building
assessment tools. Remdents were asked to state possible barriers to the
implementation of environmental building assessment tools and Table 5 show the
responses. Lack of knowledge and prohibitive costs were cited as the biggest possible
barriers accounting for 33.8% and 8% of cases respectively. Lack of awareness at
24.6% of cases was cited at the third biggest barrier. A sizable number (20.0%) of
cases were not completed.

Table 5:Barriers to Implementation @nvironmental building assessment tools

Barriers Responses Per cent of cases (%
N Per cent (%)
Lack of Knowledge 22 22.2 33.8
Corruption 5 51 7.7
Costs 20 20.2 30.8
Lack of Information 5 5.1 7.7
Lack of Resources 1 1.0 15
Lack of Standards/Legislation/Regulatio 7 7.1 10.8
Lack of Technology/Technical Skills 4 4.0 6.2
Construction Industry Informal 1 1.0 15
Political/Government Support 5 5.1 7.7
Lack of Awareness/Ignorance 16 16.2 24.6
Not Completed 13 13.1 20.0
Total 99 100.0 152.3

CONCLUSIONS

The study has found thasers deem environmentalilding assessment tools

important for assessing environmental performance of buildiigsfact that no
environmental assessment tool been developed in Botswana did not prevent users
from acquiring knowledge through other means. Most of the usersedbét they

are aware of environmental issues related to building design through personal research
building regulations and formal training. It is indicative of positive interest and

likelihood for successful introduction of an environmental buildingsassent tool.
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This is in line withGoh and Rowlinson (20} &ssertion that understanding and
knowledge of environmental building assessment tools will lead to their use

The KruskalWallis Test conductedid not reveal any statistically significant
differences between users regagdkmowledge of building design using
environmental building assessment tools and their importance in design and
constructionAll groups were in agreement in their rating to the statements, which
shows no bias from any group. The results indicates thatityapf users perceive
environmental building assessment tools important in design and construction of
buildings In addition, most users have sufficient to excellent knowledge in building
design using environment building assessment tB@aspite theiknowledge, fewer
users have used environmental building assessment tools in past pidjectfore,
there is limited practical experience using environmental building assessment tools.

Possible barriers for successful implementation however highlighgrtctical

challenges of using environmental building assessment tools. It is not surprising
therefore that lack of knowledge, lack of awareness and costs are deemed the biggest
barriers. This is in line with previous studies, for exanipgedet al (2011 who

argued for the prohibitive costs of using environmental building assessment tools.

Environmental building ssessment tools have been found to transform green building
practiceqToddet al, 2013. This perhaps presents a case for the development of such
tool which will not only monitor and assess environmental performance, but transform
green buildings practiced.dould further enhance the knowledge and awareness of
users on environmental building design. To conclude, there is an indication that
knowledge and awareness of users in Botswana is adequate for the introduction of an
environmental building assessmertlid' he assessment tool may further enhance that
awareness and knowledge and may result in transformation of green building practices
in the Botswana built environmerdowever,it has to be driven by Government since
there is no competent body to drivéatwardin contrast tather countries where

there are Green Building Counciishich can act in this capacity
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IDENTIFYING PROJECT SUCCESS CRITERIA FOR UK
SOCIAL HOUSING ASSET MANAGEMENT SCHEMES

Anthony Higham! and Paul Stephenson
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Sheffield UK

Embedding therinciplesof sustainable development and susthla communities

into social housing organisations represents one of the biggest challenges faced by the
sector over the last decade. The increasing recognition of the limitations and failings
within existing practice has led to calls from both externéitpstakeholders and the
National Housing Federation for project appraisals to consider an ever increasing
number of norfinancial benefit enhancing features of UK social housing projects.

An important stage in this transformational process will bedéatification of the

main project centric criteria against which community benefit can be appraised.
Relevant literature relating to sustainable communities is reviewed, resulting in the
identification of over 400 theoretical features of neighbourhooisizbility. In an
attempt to refine these criteria into a more pragmatic list the resultissefimi

structured interviews held with senior professionals drawn from across one typical
social housing organisatiptogether with the results of 7 validagimterviewsare
reported. Analysis of the collected data established an emergent list of 6adrincip
success criteriand a further 49 subriteria against which project ceit benefit can

be appraisedlhe paper concludes by proposing further worktiredgto the

development of a suitable methodology for the appraisal of community benefit in
practice.

Keywords: social housingsset managemestustainable communitiggroject
success

INTRODUCTION

Since the 1960s the UK government has sought to confront and eralépteblems
associated witlpoor neighbourhoodsnd the social exclusion often suffered by
ensnared residénby implementing togplown housing focused renewal initiatives
across all housing tenures. The principal of aim of these interventions was to improve
the sustainability of communities through the eradication ofssaibdard housing. Yet
research undertakeéy theSocial Exclusion Uni{2000:7)suggests the vast majority
of these schemes hawat,besthad a limited impact on the communities they sought
to help. With improvements imousingconditions employment and crimeften

patchy and shottved. As a result, mangf thedeprivedcommunities targeted have
since reported increasing levels of social exclusion and stigmatisation (Roéiredon
1998).

Theproblem now facing smal housing providers is how to overcome these
challenges and ensure the mistakes of past are not repgateganisations seeking

1 A.P.Higham@shu.ac.uk

Higham A and Stephenso® (2014 Identifying project success criteria for UK salchousing asset
management schemés: Raiden, A B and AboagyRimo, E (Eds)Procs30" Annual ARCOM
Conferencel-3 September 204, PortsmouthUK, Association of Researchers in Construction
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to quickly transform their stock through a combination of physical improvement,

stock rationalisation and ultimately reduction (Kempton 2010; Morrison 2013) in

order to repond to the fast changing business environment (Sommariva and Patel
2013). Consequently, the quest for sustainable asset management calls for an
exploration of new ways of evaluating projects to ensure they better address the needs
of the community.

Thework in this paper makes the case for the consideration of a range of project
success indicators linked to the potential community benefits offered by successful
asset managementhe paper is structured so that relevant literature relatebject
sucess indicators, social housing asset management and sustainable comarenities
reviewed to establish current levels of knowledge and make the case for further
empirical data to be collecteldrough 18 semstructured interviews. e work
concludes byroposinga range of potential sociEconomic project success criteria

for use by social housing organisations.

LITERATURE REVIEW

Asset Management in the Social Housing Sector

The Royal Institution of Chartered Surveyors (RICS) defines asset management as
the:

"Process which aligns business and property strategies, ensuring the optimisation of
an organisationés property assets in a way Ww
and objectives" (White and Jones 2012).

Yet what the term asset management meansoimal housing providers has been the

focus of some debate. Guris and Neiboer (2004) and, more recently Morrison (2013)

have alluded to the existence of two distinct schools of thought. The first, aligning

with the definition provided by the RICS and etlseminal sources, suggests asset

management to be a highly market orientated and commercial process, whereby the

organisation strategically repositions its stock in order to effectively manage financial

returns. Whereas the second school of thoughtsvasset management as a largely

taskorientated process, whereby social housing organisations do not proactively seek

out commercial opportunities but restrict themselves to performing traditional social

housing tasks such as managing the organisatioesrgxassets and addressing the

needs of their tenants (Neiboer and Gruis 2014). Despite the clear differences in

approach, it remains telear were the UK social housing sector is positioned

following a decade of substantial reform. For example, Albaleg2007) evaluation

of three case study organisations, using a mixture of data collection strategies,

suggests the UK soci al housing sector has st
approach. Whereas Gibb and Trebeck's (2009) extensive evaluatiam sb&mal

housing organisations operating in the North East of England sutjugtsés

providers individually respond to the difficulties' associated with sector

transformati on, not al l are adopting a d6édmar k
management.

In the context of this research, however, asset management was seen as a 'market
orientated’ activityvhereby emphasis is placed on a broad range of activities,
including the speculative development of affordable housing in a diverse range of
geographical aas, continuous renewal of its products and services through ongoing
improvement and regeneration of their existing rental housing stock and the
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enhancement of social return, a traditional objective of such organisations (Albanese
2007; Gibb and TrebeckoR9; Nieboer and Gruis 2014).

The case for appraising the Success of Asset Management Projects

Over the last two decaddserehas beemgrowing recognition that social housing
providers cannot invest in housing alone, it is now imperative that organsat

recognise the importance of generating a financial return whilst also having a
successful and sustained impact in the communities they serve in order to create
successful neighbourhoods (Mullins 2010:3). Clearly, this requires the asset manager
to look beyond simple housing investment as suggested by Kempton (2010) and take
account of the wider economic, social and environmental needs of the community.

This assertion is however not a recent one, as early as 1981 academics where
identifying thelimitations of existing approaches to asset managemerg.s@minal

work of Bell (1981)called for an increased recognition of the importance of
considering the wider estate when evaluating potential asset management
interventions An argument reaffrmed n Col emands (1985) hi ghl
controversial study of two social housing estates in London. Like Bell, Coleamn
highly critical of the existing asset management approaches, which she asserted did
little morethair e st or e trethingeiketitsaaptistine toaditisnawith all its
detrimental designs intact and able to exert the same malign influence that they did
from t HGolersah H985t182). An argument reaffirmed in a later studies such
as Power's (1999) highly regarded enxion of50 social housing estates across five
European countriesndLuptond €003)evaluation oflL2 decliningneighbourlbods
located throughout England.

Regrettably, howevedespite the growing evidence supporting community centric or
sustainable sset management, social housing organisations are continuing to default
to bricksand mortated strategieto the exclusion of the needs of the communities
within which the physical structures are locatildranet al2011). Due in part to the
difficulties associated with interpreting and measuring the success or otherwise of a
project (Higham and Fortune 2011).

Project Success

Delivering project success for the client is a key duty of the Project Manager, with
prgect success ultimately defined as the project managers' ability to control time,
budgets and resources over the projects life cycle. Abeysekena and Mclean's (2001)
gualitative research undertaken with 5 senior project managers in New Zealand,
suggestedsuccess is, however, more narrowly measured, with a successful project
being accepted as one delivered within agetermined time schedule whilst not
exceeding the client's budget. Yet Codkavis (2002) asserts that such measures are
really only testarant to the project managers' ability rather than actual measures of
success. With success, ultimately being measured against the overall project
objectives, which may not be synonymous with the effectiveness of the project
manager. Muller and Turner (ZD0however, suggest project success can be divided
into success factors and success criteria. Success factors are defined as those aspects
of the project that are most likely to influence eventual success. Whereas success
criteria are the project attribes against which eventual success is determined.

Gunathilakaet afs (2013) evaluation of 180 academic papers identified in excess of
600 potential measures of project success, leading the researchers to question the
validity of the evidence, give bothe lack of empirical data presented in the papers
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together with the researchersdé obsession

Rather than deepening our understanding of their impact, in real world situations
through empirical analysis. Howeyermore detailed appraisal of the potential

success factors identified in Gunathilaktaals (2013) work identified that the

majority of the existing indicators focused on the appraisal of relatively standardised
criteria associated with mainstream counstion projects. Which were unlikely to be
applicable to asset management projects undertaken in the social housing sector, given
the strong focus placed on, amongst other things, the enhancement of social value.

Success criteria for social housing assmanagement

Despite the unsuitability of existing project success criteria to the appraisal of social
housing projects, there has been considerable activity in the development of
frameworks for the implementation of sustainability within the built envrent, and
specifically in relation to the delivery of sustainable construction projects. Amongst
this body of published works are a number of studies attempting to map the key
attributes of sustainable communities.

This growing body of work includdsong and Hutchins (2003napping of key

attributes of sustainable communities, the work identified nine principal or high level
features of sustainability together with an additional 49 lower level attributes. The
work was later placed the core ofyjuidancdassued byboth the Housing

Corporation and the Office of Deputy Prime Minister for the delivdérgustainable
housing projects. Sir John Egan's (2004) government commissioned review of the
skills required to implement sustainable communities identdex@n essential
attributes including: social and cultural wellbeing, strong governance, environmental
awareness, enhancement of the built environment, improved transport and
connectivity, a strong local economy and access to services. Together with #6 lowe
level success indicatofsr the creation of a sustainable community although he failed
to articulate how these features would be measuresanor and Walkés(2004)

mixed method study using a combinatiorse€ondarylata, derived from both policy
guidance noteand academic outpytsupplementevith primary data collected from
the examination of neighbourhood profilingpdels developed and implemented by
five case study organisatioentified in excess @0 sociceconomic indicatorthey
suggestould be adopted for the appraisal of existiegghbourhoos. The
comprehensiveness of the existing body of evidence, which identifies in excess of 500
possible success criteria for social housing projects has resulted in social housing
providers havingo make difficult decisions as to which aspects of the guidance where
most relevant to the creation of a sustainable commanitythose which should be
rejected in any appraisal of eventual success.

Latterly Turcu (2013) attempted to refine this complsidf indicators, into a shorter,
more pragmatic set of 26 success criteria for housing led regeneration projects
delivered as part of the Housing Market Renewal Fund (HMRF). Despite the work,
reducing the vast array of potential indicators to a morgnpaéic set of 26. To

develop the pragmatic set of urban sustainability indicators, data was collected from
private homeowners living in previously regenerated communities in the north of
England using structured interviews, before being independentlygbpeeation

experts drawn from academe and local government. Despite the robustness of the
methodology and appropriateness of indicators, it remains unclear how these factors
would translate across to the social housing sector, where due to differepogedh
deliverables, funding methodologies and spatial complexity with HMRF operating at a
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regional rather than primarily local level, the project success criteria required are
likely to be significantly different.

The literature reviewed above has mxaed the development of models, frameworks

and toolkits that have been developed to assist professapaizise the likely

outcome of housinded regeneration projects in the URhe lack of consensus on the
nature and extent of the attributes of thkevant project related sustainability factors

to be measured together with the conflicts between the models proposed, in terms of
both their detail and in the nature of their overarching features, indicated that further
work was needed. As a result, tetady resolved to establish the more significant of

the overarching features of sustainability tieatuld be adopted by practitioners as
potential measures of success for planned maintenance, stock rehabilitation and other
major asset management schemnmegertaken by UK social housing providers.

RESEARCH APPROACH

The research reported, set out to identify the features of sustainability against which
possible housing projects can be evaluated and success determined at the level of
delivery in the social hasing organisation. To meet the objectives of the study, the
researchers adopted an interpretivist philosophical position making use of an inductive
research strategy and a qualitative case study methodology. Yin (2014) identifies two
main approaches tmase study researchsingle case or multiple cagdesigns The

wider literature suggesthat amultiple caseapproachs arguably more robust

althoughYin argues that the single case study approach is justifidid@, inter alia,

the case is represetitee or typical. The disparate nature of asset management and
investment appraisal in the social housing se&arris and Neiboer 2004together

with thewidespread differences the asset managemegproacksadopted by UK

social housing organisatisrfAlbanese 2007Gibb and Trebeck 200@gnlledthe

suitability of a multiple case study design into questids.a result, &ingle case

study based on'typical medium sizedegistered social landlordas deemebe the

most appropriate approach for this stuéHowever, to strengthen the validity of the
research, the findings were exposed to external verification, through a second round of
semistructured interviews.

Interview Design and Sample Selection

To achiee a balanced view within the case study, it was considered relevant to draw a
sample of those directly involved, at a senior management level, with the delivery of
sustainable communities. As such, a sample of convenience consisting of eleven
senior mangers was drawn with assistance of the director of asset management. The
participants were invited to take part in a setniictured interview held, at their

offices and lasting approximately 45 minutes. The aim of the interview was to
establish the meamj and values associated with the terms 'sustainability’, 'sustainable
development' and 'sustainable communities' to explore how the features identified
could be incorporated into major asset management projects, in the hope of creating
sustainable commumes. Following transcription and analysising Nvivo qualitative
software the initial findingsvere subjected to external validation by a panel of seven
asset management experts drawn from other social housing organisations. To ensure
the validity of the sample, the seven experts were seldotad organisations listed in

the 2013 National Housing Federation directory of members d&iegminate

sampling The adoption of discriminate sampling allowed the researcher to maximise
the opportunity otollecting relevant data from a small samplg ensuring the sample
reflected the overall populatigPunch, 2014) In this case, the sample was
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discriminated based on type, size and location, with only those organisations within a
100 mile radius of Sheffieldelected.

DATA ANALYSIS

The analysis used open coding to identify the variouscatdgories associated with

the central themes identified from the literature. The first phase involved open coding
the data. Once a large number of nodes had been iddntikial coding revealed
relationships between nodes and-soldes. As the analysis continued, each category
was developed to reflect the content of the data collected and draw out more detailed
categories within each area. In developing this processlata was repeatedly

analysed. Through this process the initial themes were distilled into six overriding
categories containing 49 stiftemes or potential project success indicators which

could be adopted for the appraisal of social housing asset mandgenjects.

Feature 1: Built Environment

As expected, the physical and financial characteristics of the housing stock are critical
to the evaluation gbroject successVarious constraints associated with the existing
stock appear to frustratetheseéter abi | ity to provide the qual
to which they aspireHowever, as interviewee 4 identifies, this was not simply a case

of an unwillingness to accept housing which had not met the minimum standards for
decent homes compliance. It wasre importantly, prospective tenants raising

concerns about th#esign layout andhe mix of housing within particular estates. All

the interviewees suggested no amount of rehabilitation would be successful if issues
relating to the size, type and layai the stock were not addressed. For example, the
director of regeneration cited an example of a successful rehabilitation scheme in an
area with a large black and minority ethnic (BME) community. Where the housing
stock was transformed from typicallyb2droom flats and 3 bedroomed houses, too 5

or 6 bedroomed properties specifically targeted towards the BME community.

Finally, a number of interviewees identified the importance of eradicating fuel poverty
by targeting investment towards improving thermal performance of the existing

stock and retrofitting renewable technologies. Whilst interviewees 3 and 4 suggested
the effects of rehabilitation on reactive maintenance costs, especially those associated
with tenancy churn would be a significant icalior of success.

Feature 2: Local Environment

The interviewees suggested the design and management of the immediate local
environment was fundamental to the success or otherwise of a neighbourhood, with
perceptions of the neighbourhood heavily influenioedhe levels of social malice,
including littering, graffiti and vandalism encountered. However, the interviewees
suggested these levels of social malice were often exacerbated by the layout and
design of the immediate environment, with features sugoasslighting and narrow

all eyways both increasing residentsodéd fear of
increasing levels of littering, fly tipping and vandalism. The lack of designated car
parking (on or off road) and the provision of largesateé gardens to the front and rear

of the properties were also met with hostility by a minority of residents. Some of
whom viewed the garden as just another aggravation. However, some of the
interviewees opined that a greater number of residents sirapiget! to ignore the

garden because of either the appearance of the neighbourhood or their lack of pride or
interest in the community. Yet, other suggested this situation could also be seen
working in reverse. Indeed interviewee 9 had observed in comeriniith a strong
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sense of pride and commitment, this had motivated even the most reluctant resident to
make an effort. Yet for the social housing organisation, these issues can have a
catastrophic effect on the commercial viability of the neighbourhiosalding to a

situation similar to that purported by broken window theory, whereby the problems
escalate uncontrollably, further negatively affecting the appearance of the
neighbourhoodYet as interviewee 11 pointed out, improvements to the local
environmet alone would be unlikely to trigger a substantial and sustained
improvement in community, however, were these improvements are undertaken
alongside other activities, it was highly likely they would make a substantial
contribution.

Feature 3: Market Demand

Unsurprisingly, the first major issue identified was the demand for the neighbourhood.
Interviewee 1 opined that higher demand neighbourhoods would receive significantly

higher levels of investment; however, any investment would be invariably

concentratd on i ncreasing supply. Il ntervieweed
view, opining that, in the current marketplace all neighbourhoods, good or bad, were
oversubscribed. Yet, interviewee 5 asserted that despite this upward trend in demand,
some estatecontinued to exhibit low demand and unpopularity. With high levels of

churn, short tenancy durations and longer than average void periods resulting from

higher than average numbers of tenancy refusals, despite the length of the waiting list.

Although te organisation actively monitors the demand statistics as part of its
strategic asset management planning, the interviews revealed a number of
contributory issues, which would need to be considered if stock investment were to be
proposed in response tdliag demand. Indeed a number of the interviewees

suggested that whilst ddag-day housing management issues such as ‘problem tenants'
would normally fall outside the scope of asset management, in some neighbourhoods,
the dominant stock type was exacenbgthousing management problems. For

example, an abundance of flats would invariably attract socially excluded, problematic
or transient tenants triggering to higher levels of churn. Howas/arterviewee 11
commented, the resulting effect of such higrele churn is often the destabilisation

the wider community, leading to increasing turnover and harder to let housing as the
nei ghbourhoodds reputation is diminished.

Feature 4: Local Economy

In addition to the physical characteristics of the housiogksand the design of its
immediate environment, the interviewees highlighted the importance of the local
economy to the sustainability of the neighbourhood and the success of future asset
management intervention& number of the interviewees highlightdte impact of

benefit dependency and unemployment on the community. Suggesting the
implications of high levels of benefit dependency together with the ongoing reform of
the benefit system was severely affecting the organisation, with an increasing number
of tenants facing financial difficulty and ultimately eviction.

As a result, the social housing provider identified itself as having a significant social
obligation to enhance the employment opportunities in the local community.
Examples of ways in whictine organisation attempted to achieve this objective
included investing in craft training facilities alongside its housing led regeneration
activities, whilst also encouraging contractors to localise their supply chains and
provide both short work placemis and apprenticeships. Indeed interviewee 1
suggested that on one £4m affordable housing development this and similar initiatives
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had resulted in £850,000 of community benefit and the creation of eight permanent
posts. Whilst the development itself anlbed tenure diversification within the
community, which the majority of interviewees felt was important if regeneration
investmentvas to be successful in the longer term.

Although alongside employment creation, retailing was seen by most of the
interviewees as a key aspect of a sustainable community, with those living in the
organisation's neighbourhoods attaching significant importance to the fact that they
had access lotahops. With the development manager, opining that by simply
attracting a new retailer into a neighbourhood, this simple intervention was likely to
trigger both social and physical improvements. Yet, the interviewees suggested that
simply having existinghops or attracting new retailers into an estate was in itself
insufficient. It would then be essential to the ldagn survival of these businesses
that the social housing provider supports them to ensure that issues associated with
crime and antsodal behaviour is managed.

Feature 5: Society and Community

The notion of community or society was certainly an important issue to all those
working for the social housing provider. Potentially, this resulted from the clear
social ethos within the orgasation, with a clear focus on social benefit as opposed to
return on investment for shareholders, effectively putting society at the centre of the
social housing movement. As such, any investment would need to evidence success
through the enhancement afremunity benefit.

With this in mind, a number of the interviewees suggested that, integrating crime
reduction into any asset improvement projects would make a significant difference.
Whilst the use and cultivation of drugs was highlighted as the mosticgt focus

of criminal activity across the property portfolio, it was suggested that other crimes,
including burglary, domestic violence and the theft of electricity were apparent on
some socially excluded estates. Yet, as interviewee 9 attestedttsigcial exclusion

per sdeading to the noticeable increase in crime, it was often organised criminals
taking advantage of the residents' vulnerability. In addition to the levels of crime,
antisocial behaviour considerations were also seen as arkeynsion of social
sustainability within neighbourhoods. With a number of interviewees, commenting on
the need to ensure physical improvements to the fabric of the estate also attempted to
mitigate the effects of anfiocial behaviour. However, when esphg the nature of
antisocial behaviour on the estates, it became clear that other more complex social
issues were making a significant contribution. As such, rehabilitation of the housing
stock alone would be unable to eradicate all forms ofsaid behaviour. However,

some issues could possibly be mitigated if the social housing provider looked to invest
in facilities for the teenagers and young people on the estatesurprisingly

interviewee &asserted that spending money on improving rumdo@mmunity

facilities such as playgroundsithout first consideringheir locationcould intensify
existingneighbourhood problems

The notion of community, from the perspective of access to facilities and services
was a clear underlying isswathin the literature; howevett, did not dominate any of
the interviews.This would suggest thahsuring tenants lva access to facilities and
services within their own community weperhaps a Bproduct of neighbourhood
improvement and regeneraticather than a central focuss interviewee &ssered
simply providing such facilities would really only be part of sodution As it would
then fall to theesidents to ensutbhat,the services providedemairedviable Yet,
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interviewee Guggestedhe provision of facilities and services by the social housing
organisation extenbdeyondphysicalcommunity asset$o incorporate the provision of
othersupport services to residentisiportantly for estate improvement, it was clear
thatprovidingplay gace and services for young peom@mainsan important feature

of a sustainable neighbourhodtkt, it was also made clear that the provision of such
resources must be aligned to the needb@fesidents, nomerely based on the
assunptions ofthose deigning or specifying the improvements

Feature 6: Governance

The final major theme emerging from the interviews was the need to ensure that
strong communication links exisetween th@rganisatiorand its customer3.he
interviewees collectively highlight the importance of consultation and
communication with their tenants, together with the importance they attach to the
existence of resident groups. The final emergent theme within this section was the
need to capture the views of wider stakeholders@iabk outside the organisation

in some instances to ensure that the community benefit is embedded.

CONCLUSIONS

Despite the highlyegardedand indeed controversial findingAl i ce Col emanods
(1985) comprehensive study of social housing, which suggestedalia,asset

management alone would do nothing to improve thetdalay realities of living in

unsustainable housing estates, littled haen achieved. Exponents of such approaches

to asset management attest the seed of failure was inherenpnedoeninant bricks

and mortar focus of previous attempts at neighbourhood intervention with saccess

failure measured using conventional success indicators. Instead, the housing

professionals interviewed suggest the success of such projects should be reflected by

the social value returned to the community (Higham and Fortune, 2011).

In an attempt to advance dledge in this area, this study looked to identify a range

of project success criteria, which could be applied to social housing asset
rehabilitation schemes. The findings from a series of-stmctured interviews

conducted with senior housing professitsidentified49 potential project success

criteria, grouped into six principle areascluding Built Environment, Local

Environment, Market Dynamics, Local Economy, Society, and Governance have been
identified. Whilst this study has notgoneasfarasent i f yi ng cl ear o&6soc
debate around sustainable asset management. The intention of this paper was to
highlight the need for more research aimed at assisting social housing organisations to
plan and deliver housing investment schemes thatmptrestore estates to their

previous pristine condition but also enhance the sustainability of the local community.
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APPLICATION OF SUSTA INABILITY PRINCIPLES IN
POST-DISASTER RECONSTRUCTION

Kristen MacAskill  and Peter Guthrie
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The link between a sustainabiliygenda angostdisaster reconstructids gaining
increasing attentiordoweverit is not clear how sustainability thinkiragfects

outcomes ofeconstruction programmes. This paper identifies key factors that
influence how sustainability principles drgegrated into decisions for

reconstruction. This is based on empirical research conducted in Christchurch, New
Zealand, following earthquakes in 2010 and 2011. The discussion focuses on the role
of the Stronger Christchurch Infrastructure Rebuild Tea®l(SRRT) in t he cityds
reconstruction. SCIRT is a collaborative organisation that was established to deliver
the rebuild of infrastructure networks (wastewater, water supply, stormwater and
roads) through an alliance agreement for design and constructionmétion has

been gathered through sestiuctured interviews with professionals involved in the
reconstruction, supported by an investigation of relevant government reports and
project documentation. It is clear that constrained finances place a sighifica

limitation on what can be achieved in pdstaster reconstruction. Working within

this limitation however, there are several factors that shape how sustainability
principles are incorporated into decisions for the design and construction of
infrastructire. Some of the key factors identified through the Christchurch case study
are (a) Decision boundaries: organisational arrangements influence how and what
decisions are made regarding the nature of infrestre reconstruction or repair; (b)
Conflicting timescales: there is a tradff between the shoterm need to restore

services and longderm considerations of improved sy development and
maintenance; (dBest practice: opportunitige adopt sustainable approaches (as
defined in the businesssusual infrastructure construction) can prove to be elusive
where adherigtoaprec oncei ved | e v enhayrotftbe dpprepsate; (r act i ce b
Resilience: the concept of resilience is clearly embedded in options analysis for
repairing or rebuildingnfrastructure, helping to facilitate a longerm perspective

Keywords: decision analysipostdisaster reconstructipnesilience sustainability

INTRODUCTION

The sustainability agenda places emphasis ofithent egr at i on of envir
social and economic concerns in policy, precaution in the face of uncertainty, viable
livelihoods to reduce poverty, the long as weltresshort term, inclusive and

i nnovat i v e (Handnperard dovere20XiB2). Reconstruction can be an
opportunity to implement solutions informed by sustainability principles, such as
considering the impact of future hazards, climate change anthgreafer

communities (Hayle2010).1t is anopportunity to address vulnerabilities in the built
environment, where the most vulnerable aspects tend to be thossthed
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rebuilding (Amaratunga and Hai@®11). Yet, there is little guidance around how
accurately capture this opportunggddefinerealisticoutcomes

Kulatunga (2011) suggeshatitis | mpossi bl e to truly define a
r e c o n s tgivem thélargevaridnce in the nature of a disaster and theectin

which it occursReconstruction by its very nature has a number of defining
characteistics that are different from busineasusual infrastructure development.

While decisionsupport tools can help to asdisinking, rigid informationheavy
assessments do not necesgdrdnslate to a postisaster context wheecisions

must be fastgheed, informaiondio or e n v (Otsltanskyanmdt ©

Chang 2009: 206). Reconstruction can also eatggbing unceriaty over scope and
funding longafterconstruction has commeed.Furthermore, prcepton of what is
important can change withe urgency and nee@athin apostdisaster environment.

So the question remains, how do we begin to outline and address sustainability in the
changeable, uncertain context of reconstam&i

Theaim of this paper is to develop insight into tthecisionmaking processes
associated witheconstruction of horizontal infrastructure networkgsingon
wastewater, water supply, stowater and roa). The argument is based on an initial
invedigation inan ongoing studinto the reconstruction of Christchurch, New
Zealand The research follows an inductive approach where theory is developed from
a mixture ofliterature, observatiorend experience (Hunter and Kelly, 2008).
Approximately 60 seiqualitative interviews with engineers and executives involved
in the reconstruction have been conducted over 201B/fbémation haslsobeen
gathered through review of @gvernment and academic reports, infrastructure design
guidance and projedpecfic design repds. Full interview analysis is not yet
completed, howevesufficient progress has been made to indicate early insights.
Quotes used in this paper are anonymous, but context is provided through the
interviewee roleRoles are categorised imtleadership (executive), leadership

A

(design), designer and O6other6 (this include

The early insights of the research in Christchurch are linked to key concepts discussed

in sustainability and in reconstruction literee. This paper explores factors that

impact onthe ability to address shednd longterm social, environmental and

economic issues. Four key factors are discussed: decision boundagesnistruction
management, inevitable tradés in ambitions, fasiblity of implementing perceived

Obest practiced eanmdthe oleofmeslientesas a coneepttthatat i v e s
encourageong-term thinking. The fist two factors are discussedrelation to the

impact of overall governance angements. Theecond twdactorsare discussed in

relation to specific design and construction initiatives.

RECONSTRUCTION IN CH RISTCHURCH: CONTEXT

Christchurch is the main urban centre in the Canterbury region of New Zealand, with

a population of approximately 370,Q0the cityexperienced a series of major

earhquakes from 2010 to 2011, with the most damaging earthquake occurring in

February 2011The estimated cosif recovery isBNZ 40 billion (approximately

£20billion) (New Zealand Treasu3013) Thisisalmost206 of New Zeal andods
annual gross domestic product (GDR)substantial impact on the national economy

Christchurch provides a developed country reconstruction scenario where established
infrastructurenetworkssustained significant damage (see Figurerffvisual
i ndication of the dama g enetworklclakattezistictendout | i nes
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estimdaed damageThe estimated cost of repairing wastewater, water supply,
stormwater and road networks within the Christchurch Cayril (hereafter:
Couwncil) boundaries, (i.eexcluding damage in neigburing rural districts) is
$NZ 2.5 billion.
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Figure 1.Indication of road network damage. Map sourced from SCIRT.

Table 1: General description and indication of earthquake damage to Council owned and
opeaated infrastructure networks (includes the state highways owned by NZTA). Data is from
various sources including liaison with Council and SCIRT staff (numbers are approximate).

General network: description (prior to September 20107 Indication of damage
Waste- 1900 km of maing; primarily a gravity-fed system dating  Approximately 660 km of
water from the 1290s; a significant portion of pipes in central  pipes; > 80 pump stations;
Christchurch pre-date 1940; pipe material: predominantly treatment plant damaged
concrete, earthenware and UPVC 23, typically laid deeper but remained partially
than water supply; 143 pump stations; 1 main treatment functional.

plant serving Christchurch.
Water- Artesian well supply from various sites (154 wells), no Approximately 70 km of
supply treatment required; § main reservoirs; 139 pump stations; pipes; =60 pump stations
approximately 1700 kom mains and 1700 km sub-mains and and reservoirs.

cross-overs; pipes dating from early 20% century (although
only a small percentage pre-date 1940); pipe material:
predominantly HDPE, AC, MDPES0 and PVC (note:
presence of AC a result of use in post World War II growth).

Storm- Consists of roadside channels and gutters; 790 km pipes; Approximately 30 km of
water 130 km open boxed and valined channels; 30 pump stations;  pipes; =10 pump stations;
2600 km streams and tributaries; 80 km rivers; 100 detention levee settlement and

baszins; 2 lakes; 17 km of levees. cracking.

Eoads 2300 km of roads - 1980 lom sealed, 360 km unsealed; 705 Approximately 1000 kem of
ki constructed pre-1956 (reference date beyond which  carriageway (120 km with

roads are constructed with sufficient depth to meet “modern’ major of severs damage,

traffic loading); approximate average construction age 210 km with moderate

across the network iz 30 years; surfacing is predominately damage), >240 retaining

single or double coat chipseal (surface dressing) or asphaltic walls; 30 bridges

concrete; 323 road bridges; 960 retaining walls. significantly damaged.
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INTEGRATING SUSTAINA BILITY: KEY FACTORS

Decision boundaries

Amongst thekey decisions that need to be madehe early phase of recoverytise
design of institutional mechanisms for managing the recovery (Global Facility for
Disaster Risk Reduction and RecoveyFDRR 2011)New institutions may be set

up or the capacity of existing institutions may be enhanced to manage the increased
workload, or some form of hybrid model of the tmay be used (GFDRRO11).

Each approach creates organisational boundaries and requiresentidfstribution

of roles and responsibilities, which ultimately impacts on how dedsacemade.

The approach in Christchurch could be described as a hybrid mbeeCanterbury

Earthquake Recovery Authority (CERR&vas created under legislationthe

overarching lead recovery agemmyveringthe wider regionlt is one of the three

clients of theStronger Christchurch lrdrs t r uct ur e Rebui |l d Team ( SCI
role formskey element within a wider construction procssthe city; itis

implementirg the repair of theublically ownedand operatedetworksin

Christchurch (these networks are describetiablel). SCIRT was created to

facilitate an expedited rebuild, where the extent of damageconsidered to be

beyond OQOmnagemédndagasity Counciland the New Zealand Transport

Agency (NZTA) are the asset owners and are also clients of SSIRRTwas

created under an allianegreemen(formalised in September 201T)e contract

arrangement is distinctive, involving threleent organisaonsand five major

contracting organisatior(forming five separate construction/delivery teams)

Designers from 20 consultancies work within four design teams based in one office.

SCIRTwas set up with ariited operational lifetime arits work is duefor

completionin2016T he al |l i ance agreement sets boundar.i
work. The basis of the agreement is to restore services to Christchurch City, with the

pri mary @dretwnche infvastructufe networks to a condition that méws t

levels of service prior to the 4 September 2010 earthquake within the timing

constraints of therebuildd ( Counci |, NZ3¥A and CERA 2013:
Examining the rebuild of the stormwater network provides insight into the challenges
of addressing longerm enwonmental and social issuéCl1 RT6s remit 1s to r

t he -6 har daseetsaadh s pipes and sumps. It excluadsponsibility for

damage to the open waterway network Hreleveesalong the lower reach of the

AvonRiverThi s | imits SCIRT6s responsibilities an
one leader in design commentéda s engi neers they [the team] \
resol ve thutetmaybétoai Ss6hBT6s requirement [that i
to resolve theolution] is nothing- the changes are nothing to do with damaged
infrastructure, itbds damaged | and. 0

Flood risk wasexacerbated in some areas due to earthgumakeed land settlement.

Resolvingchanges in flood sk in Christchurch is influenced by ansplex mix of

factors including physical options to remediate, level of protection required, funding,

insurance, district planning, legislative requirements and personal circumstances of

property owners (Gillooly 2094 The vulnerability of some areas wasently

highlighted inboth March and April 2014, whemain resulted imepeatedlooding of

some private properties. ltisnotn der SCI RT6s r emi ¢sando syst emat
provide holistic solutions for flood issues in ChristchuCbuncilhas retaied

ownership of dveloping solutions for these issu€hkis was agovernance choice that

was madearly in the recoverylt was notthe only option but one thaivaschoserfor
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political and economic reasons. The result is an organisational boundagy in th
recovery that hasamificationsaround the coordination of solutions across different
agencies. One leader in desgymmentedfiThe difficulty has been SCIRT works at a
different pace to council and other organisations through the necessity of our
programme and because of that it has been quite difficult to navigate through that

p r o c &he ergadisational boundaries potentially impact the timing and nature of
thetechnical solutionshowever, it is too early in the process to determine the impacts
for Christchurch.

Organisational boundaries are a prominent factor in shaping decision making. These
boundaries have an influence on the nature of remaining three factors and will thus
continue to arise in discussion as these factors are addressed.

Trade-offs

The United Nations Development Programme and the International Recovery
Platform (c2010) identify that one of the major challenges of infrastructure
reconstruction is balancing the costs of alternative strategies to reinstate infrastructure
services withdngterm development benefit§he tension between speed of recovery
and deliberation on how to make improvements is ubiquitous to the reconstruction
process (Olshansky and Chang 20@&) described abovéhe longefterm

requirements around floerisk maragementre not being delivered within the
recovery work coordinated by SCIRT. This is causing some delay in SCIRT work.
Uncertainty over design arrangements for levees on the Avon River (which is under
consideration by Council) impacts on SCIRT reconsimacoptions for roads adjacent
to the leveesThus, thenature of institutional boundariésinherently linked to the
tradeoffs over timing. At the time of writing, this delay is posing a potential risk to
the overall programme but is not yet havingaterial impact.

The pessure to restore services as quickly as podsifits theability to consider

wholesale changes to infrastructure networks (or vice vdrsdiscussing the

strategic planning for a project, an executive commerfitéds all abait time and

bal ancing a rapid r espon ©Oredesigrterremarked appr op
that their ability to explore possible solutions was limited due to the-tdrant

pressure to restore servicéeee cause of the oper atuationnal i s
gui ck and wedveAlsg,8321 RTod sg ewwo rskt airlshsepdf.edd i c at
restoring a system éqguivalkntmateals. Thid likits écope s i n g
of possible change from the outset of the reconstruction programmeskiéariade

to integrate improvements such as increasing pipe capacity or rebuilding a pump

station in a less vulnerable locatidtowever, improvements such as increasing

capacity may require seeking funds beyond that approved for SCIRT work.

Avalilability of extra funding is limited given the significant basest of the rebuild.

Limitation in scope is also attributable to the level of damage sustained, where the

extent of damage impacts on the opportunity to consider wholesale change. Network
damage in soma@as of Christchurch justifieel complete rebuild of a section of the
wastewater networlbutassets in other areas of the city remaineal ieasonabler
repairableconditonnHal | egatte and Dumas (2009) ref e
i n her iwhid oconstrd@ins the ability to integrate modern technologies and

standards during reconstruction. Despite extensive damage to infrastructure, or the
communities it supports, destruction is rarely complete and repair is often lower in up

front cost than repla@ament.As can be seen in Figure 1 and Table 1, despite extensive
damage in some areas in Christchurch, most of the infrastructure remains operational.
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Environmental initiatives

Reviewing environmentédased initiatives moves into the realm of what may be

viewed as the grassroots of sustainability thinkkay. infrastructure, the essence of

t he 0 e nv ithenrerofregstainabilitytassessment is about understanding the
overall impact of resource use in a projeetiucing material useliminatingwaste

and general environmental impadthis is manifested in various practices such as:
reducing runoff, using recycled or recyclable materials and management of energy use
and greenhouse gas emissidfs: SCIRT, waste minimisation is identified as the

core elenent of theifi s ust ai na b ({SCIRT rnyd. &, thustit is wathb

specifically addressing. Lowarbon design and operational carbon assessment is a
related factor but it will not be addressed in detail here given limited space. Suffice to
say,itisnot an explicit aspect of SCIRTOs approat
reducing waste and lifecycle assessment in design (both described later) may be
associated with lovearbon design.

Recycling of material appeared to be a potential opportémitihe reonstruction of
roads in Christchurchiven the repetitive nature and scale of work across theaty.
example, m terms ofinfrastructure networks, roads directigmaged by earthquakes
neeckd either resurfacing or a fulepth rebuildMarginally damagd roads may also
be trenched to access and fix damaged pipes that lie underneath. Theseaafforts
result in a significant waste stream of discardadement and subase material.

However, this opportunitis constrained by a number of factdRecyclhg material
in-situis being implemented isome caes for pavement rehabilitation. Yet the
quality of in-situ road basean be highly variable, even withirsaeet. Therefore,
specifying reuse of this material poses a risk to tjuality and durability of the
constructiorwork. As one leader in design expressadffe would like to use a lot of
the materials that we are digging out, for relideut again it comes down to cost...
No matter what peopl e .Alsa b partieulardagtorfor cost i s t h
Christchurchs that theres an abundant supply ¢dcally sourcedlow-cost, high

quality aggregatéor the road base and for backfilling trenchEkis significantly
reduces the incentive to recychaterial, as itannot le justified economicallyThis

is criticalwhen funds are highly constrainddndsnotinvestedroads could be
allocated to other aspects of tieeonstructionThe availability of cheap aggregate
also reduces the viability of investigating other innoxatlternatives. One
interviewee concerned with environmental management mentioned a potential
initiative around recycling cement kiln dust. This involved using cement kiln dust in
trench backfilling. However the idea did not gain traction due to costcettainty
over performance of the material in the ground.

Waste minimiationis a performance target fdelivery teams at SCIRand is

perhaps the most visible environmental initiative beyond compliance with
environmental consent requirements. Theeeiacentives in place to promote more
sustainable practice; efforts towards waste minimisatgracs on delivery team
performanceating. This rating has commercial ramifications asfluences the

perentage of work allocated across the five contngctirganisationdiVhile SCIRT

is an alliance organisation, this incentive (amongst others) has been set up to maintain
an element of competition between the delivery teams and to support improvement in
performance throughout the fiyear contract.

It is worth taking a moment to look at sustainability assessment of infrastructure in a
businessasusual contextSustainability rating semes for civil infrastructure
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(current schemes a@EEQUAL in the United Kingdomnnvision in the United
Statesandtheinr ast ruct ure Sustainabil )JdpeciiyCounci
goalsfor recycling materials, diverting waste from landf@hdmaximising use of

local materialsThis is often donérough statingpercentage by vame of project

materials that theshouldreused or recycletb meet certain performance criteria

an extent, these tools may provide some guidance around potential issues tomddress
reconstructionbut the same prioritieend possibilitieslo not necessarily apply in a
postdisaste s cenari o. Det epenoimarcetigatcoulddest pr act i
consistently applied to different recoveries is perhapgwven feasible given that

every disaster is different. The challenge around developing a waste minimisation
scheme f or iSdstuBsédbglowmw o r k

It took approximately two years to develapvastestream reporting framework

acrosghe five delivery team@vho also manage stdontractors). The process started
with developing a waste management audit tool, which was designeal/tdeor

delivery teams with a consistent basis on which to track waste. This has since been
advanced to capture percentage of waste eliminated, reused, recycled or disposed.
However there is not yet enough reliable historic information to track trendsmalgis
seem like slow progress but it needs to be viewed in the context of the disaster. For
example, immediately after the event, environmental consent requirements were
relaxed to allow direct discharge of wastewater into waterways. The imperative was to
awoid wasteassociated health issues. Moving into reconstruction, SCIRT had a role in
creating formalised, consistent approaches to decision making. The initial focus was
on ensuring compliance with consent requirements. Once some basic processes were
in place, the organisation could then start to move beyond compliance and create
waste minimisation goals. These goals are reviewed as performance improves.

Resilience: a concept for longerm thinking

While environmental initiatives represent traditional thivgkaround sustainability,
resiliencebased thinkindnas gainegbolitical currencymore recently with concern
aroundthe impact of natural hazasan infrastructure performance and ultimately,
community wellbeingWith this in mind, this section firgirovides general context to
resilience as a concept that supports decigiaking processes in reconstruction. This
leads into a specific example of how resilience is used in decision making at.SCIRT

Within the infrastructure sector alone there are vanmances in the use of the term
0 r e s i.Acoemmantbeine omunderlying essence of resilienceli® capacity to
adaptWhile there is much debate over meaning and no widely accepted definition,
the following conceptual definition for infrastructuresiteence provides a good
synt hesi s, resiligngeeentdils threp interrelated diinensions: reduced
failure probabilities; reduced negative consequences when failure does occur; and
reduced time required to recover. This suggests that infrasteicesilience to
disasters is not purely a technical problem, but involves societal dimea$@imasng
2009 1). Achieving these dimensions may involve averting failure through
adaptation, increasing flexibility and increasing robustness (Fiksel 2006).

There is naeal consensus on operationagsresiliencgBlackmore and Plant 2008).
The general basis of resilience asse=# is to provide a structured, systematic
analysisto assessulnerabilities in a systengletermine appropriate points of
interventon and to prioritise investmenA resilience framework is not designed to
lead to a specific decisn, but to support a betterformed decision processes
(Mansouriet al 2009. Consideringesilienceof an infrastructure networgan
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contribute to undstanding the broader context of design in order to evaluate costs,
benefits and risks from astgms perspective (Fiks2006).

Lifelines engineering at regional level in New Zealand adopts this type of assessment

approach, although it has not beenexplicl y framed as a O&éresil i ence
past. Lifelines engineering formally began in New Zealand in 1989 and this eventually

led to a report in 1997 that assessed the vulnerabilities of lifelines infrastructure to a

range of hazards (Christchurchdineering Lifelines Group 1997). Subsequent

investment by utilities organisations in mitigation of seismic impact helped to reduce

the effects of the recent earthquakes (Fenwick 2012).

Resilience is alsa concept that has a roleshapingdesign decisiosin the current
reconstruction effort. Resilience at SCIRTfihe ability for the infrastructure (the

roads, pipes etc.) to resist future earthquake damage. Improved infrastructure
resilience can be achieved by using better materials, adopting highstraction
standards, creating new systems, or minimising hapard¢ SCI RT, n. d. b

With the exception of the Port Hills in the southeast of the city, Christchurch has a

relatively flat topography. The wastewater network is predominately a gizasisd

system with pipes laid at a low gradiefmhese systems pred to be highly vulnerable

in areas subject to lateral spread, liquefaction and subsidence in an earthquake. In

catchments thatustained heavy damage, SCIRT engineers considered alternative

technol ogi es as wel |reppementtoftreigrgvigdsedvdrss ke f or | i
The alternative optionslow-pressure or vacuum sewettypically require higher

initial capital costs, but atess likely to sustain critical damageamearthquakdarge

enough to induce liquefaction

As part of the design process for these catchmentsydife assessment efastewater
networkoptionsconsidered the costs of a possible future earthquake sufficient in size
to cause liquefaction in Christchurdfey features of this assessment included

analysing costs over 30 years (using an eight per cent discount rate) and incorporating

the cost of replacement or repair in five ye
The possibility of another earthquake watedained through considering likelihood
predictions from geoscience experts. A Odnet
estimated additional cost of an option alternative to the conventional gravity network

system. The lifecycle assessment does notéhelu t he &éi ncr ement al resil

provided by use of modern materials (SCIRT 2013), which would be used in all
options. The lower vulnerability of the alternative options to earthquake damage
meant that these optiotended to become mocestcompetitive thhough
consideration of lifecycle costsompared to an assessment of capital costs.altwee
key benefit of thimssessmerapproachs that it captured the overall value of
introducing a system that is more resilient under earthquake loading

One mightcriticise this as a technocraipproach taecoveryfocusdon physical
reconstructionHowever, referring back to the definition of resilience presented

earlier, this design process gaesneway in addressing the interrelated dimensions of
resilience hrough attempting to reduce the possibility of future damiagelopts a
disasterisk management philosophy; the underlying consideration is to reduce the
impact offuture earthquakdamage on the infrastructuiéhe key decision lay in

balancing cost vih the potential fomvoidedfuturedamageThere is uncertainty

associated with the assumptions made in the assessment (e.g. the eight per cent
discount rate could be debated) and there are limitations in the factors considered (e.qg.
neither embodied caoin or the cost of loss of service were a factor). However, the
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process has served as rational (if somewhat limited) basis for incorporating lifecycle
considerations into design.

CONCLUSIONS

Reconstruction presents both opportunitersand challenges tmcorporating
sustainability principles into decisioriBhe postdisaster environment is perceived to
provide a window of opportunity for improvement that would not have otherwise been
possible under business-usual development. However, it is highly taaging to

address the sherérmpressure to reinstate services while also considémgterm

social, environmental and economic issues

Four factorghat influence how sustainability principles are integrated into decisions

for reconstructiorhave been discussed. Firstly, it is certain that organisational
boundariesffect the nature of decisions and how the reconstruction process is

managed. This is an overarching issue that impacts on the other factors. Secondly, it is
inevitable that therare tradeoffs inambitionsp ar t i cul arl 'y because ¢
inheritanceo wil|l l'imit the possibility f
improvement or changs limited by what exigtd beforg the level of damage

sustained anthe cosiand timeimplicationsof doing something differenthirdly, the
feasibility of implementing &6ébest inmractic
postdisaster environmentt is difficulttod¢g er mi ne what andstcahbest p
take time to estalsh appropriate targetslowever, in a costonstrained context,

commercial incentives help to improve performarkipally, resiliencas aconcept
thatfacilitateslong-term thinking which is a fundamental concept of sustainability.
Incorporating resigénce into decision making for infrastructure in Christchurch has
materialised both through prisaster action to reduce network vulnerabilities and

through postisaster options assessment.
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It is increasingly recognised that if the emphasis remains on reducing operating
carbon emissions (OCY buildings, embodied carbon emissions (EC) will eventually
attain asignificantproportion of buildings' lifetime carbon emissions (LC). Emphasis
on minimising EC is equally desirable if LC is to be reduced. A first step to

minimising EC is quantificatiorin order to know what quantities to minimise.

However, several prevalent approaches of quantifying EC pose challenges in
promoting potential alternative actions to reduce EC. In many cases, besides the
limitations associated with the boundaries usuallypaed, it is difficult (if not

impossible), to attribute the respecta@urce of energy(e.g. diesel, coal, biomass

etc.)to the resulting EC. This paper presents a mathematical model for computing EC
of building projects and in contrast to previougigtg, a concept of disaggregation is
adopted in order to identify EC with the respective energy sources. The approach
enables the specific souroagfsenergyto bear on the quantificatiasf EC, in a manner

that allows differentiation of the contribution tbfe differentsource of energy. The

model is presented in a series of mathematical equations. The major benefit associated
with the nature of the developed model is that, even without recourse to material
substitution (e.g. timber for concrete), it issgible to achieve emission reductions

from the same material by optimising the parameters (e.g. energy used in
manufacturing and transportation) associated with its EC.

Keywords: luilding projects embodiedcarbonemissionsmathematical model

INTRODUCTION

The building sectohas earned a reputation of being both energy and carbon intensive
T it consunesup to 40% othe global final energy and releas€8®of the annual

global emission§WBCSD 2012 UNEP 2009. Meanwhile nationalandinternational
climatechange regutary regimege.g.UK Climate Change Act 200&yoto

Protocol 1998set ambitious targets progressivelyeduce carbon emissionstte
smallest possible coturSuch ambitions do not exclude buildings, given the reputation
of the sector. The totéifetime carbon emissiond.C) of a building arise from

embodied carbon (EC) (e.g. emissions from material manufacture and transportation
andoperating carbon (OQg.g. emissions from lighting and heatingpcussing only
onreducingOC, as the case has hitherto been, has a kmoeifect on EC. Several
studieg(e.g.lddon and Firth 201,3Sartori and Hestnes 200/&port hat reducinddC
increases the relative contribution of EC to LC. Even though it is widely
acknowledged that OGkesthe larger proportionf LC, with the current trend, it

may not be the case in the near fuiuf@C will approach 100% of LC. Avoiding this
likelihood necessitates simultaneous effortsenfucing ECGoo.

1cnnk@leeds.ac.uk
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Initiatives of reducing EC should begin with quantifying it in a disaggregated but not
aggregated approadhn. disaggregated approacht# differentenergysourcege.g.

diesel, coal, biomss etc.jhat contribute t&C can be readily accounted for, unlike
aggregated approaches. The major shortcoming of aggregated approaches is that they
assume emissions from thdferent energysources to be homogeneous. Such
assumptions preseshortcomings similar to those in economics, when inflation is

i nterpreted based on goodsgnghatibfasketmapwaicely k et of g
differ (e.g. in quality, preference, and price changes), making the sole inflation figure
rather norrepregntative for different goods. For instance, the siiitlyperman and
Pearlnutter 2008 used a carbon emission factor of 100kg@ér unit energy for all

the different energy sources that were involved in calculatingSE€h an approach

and several similar on¢seeKua and Wong 201Broun and Menzies 2011

Dimoudi and Tompa 200Q&tifle potential efforts to minimise E@Vithout

articulating what each engrgource contributes to emissions means that it would be
difficult, if not impossible, to trade off for better options (i.e. opting for energy

sources with lower emissions). Relating to the inflation analogy again, the figure for
inflation may not providenough information for someone to identify goods that

might be cheaper. Meanwhil@isaggregated approaches are not easily achievable
especially in processes (e.g. steel manufacturing) where it is difficult to distinguish the
proportions of various source$ energy usesee Hammond and Jones 2DHven

so, the benefits associated with disaggregation make the temptation to disaggregate
EC irresistible. Althouglsome studie§Gustavssomrt al 201Q Dias and Pooliyadda

20049 attempted to disaggregate EC, they still leave a lot to be dédined

boundaries they adopted did not take full account of components (i.e. materials, plant,
and workforce) that contribute &C of a building project.

From extant literature reviewed, aggregation is promoted in various ways, commonest
of whichinclude use of balpack average carbon emissiaatorsfor varying
materials(seeAye et al. 2012 Huberman and Pearlmutter 2008se of generic

country averagemission factorgseeGonzalez and Garcia Navarro 20@®le

1998; anduse ofemission factorsvith undisclosedenergysourcegseeBroun and

Menzies 2011Dimoudi and Tompa 200&\sif et al 2007. EC resultspossess

significant levels ofincertainty due to variatioof energymixes among other reasons
(Hammond and Jones 201@ggregaion certainlycompoundsuchuncertaintiesin

this paper, we present a mathematical model that can facilitate disdggregahe
quantification of EC of building projects.

METHODOLOGY

This work was about developing a mathematical model and therefore, the

methodology adopted followed standard mathematical modelling principles.
Mathematicamodellingi € mi mi ¢ [ s Jusrienagl itthyye Hyanguage of mat
(Bender 1978: 11 Several texts on mathematical modell{egy.Meerschaert 2097

Edwards and Hamson 20(Hangos and Cameron 2QMurthy et al. 199Q Burghes

and Wood 1980suggest that it generally involves: formulating the problem, stating
assumptions, mathematical formulations (e.g. equations), solving the mathematical
equations and interpreting the results, verifying that the mathematical model & corre
and finally, using the mathematical model/solution to address the problem. However,
rarely are all these stages executed, or even executed in a perfect sequence. It is usual
for a mathematical modelling process to involve rounds of iterations, ofterdex

some steps that are not of interest or are out of &ypghes and Wood B®). Since

the major aim of this paper was to present a mathematical model, the scope was
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limited to problem formulation, assumptions, mathematical formulations, and
verification.

Problem formulation

Problem formulation necessitates a thorough undetistgrof the world associated

with the problem(Berry and Houston 1998urthy et al. 1990Q. As elaborated in the
introductory part of this paper, the problem to address was elicited from the extant
literature. The major prevalent problemas aggregation of EC results and this work
set out to address this problem by developing a mathematical model that can accord
disaggregation. The task was to develop a model to coriiieé buildings in a way

that enables the energy sources to bear @ulantification, in a manner that allows
differentiation of the contribution of the different enespurces

Assumptions

Relaxing assumptions drifts the model away from the reality of the problem, whereas
stringent assumptions present difficult soluti¢asd analysis) but drift the model

closer to the reality of the problefBurghes ad Wood 1980 A balance between

strictness and relaxation of assumptions is necessary. In deriving assumptions, Bender
(Bender 1978: B) suggested tha model should delineate the world into three parts:

the part to be neglected, the paotentiallyaffecting the model but natcluded and

the part the model stiegbs. Too many considerations (i.e. number of variables) can
complicate the model, whereasglecting h e ¢ ores careirvdlidate

conclusions drawn from the model (ibid). The assumption stage is therefore concerned
with delineating the appropriate variables of the model. The biggest proportion of a

buil dingdbs EC o0c c agthe byldingierduringpthe@re mmi s si oni
construction and construction phases. Upon review of literature, it was concluded that
the appropriate model 6s i nput variables w

1 emissions from construction materials, including process emis&ans
resulting fromchemical reactionBke calcination of lime during cement
manufacturepnd material transportation emissigaseChanget al. 2012
Monahan and Powell 201 Asif et al 2007 Nasséret al 2007%;

1 emissions from plar(i.e. equipment, appliances, machinery and the) lilse=d
during constructionthis includes emissions from tranmstation of planand
emissions from onsitase(seeHughesetal. 2011 Kofoworola and Gheewala
2009 Guggemos and Horvath 200@nd

1 emissons fromworkforce,limited to emissions associated with the mode (or
energy used) for commuting to and from the construction(ssGustavsson
et al. 201Q Cole1998.

Mathematical formulations

Caution should be exercised when choosing the appropriate mathematical

formulations to define relationships between variaffigsvards and Hamson 2001
Meerschaertreferrado t he O f or nfuslealtei cotni nsgt atgheedb naosd e | |
andnotedthai € success at this step requires ex
the relevant [ ma(Méeeschaett 200793n ordar to mmaldtetar e 0
model, it is imperative to understand the various alternative kinds of formulations

(Murthy et al. 1990 in order to choose a model that is aqyiate for the problem in

guestion.
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Type of mthematicaimodel used

The taxonomy of mathematical models is delineated by various attributes.
Quantitative models respond to questions of inquiry prescribing quantification (e.qg.
how much?, how many?), whasequalitative models are broadly concerned with
studying a system and its properties, without necessarily reducing anything to
numbergSaaty and Alexander 19871A quantitative model was approgean this

case sincenodellingdeat with numbers (e.g. quantity of emissions). Unlike dynamic
models which are suited for studying systems that entail processes evolving over time
(e.g. spread of a disease), static models are time indepénNtnschaert 20Q7

Murthy et al. 1990Q. The proposed model considered static systems Wwhere

emissions are computed at a specific instance in time. This was appropriate due to the
great uncertainty usually associated with anticipating change in @oiecyechnology
related to emission reductior@nce in deterministic systems the values of the

variables are predictable with certainty and rather not random as the case is for
stochastic or probability systertiSdwards and Hamson 20Q®urthy et al. 1990, a
deterministic approach was adopted for the modelling exercise. Furthermore, various
types of equations can be used in mathematical modelling: differential, integral,
algebrai¢c anddifference(Meerschaert 20Q Edwards and Hamson 200Murthy et

al. 1990. In Murthy et al. (1990, it is indicated that statialgebraic formulations are
suitable for modelling deterministic systems. Of the 54 equations in the 25 models
(related to embodied energy, greenhouse gases, waste armbsinparamets of
building-projects) of previous studies that were revieweflbandaet al (2013, 40
equations-awgebréastctati dhus al gebraic equation
appropriate for deriving the model. Consequently, the derived mathematical model
was a quantitativeeterministiestaticalgebraictype ofmodel.

The analysis technique

Life cycle assessment (LCA) is a commonplace technique of analysing environmental
profiles of buildings. The life cycle of a building consists of its construction, use,
maintenance, demolition and related waste handhgtavsson and Joelsson 2))10

all of which have impacts on the environmdRésearch sugges that as the interest to
reduce such impacts develog&hn Ooteghem and Xu 20),2he need for better
methods to understand and therefore quantifyrtipacts (e.g. energy use, emissions,
water use) in a lifecycle perspective increasduich saw LCA emerg€artori and

Hestnes 2007 Combined with energy, LCA evolved infifecycle energy analysis
(LCEA). LCEA of buildings is the LCA analysis that uses energy as the measure for
gauging the environmental impacts of buildifgisiberman and Pearlmutter 2008

The LCEA method is deemed appropriate for buildings and its intentions are not to
substitute LCA but rather, enable assessment of energy effidieaggt al. 200Q. In

the procedure, LCEA accounts for all energy
time and upon understanding the amount of energy, the associated carbon emissions
can be deduced aride environmentalmpacts of the building caalsobe
conceptualise@Ramestet al 201Q. For the developed model, it subscribed to the
partial LCEA approach of cradle to construction aggpemodules Al to AZBS EN
15978:201) and relevant LCAstandard¢seelSO 14040: 20061SO 14044: 2006

Modelling techniques adopted

Commonly referenced are threerpary modelling techniques used in LCEA: process

analysis (PA), inpubutput analysis (I0OA)and hybrid analysis (HA). 1Alcorn and

Baird (1996: 319 PA isreferredto asoneentailiige sy st emati ¢ examinat.
direct and indirecteneng i nput s .tlnoother wgrds,dA @ealswith tracing
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all the energy inputs of products that are dependent on the p(btmssner 199).
Meanwhile the IOA method credits its roots from ma&wonomics, as it was initially
developed in economic research problems and later adopted for energy analysis
(Hammond and Jones 2Q@ullard et al. 1978 Roberts 1978 I0A traces energy
flows by analysing monetary flowe and from economic sectors, through mapping
the financial output of each sector with the corresponding energyAleedn and
Baird 1996. HA, as the name suggests, is an amalgam of PA and IOA. Since HA
combines data from PA and IOA in various w&gsawfordet al 2009, hybrid-
variants can be realised (e.g.BAsed and 10/4ased hybrids), depending on
dominance of a method in the approach adopted. As such, each of thesePthree
IOA and HAT methods has its own merits and demerits.

Several studieg.g.Murrayet al. 2010 Hammond and Jas 2008 Crawfordet al

2006 Lenzen and Dey 200@lcorn and Baird 1998Viortimer 199) discuss the

merits and demerits associated with PA, IOA and HA, based on wahictgement
canbe made orthe appropriatéechniqueo adopt PA is suitable for assessing direct
but not indirect impacts, while the reverse applies for both IOA and HA. For indirect
impacts, PA is criticised for the subjectivity involved in deciding the truncation point
(Lenzen and Dey 2000The unavoidiale use of sector averages in IOA implies that
the method poses challenges in evaluating a specific individual prdduicty et d.
2010. Thus IOA is usually associated with aggregated re@sittargaultet al 2012).

PA is suitable for a specific process or product and can also take into account
technological advancements in the system under ¢@Gdstavssoet al 2010.

Al t hough PA does not gi ve e5temzepdnkDee 6 r esu
2000, accuras of up to 90% can be registe(éthmmond and Jones 2Q1urray

et al 2010. Most models based on stadilgebraic formulations to which the

derived model in this work subscribesre usually based on R8ee Abandat al

2013. Since the interest of this work was centred on disaggoegaging algebraic
equationsPA techniques were adopted.

Verification

Verificationinvolvesi d et er mi ni ng whet her t h(dango® d e | [
and Cameron 2001: 28e. doegshe modebive the correct or expected output?
Although verification is often presented last in sauee, in reality, it is usually done
concurrently with other stages (i.e. formulation stage and solution stage). In this work,
verification was done concurrently with the formulation of equations. Meanwhile, in
modelling,f mat hemat i cal ncal waeld rhakes gense dnly ifithep h 'y s i
model s ar e di mdBemryiamiHaubtdnyl99%: dbpdrrathert 0
dimensionally homogeneo(@Bender 1978 Theefore, as a tool, dimension analysis
can be used verify that starécerrede® el oped mod
fundamental dimensiors physical quantities afdass 0 , Length 0 and Time

“Y (Berry and Houston 1998urthy et al 199Q Bender 1978 from which all other
dimensionf quantitiescan be derived. If all the terms which constitute an equation

have the same dimensiomisen it can be claimed that the equation is dimensionally
homogeneou@Bender 1978: 35 Consequentlyas a verification measuréerived
equations wrerigorously checked for dimension homogeneity

RESULTS AND DISCUSSION

EC of abuilding projectequas to the sum oemissions from materials, emissions
from plant and emissions from workforgees Hugheset al. 201% ICE 201Q. The
model was thus composed of a series of equations related to emissions from materials,
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plant,and workforceln each equation, a dimensionless disaggregation factor was
introduced. This factor is defined as the proportion of energy used (e.g. for
manufacturing, transportation), derived from a speeifiergy sourc&Multiplying
thedisaggregatio factorwith the carbon emission factor of that energy source enables
the outputs of the model to be presented in a disaggregated manner.

Emissions from construction materials

Emissions from manufacturing and transporgngpnstruction materials, usir{@
differentsourcef energy are given by Equations (1) and (2) below, respectively.
Three options A, Band C, were considered in Equation (2). Option A is applicable
where the weight of materials is significant and known, and the distance of
transportéion can be estimated. Option B is applicable where the weight of materials
is insignificant (whether known or unknown) and the quantity of energy used is
known. Option C is suitable where weight of materials is insignificant (whether
known or unknown) anthe distance of transportation can be estimated

Ele = E:_q Bi (Ef I‘;:'_J CJ!E 3}1 + 5:’] (1}
o (Ej",' W;; X' Claf ); If eption A conditions apply
EC,, = I X WS CF af If option B conditions apply (2)

i Xy (Ei’ C;’ c{f}: If option C conditions apply

wherei0 6 s the total emissions from manufacturing materfadkgCQ); ” is the
quantity of material typ&Jin kg); o is the quantity of energf2o manufacture a unit
of material'din kwh/kg); 6 is the carbon emission factor (in kg@&®W\h) per unit
energyQused;— is a disaggregation factor manufacturingnaterial' QY is a
constant for process emissions per unit of maté&fialkgCOy/kg); 06 is the total
emissions from transporting materiéils kgCOy/kg); @ is thequantity of energyQo
transport a unit of materi&per unit distance (ikWh/kgkm);é is the transport
distance for materidlfin. km);| isadisaggregation faorin transportingnaterials
6 is the carbon emission factor per unit distanedkg§CO/km) with respect to the
corresponding transportation enef@g is the quantity of energf@o transport
material@in kwh).

Emissions fromplant

Emissions from operation and transportation pfant, usingQdifferentsourceof
energy are given by Equation (3) and (4) respectively

ECq = Ef; Pq (E? Uaj CJPEJEI} &)
ECqz = g @ (X5 Yq; X7 Claf (4

where:0 6 isthe total emissions from operating pléimtkgCQ,); « is the number
of plant typer); Y the quantity of energfuised for operating plarit(in kWh); 8 is
the carbon emission factor (in kg@®WNh) per unit energifised;— is a
disaggregation factan operating the equipmer® 6 are the total emissions from
transporting plank is the weight of planf (in kg); & is thequantity of energyQo
transport a given weight of plaftper unit distancerf. kWh/kgkm); & is the
transport distance for plant(in km);| is adisaggregation factan transportinghe

plant Options mentioned in Equation (2) about material transportatioeaquzadly
apply to transportation of plant in Equation (4).
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Emissions from workforce

Emissions from transportingorkforce for duration , usingQdifferentsourcef

energy were given by Equation (5) considering two options A and B. Option A is
applicable where the duration of using the workforce and the quantity of energy used
per unit duration are known. Optid@his applicable where the duration of using the
workforce, the quantity of workforce, the distance travekled the modes of

transport used are all known.

Bf Bd& 6| NOANOWOHE & QQOHNH & &
Bf 0 B &S| NOAQROVOHEE QQOHNY &
where:0O ¢ is the total emissions from transporting workfo(oekgCQO);f isthe
duration"Qworkforce is used (in daysjj is the quantity of energQ@o transport
workforce per duration (in kWh/dayy; is thecarbon emission factor of the transport
energy used (in kgCgZkWh);| is adisaggregation factdor transportingvorkforce
0 is thenumber of people in the workforce re@dr® is the distance travelled by a
person per duration (in km/day); is the carbon emission factor per person per unit

distance depending on the mode (e.g. bus, train, cycle) of transport used (in
kgCOy/personkm); is adisaggregation fetor for the modeaused in transportation

06 (5)

Conditions (constraints) subjected tothe model

The direct and indirect emissio(defined as per Defra/DECC 2018ere to fulfil
Equation (6), whereas the disaggregation factors for all the diffeventesf energy
‘Qwere to sum to unity, as expresseddayations (7) and (8):

Baoad
G =D+ (6)
556" =1;0=6" =1 (7
et =1; 0= i =1 (8)

where:0 and'Oare thedirect andndirect emissions resulting from energgurceQ
respectively.

The final model

The final derived consolidated model for the total embodied carbon emis8ions
of a buildingprojectis given by Equation (9) below.

00 00 06 00 00 00 9)

Model verification

All derived equationwere checked for dimensional homogeneity and Hatigfied
this condition An example of Equation (1) is illustrated below:

06 B” Bod— Y

from inspection, the above equation can be broken down into three terms which are:
00 ,” w6 — and” Y, whose dimensions can be deduced as foll@\s: is

measured ikgCQ; (i.e. mas) and thusO 0 0 ;" is measured in kg and thus
” 0 ; w is measured ikwh/kg and thusd 00"Y 7T0;0 ismeasured
in kgCO/kWh and thusd 0X00"Y ;—isadimensionless constant and thus

—  p;"Yis measured ikgCO/kg and thus™Y 0 70 . Substituting the deduced
dimensions into the three terms of the equation shows@hat 0,

59



Kibwami and Tutesigensi

w0 — o 00"Y F O0FOO"Y p O,and” Y O
0 ¥0 0 . Therefore, Equain (1) is dimensionally consistent.
IMPLICATIONS

Considering a building project, if attention is drawn to materials, as they are a major
source of EC, mny studiehavehithertoconcentrated their efforts on discussions

involving materialtypecomparisongi,e. wh at i s amdngssteelgtimbee ne st 0
andconcrette) . This work contends that it is equal
from what energy sour@8 n @ suitable energmix palette|t is equallypossible to

achieve emission reductioby varying thedisaggregation factorglated to that

material without recourséo material substitutiaror instance, in Equation (1) and

(2), the disaggregation factors and| can be varied until a desired level of

emissions from materials is aithed. This may for instance imply reconsidering where

the construction materials are sourced from. In Equation (5), a construction practice

can vary , which is related to the proportion of the different modes or energy

sources used for transportingrkforce, in order to arrive at a desired level of
emissions. Demonstration of how the model can contribute to several of such 'real
world utilities' falls in the last phase of mathematical modellinging the model to
address a reatorld problem. Theresent work sets the foundation to embark on this
phase that is beyond the scope of this paper.

CONCLUSIONS

It has been argued that the prevailing approaches of computing EC do aggregate
results and this stifles plausible alternatives to reducing ECgusathematical
modelling, this paper has presented a mathematical model for computing EC of
building projects. The model considers all plausible components of a building project
that cause emissions. More importantly and contrary to most previous dfferts,

model can present disaggregabedputs. Although a disaggregated approach may not
be easy to apply in some cases, it is worth the effbe.approach enables the

specific sourcesf energyto bear on the quantification, in a manner that allows
differentiation of the contribution of the different sources of energy to the resulting
EC. In that wayit is possible tachieve emission reductioby varying the
disaggregation factors, which are the proportions of energy sources used. This opens
up morealternatives of reducing EC, thereby promoting sustainable construction.
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TOWARDS A LIFE CYCLE FRAMEWORK FOR
BRIDGE MANAGEMENT SYSTEMS | N THE UK:
INSIGHTS FROM A CRITICAL REVIEW OF
INTERNATIONAL APPROA CHES AND MODELS

Teslim Bamidele Balogun

Department of Architecture and Built Environment, University of the West of England, UK

Effective Bridge Management Systems (BMS) are of paramount importance to bridge
owners and bridge managers. BMS in the UK encompass an inventory of existing
bridge stock, schedule of inspections, condition rating of structures, budget planning,
deterioration modeltig, bid for maintenance funds, and maintenance repair and
rehabilitation, but fail to consider sustainability and ldagn options. A Life Cycle
Assessment (LCA) approach is currently being proposed to address this problem,
which can be incorporated intoBMS. In order to achieve this, a critical analysis was
performed on international literatures in the area of BMS study. This presents insights
of previous approaches and models towards improving existing BMS functionalities,
while responding to generiequirements. Findings revealed that the incremental
improvement of BMS does not consider sustainability options to enable sustainable
decisions to be made regarding bridge management activities. Therefore, systems
should start considering sustainabilitytioization criteria which can be delivered
through a life cycle approach.

Keywords:asset managemetitridge management systglifie cycle assessment
sustainability

INTRODUCTION

Bridges play a vital role in economilevelopment. Bridges providereans of
transporting goods and servidesm place to anothdiVilmer, 2012). Managing
bridge networks across the country is a major challengewernmentsnd bridge
owners (Flaig and Lark, 2000; BOF, 2004; Duffy, 2004; Gattuli and Chiaramonte,
2005).Challenges feed by bridgeowners arebridge deterioration duto ageing,
increased traffic and environmental conditions (BOF, 2004). The need for urgent
attention towards the ever increasing deterioration problems paeregy for the
emergence of bridge management.

Bridge management provides guidelines for difecdecisios for the maintenance,
strengthening, assessment and continuous use of bridges (Gattuli and Chiaramonte,
2005; Hallberge and Racutanu, 200If).respect to this,idge-ownershave
developedools tomeet the objectives of bridge managemaniridge management
system (BMS) is a software tool developed by bridge experts to collect and store
information,designed to support decisiomaking regarding resources for operations,
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maintenance, rehabilitation, upgrading and reconstruction of bridgesr¢ads,
2002; 2004; 2009).

Important developments have taken place in recent yebhis BMS. However, these
developments have not considered sustainability options. Therefore, the purpose of
this work is to identify the useful staté-the-art from irternational approaches and
models of BMS to enable the future development of a framework for BMS in the UK.
To achieve this, a literature review was conducted on international model. The
understanding from this review allowed a case faraoperating ate-cycle

assessment in BMS to be presented. To start with, an area that encompasses bridge
management and other highway asset is discussed.

ASSET MANAGEMENT

Asset management is a strategic approach that identifies the best allocation of
resources for thmanagement, operation and enhancement of the highway
infrastructure to meet the current and future needs of the customers (Road Liaison
Group, 2005). In addition, asset management is a systematic and coordinated activity
which enables organisations to bemsustainable by managing their performance,

risk and expenditure to achieve organizational strategis glam, 2008). The

integration of asset management principles increases organisational performance,
especially in the area of product and servicevdey (Road Liaison Group, 2005;

IAM, 2008)

Appropriateasset management planning is required to inform key stakeholders of the
functional characteristics of these assets, and to ensure they deliver the right,services
while meeting sustainability and cadtectiveness criteria (Austrods, 2009).
Transportation network embodies the most expensive infrastructural assets (Elbehairy,
2007). Network includes roads, bridges, railways, waterways and air yetts.

bridges are one asset with distinct featuresclwheéquirespecificmanagement

strategies; hengasset management for bridgésgure 1)is developed as a separate

and critical category within wider asset management planning (Austroads, 2004; IAM,
2008; Austroads, 2009; HMEP, 2013).
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Figure 1. AsseManagement for Bridges (Adapted from: Brown, 2013)
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The componetof asset management foridges are indicated in Figure A holistic
determination of performance target and ability to predict future demands is the
strategic goal and objectives of asseinagement for bridges.
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BRIDGE MANAGEMENT FR AMEWORK

Bridge management is an aspecthaf road network asset, focusatbridges
(Austroads, 2009). It is the means by which a bridge network is catered for from
conception to disposal (Ryall, 2001). Bridganagement is the process by which
agencies monitor, maintain, and repair deteriorating systems of the bridge using
available resources (Elbehairy, 2007). It involves a systematic approach of carrying
out work activities related to planning, design, cangton, maintenance,

rehabilitation and replacement of bridges (Deshmukh and Bernert, 2000).

Bridge management within the UK evolved rapidly after the completiaibfyear

national programme of assessment and strengthenlrgh started in 1987 and ended

in 2002(Flaig and lark, 2000; BOF, 2004). The assessment was initiated as a response
to a governmeninitiative to increase the load carrying capacity of bridges from

30tons to 40tons (Duffy, 2004; Cole, 2008his pavedtheway for various guidance

and design coddo emergewhich includes th®esign Manual for Roads and Bridges
(DMRB) developed by UK highway Agency.

BMS in the UK

Evolution of BMS in the UK started with the first generation of BM&ich usedan
electranic inventory as an advancement of earlier inventory sheets (Flaig and Lark,
2000; Kim, 2001). The second generation of BMS designedo help manage

bridge maintenance task, with inventory, assessment, inspection, maintenance and
repair data (Fiaig andark, 2000 and Kim, 2001). The third generation of BMS has
attributes of making decision and proposing repair and strengthening options (Kim,
2001). This stage of BMS, therefore calls for a closer look at investigating a system
with attributes of aiding drsion makingwhile considering environmental and cost
implications. This isa noteworthy pointas the UK construction industry is tending
towards achieving a sustainable future (Sé¢ell., 2003; Cole, 2008)

The first electronic based UK BMS was thatnal Structure Database (NAT) (Flaig
and Lark, 2000; Gordart and Vassie, 2001; Duffy, 2004) that was introduced to
replace the traditional manual system. The system was sensitive enough to store and
process inventory and inspections. Systems from athertries could not be

integrated into the UK NAT because they were designed to attend to the needs of the
country they originated from (Flaig and Lark, 2000). Austroads (2004) mentioned that
most countries have adopted the American Association Socielbgleivay Officers
(AASHO) code,in developing their own BMS-dowever the UK is an exception,

despite the fact that, Americans are leading in terms of workable BMS (Austroads,
2004; Kirk, 2008).

Another BMS developed in the United Kingdom was Bridgerseged by

Oxfordshire County council and is based on life cycle costing tegési(Cole,

2008). Steelet al (2005) developed a BMfar Surrey CountyCouncil called
COSMO;this was based on a Life Cycle Assessment (LCA) approach but could not
aid decisiom-making as it was impossible to generate sufficient data for
implementation purposeklowever, COSMO requires improvements to meet with the
new updated Highway asset management code of practice.

Critical Review of BMS Trends (from 2000 to 2013)

Deshmukhand Bernhardt (2000) investigated the degree of uncertainties in the data
collected during inventory analysis. The core of their research was to inform system
users of uncertainties in the data collected during inventory stage, and how it can
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affect the eliability of the decisions made by BM$heir aim was to examine
uncertainties associated with condition assessment, which are quantified using
mathematical and statistical principles. Tlaeljgledthat most BMS employ a
probabilistic deterioration model lmsingthe Markovian model and several
techniques to measuratd uncertainties.

Deshmukh and Bernhar@000) used deterioration model and reliability model to
compare predicted condition with actual conditiohbridges. The result gawe
correlativecoefficientfactor. The correlative coefficierdan be used to quantify
uncertainties in condition assessment datarder to test the applicability of the
correlative coefficient, they used thresse studies (Bridges) and results indicate

that the leel of uncertainties was very low from the coefficient of correlation
obtained from these bridgddsing this methodology Deshmukh and Bernhardt (2000)
demonstrated thaincertainties of data collected for inventory analysis in BMS is
negligible. Therefore most data collected at the inventory stage can be used by a
BMS; this may also depend on the experience of the inspector collecting the data.

The approach employed by Deshmukh and Bernhardt (2000) was rich enough to carry
out the research purpose, bataea of concern was; thoutiiree different parts of

the bridges for the case studies was mentioned, there was no record about the defect
that occurred at these pantghich is essential in working out uncertainties

Flaig and Lark (2000) wanted tovestigate what the users of BMS expect from the
system (BMS). They mentioned that most bridge owners were not satisfied with the
performance of their BMS as it is not able to meet their desired requirefikanys
and Lark (2000)nentioned thathe increse inthe loadcarrying capacity of aridge
from 38ton vehicle to a 4@on vehicleas mandated th@ghway authorities tengage
in the use oBMS, in order to cope with the challeng¢owever, users of the system
are not satisfied with the fundamenra#tributes of these systenis.order to
investigate this issueuser satisfactiorsurveysweresent to users to find out their
views, on how the system should be improved to meet their denimnels
guestionnaire was designed to ask questions conceruirent practice, attitudes
towards BMS, preference, inspection and experience with existing systems.

Flaig and Lark2000) were able to identify from their survey thaire information is
required from BMS to increase decision makpagential Theyrevealed thaBMS at

this timeoperated on theoreticabasisrather than being practical to meet wtitle
demands of a bridge manager; this resulted in their dissatisfaétlole Flaig and

Lark (2000) were able to achieve their aims, it is possible teedtgi a more

accurate response could have been derived using a qualitative approach, here a semi
structured interviews would be used to investigate the phenomena. This will mirror
the true state of what the users actually require of their system ratheraking

boxes.

Duffy (2004) presented an idea to develop a centralized BMS. This stemmed from the
increasing challenge posed to bridge managers when a bridge stock is increased and
needs to be managdauffy (2004) mentioned that thdational Roads Autbrity

(NRA) in Ireland,arebestowed with the responsibility of maintaining all national
roads.Therefore, they require a BM8 coordinate inspection and repair activities in
order to manage tirebridge stockHowever,Duffy (2004) observed that having a

BMS does not guarantee a welanaged bridge stock, as individual local authorities
needed to develop their own BMS, which resulted in poor value for money and
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increased rate of deterioration. Duffy (2004) therefore suggested that there was a need
to devdop a centralize system to manage bridge stock efficiently

In this vein, he Eisrpari a BMST wasnowdeveloped in Ireland, which functioned

on the bases of Danmdlagacenfalzedsyseduffy8 s BMS)
methodology was to identify the ugamoblem, which was lack of a centralized

system. However, Duffy did not give a background methodological approach to how
the problenflack of centralized systenfsecame a cause for poor value for money and
increase rate of deterioration. How this was pamdl (either through an interview or
guestionnaire survey) we are not informieéverthelesdD u f f y G was gbke foe
encapsulate the need focentralized BMS in order to improve management
strategies.

Hanji and Tateishi (2007) reported on a governn@tiative to increase the
performance of structures. This was born out of the desire to gepesitige

decisions about maintaining and preserving highway structures. Hanji and Tateishi
(2007) mentionethat most US bridges are over yéars old, and0% of them are
structurally incapacitated and neattention intheform of repais, rehabilitation and
replacement. To achieve these objectives the Federal Highway autteriieged a
programme called Longerm Bridge Performance (LTBP) which was danto

Bridge Management in Europe (BRIME) (Godart and Vassie, 2001), conducted to
advance the pormance of structure for loAgrm useDuffy pointed out that it was
necessary to implement BMS if the initiative objectives were to be met.

Therefore, foboth LTBP and BRIMEthe aim was to introduce aVES that serves as

a catalyst foachieving the aims armbjectives (enhancing decisiomaking regarding
maintenance and preservation of bridge structdie is, however, to emphasise the
increasing needf a BMS in order to enhance bridge management performance. The
guestion is; should we focus on continuous development of new BMS or focus on
evolving the existing BMS to improve performance of structure.

Hallberg and Racutanu (2007) reported on hosv3vedish Road Administration

(SRA) has developed their own BMS called Based Bridge and Tunnel Management
System (BaTMan), used for operational, tactical and strategic managdimeyt.
mentioned that, nlike other BMS, BaTMatffialls short of Maintenance, Repair and
Rehabilitation (MR&R) options within its operation resultingp capital lossThey
claimed that existing systems are not predictive in terms of identifying environmental
dilapidation of structural elements and materials.

However, a system that operates on predictive bases has now been desadlepded
Life Cycle Management System (LMS). The LMS is partly based anQyfcle
assessment (LCA), Lifey€le Cost, Ecology etc. The idea of integrating a LCA to
evaluate environental options was innovative; howeyguestions regarding
implementation became another concern for experts in this 8etdlar to Duffy
(2004), Hallberg and Racutanu (2007) also identified the need to have a BMS, but
their focus was on its functionaharacteristics.

Shim and Hearn (2007) wanted to improve the functionality of BMS. This stems from
the fact researchers have now started to see the need to improve the existing system
functionalities rather developing new ones. Improving the system faatties can
enhance the generation of informati@nim and Hearhope to improve the output of
BMS by proposing a Noiestructivetest (NDE) in the system. They confirmed that
theNDE test is a tool for carrying out integrity test which can be categbizefour
staged element protection test, vulnerability test, attack test and damagenkith
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can be integrated into a BMBhey added that NDE used for bridge tesand BMS
provides information concernirtbe state of bridges; hend¢DE couldbe embedded
intoa BMS

The argument here is thathough NDE is known to befeeld test arrangementow

will this sit within a BMS framework. Again a clear justification for opting for NDE
needs to be informed, as we cannot verify this option bas#twearategorical

principles of NDE alone. We are told that NDE is categorised into four stages, how
these stages will be synthesised with BMS was not clearly informed in the
methodology. This paves way gqoiestiofng the validity of combining NDE test and
BMS.

Leeet al (2008) reports on the need for a comprehensive BMS that has the
functionality of using historical data to predict future performance. Hitherto, there
were no BMS with such attributes. Lekal (2008) highlighted thairedictions for

future structural performance could not be effectively determined in the absence of
usabl e dat a f rabhstoriral comdgianKaeoverl fetureestructural
performance can only be delivered, when access to historical information is available.

Hence, all the future prediction previously made using a deterioration modelling
technique is inaccurate. Leeal (2000) mentioned that there are several prediction
techniques already in use (suchregression, Markov models, Bayesian method,
fuzzy techmue, Genetic Algorithm, Case Basaad Artificial Neutral Network

[ANN]) but they do not have acceasshistorical bridge condition during analysi®
bridge this short falls, Leet al proposedANN-Based Backward Predions Model
(BPM), which improveghe accuracy of future condition rating by providing historical
bridge condition datal hus, the functionality of the BMS is now improved.

Tarighat and Miyamoto (200%roposed a Fuzzy inference system in a BMS. This

was conceived to improve the area ntertainties during data collectiochhough
Deshmukh and Bernhardt (2000) informed that uncertainties during data collection are
negligible; Tarighat and Miyamoto (2009) are of the opinion that uncertainty and
impression play a great role during practisatige inspection. This stems from the

fact that, most inspections are vidydlased hence subjective and uncertain.

Therefore in order to bridge this shortfall the fuzzy inference was introduced
According to Tarighat and Maiyamoto (2009etfuzzy ratng sysem can enhance

better decisiomnmaking by dealing with imprecise, imperfect and uncertainties of data
collected.

The Fuzzy inferencs a NonrDestructive Test (NDT) orientexystem, whictagrees
with Shim and Hearn (2007) on the need for BMS to e;pIDE characteristics
Tarighat and Miyamot¢2009) andPeshmukh and Bernhardt (200§ve employed
different research strategies to validate their point, although their findings
contradicted. A consensus could be reached if a holistic methodology \whs/edh
to investigate the type of uncertainties available and if they are quantifiable. This
would help evaluate the need to focus on a type of uncertainty.

Akgul (2013) developed a BMS thiatcorporates visual and Non Destructive Test
(NDT) basednspection into a BMSThis was conceived as parttbé initiative for
improvingthecurrent state of BMSAkgul mentioned thaf project was undertaken

in Turkey to integratelement condition and conditieating modes into existing

BMS, and in ordeto implement this, it was necessary to merge visual and NDT based
inspection characteristics
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The method adopted was to explareshole range of literature, thereby ensuring a
strong theoretical backgrounélkgul (2013)observed how researchers in theddi
have improved BIS, and termed their approadptimization'.Findings revealed that
most BMS comprised prioritisation or ranking capability only, #radthere isaneed
for improvement in the area of optimisation of maintenance and repair adtioss.
suggests that the quest to improve BMS functionalities is a way of optimizing its
outputs in order to increase the level of performance. Akgul's (2013) theoretical
approach was clear and convincingly presented.

Honget al (2013) argued thaBMS shouldadopt a preventive proactivei approach
rather than examining the rate of deterioradtne They observed that most BMS
operated on the basis of the rate of deterioration; this suggests that structures must
deteriorate before a maintenance methqataposed. To bridge this gap, Hoeigal
(2013) initiated a system that can inform bridge managers of the element that may
deteriorate next, which therefore aids proactive decisions to be made regarding the
structural element.

Prevenatve maintenance cebe achieved by predicgrthe deterioration of structural
elemens and develoment ofa maintenance plan. Horeg al (2013) mentioned that

the rate of deterioration of an element has been extensively examined by researchers
in this field.But the abilty to take proactive measure is yet to be explored. Hb@ad
reported that a prevatiive approach in BMS could be examined using three factors
namely; condition assessment, deterioration prediction and intelligence maintenance.
Central to Honget al's (2013)argumentvas the need for an improvement in BMS,

but this improvement should employ a proactive measure to enhance system
efficiency. Although Honget al (2013) presented an exceptional idea, but an area of
concern is that, the system will be fedcto accommodate and process several data,
which may lead to inaccuracy.

DISCUSSION

The above literature draws attention to the stéthe-art of BMS, paving way for a
conceptual framework to emerdgéiree conclusionarederived from the synopsis
which are

1 BMS hasevolved andtontinues to estve to allowfurtherimprovement.

1 BMS have strictly concentrated on the maintenance aspect of Bridge
Management and Asset Management, in respect to decision making and
funding options.

1 Specific features of BIS have improvedvithout observinghe actual need of
users.

The review has flagged users' satisfaction and system functionality as a dominant
theme. Now a major concern is usatishctionof the current attribute of these
systems, now that so many functionalities have been integrated. Conversely, the
construction industry is at the fore front of achieving sustainability, thereby taking
into cognisance every activity within the secton @ppioach of making BMS respond
to sustainable issues is therefprepo®d.Hence BMS should include mechanism
for integrating sustainability, in response to this situation. Moreover, uncertainties
over future demand and climate conditions and implicatiolsid§e management on
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the environment are more important issues to be considered than uncertainties over
probabilistic failure mode.

Since BMS helps to prioritize maintenance activities, it is logical to embed a LCA
assessment approach into a BMS. LCAvptes cradleo-grave environmental
implication of construction activities (Ortet al, 2009), therefore BMS would have
the propensity to provide information on the best possible maintenance techniques
with reduced environmental impact.

CONCLUSIONS

Thepurpose of this study was to explore the stdtthe-art of BMS toenable the

future development of a framework for BMS in the Wamponents and attributes of
Bridge management and Asset managerhaué been interrogated pave theway

for BMS (a tool or BM and AM)to emergeStemming from a critical revieyit is
concludel that incremental improvementsvarious BMS models do not consider
sustainable options, which will allow effectidecisiors to be made with regards to
bridge management activitieBherefore systems should start considering
sustainability optimization criteria, in order to enhance effective decision making and
extend the longevity of infrastructure.
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THE IMPORTANCE AND | MPLEMENTATION OF
SUSTAINABILITY FACTO RS IN MALAYSIAN
RAILWAY PROJECTS

Assa Amirill, A.H. Nawawi, R.Takimand S.N.F. AbLatif

Faculty of Architecture, Plaring and Surveying, Universiti Teknologi MARA (UiTM), Shah Alam,
Malaysia

The growth of global railway infrastructure development has encouraged many
countries including Malaysia to develop railway as a key strategy to enhance the
national transportatiomfrastructure and strengthen economic competitiveness.
Nevertheless, the development of railway infrastructure projects demands massive
land use, high cost, huge resources and time. These demands have great impact on the
economy, environment and social leeling. Implementation of sustainability factors

in transportation infrastructure projects particularly in railway projects has been
recognized as an important mechanism to minimize these impacts. Albeit, it is not
clear as to what extent do sustainabilégtors are incorporated in Malaysian railway
projects. The objectives of this paper are to identify the importance of sustainability
factors in railway projects from the stakehol c
of its implementation in Malaysierailway projects. A questionnait&sed survey

was conducted in Malaysia among the railway projects main stakeholders: the client,
consultants and contractors. The data were analyzed by means of statistical analysis
i.e. ranking of variables based on thean values. Paireddst was then used to

identify whether there are any significant differences between the factors perceived as
important and actual implemented. The findings show that the level of importance
and implementation of sustainability facs in Malaysia railway project is still in
moderate level. It is anticipated that the findings reported in this paper could be
important for future strategies and guidelines for improving the sustainability
performance of railway infrastructure projedesvelopment.

Keywords: Malaysian railway projectakeholdersustainability factors

INTRODUCTION

Infrastructure projects include transportatissater supply, solid waste,
communicationds networks, energy, etc. Su
objectives, involves people with many different perspectives who must come together

to complete the projects successfully (Clevergger. 2013). Henceanfrastructure

projects present significant opportunity to promote sustainability since they are large

in scope, multidimensional, costly and time consuming (Clevestger2013; Lothe

2006).

Sustainability of infrastructure transportation developneebasically defined

through its impacts on the economy, environment and social benefits; measured by
system efficiency and effectiveness (Jeon and Amekudzi 2005). The greater
efficiencies created by sustainable infrastructure will lead to reductionsste,wa
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energy consumption, land degradation, biodiversity loss and minimization in the
consumption of nomenewable resources (United Nations ESCAP 2007). Hence,
implementation of a sustainable concept in infrastructure projects development has
become cruciadue to it has a great impact on surroundings and involves many parties
(Buenoet al 2013; Litman and Burwell 2006; Jeon and Amekudzi 2005).

In Malaysia, the government has urged construction project key players and
developers to be responsive to tleed for better environmental and social protection
by taking proactive actions to promote and implement sustainability factors (Zainul
Abidin 2010). Nevertheless, the weakness in the area of sustainability development
still emerged, and it is not clear @swhat extent do sustainability factors are
incorporated in Malaysia infrastructure sector although its importance has been
highlighted (Pereira and Hasan 2004 and Saadetiah2012).

According to Naidu (2008), railway system has emerged as a very essential mode of
public transportation in Malaysia. However, Malaysian transportation infrastructure
projects that proposed by Government agencies and private sectors have often not
been sulgcted to rigorous scrutiny and evaluation, which resulted in poor

performance, project delays and stranded facilities (Naidu 2008 and khalid

2012). An example of these issues can be seen from the failures of all three urban rail
transit systems in #ala Lumpuii the STAR and PUTRA lines and the Kuala Lumpur
Monorail system that was rendered unsustainable and was rescued by the Government
(Naidu 2008). Hence, the purpose of this paper is to examine the level of importance
and implementation of sustaibility factors in Malaysian railway projects.

SUSTAINABILITY FACTO RS OF INFRASTRUCTURE
PROJECTS

A number of studies have been conducted reviewing the existing of infrastructure
project sustainability factors from different perspectives. For examplegdas

(2003) presents a sustainable infrastructure project factors in facilities and civil
infrastructure projects development. Similarly to CEEQUAL assessment manual that
aimed to improve sustainability in infrastructure projects of civil engineeringsvor
and public realm project (Lim, 2009). There are 12 key sustainability factors in the
CEEQUAL Assessment Manual. Ugwu and Haupt (2007) in their studies have
proposed sustainability factors for assessing the sustainability of built infrastructure
that grauped under economy, environment, society, resource utilization, project
management and, safety and health. On the other handeGdle(2007) developed a
framework of sustainability performance checklist to help understanding the major
factors affectinga project sustainability performance across its life cycle.

A study by Lim (2009) proposed a set of sustainability factors and its implementation
impact particularly on road infrastructure projects. The proposed sustainability factors
clustered into erivonmental, economic, social, engineering, community engagement,
relationship management, project management, institutional sustainability, health and
safety, resource utilization and management. Besides that, Federal Highway
Administration, FHWA also havetroduced INVEST to address sustainability
throughout the project stages i.e. systems planning, project development, and
operations and maintenance (Clevergjaal 2013).

Division of Transport for New South Wales (2012) has developed a Transp@dtProj
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Sustainability Framework to ensure that their transportation system is sustainable over
time and sustainability performance is continually improved. They focus on the three
spheres of sustainability i.e. environmental, social and economic.

The exammation on the existing studies of infrastructure projects leads to the
formulation of a list 19 sustainability factors for measuring the sustainability
performance of railway projects as presented in Table 1.

Table 1: Matrix of sustainability factors affrastructure projects

Theme Sustainzbility factor  Mew Imvest Lim Ceequal Ugwu  Shen  Vanegas
South 2012 2009 2008 &  etal 2003
Environment Site selection
Water quality o N \ N \
"I!Li'r qua]it:r' ! 4 4":
Noise & vibration *J Ll A ~.. Y 4
Waste managzement “ o 2 “ X : “
Ecology & R Y A N o N
Biodiversity
Vizual impact W A |
Energy & carbon “ A - N o o
emiszlons
Project Type of contact - o Y Py
gement o cyrement method 4y 4 4
Project risk *f
Economic Life cycle cost o o n n
Social Cultural heritage A o o 4 oy 3
Hezlth & safety 4 4 4 4 o
Stakeholder o - o
rzlationships
Inter modality ] N N N
transport
Engineering/ Material selection N N Py
Pesource — | |
lization Constructability R 4 4
Fuﬂﬂhﬂﬂ.ﬂllt}' 4 4
performance
Wales Haupt 2007
2012 2007
4'.: 4‘.: 4'.: 4'.:

All of these developed sustainability factors reviewed above have a similar aim that is

to encourage the

organi zation

to incl

strategy and daily work practices. The advantage of impl&tien sustainability
factors is that it can affect the project performance (Lim 2009; Transport for New
South Wales 2012; Ugwu and Haupt 2007 and Vanegas 2003). Apart of that,
sustainability factors also facilitate stakeholders, owners and engineersingpetse
progress towards sustainable development by comparing the performance achieved

with the intended performance (FIDIC, 2004).
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METHODOLOGY

The method adopted for this research was based on the questionnaire survey of three
principle target groups within the Malaysian construction industry, focusing on

railway projects. A sevepage questionnaire was distributed to the ttaegeted

groups tlat involved in the railway projects development (the clients, consultants and
contractors) representing a mixture of professional in order to provide a holistic view
and enriches the research finding.

Based on the literature review, a list of 19 sigifitsustainability factors was
produced for the respondents to identify their level of (1) perceived importance
criticality and (2) actual implementation to the Malaysian railway project.
Respondents were required to rate each question onpdineLikert scale that
required a ranking ¢b). The measurement of the Likert scale is translated, as 1 (not
important) to 5 (extremely important). The implementation of each factor was rated
from 1(not implemented) to 5(essentially implemented).

The purpose ahe first question is to identify the awareness of the project clients,
consultants and contractors on the importance or needs of these 19 sustainability
factors in Malaysian railway projects. Besides, different project key players have their
own concerngpriorities and interest which resulting in different expectation in the
implementation of sustainable construction project delivery (Lim, 2009 and Lothe,
2006). Thus, investigating the level of importance and implementation of
sustainability factors in llaysian railway projects is crucial.

All of these questions have been tested in a pilot study conducted on 9 respondents
(who were representative of each targegealip). Comments were made about the
structure and length of some sentences, ambiguordgsvaod the way the

questionnaire was presented. Some of the comments and suggestions from the pilot
survey were taken into consideration before actual distribution of the questionnaire to
96 identified respondents. The results of real data collectionamatgzed using the
Statistical Package for the Social Science (SPSS) software.

DATA ANALYSIS AND RE SULTS

The reliability ofthesp oi nt Li kert scale measured was det
alpha coefficient on the variables. The reliability of thecpted importance and

level of implementation were found to be 0.912 and 0.928. Since both of the value fall

within the acceptance range of above 0.7 (Pallant, 2010), the data collected and used

in this study are considered very good internal consistesti@pility (Pallant 2010;

Leechet al. 2011).

In accordance with Pallant (2010) and Leethl. (2011), Paired sampldésts (also
referred to as repeated measures) can be used when to compare the mean scores for
the same people on two different ocoasi. For instant, the use of Paired sample ttests
to identify the significant differences between the Knowledge Management

Factors mean score perceived important and actual implementation in

Telecommunications (Choreg al, 2006) as well as, in Informah and

Communication technology (ICT) (Siong, 2006). In this case, the Paired sample ttests
were used to compare the variables mean scores to determine any significant
differences that occurred between the 19 sustainability factors perceived important
and actual implementation in Malaysian railway projects.
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Response Rate

A total of 96 questionnaires were sent to a different target groups. -Timety
guestionnaires were returned within two months of being sent out, making the total
response rate 34gkrcent. This response rate was finally achieved after several efforts
were made in terms of personal contacts and fellpwealls. 6 (30%) respondents

were from the clients, followed by 15 (38.5%) from consultants and 12 (32.4%) were
from contractors. Aesponse rate of 34.4 percent is acceptable. This in line with the
opinions of Takimet al (2008) and Dulamet al (2003) that response rate in the
construction industry for postal questionnaires above 20 percent is not uncommon and
acceptable.

Respondeat 6s designation and experience

Table 2 shows the profile of the respondents. The survey indicates that, 78% of
respondents have more 10 yearsod experienc
year s0 exper i en crespondéritsihave anlextenss/e exgergence,t h e
which helps to provide this study with reliable data.

Table 2: Respondent's designation and years of experience

Position Expenence

Less than 3 vears 5 - 10 years 11 - 20 years More than 20 years
Manager 0 5 11 9
Director 0 0 0 4
Senior engineer 0 2 2 ]
Percentage (%a) ] 212 o4 394

Means factors scores for level of importance and implementation

Table 3 presents the result arsid of 19 sustainability factors considered by the
respondents for measuring the sustainability of railway projects. The analysis primary
deals with ranking the factors based on their mean score values to determine their
level of perceived importance (Rihd actual implementation (Al) in railway projects.

Degree of perceived importance

The average mean score values for level of perceived importance held by respondents
(see Table 3) is 3.96 (SD = 0.60) and classified as 'moderate important’. QutFof 19 S
the respondents rated seven SF o6very crit

These seven SF are Air Quality, Noise and Vibration, Water quality, Ecology and
Biodiversity, Site selection, Project risk and Functionality performance. The

remani ng 12 SF are also significant and cl &
mean scores value ranging from 3.68 to 3.99.

Degree of actual implementation

Similar to the degree of actual implementation for all the 19 SF that was also
classi fderdatass i6mwl ement edd by the respond
3.49 and standard deviation is 0.74.
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Table 3: Means factor scores for level of importance and implementation of SF

Theme Sustainability factor Percerved Importance (FI) Actual Implementation (AI)  Dif.
(SF) PI-AL
E Mean 10 Level E  DMean £D Level
Environment Airquality 2 421 042 Hizch 8 335 100 Moderate -0.66
Nowse & vibration 2 421 042 High 14 333 048 DModerate -0.88
Water quality 4 414 045 Hizh 1 384 072 Moderate -0.20
Ecology & 5 402 0359 High 12 345 089 DModerate -0.37
Biodiversity

Site selection 6 403 (041 Hisgh 3 384 036 Moderate -0.19

WVisual impact 10 391 049  Moderate 17 313 050 DMModerate 078
Waste management 13 381 086 DModerate 10 333 071 Moderate -0.28

Energy & carbon 14 370 077  MModerate 18 309 118 DModerate  -0.61
BmISEions

Project Projectrisk 3 417 044 High 2 385 061 Moderate -032
management poooementmethod 8 0 396 077  Moderate 11 347 087 Moderate -0490
Typeofcontact 16 368 073 Moderate 16 321 092 Moderate -0.47

Economic Lifecyclecost 8 396 0481 Dloderste 7 364 0489 DMloderate -032
Social Inter modality 8 386 063  DModerate 3 0 370 0.85 Moderate -026
fransport
Stakeholder @ 393 076 Moderate ¢ 339 077 Mboderate 034
relationships

Cultural heritage 12 382 073  Moderate 13 330 064 Moderate -0.52

Health & safety 13 360 0355  Mboderate 13 339 039 DNloderate  -0.30

Engimeering Functionality 1 423 0.70 High 4 371 079 Moderate 032
Fesource performance
utilization Constructability 7 300 (046 Moderate 19 302 074 Moderate -097

Material selection 11 3.88 0358  DModerate & 366 072 Ddoderate 22

Average Mean 386 080  DModerate 349 074 DModerate -047

Key: 1-not important; 2-less important; 3-moderate important; 4-high important; 3-extremely mportant;
l-not implemented; 2-less implemented; 3-moderate implemented; 4-high implemented; 5-essential
maplemented; B - rank; Dif. (difference); 8D — standard deviation.

Mean difference
Based on the result of Table 3, the average Mean score for Perceived importance is

3.96 (SD=0.60) and the average Mean score for Actual implementation is 3.49
(SD=0.74). These result demonstrates that, there is a significant difference between
the sustaiability factors of Perceived important (PI) and the Actual implementation
(Al) in Malaysian railway infrastructure project, with the average mean decrease of
0.47, tvalue = 3.70, and sig. p<0.009 (ttailed) as shown in Table 4.
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Table 4: Comparison dével of Pl and level of Al of sustainability factors

Theme Sustamability factor (SF) Paired sample t-test Sig
(2-tailed)
Mean 5D t-value df
Environment Site selection (.19 044 245 32 (0.020

Water quality 020 0.47 246 32 0.019

Adr quality 0.66 097 360 32 0.001

Noise & vibration 0.88 0.65 FIE R ¥ 0.000
Waste management 028 0.69 235 12 0.025
Ecology & Biodiversity 0.57 .79 328 32 0.002
WVisual impact 0.78 074 601 32 0.000

Energy & carbon emissions .61 097 380 32 0.001

Project Type of contact 047 0.2 ile 32 0.001
management Procurement method 0.49 091 278 32 0.009
Project risk 032 0.46 313 12 0.000

Economic Life cycle cost 032 0.87 291 32 0.011

Social Cultural heritage 032 115 258 32 0015
Health & safety 0.30 034 493 32 0000

L

Stakeholder relationships 034 0.55 35 R 0.001

Inter modality transport 024 073 208 32 0.048

Enginzering/ Material selection 022 033 A W ) 0.024
R“-‘f“‘“e Constructability 0.97 091 612 32 0.000

vy tan K = . . .
Functionality performance 032 0.76 3o 52 0.000

Average Mean 047 on i 32 0.008
Key: 5D - standard deviation; df - decress of freedom;  siz. - probability (p) value

DISCUSSION

Based on the statistical analyses above, this research has fulfilled its objectives by
examining the level of perceived importance of sustainability factors in railway

projects and the el of its implementation. For the result of the level of perceived
importance, 63% (12 out of 19) sustainability factors were rated as moderate

important and 37% (7) sustainability factors were rated as high important. The

average means score value i638D = 0.60) and classified as 'moderate important'.

Similarly to the level of actual implementation of all the 19 SF that were rated as
6moderate i mplementedd by the respondents
with an average mean score is 3.4D£8.74).

A pairedsample {test was conducted to identify significant differences between
factors perceived as important and actual implementation. The findings revealed that,
there was a significant decrease between all the level of perceived imE396,
SD=0.60) and the level of actual implementation (M=3.49, SD=0.74) of the
sustainability factor in Malaysian railway project with an average mean difference of
0.47, tvalue = 3.69, p < 0.05 (twtailed). This indicates that, the key players of
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railway project did not implement the sustainability factors to the extent that they
were perceived as important. From the findings above, the level of importance and
implementation of sustainability factors in Malaysia railway project can be clustered

into two types as illustrated in Table 5.

Table 5: Level of Pl and Al of sustainability factor in Malaysian railway projects

Cluster type Level of PI equal to Level of AI High PI, but moderate Al
Environment *Visual impact =Site zelection
*Energy & Carbon emission *Water quality
*Waste management =Ajir quality
*Noize & Vibration
*Ecology & Biodiversity
Project management *Type of contract *Project risk
*Procurement method
Economic «Life cycle cost
Social +Cultural heritage
*Health & Safety =Inter
modality transport
+Stakeholder relationship
Engineering/ *Constroctability *Functicnality performance

Fesource utilization *Material zelection

Key: PI - perceived importance; Al - actual implementation
The above findings demonstrate that, the awareness on the importance of 19 SF in
railway project among the respondents is still atlarate level. This may be due to
the lack of awareness on the benefits of SF in railway project. This is supported by
research from Idris (2014) and Zainul Abidin (2010) found that there is a lack of
awareness on sustainable construction among the kegrplafythe construction
project. Although some of the respondents express that they were aware on the
importance of sustainability factors, the issue is not in their priority list. One of the
reasons is due to lack of precise indication of sustainablilitg§y @ se i n proj ect ds
or specification. This can also be due to that they only emphasize on profit, hence,
refuses to acknowledge sustainability in the projects (Idris, 2014).

Nevertheless, there are some respondents who wanted to apply thesalslista

factors, but the effort was obstructed by financial constraints. These respondents also
suggested that the sustainability factors should be considered or incorporated in the
early project i.e. planning stage in order to improve the level ahjtementation.

Zainul Abidin (2010) point out that planning stages are the most critical stage to
integrate the sustainability issues in order to have the most effect on the overall pursuit
project, whereas integration after that will be seen as a bundeadal more cost to

the budget. Besides that, the respondents have also highlighted on the need to create
awareness on the important of the sustainability concept within entire construction
industry in Malaysia, particularly the client. According to mafsthe respondents,
government should take the lead by encouraging the implementation of sustainable
practices through the strong enforcement of legislation, tax incentives and funding
especially for sustainable construction projects. This is becauselilie golicies,
regulatory frameworks, clause in project contract and specification do not encourage
the improvement of the construction sector towards sustainability.
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CONCLUSION

This paper examines the current views on importance and implementation of
sustainability factors in Malaysian railway project. Based on the literature reviews, 19
critical sustainability factors of infrastructure projects have been identified. These 19
sustainability factors were grouped into five themes namely: environmengrec,
social, engineering/resource utilization and project management.

The results of the study depict the level of awareness of sustainable factors among
project key players is still at moderate level. Similarly to the level of implementation
of susténability factors in Malaysian railway project which also still at moderate

level. This demonstrates that, the concept of sustainable factors has not been widely
applied in railway projects. This is in line with Zainul Abidin (2010) findings that the
implementation of the sustainability concept in Malaysian construction projects is still
in the infancy stage.

In relation to the findings of this paper, it can be found that the concept of

sustainability factors has not been widely implement in railway giopue to a few

i mpedi ments such as |l ack of precise indic
contract/specifications, financial constraint, lack of awareness, lack of enforcement,

etc. Hence, those issues will be interrogating further in thepagdr.

The above findings help enhancing our understanding on the 19 critical sustainability
factors that must be considered or implemented by the stakeholders, particularly the
clients, consultants and contractors during the railway project develogment.

hoped that the results of the study could provide insight into the Malaysian railway
project development as well as provide valuable knowledge and guideline, especially
to the stakeholders (client) in improving the sustainability performance whsail
projects.
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This paper aims to investigate the perceptions of Australian contractors concerning
the prevailiry practices and barriers to the implementation of reverse logistics (RL).
A review of literature identified 18 practices and 16 barriers to the implementation of
RL. Using a triangulated data collection approach, 6 -stractured interviews and

49 questinnaires were used to collect data. The quantitative survey data was
subjected to descriptive and inferential statistics with correlation analysis to examine
the strength of relationship among the barriers, whereas content analysis was
employed for the imrview data. The results indicated the following barriers as most
significant: (i) lack of incorporation of salvaged materials by designers; (ii) regulation
restrictions to usage of recovered materials and components; (iii) potential legal
liabilities; (iv) higher costs; and (v) longer time associated with deconstructing
buildings. Relative to the prevailing practices, the top five ranked were as follows: (i)
reduction of waste on projects; (ii) clearer understanding of the benefits; (iii) clearer
understading of the challenges; (iv) clearer understanding of the different aspects of
reusing building materials; and (v) Enhancing the green image of the organisation.
The results of the interviews also confirmed the findings from the survey, and
identified thefollowing barriers: (i) lack of support from the government in terms of
financial incentives to increase the competitiveness of reused and salvaged items in
the market; (ii) The attached stigma and resistance of supervisors, designers, and
some authoritie towards using salvaged and reused materials; and (iii) Technical
barriers associated with usage of salvaged materials. The majority of the interviewees
identified economic issues as the major drivers of RL practices. The identified

barrierscould beusesls a O6road mapdé for the devel opment

for the successful implementation of RL, and to improve the environmental related
decision making processes of the contractors

Keywords: everse logistigdarriers, supply chain management

INTRODUCTION

Reverse logistics is definedAst he process of planning,
controlling the efficient, cost effective flow of raw materialspioces inventory,

finished goods, and related information from the point of consumption to the point of
origin for the purpose of <creat.(Roggrsor

1 nicholas.chileshe@unisa.edu.au

Chileshe N, RameezdeerR, Lehmann Sand HosseiniM R (2014)Reverse logistis (RL)

implementation among contractors in Australia: Practices and batrieRaiden, A B and Aboagye

Nimo, E (Eds)Procs 30" Annual ARCOM Conference;3lSeptember 2014, Portsmith, UK,
Associdion of Researchers in Construction Managen&92.

r

(

mf

ec



Chileshe, Rameezdeen, Lehmann and Hosseini

and TibbeALembke, 1999, p. 271). From a construction perspective, sardes

have identified reverse logistics as a mechanism for easing up the detrimental
environmental effects. For example, Pokharel and Mutha (2009), acknowledges that
the focus of RL is on waste management, material recovery (recycling), parts recovery
or product recovery (through remanufacturing). However, construction and demolition
(C&D) waste from the construction industry plays a pivotal role in the recovery rate of
waste in South Australia (SA). In total, the construction activities contributegeto o

2.2 million tonnes (over 50% by weight) of the materials resource recovered within
South Australia. While the waste is generated from forward logistics activities such as
waste management practices, some reverse logistics (RL) best practices associated
with resource recovery within the SA construction industry continues to be
problematic, and still remains under explored. As observed by Abdulra¢tmaan

(2014), there are limited RL studies focussed on developing counties. Elsewhere, in
developed andeveloping countries such as the U.K and China respectively, the
construction industry is renowned as the greatest contributor of C& D wastes
(Oyedeleet al 2013; Wanget al 2010). While the concept and principles of reserve
logistics (RL) are not newsashown by the plethora of studies in other countries and
industries (Steward and Kuska, 2004), the implementation of practices and principles
has not reached satisfactory levels within the building industry (Schultmann and
Sunke, 2007; Kibert, 2012; Lédigand Patterson, 2006). Furthermore, despite

anecdotal evidence suggesting that local people have used materials and components
salvaged from old buildings, the uptake of RL and studies examining the desirable
practices are very limited within the Austealiconstruction industry context.

The rest of the study is structured as follows: The following section presents and
summarises a review of the literature on practices and drivers affecting RL
implementation. Following the review is a summary and ideatibo of gaps in RL
knowledge. This is followed by the mixed methods methodological approach adopted
for this research study. An explanation of the statistical methods employed for the
guantitative part of the study and associated techniques for andltfsésqualitative

data, as well as interpretation of the findings are presented. The final section addresses
recommendations made and conclusions.

LITERATURE REVIEW
Practices affecting the implementation of RL

In order to present a detailed and structusxiew of the practices affecting RL, it is
necessary to describe how these 6épracticeséd
construction industry. The following three groupings: (i) Industry; (ii) organisation

and (iii) project were selected based onpghmpositions as set out in the seminal work

in RL and the model of the environment forces affecting RL activities as proposed by

Carter and Ellram (1998). According the same study (Carter and Ellram, 1998), it

identified and viewed the operational taskiemvment for the RL as distinctly

comprising of following four factors: input, regulatory, output and competitive. The

study further argued that the task environment was surrounded by the macro

environment which consisted of the general social, politieghl and economic

trends (Carter and Ellram, 1998 pg. 94). This macro environment could thus be

equated to the é6industryd | evel of prevailin
RL practices were associated with such groupings as the suppliers, (nyeds

(output), government agencies such as the EPA (regulatory) and competitors
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(competitive). The final listing of the RL practices and associated studies is presented
in Table 1 and based on the extensive review of literature by Hossain{2014).

Table 1:Practices for RL and similar studies

Practices

Previous studiés

OrgPractClear understanding of the benefits of
deconstructing buildings

OrgPrac2Awareness of deconstructing procedure:
OrgPrac34Jnderstanding of challenges associated
with deconstruction

OrgPrac44)nderstanding of different aspects of
reusing buildings

IndsPrac¥Availability of salvaged building
products, components and materials
IndsPrac2Availability of deconstruction and
dismantling service providers

IndsPra8=Existing demand for salvaged and used
building products

IndsPrac4£acilities torecover the used products
after deconstruction

IndsPraé*=Regulatory and financial incentives in
favour of deconstruction

IndsPraé*=Regulatory and financial incentives for
promoting use of salvaged materials
IndsPra@=Quality control compliance for used
products

ProjPracEDeconstruction is implemented in our
projects

ProjPra@=Utilisation of salvaged materials in new
buildings

ProjPrac3Reducing the amount of waste generatic
as part of strategic objectives
ProjPrac4€nhancing the greemage as part of
strategic objectives

ProjPrac5®rganisational support for using salvage
materials in new buildings
ProjPrac6®rganisational support for deconstructin
buildings

ProjPrac7®rganisational support for designing
buildings based on designing for RL principles

Crowther, (2001); Sassi (2004, 2008); Add
(2006b); Guyet al (2006)

Greer (2004); Schultmann and Sunke (20!
Pulaskiet al (2003); Sassi (2004); Gt al
(2006); Leigh and Patterson (2006);
Gorgolewski (2008)Weil et d. (2008);
Saghafi and’eshnizi (2011)Kibert (2012)
Greer (2004); Schultmann and Sunke (20!

SA Government (2012)
SA Government (2012)

O 6 B rei a,162002); Addis (2006a);
Gorglewski (2008); Hietet al (2011);
Schultmann and Sunke (2007b)

Carter and Ellram (1998&jbert et al. (2000a
Guy and McLendon (2002p) 6 B ret &, n
(2002); Smithet al (2007); Saghafi and
Teshnizi (2011); Huscro#t al. (2013).
TibbenLembke and Rogers (2002); Sassi
(2004); Dowlatshahi (2000); Nordlst al,
(2009); Da Rocha and Sattler (2009); Kibe
(2012); Denslet al, (2012); Yeheyiet al
(2013)

Crowther (2001)

Chini and Bruening (2003); Razaz (2010)
Genchewet al. (2012); Zero Waste (2011)

Addis (2006b); Laefer and Manke (2008);
Kralj and Markic (2008).

Carter and Ellram (1998); Dest al. (2011¥;

Genchewet al. (2012); Husoft et al (2013)

Carter and Ellram (1998); Deyt al (2011F;
Huscroftet al. (2013)

Carter and Ellram (1998); Dest al (2011%;
Huscroftet al. (2013)

Notes *The review of the literature for the two industry practices is combined due to the common denominator of

6regul atory

a n d 'Pfeiicusstudids artangédrinccleransldgivabosddd; for the full listing of

references, please refer to Hosseinal (2014);2Supply chain logistics related study

Barriers affecting the adoption and implementation of RL

The literature on developing and developed countries and across differesttiesdu

such as services, manufacturing and construction is replete with a number of studies
on the major barriers affecting the implementing of RL. Drawing upon the approach
undertaken by Het al. (2012) study aimed at examining the major factors thgt ma
influence industries to implement reverse logistics, these barriers can be categorised
into internal (i.e. intraorganisational) and external (irterganisational). Similarly,

the seminal study by Carter and Ellram (1998) though focussed on the tharethe
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barriers,

6company factorso

conceptualised

drivers
wher eas

t he

to internal

to Hosseinket al (2014), the barriers (see Table 2) associated with RL can be
categorised into the following three groups: (i) organisational barriers (OrgBr), (ii)
operational barriers (OperBr) and (3) Social (SocBr).

Table 2:Major barriers associated with RL

Description

Scholarly Suppott

OrgBrl=High costsof adopting RL

OrgBr2=Uncertainty about the results

OrgBr3=Restraining organisational policies
(e.g. overlooking design for reverse logistics
OrgBr4=_ack of awareness within the
organiséion

OrgBr5dmmaturity and low investment in
knowledge management and information
systems

OrgBr6=.ack of human resources with
necessary qualifications
OrgBr74nappropriate organisational structure
(and size)

OrgBr8-.ack of support from management

OrgBr9=RL is not a priority in the

organi sationés inves!
OrgBrl0=Resistance to change in the
organisation

OperBrl1=Deficient structure of the industry for
adopting RL

OperBr24.ack d support from parties in the
supply chain

OperBr3#nadequacy of technologies (empha:
on information communications technologies
OperBr44.ack of standardised processes and
lack of shared understanding of the best
practices

OperBr5=.ack of knowledge in the industry

OperBr64Jnfavourable business culture
SocBrl#erceptions about the low quality of
products of RL

SocBr24.ack of support from professional
associations, negovernment organisations

SocBr3=4nappropriate governmental regulatiol

SocBr4=Bureaucratic problems in granting of
licences and location permits

Jindal and Sangwan (20¢ El Korchi and Millet
(2011); Tan and Hosie (2030Lau and Wang
(2009; Del Brio and Junquera (2003

Jindal and Sangwan (20t IGonzalezTorre et
al., (2010; zilahy (2009

Abdulrahmaret al, (2013; Ravi and Shankar
(2005; Rogers and Tibbehembke (19938
Jindal and Sangwan (20 Presley et al.(2007%;
Post and Alina (19923

Zhuet al, (20083; Ji (2006; Ravi and Shankar
(2009; Rogers and Tibbehembke (1998, 2001

Ravi and Shankar (20p%illary (2004); Post
and Altma (199%

GonzaleZTorreet al, (2010; Post and Altma
(1999

Jindal and Sangwan, (201 Zhuet al, (2008;
Ravi and Shankar (20p3Rogers and Tibben
Lembke (200}

Presleyet al, (2007%; Roges and TibbeA.embke
(1998, 200}

Jindal and Sangwan (20 Ravi and Shankar
(2009; Hillary (2004

Qianget al, (2013; Del Brio and Junquera
(2003; Rogers and Tibbehembke (200}
Qianget al, (2013; Jindal and Sangwan (201
GonzéalezZTorreet al, (2010

Jindal and Sangwan (20¢ 3i (2009; Ravi and
Shankar (2006

Abdulrahmanet al,, (2019; Lau and Wang
(2009

Jindal and Sangwan (20g 3i (20069; Ravi and
Shankar ( 2006
Hillary (2004

GonzaleZTorreet al, (2010

Hillary (2004

Jindal and Sangwan (20 Abdulrahmaret al,
(2014*; GonzalezTorreet al, (201Q; Tan and
Hosie (2010

Zilahy (2009

Notes *For full listing of references, please refer to Hosseird. (2014)

RESEARCH METHOD

To investigate the perceptions of Australian contractors concerning the prevailing
practices and barriers to the implementation of RL, the following research methods

were employed in the study.
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Measurement instrument

Thequestionnaire distributed to the South Australian construction contractors (SACC)
comprised four distinct sections as follows: The first section covered the
demographics. The second section was designed to evaluate the prevailing practices
for RL implemenation. The third was aimed at capturing the drivers for incorporating
RL in the building lifecycle, and finally the fourth section was focused on identifying
the barriers (see Table 1) to the implementation of RL. The three sub instruments
(practices, dvers and barriers) were all measured onpoiit Likert scale where 1 =
strongly disagree; 2 = disagree; 3 = neutral; 4 = agree; and 5 = strongly agree. Thus
(3) represented indifference, i.e. neither agree nor disagree. The findings reported
here relad to only the first, second and fourth sections of the questionnaire dealing
with the demographics, practices and barriers respectively. It was also beyond the
scope of this study to report all the results.

Data analysis

This paper aims to investigate therceptions of Australian contractors concerning the
prevailing practices and barriers to the implementation of reverse logistics (RL). The
Statistical Package for Social Sciences (SPSS) computer program was also used to
analyse the data generated byrésearch questions. In order to analyse the data as
provided by the questionnaire, the following two statistical methods were used: (1)
frequency analysis and (2) ranking analysis. Review of the literature shows that such
approaches have been adopted leeforsurvey related studies (Chileshe and
Yirenkyi-Fianko, 2012). Rank differentiation was employed for the practices and
barriers having the same mean score through utilisation of the lowest standard
deviation (Chileshe and Yirenk¥iianko, 2012). The red#ts of the validity and

internal consistency for both sub instruments were as follows: 0.85%t{ktic =

16.569 sig. = 0.000); and 0.887-gfatistic = 8.002) for the practices and barriers sub
instruments respectively. The results were deemed aptabtein light of the

Cronbach values exceeding the recommended of 0.7 (Nunnally, 1978).

Characteristics of the sample (quantitative study)

A total of 539 questionnaires were distributed using two modes of administration: (i)
Postal survey administereéa 260 contractors randomly drawn from the Civil

Contractors Federation (CCF) and Master Builders Association (MBA) of South
Australia (SA); and (ii) email survey comprising 286 questionnaires to representatives
and contracting organisations belonging twanber of professional bodies such as

the AIB, AIPM and AIA. A total of 49 completed questionnaires were returned as
follows: 23 via email and 26 via post thus generating an overall response rate of
9.09%. While this number might be deemed as small wbempared to the overall
population of contractors within the selected sample, in comparison with previous
studies (Lim and Ling, 2012; Yong and Mustaffa, 2012), this sample size was
adequate, and further complimented by the qualitative data. For examepstydy by

Lim and Ling (2012) only had a sample size of 32 respondents whereas Yong and
Mustaffa (2012) employed a smaller sample size of 14 respondents. In both studies,
only the quantitative approach was employed. Some characteristics of the respondent
at the organisational level based on the principal type of construction work showed
that the majority 15(31.3%) of the respondents were involved in more than 2 types of
construction work (CW), followed by 7(14.6%) in residential. The rest were evenly
spread across commercial (12.5%); more than 3 types of CW (12.5%). The least of the
respondents (8.3%) were involved in industrial type of work. The respondents

87



Chileshe, Rameezdeen, Lehmann and Hosseini

comprise 27 (56.3%) executives (C.E.O, President and Vice president), 8 (16.7%)
project manager$ (10.4%) other category of senior management, 3 (6.3%) site
engineers, an equal number 2 (4.2%) of field superintendents and supervisors and 1
(2.1%) construction manager. The proportions of the respondents in terms of
organisation size (number of empémg) were: The majority 65.3% (32) had less than
24 employees, followed by 24.5% (12) with more than 25 but less than 114
employees. The minority, 10.2 % (5) had more than 115 employees. The following
sub sections now presents a discussion on the quaditdtidy protocol.

Study protocol (Qualitative approach)

All the interviews except for one were condu
organisations. While there was a possibility of recording the actual sessions, this

approach was discounted. As pothtaut by King and Horrocks (2010), people are

uncomfortable about being recorded and hence it is important to obtain consent to do

so. Instead, the responses as made were written down by one of the two researchers

conducting the interviews. The profile thie interviewees is shown in Table 3.

Table 3:Descriptions of the organisations involved in the ssmictured interviews and
matching to Carter and Ellram (1998) framework

Interviewee Task environment (TE) and rdle Position & experience (Individual* /
Role Organisation)

A Output Buyer Marketing manager (Establishethce 1993)
B Competitive Competitor Managing director (
C Regulatory Interest aggregator Executive manager (Operational since 200
D Output Buyer CEO and owner (25 years in business)
E Input Suppliers Executive manager (*1$ e ar s 6 e x
F Regulatory Government agencies Senior environment protection officer

Notes 'Reference to Carter and Ellram (1998) Framework; A = Organisatioimgwme largest salvage yard in

Australia; B = Medium sized construction company active in projects for the South Australian (SA) government; C

= Provider of legal services to SA construction companies; D = Leading salvaging organisation in South;Australia

E = Largest recycling facility in South Australia particularly in recycling concrete and production of recycled

aggregates; and F = South Australia's primary environmental regulator (Environmental Protection Authority

(EPA)).

AscanbeseenfromTalBe, t he i ntervieweesd represents t
stakeholders identified within the seminal study of Carter and Ellram (1998).

SUVEY RESULTS AND DISCUSSION

Ranking of the practices

This sub section examines the ranking the practices accoadihgit three sub
classifications (industry, organisational and projeutl). Table 4 summarizes the
results of the analysis. The highly ranked practicefvase duci ng t he a
generation as part of strategic objectives (mean score =4.088,etd . =. 0. 8
This finding was consistent with literature regarding the main objectives of RL
(Addis, 2006; Hosseiret al. 2014). Interestingly, the findings of the fourth ranked
practice,namelfie xi sti ng demand for saltgsaged and use
contradict previous (Addis 2006; Gorglewski 2008; Hedtal 2011). For example,

the study by Hietet al. (2011) found that supply and demand in recovered building

materials market does not necessarily match. Thus, it is necessary to buy desired

redaimed materials once they show up in the market (Gorgolewski, 2008). This might

be very early in the project to ensure their availability in due course.
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Table 4:Ranking of practices desirable for RL implementation

Practices MSt  sSD» R® Ol
Industry related

Availability of salvaged building products, components araderials 3796 0.735 1 7
Avalilability of deconstruction and dismantling service providers 3.714 0.707 2 11
Existing demand for salvaged and used building products 3571 0.890 4 13
Facilities to recover the used products after deconstruction 3.694 0.713 3 12
Regulatory and financial incentives in favour of deconstruction 2792 1.031 6 17
Regulatory and financial incentives for promoting useatfaged materia 2.729 1.001 7 18
Quality control compliance for used products 2857 0913 5 1€
Organisational related

Clear understanding of the benefits of deconstructing buildings 4061 0.827 1 z
Awareness of deconstructing procedures 3.750 0.887 4 1
Understanding of challenges associated with deconstruction 4,020 0.750 2 <
Understandingf different aspects of reusing buildings 3.898 0.848 3 i
Project related

Deconstruction is implemented in our projects 3.510 0.893 6 1
Utilisation of salvaged materials in new buildings 3.204 1060 7 1
Reducing the amount of waste generatiopaas of strategic objectives 4.082 0.886 1 1
Enhancing the green image as part of strategic objectives 3.837 0.746 2 £
Organisational support for using salvaged materials in new buildings 3.776 0.848 5 ¢
Organisational support for deconstructimgjldings 3.776 0.743 4 &
Organisational support for designing buildings based on DfRL princij 3.796 0.676 3 €

Notes MS! where the higher the megathhe more important the practice for RL; SD = Standard devigfos;,
overall ranking based on full sample and within the individual grouping of the RL practices classiff¢aRon;
Overall ranking based on the full practices.

Similarly, Addis (2006) bserved that one of the underlying problems associated with

this practice is the aspect of spending money sooner than usual along with more

problems associated with storage of products and materials. One of the probable

reasons for the conflicting resulssthat, the market for recycling in South Australia is

deemed mature with established facilities and strong players. The evidence for

existing demand for salvaged and used building products (see Table 1: Industry

Practice 3) is further provided by the Mating Manager (Interviewee A) who

commentedi Number of customers IS increasing.
small alterations to their homes, house b
Definitely, the domestic sector is very huge comparedetecdinmercial sector, both

as customers and pr ovi de€hissbsahtiorswad furthey e d ma
reinforced by the supplier (Interviewee E) who acknowledged that market was

booming, with more competitors making the supply harder to get. Tostity level
practceofiqual ity contr ol c o niiugh ranked &fth fmean u s e d
score = 2.857), was the least ranked (Rank=16th) based on the full practices. Studies

such as Kibert (2012) and Nordbyal (2009) have pointed to the lackproducts or

materials with a certificate or edabel designated as preferable for builders.

However, some of the Interviewees have acknowledged this problem, and suggested
some measures be put in place to improve this practice. While it is beyomopee s
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of this paper to report on all of the interyv
comments related to the testing of aggregates for asbestos (Interviewee D). With

reference to the materials used on the construction of roads, IntervieweedD furth

highlighted the problems associated with recycled and reused products as follows:

AThere is also a bit of quality issue with r
mixed with tiny wood particles can have a mushroom effect on the surface of a

road....Some tradesmen donot -dydled aggregate cltsett e made ¢
guickly and compacts better. Maybe itds beca
Despite the higher ranking of this practice, some of the interviewees expressed

reservation withthe storage of extracted material and highlighting the role played by

the regulator. The executive manager (Interviewee C) observeil thator age of

extracted materials from buildings is an issue since the EPA regards anything without

immediate useaswast and asks t o r eTimesecemments fr om t he si
suggests that despite the efforts made at integrating and reusing recycled and salvaged

products from the RL perspective, the issue of quality remains one of the main

impediments to the adoption of REEurthermore, this appears not just to be confined

to the South Australian construction industry context, but globally. For example, with

the Brazilian context, a study conducted by Da Rocha and Sattler (2009 cited in

Hosseiniet al 2014), aimed at ideriying the major factors influencing the reuse of

building components established that the variability or inconsistency of quality as a

major constraint of their popularity.

Overall ranking of the barriers
This sub section examines the construction stakeld e r 6 s per cepti on of th
inhibiting the implementation of RL (see Tables 5 and 6).

Table 5:Overall ratings of barriers to RiOperational related

Barrief Mean score Std. Dev RAI? Rank Overall ranking
OperBrl 3.2% 0.935 0.657 1 =4
OperBr2 3.286 0.935 0.657 1 =4
OperBr3 2.52 0.9% 0.518 7 16
OperBr4 2.776 0.771 0.555 5 13
OperBr5 2.837 0.746 0.567 4 12
OperBr6 2.776 0.771 0.555 5 13
OperBr7 3.000 0.875 0.600 3 10

Notes:'For detailed description of the operational barriers, see TaBiRA2= Relative agrement index; and

3Rank based on the sub category grouping of the operational barriers

As can be seen from Tables 5 and 6, the organ
materials due to the lack of design incorporation is ranked as the most important

critical barrier within this category @i nd u st r i aslwellbasedor aé thes 0
sixteen barriers (Mean score = 3.563, RAI = 0.713; Std Dev = 0.848). Support of the
high ranking of this critical barrier can be found in previous studies such as
manufacturing related (Abdulrahmanhal 2014; Rogers and Tibbdrembke, 1999);

and a number ofanstruction related studies (Hossehal, 2014). Table 6 further

shows that apart fromthiel ndustr i addi 8acir al r,th&meari er 10
scores values for the remaining barriers were greater 3.000, thus implying some level

of significance ormportance.
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Table 6:Overall ratings of barriers to Rilndustrial and social related

Barrieft Mean score Std. Dev RAI? Rank Overall ranking
IndsBr1 3.163 0.943 0.633 3 7
IndsBr2 3.563 0.848 0.713 1 1
IndsBr3 2.776 0.823 0.555 5 15
IndsBr4 3.122 0.881 0.625 4

IndsBr5 3.417 0.919 0.683 2

SocBrl 2.878 0.780 0.576 4 11
SocBr2 3.167 0.907 0.633 2 6
SocBr3 3.02L 0.887 0.604 3 9
SocBr4 3.449 0.863 0.690 1

Notes:!For detailed description of the industrial and social barriers, see TaRAR: Relative agreement index;
and®Rank based on the sub category grouping ofrttiestrial and social barriers

LIMITATIONS

While the study makes several contributions to supply chain management (SCM) and
RL theory and practice, some limitations should be noted. This first limitation relates
to the crossectional nature of the quatative study. Against that background,

caution should be exercised in the interpretation and generalization of the results.
Future studies should employ larger samples. The second limitation relates to the
restrictions of the population sample to only $oétistralia and the construction
industry, as such the generalization of the findings to other industries might not be
possible. The third limitation relates to the small sample size (n=49) for the survey
which restricted the need for employing rigoroud eefined statistical analysis such

as factors analysis and Structural Equation Modelling (SEM). These techniques would
have enabled the empirical validation of the identified practices, and eliminated the
problems of multicollinearity which obscures tledationship among the practices.

CONCLUSIONS AND RECOMMENDATIONS

The purpose of this paper is to explore and identify the prevailing practices and
barriers to the implementation of reverse logistics (RL, and asses the readiness of
South Australian constetion organisations when implementing RL practices. The
findings from the quantitative study demonstrated a good level of readiness on the
project level practices, as well as the organisational level. There were mixed findings
with regard to the readines§the regulatory related industry practices. This study
established that despite the advocated benefits of regulatory and legislations as drivers
for implementing RL practices (Carter and Ellram, 1998), this was not the case in the
South Australian consiction industry. While the review of the literature (Hossetni

al. 2014) identified an array of major regulations supporting reducing waste and
recovering the value of used materials in South Australia, it is clear from the empirical
evidence and quaditive data that, the available regulations could be regarded as
pushing organisations away, than towards implementing strategies with the same
objectives as RL. It is further recommended that further research be carried out to
explore the relationships lwten the identified practices and improved organisational
performance. Future research would assist organisations in understanding the linkages
between RL practices and performance, and help provide theoretical explanations as
to why certain practices mayork well in one context but not another.
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The aimof this researcis to model stakeholdeassociated risk networks and gain

understanithg of the differences and similarities of green building risks in China and

Australia, given the different politicasociatcultural and legal systemishis paper

builds on the authorsd previousCase publ i shed r e
studies of green star accredited recently constructed major office buildings were

undertakenn both countriesData were colleed through desktop studjdscused
workshopsandfaceto-face interviewswith key project participant&nd analysed by

usingSocial Network Analysis (SNANethodswvhich aims to analyse the

characteristics and interdependencies of r&kkeholderselaionships The research

finds that while reputation risks are important for project players in both countries, the

ethical risk O6assessment experience and fairne
Chinese green practice due to potential corruptismeis. In the Chinese case,

relatively higher attention was paid on the quality / technical issues and the

government plays more important role to develop rigorous policy systems, as well as

i mprove societiesd knowl edgeogywandleneagwar eness | e\
saving. From stakeholder management perspective, communications between internal

stakeholders can contribute to a smooth green building design and construction in

both countriesThe main contribution of this researsithe development and

application of an integrated method of SNA and stakeholder management in project

risk assessment in green buildings in differing political, technical, social and cultural

settings.The outcomes of this research have an implication in theoretical

developmenand practical application for both green building risk management and

international construction.

Keywords: greetouilding, risk, stakeholdersocial network analysig\ustralig
China

INTRODUCTION AND RES EARCH AIMS

With the rapid rateof economic development and urbanization, the property
development and construction industry in China hasrbeca pillar ofits national
economy, and they are proposing to develop 10 million affordable green buildings
every year in the next 10 years (Guo and Su, 2011). All buildings in China, including
new developmestand existing buildings, are required to asi@ a reduction of

energy consumption of a minimum of 50% compareithémineteereighties

(MOHURD, 2011). This is a massive undertaking, particularly when it is
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Yang,R J,Zou, P X Wand WangJ (2014)Stakeholdemassociated risk networks in green buildings:
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Conferencel-3 September 204, PortsmouthUK, Association of Researchers in Construction
Management93-102
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acknowledged that China is still in its infancy in terms of experience in the adoption
of e®@gqr buil dingé expertise (Wang, 2010).

The Australia in the Asian Century White Paper (Australian Government, 2011) has
clearly emphasised the vital importance to identify the actions that Australia
governments and business sectors should seize the oppestand meet the

challenges arising from China which is already unfolding. While opportunities may be
attractive, there are many risks when working in different business environments
where the institutional and economic developments, as well #ésgghepolitical and
sociocultural settings are quite different from the host countries (Kytle and Ruggie,
2005). Most of the risks are associated with various project or business stakeholders,
from the government, to the building development lifecycle sugipdyn members,
because of the different claims, interests, and culture backgrounds (Zhang, 2011). This
requires an irdepth understanding of the Chinese construction market operation and
management mechanism, their relevant policies, and market demaadofgpether

with the opportunities, stakeholders and associated risks for Australian governments
and firms.

This study aims to understand the differences and similarities of the green building
risks in different political, social and cultural settingsusing China and Australia as
case examples to demystify complex stakeholder and risk networks. Two office
buildings with one in each country were selected as case studies for comparison. A
Social Network Analysis (SNA) model, improved based on the onepeaipbythe
authors of this paper (refer ¥ang and Zou (2013)vas chosen to assist the case
study analysis process. This paper starts antexplandion of the theoretical
background on use of the SNA model, which standardises the case study process.
Then the results of the two case projects are explatoatparedanddiscussedo
assist researchersod6 and industry practitione
risk networks and international green building practice.

THEORETICAL BACKGROU ND

Yang and Zou (2014) developedaSAa s ed 6égreend ri sk & stakehc
model by combining the classical risk management process and the generic SNA

steps. Rather than focusing on riskso6/stakeh
characterists and interdependencies of risi¢takeholders as arising out of the social

structural environment in order to better understand the degisaiing process. By

identifying the directions of influence in the entire network, project managers can

conduct sgtemic analysis, communicate with internal and external stakeholders about

the influential risks, and develop risk response or mitigation strategies accordingly. In

essence, the application of the social network perspective to stakeholder and risk
analysisnvestigates the patterns of stakeholdssociated risk networks as well as

the forces which shape these patterns, and unlocks risk interactions inside the whole

relationship network. All of these are intended to provide a rationale for stakeholder

communication and risk response strategies and facilitate the decs&img process

in green buildings. There are five major steps in this model, listed as below:

4. Identification of stakeholders and their risks
The stakeholder and risk groups were proposesk €ategories include: time
(risks related to time management), cost (risks related to cost increase and return),
guality and technical issues (risks related to the product quality, including technical
barriers, material availability and work quality)ganization and management
(risks related to organizational structure, knowledge, and relationship
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The SNAbased model presented by Yang and Zou (2014) has been demonstrated as a

Stakeholdemssociated risk networks

management), policy and standards (risks related to regulations and standards),
safety (risks related to occupational health and safety), ethics and rap(iake
related to social and ethical issues), and environment (risks related to environment
protection). The stakeholder groups include: client, consultant, contractor,
subcontractor/supplier, end user, financial organization, government,
environmental mganization, professional association, media, public, labour union,
assessor/certifier, researcher/educator, and others.

. Determination of risk interrelations

This step defines the links in the risk network, which represent the impact between
two nodes. Thénk is defined by the impact from one risk to the other, and the
likelihood of the interaction between the risks.

. Visualisation of risk network

In the network, different shapes of the nodes represent risks associated with
different stakeholders, whileféerent colours of the nodes represent different risk
categories. The arrows with values in the network are the interrelations among the
risks, of which the thicknesses indicate the degrees of influence degrees (i.e. impact
* likelihoods) of the interrelans.

. Decipherment of risk network

Three types of measures are useful for network analysis: Network measures,
Node/link measures, and Partition measures.

. Identification and simulation of risk mitigation actions

The critical risks and interrelations arentifed based on the results in the last
step. The critical risks will be removed from the network, and the network
measures can be recalculated.

useful tool for assessing righkteractions and risk mitigation actions in green building
projects. The case study analysis in this research will follow the steps in this SNA
model. For detailed information about the model, please refer to their paper.

RESEARCH METHODS
Why Case StudyMethod

Th
de
bu

is research has adopted a case study approach. The research aims to obtain an in
pth understanding of the stakeholdssociated risks and their interactions in green
ildings under differeregal, political, socialand cultural settings, nasty China

and Australia. The emphasis here is mor

bu

ilding development is relatively new and still in its infancy stage. Such new

development involves application of new technology and new sets of skills, which are
nat applied to general building design and construction. Furthermore the collection of
the data that is required to develop the risk network requires interactive interactions

Wi

th project team rather than a $ingle

would not be feasible or suitable to use populatiihe or samplesized questionnaire
surveys. Instead case study methods are more suitable. Case study analysis is a

preferred technique when éhowd and bdwhy

reearch addresses a Ohowd type of quest.i
connected in largecale complex green building projects. Given the above mentioned
reasons, the case selection was not random but based on theoretical/selective
sampling. The cse projects were chosen because they have high level project
complexities, which make stakeholder and risk analysis more meaningful, due to the
complex relationships in the projects, and the project managers had challenges
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managing them. The data was coléel by workshops and interviews, with more
details in the following section.

Case Selection
The Chinese Case

The Chinese case selected for this research was astautty office building located

in Shenzhen city, the southern China. The building piesu3000 rhof land, and has

14 storeys including 2 underground basement levels. The total indoor area is 18,114

m2. The total cost is $80+ millions Chinese Renminbi (RMB). It implements a design
principle of ¢élocalisation, |l ow cost, | ow en
total energy saving achieved the goal of 65.9%. It has achieved significant economical
environmental and social benefits and exceeded the national saving targets set by the

Chinese central government. The finance and occupancy of the building all belong to

the same organisation, which is a research and design institute whose core business is
undertaking research to improve building performance in terms of energy, water,

indoor air, etc. To this end, it is |like o0l e
granted the US LEED golden prize and a number of the Chinese national green ratings

and awards

A workshop, which has 8 project team members attended including project managers,
consultants, contractors and end users, was organised to identify the internal and
external stakeholders and their associated risks in the project with reference to the

s akehol der and risk categories specified by
workshop participants also contributed to the development of risk interrelationship
matrix in which the possibility and consequence of the impact between risks were
determined wh five-point values (5 meaning extremely high, 1 meaning extremely
low). A number of interviews with the team members were conducted at a later stage
to obtain further information and clarify any ambiguities. The researchers (i.e. the
authors of this papgalso had a site visit to the built facility, to gain first hand
impression and understanding of the technologies applied to the building and the built
environment.

The Australian case

The Australian case project selected here was adopted from ayzrstidy by the

authors Yang and Zou (2014), for comparison purpose. While more details of the

project can be referred to their paper, a brief summary of the project case is provided
here. It is a threstorey office building, which has a contract sunowér $10 million

Australian dollars. It was constructed using a World Leading practices as required by

the Green Building Council of Australia to target a 6 Stars rating infodtlts De si gn o
andii As B The tasedroject presented considerable challemgkdifficulties to

the project management team, requiring the adoption of a relationship based

collaborative approach to project management and project delivery. A number of new
technologies have been designed and applied to this building.

The data wasdadlected through surveys and interviews with key project participants
together with deskteptudies on the project information provided by the deaigh
construct head contractor. The stakeholder and risk information were collected in a
first round surveybased on which the risk relationship matrix was developed in the
second round surveys and interviews. The resear(iberthe authorsyisited the
building at its neacompletion stage accompanied by the project director. For more
details readers areferred to Yang and Zou (2014).
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RESULTS AND ANALYSIS

Comparison of risk and stakeholder groups

In SNA, density and cohesion are two network measures: The higher the density, the
more risk interrelations are there in the network; and the higher the cohesion, the more
complexity of the risk network is. Figure 1 shows the risk networks in both projects
The network density and cohesion value are (0.338, 0.624) in the Chinese case and
(0.37, 0.703) in the Australian case, which show that the networks in both projects are
relatively dense and complex compared to networks in other studies such & Fang

a. 6s work (2012).

Figure 1 Stakeholdeassociated green risk networks

I n the Chinese case, in total, 9 stakehol
risks and 220 risk interactions (Table 1). Comparing with the Australian case which

has 12 ebanead ri sks associated with 20 s
interactions, the numbers of stakeholders, risks and their interactions are much less.

This can be explained from two perspectives:

1 Project contract types The Australian building is a DesigBuild project, in
which the head contractor subcontracts the design work to several consultants,
and most construction activities to specialised subcontractors or trades; while
the Chinese building is a combination of force account and traditional
procuremat type, in which the client has its own team for design, and only
contracts the construction work to a major firm who may have its own
workforce (including trades and labourers). Since the design work was
completed by themselves staff, the Chinese ctiess not have a consultant
stakeholder group, which reduced the project environment complexity
significantly.

9 Construction practices There is a major difference between Australian and
Chinese construction firms: Usually in Australia, the head contragtont
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