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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 

conference 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 proceedings we 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 education and learning 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 W113 Law and 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 three-stage review process through which we have been able to maintain 

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 these proceedings 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 Löwstedt (Chalmers University of Technology) who 

will deliver the Langford Lecture. Tim Broyd and Libby Schweber will join Christine 

Räisänen (Chalmers University of Technology), Mark Addis (Birmingham City 

University) and Stuart Green (University of Reading) as panellists 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 research in 

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 Scientific Committee 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 and managing 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 hope that you 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 Aboagye-Nimo, ARCOM 2014 Conference Secretary 

Nottingham Trent University, UK 
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As the built environment accounts for much of the world's emissions, resource 

consumption and waste, concerns remain as to how sustainable the sector is. 

Understanding how such concerns can be better managed is complex, with a range of 

competing agendas and institutional forces at play. This is especially the case in 

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 yearly. The business case for 

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 multi-case study carried out 

to understand the firm's views on sustainability as a source of competitive advantage. 

A ómega-international firmô and a ólower medium-sized indigenous firmô were 

selected for this purpose. Qualitative interviews were conducted with top-level 

management of both firms, with key themes from the sustainable construction and 

dynamic capabilities literature informing the case study protocol. The interviews were 

transcribed and analysed with the use of NVivo software. The findings suggest that 

the multinational firm is better grounded in sustainability knowledge. Although the 

level of awareness and demand for sustainable construction is generally very poor, 

few international clients are beginning to stimulate interest in sustainable buildings. 

This has triggered both firms to build their capabilities in that regard, albeit in an 

unhurried manner. Both firms agree on the potentials of market-driven sustainability 

in the long term. Nonetheless, more drastic actions are required to accelerate the 

sustainable construction agenda in Nigeria. 

Keywords: competitiveness, developing countries, dynamic capabilities, sustainable 

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 construction sector at national to local 

levels (CIB, 1999). Many other strategies for dealing with the requirements of SC 

have evolved over the years. In developing countries, the increasing relevance of the 

building sector justiýes the need for greater attention towards sustainable buildings 

(Berardi, 2013). However, questions arise as to if and how the SC agenda can be 

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

                                                           
1 a.dania@pgr.reading.ac.uk 
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Many of the challenges of construction in developing countries have been documented 

by several researchers (Ofori, 2000, 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 urbanisation and 

inadequate housing and infrastructure (du Plessis, 2007). As 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 

development is ósustainableô(Luciana, 2007). The construction sector is likely to be 

the focal point 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 challenges head-on. 

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 Investment (FDI) on the continent in the past few years (National 

Bureau of Statistics, 2014). It has an active and vibrant construction sector catering for 

the needs of its diverse 170million people. This paper discusses the on-going role 

construction firms are playing in advancing the sustainability agenda. 

LITERATURE REVIEW  

Sustainable Construction 

SC is the construction sectorôs response to the sustainable development agenda which 

came to global focus through the publication of óOur Common Futureô (World 

Commission on Environment and Development., 1987). The report emphasized three 

fundamental components of sustainable development: environmental protection, social 

equity and economic growth. For these three dimensions to be captured in the built 

environment, SC should address the concerns of water usage, energy consumption, 

biodiversity, waste, construction materials and quality (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, 2005, Ding, 2008) have been developed, in addition to many 'off-the-shelf' 

sustainable technologies that could readily be incorporated into buildings (Pinkse and 

Dommisse, 2009). Ethical sourcing (Glass et al., 2011) of construction materials is 

encouraged, while the business case for corporate sustainability has been discussed 

severally (Dyllick and Hockerts, 2002, Salzmann et al., 2005)  

The pursuit of SC is not without its challenges. The level of awareness is usually a 

critical factor in the early stages of diffusion (Herremans and Reid, 2002, Zainul 

Abidin, 2010). The concept has various definitions which are vague and subjected to a 

variety of interpretations making it difficult to comprehend (Murray and Cotgrave, 

2007, Berardi, 2013). It calls for new sources of knowledge and technology which 

may be costly to implement in the short run (Häkkinen and Belloni, 2011, Serpell et 

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 sustainability goals (Dunphy et 

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  
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consumed, and the wastes generated during its construction and operative phase 

(Pearce et al., 2012). Construction firms appear to be the melting pot of the activities 

of all other stakeholders in the sector as they interact with all other stakeholdersô 

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 resource base view (RBV) (Barney, 1991) and its 

more recent extension, the Dynamic Capabilities View (DCV)  dominates 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 signatory 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., 2010). In 2008, it set up a 

stakeholderôs conference on sustainable development. Since then, there has been little 

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 2020 (Oxford Business Group, 2011, Mitchell, 2013). This is in part due 

the sectorôs low contribution to the macro-economy of Nigeria (1.3% as against 10% 

for similar countries). Recent surges in commercial and private developments, 

complementing Governmentôs massive patronage of the sector (up to 90%), is 

expected to account for much of this growth (Coffey International Development Ltd, 

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

international firms, medium sized foreign controlled firms, lower medium-sized 

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

share is skewed in favour of the largest firms (estimated 60-70%), with the MSMEs 

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

positive of this is the potential for technology transfer (Ofori, 1994, Carrillo, 1996).  

Majority of the researches on the Nigerian construction sector addresses its historic 

problems: low skills levels and productivity (Olomolaiye et al., 1987), nature of 

construction businesses (Aniekwu, 1995), time and cost overruns (Mansfield et al., 

1994, Aibinu and Jagboro, 2002), housing (Awotona, 1990) and risks (Adedokun et 

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 Nigeria (du Plessis et 

al., 2001). Du Plessis (2007) hinges the success of any sustainability initiative in 

Africa on a ócapableô and óviableô construction sector. The research focused on 

framing SC as a possible source of competitive advantage (Tan et al., 2011) and 

explores how firms seek to develop their capabilities (Teece et 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 counterparts (Ngoka, 1979), their market positions (Coffey 

International Development Ltd, 2014), and the implications as a result. The RBV 

(Wernerfelt, 1984, Barney, 1991) focuses on strategies for exploiting existing firm-

specific assets that are valuable, rare, inimitable and non-substitutable (VRIN 

attributes). However, the RBV has been criticised as being static and that firms run the 

risk of neglecting the influence of market dynamism (Eisenhardt and Martin, 2000). 
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As a result, a previous dominant market position 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 position (Helfat, 

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

View of the firm. 

Dynamic Capabilities View 

The DCV (Teece et al., 1997) has its roots in evolutionary economics and was 

developed to address the weaknesses of the RBV. It is a firm-level framework which 

adds the dimension of ócapabilitiesô in rapidly changing environments to the RBV. 

The DCV seeks to explain how firms enter or maintain competitiveness in a more 

hostile, dynamic and global world (Bowman and Carter, 1995). It encompasses skill 

acquisition, learning and accumulation of organizational and intangible assets in 

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

ódifficult-to-replicateô, ordinary,  zero level (technical) capabilities of firms from those 

higher level capabilities that are required to respond to fast moving business 

environments óopen to global competition and characterized by dispersionô marked by 

costumer relevance and competitive considerations (Winter, 2003, Teece, 2009). 

This framework resonates with competing 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 

advantage (Teece et al., 1997) 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 foundations (Arend and Bromiley, 2009). This has been attributed  

to the DCV being relatively new (Green et al., 2008). It still 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 Capabilities (Wang and Ahmed, 2007) 

 

RESEARCH DESIGN 

The research adopted a qualitative (Creswell, 2009), interpretivist approach in 

studying how firms integrate, build and reconfigure its competencies to address the 

rapid changing environments and global requirements for sustainability. A multi-case 

study (Eisenhardt, 1989) methodology was adopted for this study. The suitability of a 

case-study research design is that it investigates social life within the parameters of 

openness, communicativity, naturalism and interpretivity (Sarantakos, 2005). ñThe 

concept of Dynamic capability includes the capacity with which to identify the need or 

opportunity for change, formulate a response to such a need or opportunity and 

implement a course of actionò (Helfat, 2007pg 2). As a result, themes from the 
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Dynamic capability framework and the Agenda 21 informed the development of the 

case study protocol. 

Data Collection 

Using the firm classification by Coffey International (2014) two firms were selected: 

one mega international firm (Multibrix Ltd)  and one lower medium-sized indigenous 

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 

been in 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 firmsô operating history in Nigeria, firm strategy, 

organizational structure and challenges faced in operation. Of particular importance 

were the firmsô grasp of sustainability issues, its learning processes and absorption 

capacity. The interviews were directed at top level management, each being in depth 

and a little 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 change (Bryman, 2008) as 

they reveal the image the firm wants to create of itself. Only Multibrix Ltd produced 

corporate annual reports of which reports for years 2008-2012 were analysed. As for 

Dynamix Nig, a long term corporate strategic plan commemorating the 20th 

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 a set of categories 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 culture. These were used to make sense of the firmsô understanding of 

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 saw any 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 model by 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 Sustainability: 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 with both firmsô understanding of the concept. 

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 legislation are 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 client demand. 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 incorporate sustainable 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 

questions on specific SC themes, they showed 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 

 

*Exchange rate £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 economy compared to Dynamix Nig. So while both 

firms alluded to the fact that they implement clientôs requirements and thus, Multibrix 

Ltdôs higher profile clients appeared to account for its more robust mechanisms for dealing 

with change. They both sense the prospects 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 this regard. 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 Nig on 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 work experiences in both developed and developing countries. This knowledge 

is being enacted currently on three on-going projects which have been designed and 

are being constructed to LEED standards. They are however quick to point out óill-

fittingô requirements of LEED to the Nigerian context as it is quite different from the 

market which it was designed for. This is indicative that a óone-size-fits-allô solution is 

not feasible and there might be a need for a bespoke assessment methodology for 

 Multibrix Ltd Dynamix Nig 

Type Engineering, Procurement and 

Construction Firm (Vertically 

integrated) 

Construction and Engineering 

Consultancy 

Turnover (£)*  815,384,615 38,461,540 

Staff Strength Over 18000 Over 200 

Ownership Structure Public Liability Company Privately owned 

Geographical 

Spread**  

3 regions 3 regions 

Organizational Units 4 divisions, 3 service units, hierarchical 

organisation 

4 subsidiary companies, flat 

organisation 

Interviewees  Operational Director, service unit head, 

design head and LEED champion 

Vice Chairman, 3 subsidiary head, 

one director of operations 

Clients Largely government, increasing 

number of corporate and private clients 

Strictly private and corporate clients 

by unwritten policy 
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Nigeria. The choice 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 organisations typically 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 across most construction firms due to Oil and 

Gas clients' requirements. This resonates with the views of Ofori (1994) and Carrillo 

(1996) on technology transfer by multi-nationals 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 SC capabilities 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 client requested 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 engagement and 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/or indifferent to SC. 

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

Nigeriaôs statute. Differing priorities like those mentioned by du Plessis (2007) makes 

it no surprise that awareness and demand of sustainable buildings are very low. 

However, poor access and 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 

óhigh endô for the average 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 highly organised management structure. This competitive edge it has over its 

indigenous counterparts has been highlighted as far back as 1977 (Oladapo) 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 óuniqueô and ódifficult to imitateô about them (their resource 

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 not interested (Coffey International Development Ltd, 2014). 

CONCLUSIONS 

From the analyses, it is apparent that the Nigerian construction sector is still in a very 

early phase of sustainable construction. 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 market-led sustainability initiatives, largely driven by 
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international investors who seek to maintain 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 through 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 formalised 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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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 behaviour is 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 Practice Theory (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 building features 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 approach in 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 physical features of sustainable 

office buildings and permits a more complex analysis of 'why' and 'how' workplace 

routines and practices are undertaken.   

Keywords: behaviour change, green buildings, social practice theory, sustainability. 

INTRODUCTION  

The built environment is implicated in unsustainable patterns of global resource 

consumption. Buildings contribute 40% of all annual energy consumption and up to 

30% of all energy-related greenhouse gas emissions globally (UNEP-SBCI 2010). 

Non-domestic buildings are responsible for significant natural resource consumption, 

waste production and greenhouse gas emissions. Adaptive and mitigative measures 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 ratings systems.   

BREEAM2 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 
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significantly from the in-use performance. A growing body of literature has emerged 

around this issue, termed the "performance gap"; the discrepancy between predicted 

and operational building performance (Menezes et al. 2011). The PROBE3 Studies 

undertaken in the 1990s, evaluated operational performance of 23 non-domestic 

buildings, concluding that, once occupied, energy use could be as much as double 

design stage predictions (UBT 2014).  The Carbon Trust's 'Closing the Gap' report 

identified factors potentially 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 Sharples (2011) contend that assessments undertaken prior to 

occupation fail to rigorously consider the impact of end users. Occupants in 

sustainable buildings are typically considered in the context of monitoring behaviour 

or measuring satisfaction and initiatives 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 developments, standardization and labelling (Shove 

2003, Jackson 2005). The individual is the central unit of analysis in such linear 

attitude-intention-behaviour models which fail to robustly address social, cultural and 

contextual factors.  

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

paradigm shifts focus from individuals to wider institutional actors such as 

organisations, companies and local authorities and relies on the principles of physical 

and environmental determinism; that desired behaviour can be achieved through the 

appropriate environment, infrastructure and technology in line with stringent 

regulation (Spaargaren, 2011). However this approach neglects consideration of 

individual's capabilities and the dynamics of social life. What is termed the agency-

structure debate has emerged, highlighting the limitations of both the individualist and 

systemic paradigms. Sociological, practice-based theories offer a more balanced 

approach to addressing unsustainable patterns of consumption and lifestyles. Neither 

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 to reframe how occupants are analysed.  Warde (2005) 

notes ñthe principal implication of a theory of practices is that the sources of change 

behaviour lie in the development of practices themselvesò (140). This paper evaluates 

the application of SPT in understanding occupants in the specific context of 

sustainably designed office buildings, contributing to empirical research in this field. 

Sustainable office buildings and their occupants 

Heerwagen (2000) contends that office buildings are widely considered as a strategic 

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 
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impacting 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 (Sawyer et al. 

2008, Choi et al. 2012, Hauge et 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 and personal sacrifice (Shove 2010:1277). 

However, the influence of social context must not be disregarded "individuals do not 

exist in a social vacuuméin some cases the surrounding context overrides 

allécognitive factors" (Hargreaves, 2011: 81). Theories of practices 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 practice 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, Schatzki et al. 2002, Shove 2003, Shove 2010, Shove et al. 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 and capable individuals and social structures, such as 

technology, infrastructure and institutions. Reckwitz's (2002) widely cited definition 

of a practice describes "a routinized type of behaviour which consists of several 

elements, interconnected to one another: forms of bodily activities, forms of mental 

activities, 'things' and their use, a background knowledge in the form of 

understanding, know-how, states of emotion and motivational knowledge." (Reckwitz 

2002: 249). Elements are interconnected and converge over 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 a "knowledgeable 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 practices. Individuals 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 practices individuals are engaged in 

(Evans et al. 2012).  

 

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 

empirical data "as general theories of practiceétend to be idealized, abstract, and 

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: 6-7). How to undertake such analysis is also subject to wide debate 

amongst 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 systems of provision.  Hargreaves (2011) contends that Shove and Pantzar 

(2005) provide an "empirically helpful understanding of practiceséthat are 

dynamically integrated by skilled practitioners through regular and repeated 

performance" (83).  This approach is conceptualised 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 perspective "not only useful for studying stability in practices (Schatzki 

2002) but also for gaining insight into how social change occurs." (Halkier et al 2011: 

9). This is of particular interest as moves to 'flagship' green offices are often presented 

as a catalyst, or in the language of practice theories 'points of disruption' to instigate a 

change in practices in work-related consumption routines. Focus is shifted from 

persuading or educating individuals to change their behaviours, to understanding the 

potential to render 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 self-report questionnaires, potentially subject 

to social desirability effects (Burgess et al. 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 to provide a more complex understanding of everyday practices in context, 

ethnographic research was undertaken. Ethnographic research aims to "understand 

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

people who actually 'live them out'" (Cook and Crang 1995: 4). Payne and Payne 

(2004) define ethnography as ñthe production of highly detailed accounts of how 

people in a social setting lead their lives, based on systematic and long-term 

observation of, and conversations with, informants.ò (Payne and Payne 2004:71).  

Ethnographic observations were undertaken at multiple case study sites, providing 

"multiple measures of the same phenomenonò (Yin 2003: 99). Three BREEAM 

'Excellent' certified sustainable office buildings in England were 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 have been 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 thematically coded 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 (2003) "aspects of 

everyday life that are moving in increasingly resource intensive directions" (Shove 

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 have been analysed 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 which "emphasize tacit and 

unconscious forms of knowledge and experience through which shared ways of 

understanding and being in the world are established, through which purposes 

emerge as desirable and norms as legitimate" (Shove et al. 2012: 12). In the context 

of sustainable office buildings, Monfared and Sharples (2011) contend that these 

buildings hold embedded meanings for their occupants, such as providing a 'green' 

solution whilst meeting conventional comfort expectations.  

Findings suggested meanings associated with 'intelligent' buildings. For some 

respondents, across all buildings, the benefits of occupying a sustainable office were 

that the building would 'deal with' resource issues. The FM team were considered to 

be the gatekeepers of the building, with occupants powerless. One member of the FM 

team described the response of occupants to changing internal temperature "the first 

hot day the windows opened and within 3 minutes I had HR on the phone 'we're 

freezing. We've all got our jackets on.'" (Building A, FM team, female).   

Perceptions 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 systems, as discussed later in this paper.  

Meanings also centred on certain levels of comfort as a minimum working right; that a 

sustainable building should deliver a minimum 'understood' temperature (Shove, 

2004), thus, "There is more to comfort than temperature but exactly where 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 and linked to elements of competency; 

occupants of the buildings know how to dress, reflecting their understanding the 

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 

status. 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 stated "the 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 CEO" (Building, B full time employee, female).   

Table 1: Overview of case study office buildings  

 

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. However, some respondents commented "support 

for the Green Team is not as strong as you would expect" (Building B, member of 

Green Team, male). Other respondents confirmed this view, indicating that it was only 

certain "keen green types" who became involved in 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 any single element 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, know-how and techniques required to undertake 
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practices (Shove et 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 Teams in Buildings A and B described very 

limited handover processes, where cursory information and training were provided on 

technical systems. Both teams described a slow process of on-site learning, facilitated 

by informal discussions with sub-contractors. Building 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 behaviour in 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 heavily 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 needed is an 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 turning off the lights manually, 

however most do not as they "think 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 multi-tenanted Building C. One 

respondent in Building B noted that although the office remains open until 8pm, the 

majority of occupants "like to start early, and leave early as most people donôt live 

here and have 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 competences 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 entities which 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 systems, motion 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 Building 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 changes and 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 is vital to 

reconstruct practices by understanding how elements interlink, the existence of a 

practice "necessarily depends on the existence and specific interconnectedness of 

these elements andécannot be reduced to any one of these single elements" 

(Reckwitz 2002: 250).  

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 buildings. Shove and 

Pantzar (2005) note that it is not simply by designing a product, or in the context of 

this research, constructing a sustainable office building, that design intent is realised.  

Carriers of the practice are essential to shifting the practice from an abstract entity to a 

practice existing in its own right. This may involve the establishing of new links 

between elements of practice or the breaking of existing links.   

Hypothesised links between elements of practices and between intersecting practices 

may be drawn from 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 development 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 practices (Hargreaves 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 elements of practice 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 noted, as this highly 

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 consumption must 

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

SPT extends the analysis of 'ways of doing' to the development of culture and 

conventions.  The historical significance of working practices and their future 

trajectories are implicit in the deconstruction of practices. It is 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, Shove and 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 practices may be achieved.  
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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 environmental building assessment tools among industry practitioners in 

Botswana. One hundred and seven paper-based questionnaires were delivered to 

industry practitioners, including architects, engineers, quantity surveyors, real estate 

developers and academics. 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. Sixty five were returned and statistical 

analysis, using IBM SPSS V19 software, was used for analysis. Almost 85 per cent of 

respondents indicate that they are extremely or moderately aware of environmental 

design. Furthermore, the results indicate that 32 per cent of respondents have gone 

through formal training, which suggests óreasonable knowledgeô. This however does 

not correspond with the use of the tools on the ground as 69 per cent of practitioners 

report never to have used any environmental building assessment 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: sustainability, building assessment tools, Botswana. 

INTRODUCTION  

Concerns about the negative impact of buildings on the environment have stimulated 

interest in the development and use of environmental building assessment tools. 

Environmental building assessment tools assess the impact of buildings on the 

environment such as CO2 emissions from the buildings energy use. Therefore the 

assessment tools improve knowledge and environmental performance of building 

stocks (Reed et al., 2011). During the buildingôs stages of design, construction and 

use, environmental building assessment tools gather information and report on 

performance (Mateus and Bragança, 2011). The information is on performance of 

various attributes including resource usage, waste, pollution and energy and water 

efficiency. Accordingly environmental building assessment tools share the primary 
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objective of stimulating the market demand for buildings with improved 

environmental performance (Lee and Burnett, 2006).  

Knowledge of environmental building assessment tools and their assessment criteria is 

essential for their successful implementation. Goh and Rowlinson (2013) argue that 

training on environmental building assessment tools is essential to understand their 

contents. Hence, knowledge and awareness of green buildings practices and 

environmental building assessment toolôs assessment criteria in particular is important 

(Todd et al., 2013). The tools however can improve users understanding of 

environmental design in buildings.  

The purpose 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 

userôs awareness 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 importance and 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 Botswana. In the context of the paper, building assessment is carried out 

to assess a buildingôs ability to demonstrate its contribution to sustainable 

development by providing greater satisfaction to users, enhance and better protecting 

the natural environment and be water and energy efficient. Environmental building 

assessment tools are used primarily for these purposes.  

ENVIRONMENTAL BUILDING ASSESSMENT TOOLS 

Environmental assessment of buildings measure how well or poorly a building is 

likely to perform, against a declared set of criteria or environmental considerations 

(Cole, 2005). They can be broadly classified as qualitative or quantitative tools 

(Reijnders and Roekel, 1999). Qualitative tools are based on auditing of buildings as a 

whole and putting a score to each investigated parameter resulting in one overall score 

of a building (Forsberg and von Malmborg, 2004). Scoring in this regard emphasizes 

different aspects of environmental performance (Reijnders and Roekel, 1999). 

Quantitative tools on the other hand use a physical life cycle approach, focusing on 

aspects of a building like energy, indoor environment, building materials etc.in a 

fragmented manner (Forsberg and von Malmborg, 2004) .Various qualitative 

environmental building assessment tools exists worldwide such as the UK Building 

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 Japanese Comprehensive Assessment System for Building 

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

design and use.  

The use of environmental building assessment tools generally promotes sustainability 

in the built environment. Reed et al. (2011) argue that they improve sustainability 

knowledge in each countryôs building stock. Moreover Cole (2012) point out that the 

tools are instrumental in mainstreaming green building practices. Besides defining the 

attributes of green buildings in practice, Todd et 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 building practices. 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 and US (BRE, 2014, USGBC, 

2013).  

Despite these positive uses, there are perceived shortcomings of use of environmental 

building assessment tools. Reed et al. (2011) asserts that 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 than promoting sustainability. The tools follow the specific 

countryôs building regulations and other guidelines like the quality standards (Haapio, 

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 concepts of building 

performance, which creates complications for those who want to invest in property in 

different markets (Dixon et al., 2008). 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 since independence in 1966. In 

June 2011 total workforce was estimated at 387,426 employees (CSO, 2012). Of 

these, 23,347 were employed in the construction industry. Since 2004 to 2011 the 

construction industry contribution to total employment has been more than 5%. The 

construction industryôs contribution towards GDP has also been averaging 5% 

between the years 2004 and 2011.In 2011 the construction industry contributed about 

7.4 billion Botswana Pula to the national economy (BOB, 2012) (1Botswana 

Pula=0.071 British Pound).  

Size of the Industry 

Firms that intend to undertake public works are required to register with the Botswana 

Public Procurement and Asset Disposal Board (PPADB). PPADB classify 

construction firms into different categories according to their financial and human 

resources, skills and experience relating to past or similar projects. The contractors are 

classed into classes OC, A, B, C, D and E. Class 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 classes (PPADB, 2013). Consultants on the other hand 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 there were 193 

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 industry. These include; Environmental 

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 legislation used for construction activities is the 

Environmental Impact Assessment Act. 
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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 choice was made 

because questionnaires can be sent to many people who can fill them anonymously 

(Leedy and Ormrod, 2013). Furthermore they provide a reduced risk for bias due to 

the presence of the researcher, have wider coverage, and offer stable, consistent and 

uniform information with less variation (Sarantakos, 2005). The 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 design 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. All survey 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 (2004) identified local authorities, architects, designers, 

consultants, building owners, investors and contractors as the main 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 assessment tools. Consequently in 

the study, groups of users including, building engineers, architects, 

construction/project managers, private developers, quantity surveyors, 

environmentalists, real estate developers, government employees and academics were 

purposively invited to complete the questionnaire. A total one hundred and seven 

questionnaires were distributed and sixty five were returned back as per Table 1.  

Table 1: Summary of Respondents 

 
IBM SPSS V19 software was used for analysis and mostly data was analysed with 

descriptive statistics. The non-parametric Kruskal-Wallis test was conducted to 

determine whether there were statistically significant differences between users 

regarding knowledge of building design using environmental building assessment 

tools and their importance 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 Kruskal-Wallis Test tests whether the distribution of ordinal variables is the same 

in three or more groups by comparing the sum ranks (Norusis, 2002). Testing was 

done at 5% significance level. The grouping variable was position in the organisation. 

The study reports preliminary findings on an on-going research. 
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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 slightly 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 awareness from the results indicates that in theory users understands the 

concepts of environmental building assessment tools.  

 

Figure 1: Level of Awareness 

It was important to find where users get knowledge and awareness of environmental 

issues pertaining to building 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 indicative of reasonable 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 environmental building 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 environmental issues related to building design 

and construction. 

Table 2: Source of Information 
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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 understanding of 

respondents regarding building assessment, respondents were asked ñwhat they 

understood by the term building assessment and its importance to the construction 

industry?ò The responses were varied and categorised into five themes including 

compliance 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 indicated in Figure 2.  

 

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: 

Respondent 6: ñItôs about assessing the buildings in terms of the designs, 

environmental impacts as well as construction. It is important especially for quality 

assurance and environmental friendlinessò 

Respondent 2: ñBuilding assessment is very broad but could mean checking for 

compliance to design codes and assessment for rating on standards e.g. LEEDò 

Respondent 16 ñEnables the developer to determine materials used on the building 

and its effect on the environmentò. 

In the context of the paper building assessment is carried out to assess a buildingôs 

ability to demonstrate its contribution to sustainable development by providing greater 

satisfaction to users, enhance and better protecting the natural environment and be 

water and energy efficient. The responses from users indicate that they are aware of 

the rationale of building assessment and attribute it mostly to assessing the 

performance of a building in view of protecting the environment and satisfying 

stakeholders through quality assurance of the building.  

Knowledge of Building Design Using Environmental 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 sufficient 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 Wallis Test revealed no 

statistically significant difference in rating of knowledge of building design using 

environmental building assessment tools across the sampled groups, 2 = 6.765, df =8, 

p=0.562. 

Table 3: Knowledge of building design using assessment tools 

 

Importance of Environmental Building Assessment Tools in Design and 

Construction of Buildings 

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

and construction of buildings, respondents were asked to rate on a scale of 1-5. 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 that environmental 

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 of 

importance of environmental building assessment tools in design and construction of 

buildings across the sampled groups, 2 = 8.280, df =7, p=0.309.  

Table 4: Importance of assessment tools in Design and Construction of Buildings 

 

Use of Environmental Building Assessment Tools in past projects 

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 per cent have reported extreme or 

moderate awareness shows a gap between awareness (theoretically) and 

implementation. Environmental building assessment tools are used to measure 



Ntshwene, Essah and Dixon 

30 

 

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 

elsewhere. BREEAM was reported in 21.5% of cases. This was followed by both 

LEED and Green Star Australia 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 any environmental building assessment tool with 52.3% of cases reporting 

such. Knowledge of the environmental building assessment tools is likely from formal 

training and personal research.  

Possible Barriers to Implementation of Environmental 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. Respondents 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 30.8% 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 of environmental building assessment tools 

Barriers Responses Per cent of cases (%) 

N Per cent (%) 

Lack of Knowledge 22 22.2 33.8 

Corruption 5 5.1 7.7 

Costs 

Lack of Information 

Lack of Resources 

Lack of Standards/Legislation/Regulations 

Lack of Technology/Technical Skills 

Construction Industry Informal 

Political/Government Support 

Lack of Awareness/Ignorance 

Not Completed 

Total 

20 

5 

1 

7 

4 

1 

5 

16 

13 

99 

20.2 

5.1 

1.0 

7.1 

4.0 

1.0 

5.1 

16.2 

13.1 

100.0 

30.8 

7.7 

1.5 

10.8 

6.2 

1.5 

7.7 

24.6 

20.0 

152.3 

CONCLUSIONS 

The study has found that users deem environmental building assessment tools 

important for assessing environmental performance of buildings. The fact that no 

environmental assessment tool been developed in Botswana did not prevent users 

from acquiring knowledge through other means. Most of the users reported that 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 building assessment tool. 
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This is in line with Goh and Rowlinson (2013) assertion that understanding and 

knowledge of environmental building assessment tools will lead to their use.  

The Kruskal-Wallis Test conducted did not reveal any statistically significant 

differences between users regarding knowledge of building design using 

environmental building assessment tools and their importance in design and 

construction. All groups were in agreement in their rating to the statements, which 

shows no bias from any group. The results indicates that majority of 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 tools. Despite their knowledge, fewer 

users have used environmental building assessment tools in past projects. Therefore, 

there is limited practical experience using environmental building assessment tools.  

Possible barriers for successful implementation however highlight the practical 

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 example Reed et al. (2011) who 

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

Environmental building assessment tools have been found to transform green building 

practices (Todd et 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 practices. It could 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 assessment tool. The assessment tool may further enhance that 

awareness and knowledge and may result in transformation of green building practices 

in the Botswana built environment. However, it has to be driven by Government since 

there is no competent body to drive it forward in contrast to other countries where 

there are Green Building Councils which can act in this capacity. 
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Embedding the principles of sustainable development and sustainable 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 external policy stakeholders and the 

National Housing Federation for project appraisals to consider an ever increasing 

number of non-financial benefit enhancing features of UK social housing projects.  

An important stage in this transformational process will be the identification 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 neighbourhood sustainability.   In an 

attempt to refine these criteria into a more pragmatic list the results of 11 semi-

structured interviews held with senior professionals drawn from across one typical 

social housing organisation, together with the results of 7 validating interviews are 

reported.  Analysis of the collected data established an emergent list of 6 principal 

success criteria and a further 49 sub-criteria against which project centric benefit can 

be appraised. The paper concludes by proposing further work relating to the 

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

practice.  

Keywords: social housing, asset management, sustainable communities, project 

success. 

INTRODUCTION  

Since the 1960s the UK government has sought to confront and eradicate the problems 

associated with poor neighbourhoods and the social exclusion often suffered by 

ensnared residents by implementing top-down 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 of sub-standard housing. Yet 

research undertaken by the Social Exclusion Unit (2000:7) suggests the vast majority 

of these schemes have, at best, had a limited impact on the communities they sought 

to help. With improvements in housing conditions, employment and crime often 

patchy and short-lived.  As a result, many of the deprived communities targeted have 

since reported increasing levels of social exclusion and stigmatisation (Robinson et al 

1998).   

The problem now facing social housing providers is how to overcome these 

challenges and ensure the mistakes of past are not repeated by organisations seeking 

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



Higham and Stephenson 

 

34 

 

 

to quickly transform their stock through a combination of physical improvement, 

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

order to respond 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.   

The work 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 management.  The paper is structured so that relevant literature related to project 

success indicators, social housing asset management and sustainable communities are 

reviewed to establish current levels of knowledge and make the case for further 

empirical data to be collected through 18 semi-structured interviews. The work 

concludes by proposing a range of potential socio-economic 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 organisationôs property assets in a way which best supports it key business goals 

and objectives" (White and Jones 2012). 

Yet what the term asset management means for social 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 other seminal 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 thought views asset management as a largely 

task-orientated 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 organisations existing assets and addressing the 

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

approach, it remains un-clear were the UK social housing sector is positioned 

following a decade of substantial reform.  For example, Albanese's (2007) evaluation 

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

suggests the UK social housing sector has started to adopt a ómarket orientatedô 

approach. Whereas Gibb and Trebeck's (2009) extensive evaluation of four social 

housing organisations operating in the North East of England suggests that as 

providers individually respond to the difficulties' associated with sector 

transformation, not all are adopting a ómarket orientatedô approach to asset 

management.   

In the context of this research, however, asset management was seen as a 'market 

orientated' activity whereby emphasis is placed on a broad range of activities, 

including the speculative development of affordable housing in a diverse range of 

geographical areas, 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 Trebeck 2009; Nieboer and Gruis 2014).  

The case for appraising the Success of Asset Management Projects 

Over the last two decades there has been a growing recognition that social housing 

providers cannot invest in housing alone, it is now imperative that organisations 

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 the limitations of existing approaches to asset management.  The seminal 

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 reaffirmed in Colemanôs (1985) highly influential, yet 

controversial study of two social housing estates in London.  Like Bell, Coleman was 

highly critical of the existing asset management approaches, which she asserted did 

little more than ñrestore the estate to something like its pristine condition with all its 

detrimental designs intact and able to exert the same malign influence that they did 

from the startò (Coleman 1985:122).  An argument reaffirmed in a later studies such 

as Power's (1999) highly regarded evaluation of 50 social housing estates across five 

European countries and Luptonôs (2003) evaluation of 12 declining neighbourhoods 

located throughout England.    

Regrettably, however, despite the growing evidence supporting community centric or 

sustainable asset management, social housing organisations are continuing to default 

to bricks and mortar led strategies to the exclusion of the needs of the communities 

within which the physical structures are located (Haran et al 2011).  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 

project success ultimately defined as the project managers' ability to control time, 

budgets and resources over the projects life cycle.  Abeysekena and Mclean's (2001) 

qualitative research undertaken with 5 senior project managers in New Zealand, 

suggested, success is, however, more narrowly measured, with a successful project 

being accepted as one delivered within a pre-determined time schedule whilst not 

exceeding the client's budget.  Yet Cooke-Davis (2002) asserts that such measures are 

really only testament 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 (2007) however, 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 attributes against which eventual success is determined.   

Gunathilaka et al's (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 both the lack of empirical data presented in the papers 
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together with the researchersô obsession with identifying further measures of success. 

Rather than deepening our understanding of their impact, in real world situations 

through empirical analysis.  However, a more detailed appraisal of the potential 

success factors identified in Gunathilaka et al's (2013) work identified that the 

majority of the existing indicators focused on the appraisal of relatively standardised 

criteria associated with mainstream construction 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 asset management 

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 environment, 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 includes Long and Hutchins (2003) mapping 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 at the core of guidance issued by both the Housing 

Corporation and the Office of Deputy Prime Minister for the delivery of sustainable 

housing projects.  Sir John Egan's (2004) government commissioned review of the 

skills required to implement sustainable communities identified seven 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 46 lower 

level success indicators for the creation of a sustainable community although he failed 

to articulate how these features would be measured.  Treanor and Walker's (2004) 

mixed method study using a combination of secondary data, derived from both policy 

guidance notes and academic outputs, supplemented with primary data collected from 

the examination of neighbourhood profiling models developed and implemented by 

five case study organisations identified in excess of 80 socio-economic indicators they 

suggest could be adopted for the appraisal of existing neighbourhoods.  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 having to make difficult decisions as to which aspects of the guidance where 

most relevant to the creation of a sustainable community and those which should be 

rejected in any appraisal of eventual success. 

Latterly Turcu (2013) attempted to refine this complex list of 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 more pragmatic 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 independently by regeneration 

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 differences in project 

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 examined the development of models, frameworks 

and toolkits that have been developed to assist professionals appraise the likely 

outcome of housing-led regeneration projects in the UK.  The lack of consensus on the 

nature and extent of the attributes of the relevant 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, this study resolved to establish the more significant of 

the over-arching features of sustainability that could be adopted by practitioners as 

potential measures of success for planned maintenance,  stock rehabilitation and other 

major asset management schemes undertaken 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 housing 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 to case study research ï single case or multiple case designs. The 

wider literature suggests that a multiple case approach is arguably more robust, 

although Yin argues that the single case study approach is justifiable when, inter alia, 

the case is representative or typical.  The disparate nature of asset management and 

investment appraisal in the social housing sector (Guris and Neiboer 2004), together 

with the widespread differences in the asset management approaches adopted by UK 

social housing organisations (Albanese 2007; Gibb and Trebeck 2009) called the 

suitability of a multiple case study design into question.  As a result, a single case 

study based on a 'typical' medium sized registered social landlord was deemed be the 

most appropriate approach for this study.  However, to strengthen the validity of the 

research, the findings were exposed to external verification, through a second round of 

semi-structured interviews. 

Interview Design and Sample Selection 

To achieve 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 managers was drawn with assistance of the director of asset management.  The 

participants were invited to take part in a semi-structured interview held, at their 

offices and lasting approximately 45 minutes.  The aim of the interview was to 

establish the meaning 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 communities. Following transcription and analysis using Nvivo qualitative 

software the initial findings were 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 selected from organisations listed in 

the 2013 National Housing Federation directory of members using discriminate 

sampling.  The adoption of discriminate sampling allowed the researcher to maximise 

the opportunity of collecting relevant data from a small sample by ensuring the sample 

reflected the overall population (Punch, 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 Sheffield selected.  

DATA ANALYSIS  

The analysis used open coding to identify the various sub-categories 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 identified, axial coding revealed 

relationships between nodes and sub-nodes. 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 process, the data was repeatedly 

analysed. Through this process the initial themes were distilled into six overriding 

categories containing 49 sub-themes or potential project success indicators which 

could be adopted for the appraisal of social housing asset management projects. 

Feature 1: Built Environment 

As expected, the physical and financial characteristics of the housing stock are critical 

to the evaluation of project success.  Various constraints associated with the existing 

stock appear to frustrate the sectorôs ability to provide the quality and type of housing 

to which they aspire.  However, 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 was more importantly, prospective tenants raising 

concerns about the design, layout and the 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 layout of 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 typically 2 bedroom 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 the 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 indicator 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 influenced by the 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 such as poor lighting and narrow 

alleyways both increasing residentsô fear of crime, whilst acting as a magnet for ever 

increasing levels of littering, fly tipping and vandalism.   The lack of designated car 

parking (on or off road) and the provision of large private 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 simply decided 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 communities with 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 neighbourhood. Leading to a 

situation similar to that purported by broken window theory, whereby the problems 

escalate uncontrollably, further negatively affecting the appearance of the 

neighbourhood. Yet as interviewee 11 pointed out, improvements to the local 

environment 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 

concentrated on increasing supply. Intervieweeôs 6 and 7, however, challenged this 

view, opining that, in the current marketplace all neighbourhoods, good or bad, were 

over-subscribed. Yet, interviewee 5 asserted that despite this upward trend in demand, 

some estates continued 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 the 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 to falling demand. Indeed a number of the interviewees 

suggested that whilst day-to-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 exacerbating housing management problems. For 

example, an abundance of flats would invariably attract socially excluded, problematic 

or transient tenants triggering to higher levels of churn.  However as interviewee 11 

commented, the resulting effect of such high levels churn is often the destabilisation 

the wider community, leading to increasing turnover and harder to let housing as the 

neighbourhoodôs reputation is diminished.    

Feature 4: Local Economy 

In addition to the physical characteristics of the housing stock and 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 interventions.  A number of the interviewees highlighted the 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 which the 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 placements 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 enhanced tenure diversification within the 

community, which the majority of interviewees felt was important if regeneration 

investment was 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 local shops.  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 existing shops or attracting new retailers into an estate was in itself 

insufficient.   It would then be essential to the long-term survival of these businesses 

that the social housing provider supports them to ensure that issues associated with 

crime and anti-social 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 organisation, 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 of community 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 most significant 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 attested it is not social exclusion 

per se leading to the noticeable increase in crime, it was often organised criminals 

taking advantage of the residents' vulnerability.  In addition to the levels of crime, 

anti-social behaviour considerations were also seen as a key dimension 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 anti-social behaviour.  However, when exploring the nature of 

anti-social 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 of anti-social 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 estate.  Yet, surprisingly 

interviewee 8 asserted that spending money on improving rundown community 

facilities such as playgrounds, without first considering their location could intensify 

existing neighbourhood problems. 

The notion of community, from the perspective of access to facilities and services, 

was a clear underlying issue within the literature; however, it did not dominate any of 

the interviews.  This would suggest that ensuring tenants have access to facilities and 

services within their own community were perhaps a bi-product of neighbourhood 

improvement and regeneration rather than a central focus. As interviewee 8 asserted 

simply providing such facilities would really only be part of the solution.  As it would 

then fall to the residents to ensure that, the services provided remained viable. Yet, 
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interviewee 6 suggested the provision of facilities and services by the social housing 

organisation extend beyond physical community assets, to incorporate the provision of 

other support services to residents. Importantly, for estate improvement, it was clear 

that providing play space and services for young people remains an important feature 

of a sustainable neighbourhood. Yet, it was also made clear that the provision of such 

resources must be aligned to the needs of the residents, not merely based on the 

assumptions of those designing or specifying the improvements. 

Feature 6: Governance 

The final major theme emerging from the interviews was the need to ensure that 

strong communication links exist between the organisation and its customers. The 

interviewees collectively highlighted 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, and to look outside the organisation 

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

CONCLUSIONS 

Despite the highly regarded and indeed controversial findings of Alice Colemanôs 

(1985) comprehensive study of social housing, which suggested, inter alia, asset 

management alone would do nothing to improve the day-to-day realities of living in 

unsustainable housing estates, little had been achieved. Exponents of such approaches 

to asset management attest the seed of failure was inherent in the predominant bricks 

and mortar focus of previous attempts at neighbourhood intervention with success or 

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 knowledge 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 semi-structured interviews 

conducted with senior housing professionals identified 49 potential project success 

criteria, grouped into six principle areas, including Built Environment, Local 

Environment, Market Dynamics, Local Economy, Society, and Governance have been 

identified. Whilst this study has not gone as far as identifying clear ósolutionsô to the 

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 that not only restore estates to their 

previous pristine condition but also enhance the sustainability of the local community. 
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The link between a sustainability agenda and post-disaster reconstruction is gaining 

increasing attention. However it is not clear how sustainability thinking affects 

outcomes of reconstruction programmes. This paper identifies key factors that 

influence how sustainability principles are integrated 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 Team (SCIRT) in the cityôs 

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 construction. Information has 

been gathered through semi-structured 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 significant 

limitation on what can be achieved in post-disaster 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 

infrastructure. 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 infrastructure reconstruction or repair; (b) 

Conflicting timescales: there is a trade-off between the short-term need to restore 

services and longer-term considerations of improved system development and 

maintenance; (c) Best practice: opportunities to adopt sustainable approaches (as 

defined in the business-as-usual infrastructure construction) can prove to be elusive 

where adhering to a pre-conceived level of óbest practiceô may not be appropriate; (d) 

Resilience: the concept of resilience is clearly embedded in options analysis for 

repairing or rebuilding infrastructure, helping to facilitate a longer-term perspective. 

Keywords: decision analysis, post-disaster reconstruction, resilience, sustainability. 

INTRODUCTION  

The sustainability agenda places emphasis on the ñintegration of environmental, 

social and economic concerns in policy, precaution in the face of uncertainty, viable 

livelihoods to reduce poverty, the long as well as the short term, inclusive and 

innovative approachesò (Handmer and Dovers 2013: 52). Reconstruction can be an 

opportunity to implement solutions informed by sustainability principles, such as 

considering the impact of future hazards, climate change and creating safer 

communities (Hayles 2010). It is an opportunity to address vulnerabilities in the built 

environment, where the most vulnerable aspects tend to be those that require 
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rebuilding (Amaratunga and Haigh 2011). Yet, there is little guidance around how to 

accurately capture this opportunity and define realistic outcomes.  

Kulatunga (2011) suggests that it is impossible to truly define a ósustainable 

reconstructionô given the large variance in the nature of a disaster and the context in 

which it occurs. Reconstruction by its very nature has a number of defining 

characteristics that are different from business-as-usual infrastructure development. 

While decision-support tools can help to assist thinking, rigid information-heavy 

assessments do not necessarily translate to a post-disaster context where decisions 

must be made in a ñfast-paced, information-poor environmentò (Olshansky and 

Chang 2009: 206). Reconstruction can also entail ongoing uncertainty over scope and 

funding long after construction has commenced. Furthermore, perception of what is 

important can change with the urgency and needs within a post-disaster environment. 

So the question remains, how do we begin to outline and address sustainability in the 

changeable, uncertain context of reconstruction?  

The aim of this paper is to develop insight into the decision-making processes 

associated with reconstruction of horizontal infrastructure networks (focusing on 

wastewater, water supply, stormwater and roads). The argument is based on an initial 

investigation in an ongoing study into the reconstruction of Christchurch, New 

Zealand. The research follows an inductive approach where theory is developed from 

a mixture of literature, observations and experience (Hunter and Kelly, 2008). 

Approximately 60 semi-qualitative interviews with engineers and executives involved 

in the reconstruction have been conducted over 2013/14. Information has also been 

gathered through a review of government and academic reports, infrastructure design 

guidance and project-specific design reports. Full interview analysis is not yet 

completed, however sufficient progress has been made to indicate early insights. 

Quotes used in this paper are anonymous, but context is provided through the 

interviewee role. Roles are categorised into: leadership (executive), leadership 

(design), designer and óotherô (this includes finance, planning and environment).   

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

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

impact on the ability to address short- and long-term social, environmental and 

economic issues. Four key factors are discussed: decision boundaries in reconstruction 

management, inevitable trade-offs in ambitions, feasibility of implementing perceived 

óbest practiceô environmental initiatives and the role of resilience as a concept that 

encourages long-term thinking. The first two factors are discussed in relation to the 

impact of overall governance arrangements. The second two factors are 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 370,000. The city experienced a series of major 

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

February 2011. The estimated cost of recovery is $NZ 40 billion (approximately 

£20 billion) (New Zealand Treasury 2013). This is almost 20% of New Zealandôs 

annual gross domestic product (GDP) - a substantial impact on the national economy.  

Christchurch provides a developed country reconstruction scenario where established 

infrastructure networks sustained significant damage (see Figure 1 for a visual 

indication of the damage). Table 1 outlines Christchurchôs network characteristics and 
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estimated damage. The estimated cost of repairing wastewater, water supply, 

stormwater and road networks within the Christchurch City Council (hereafter: 

Council) boundaries, (i.e. excluding damage in neighbouring rural districts) is 

$NZ 2.5 billion. 

 

 Figure 1. Indication of road network damage. Map sourced from SCIRT.  

Table 1: General description and indication of earthquake damage to Council owned and 

operated infrastructure networks (includes the state highways owned by NZTA). Data is from 

various sources including liaison with Council and SCIRT staff (numbers are approximate). 
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INTEGRATING SUSTAINA BILITY: KEY FACTORS  

Decision boundaries 

Amongst the key decisions that need to be made in the early phase of recovery is the 

design of institutional mechanisms for managing the recovery (Global Facility for 

Disaster Risk Reduction and Recovery - GFDRR 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 two may be used (GFDRR 2011). 

Each approach creates organisational boundaries and requires a different distribution 

of roles and responsibilities, which ultimately impacts on how decisions are made. 

The approach in Christchurch could be described as a hybrid model. The Canterbury 

Earthquake Recovery Authority (CERA) was created under legislation as the 

overarching lead recovery agency covering the wider region. It is one of the three 

clients of the Stronger Christchurch Infrastructure Rebuild Team (SCIRT). SCIRTôs 

role forms key element within a wider construction process for the city; it is 

implementing the repair of the publically owned and operated networks in 

Christchurch (these networks are described in Table 1). SCIRT was created to 

facilitate an expedited rebuild, where the extent of damage was considered to be 

beyond Councilôs management capacity. Council and the New Zealand Transport 

Agency (NZTA) are the asset owners and are also clients of SCIRT. SCIRT was 

created under an alliance agreement (formalised in September 2011). The contract 

arrangement is distinctive, involving three client organisations and five major 

contracting organisations (forming five separate construction/delivery teams). 

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

SCIRT was set up with a limited operational lifetime and its work is due for 

completion in 2016. The alliance agreement sets boundaries for SCIRTôs scope of 

work. The basis of the agreement is to restore services to Christchurch City, with the 

primary objective: ñTo return the infrastructure networks to a condition that meets the 

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

constraints of the rebuild.ò (Council, NZTA and CERA 2013: 3).  

Examining the rebuild of the stormwater network provides insight into the challenges 

of addressing long-term environmental and social issues. SCIRTôs remit is to repair 

the óhard-engineeredô assets such as pipes and sumps. It excludes responsibility for 

damage to the open waterway network and the levees along the lower reach of the 

Avon River. This limits SCIRTôs responsibilities and ability to address problems. As 

one leader in design commented: ñas engineers they [the team] want to go out and 

resolve the solutionò but it may be that ñSCIRTôs requirement [that is, SCIRTôs remit 

to resolve the solution] is nothing  - the changes are nothing to do with damaged 

infrastructure, itôs damaged land.ò 

Flood risk was exacerbated in some areas due to earthquake-induced land settlement. 

Resolving changes in flood risk in Christchurch is influenced by a complex 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 2014). The vulnerability of some areas was recently 

highlighted in both March and April 2014, when rain resulted in repeated flooding of 

some private properties. It is not under SCIRTôs remit to systematically address and 

provide holistic solutions for flood issues in Christchurch. Council has retained 

ownership of developing solutions for these issues. This was a governance choice that 

was made early in the recovery. It was not the only option, but one that was chosen for 
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political and economic reasons. The result is an organisational boundary in the 

recovery that has ramifications around the coordination of solutions across different 

agencies. One leader in design commented: ñThe 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 

process.ò The organisational boundaries potentially impact the timing and nature of 

the technical solutions; however, 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 with long-term development benefits. The tension between speed of recovery 

and deliberation on how to make improvements is ubiquitous to the reconstruction 

process (Olshansky and Chang 2009). As described above, the longer-term 

requirements around flood-risk management are 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 reconstruction options for roads adjacent 

to the levees. Thus, the nature of institutional boundaries is inherently linked to the 

trade-offs over timing. At the time of writing, this delay is posing a potential risk to 

the overall programme but is not yet having a material impact. 

The pressure to restore services as quickly as possible limits the ability to consider 

wholesale changes to infrastructure networks (or vice versa). In discussing the 

strategic planning for a project, an executive commented, ñit is all about time and 

balancing a rapid response with an appropriate response.ò One designer remarked 

that their ability to explore possible solutions was limited due to the short-term 

pressure to restore services: ñbecause of the operational issuesé we needed a solution 

quick and weôve got to get started.ò Also, SCIRTôs work is predicated on a basis of 

restoring a system ólike for likeô using modern equivalent materials. This limits scope 

of possible change from the outset of the reconstruction programme. Efforts are made 

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

station in a less vulnerable location. However, improvements such as increasing 

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

Availability of extra funding is limited given the significant base-cost 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 some areas of Christchurch justified a complete rebuild of a section of the 

wastewater network, but assets in other areas of the city remained in a reasonable or 

repairable condition. Hallegatte and Dumas (2009) refer to this as ótechnological 

inheritanceô, which constrains 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 replacement. 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 environmental-based initiatives moves into the realm of what may be 

viewed as the grassroots of sustainability thinking. For infrastructure, the essence of 

the óenvironmentalô theme of sustainability assessment is about understanding the 

overall impact of resource use in a project, reducing material use, eliminating waste 

and general environmental impact. This is manifested in various practices such as: 

reducing runoff, using recycled or recyclable materials and management of energy use 

and greenhouse gas emissions. For SCIRT, waste minimisation is identified as the 

core element of their ñsustainability cultureò (SCIRT, n.d. a), thus it is worth 

specifically addressing. Low-carbon design and operational carbon assessment is a 

related factor but it will not be addressed in detail here given limited space. Suffice to 

say, it is not an explicit aspect of SCIRTôs approach, although efforts towards 

reducing waste and lifecycle assessment in design (both described later) may be 

associated with low-carbon design. 

Recycling of material appeared to be a potential opportunity for the reconstruction of 

roads in Christchurch given the repetitive nature and scale of work across the city. For 

example, in terms of infrastructure networks, roads directly damaged by earthquakes 

needed either resurfacing or a full-depth rebuild. Marginally damaged roads may also 

be trenched to access and fix damaged pipes that lie underneath. These efforts can 

result in a significant waste stream of discarded pavement and sub-base material.  

However, this opportunity is constrained by a number of factors. Recycling material 

in-situ is being implemented in some cases for pavement rehabilitation. Yet the 

quality of in-situ road base can be highly variable, even within a street. Therefore, 

specifying re-use of this material poses a risk to the quality and durability of the 

construction work. As one leader in design expressed: ñWe would like to use a lot of 

the materials that we are digging out, for reuse ï but again it comes down to cost... 

No matter what people talk about, cost is the driverò. Also, a particular factor for 

Christchurch is that there is an abundant supply of locally sourced, low-cost, high-

quality aggregate for the road base and for backfilling trenches. This significantly 

reduces the incentive to recycle material, as it cannot be justified economically. This 

is critical when funds are highly constrained; funds not invested roads could be 

allocated to other aspects of the reconstruction. The availability of cheap aggregate 

also reduces the viability of investigating other innovative alternatives. 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 cost and uncertainty 

over performance of the material in the ground.  

Waste minimisation is a performance target for delivery teams at SCIRT and is 

perhaps the most visible environmental initiative beyond compliance with 

environmental consent requirements. There are incentives in place to promote more 

sustainable practice; efforts towards waste minimisation impacts on delivery team 

performance rating. This rating has commercial ramifications as it influences the 

percentage of work allocated across the five contracting organisations. While 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 five-year contract.  

It is worth taking a moment to look at sustainability assessment of infrastructure in a 

business-as-usual context. Sustainability rating schemes for civil infrastructure 
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(current schemes are CEEQUAL in the United Kingdom, Envision in the United 

States and the Infrastructure Sustainability Council of Australiaôs IS Scheme) specify 

goals for recycling materials, diverting waste from landfill, and maximising use of 

local materials. This is often done through stating percentage by volume of project 

materials that that should reused or recycled to meet certain performance criteria. To 

an extent, these tools may provide some guidance around potential issues to address in 

reconstruction, but the same priorities and possibilities do not necessarily apply in a 

post-disaster scenario. Determining óbest practiceô performance that could be 

consistently applied to different recoveries is perhaps not even feasible given that 

every disaster is different. The challenge around developing a waste minimisation 

scheme for SCIRTôs work is discussed below. 

It took approximately two years to develop a waste-stream reporting framework 

across the five delivery teams (who also manage sub-contractors). The process started 

with developing a waste management audit tool, which was designed to provide 

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 trends. This may 

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 

avoid waste-associated 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 long-term thinking  

While environmental initiatives represent traditional thinking around sustainability, 

resilience-based thinking has gained political currency more recently with concern 

around the impact of natural hazards on infrastructure performance and ultimately, 

community wellbeing. With this in mind, this section first provides general context to 

resilience as a concept that supports decision-making 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 various nuances in the use of the term 

óresilienceô. A common theme or underlying essence of resilience is the capacity to 

adapt. While there is much debate over meaning and no widely accepted definition, 

the following conceptual definition for infrastructure resilience provides a good 

synthesis, suggesting that ñresilience entails three interrelated dimensions: reduced 

failure probabilities; reduced negative consequences when failure does occur; and 

reduced time required to recover. This suggests that infrastructure resilience to 

disasters is not purely a technical problem, but involves societal dimensionsò (Chang 

2009: 1). Achieving these dimensions may involve averting failure through 

adaptation, increasing flexibility and increasing robustness (Fiksel 2006). 

There is no real consensus on operationalising resilience (Blackmore and Plant 2008). 

The general basis of resilience assessment is to provide a structured, systematic 

analysis to assess vulnerabilities in a system, determine appropriate points of 

intervention and to prioritise investment. A resilience framework is not designed to 

lead to a specific decision, but to support a better-informed decision processes 

(Mansouri et al. 2009). Considering resilience of an infrastructure network can 
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contribute to understanding the broader context of design in order to evaluate costs, 

benefits and risks from a systems perspective (Fiksel 2006).  

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

approach, although it has not been explicitly framed as a óresilience frameworkô in the 

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 (Christchurch Engineering 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 also a concept that has a role in shaping design decisions in the current 

reconstruction effort. Resilience at SCIRT is: ñthe ability for the infrastructure (the 

roads, pipes etc.) to resist future earthquake damage. Improved infrastructure 

resilience can be achieved by using better materials, adopting higher construction 

standards, creating new systems, or minimising hazardsò (SCIRT, 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 gravity-based 

system with pipes laid at a low gradient. These systems proved to be highly vulnerable 

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

catchments that sustained heavy damage, SCIRT engineers considered alternative 

technologies as well as straight ólike for likeô replacement of the gravity-fed sewers. 

The alternative options - low-pressure or vacuum sewers - typically require higher 

initial capital costs, but are less likely to sustain critical damage in an earthquake large 

enough to induce liquefaction. 

As part of the design process for these catchments, lifecycle assessment of wastewater 

network options considered the costs of a possible future earthquake sufficient in size 

to cause liquefaction in Christchurch. Key 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 yearsô time as a result of earthquake damage. 

The possibility of another earthquake was determined through considering likelihood 

predictions from geoscience experts. A ónet resilience capital costô captures the 

estimated additional cost of an option alternative to the conventional gravity network 

system. The lifecycle assessment does not include the óincremental resilienceô 

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 options tended to become more cost-competitive through 

consideration of lifecycle costs, compared to an assessment of capital costs alone. The 

key benefit of this assessment approach is that it captured the overall value of 

introducing a system that is more resilient under earthquake loading.  

One might criticise this as a technocratic approach to recovery focused on physical 

reconstruction. However, referring back to the definition of resilience presented 

earlier, this design process goes some way in addressing the interrelated dimensions of 

resilience through attempting to reduce the possibility of future damage. It adopts a 

disaster risk management philosophy; the underlying consideration is to reduce the 

impact of future earthquake damage on the infrastructure. The key decision lay in 

balancing cost with the potential for avoided future damage. There 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.g. 

neither embodied carbon 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 opportunities for and challenges to incorporating 

sustainability principles into decisions. The post-disaster environment is perceived to 

provide a window of opportunity for improvement that would not have otherwise been 

possible under business-as-usual development. However, it is highly challenging to 

address the short-term pressure to reinstate services while also considering long-term 

social, environmental and economic issues. 

Four factors that influence how sustainability principles are integrated into decisions 

for reconstruction have been discussed. Firstly, it is certain that organisational 

boundaries affect 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 there are trade-offs in ambitions, particularly because ótechnological 

inheritanceô will limit the possibility for wholesale change. The opportunity for 

improvement or change is limited by what existed before, the level of damage 

sustained and the cost and time implications of doing something different. Thirdly, the 

feasibility of implementing óbest practiceô environmental initiatives is problematic in a 

post-disaster environment; it is difficult to determine what is óbest practiceô and it can 

take time to establish appropriate targets. However, in a cost-constrained context, 

commercial incentives help to improve performance. Finally, resilience is a concept 

that facilitates long-term thinking, which is a fundamental concept of sustainability. 

Incorporating resilience into decision making for infrastructure in Christchurch has 

materialised both through pre-disaster action to reduce network vulnerabilities and 

through post-disaster options assessment. 
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It is increasingly recognised that if the emphasis remains on reducing operating 

carbon emissions (OC) of buildings, embodied carbon emissions (EC) will eventually 

attain a significant proportion 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 quantification, in 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 usually adopted, it is difficult (if not 

impossible), to attribute the respective sources 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 previous studies, a concept of disaggregation is 

adopted in order to identify EC with the respective energy sources. The approach 

enables the specific sources of energy to bear on the quantification of EC, in a manner 

that allows differentiation of the contribution of the different sources 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 is possible 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: building projects, embodied carbon emissions, mathematical model. 

INTRODUCTION  

The building sector has earned a reputation of being both energy and carbon intensive 

ï it consumes up to 40% of the global final energy and releases 50% of the annual 

global emissions (WBCSD 2012; UNEP 2009). Meanwhile, national and international 

climate-change regulatory regimes (e.g. UK Climate Change Act 2008; Kyoto 

Protocol 1998) set ambitious targets to progressively reduce carbon emissions to the 

smallest possible count. Such ambitions do not exclude buildings, given the reputation 

of the sector. The total lifetime carbon emissions (LC) of a building arise from 

embodied carbon (EC) (e.g. emissions from material manufacture and transportation) 

and operating carbon (OC) (e.g. emissions from lighting and heating). Focussing only 

on reducing OC, as the case has hitherto been, has a knock-on effect on EC. Several 

studies (e.g. Iddon and Firth 2013; Sartori and Hestnes 2007) report that reducing OC 

increases the relative contribution of EC to LC. Even though it is widely 

acknowledged that OC takes the larger proportion of LC, with the current trend, it 

may not be the case in the near future ï OC will approach 100% of LC. Avoiding this 

likelihood necessitates simultaneous efforts of reducing EC too. 

                                                           
1 cnnk@leeds.ac.uk 
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Initiatives of reducing EC should begin with quantifying it in a disaggregated but not 

aggregated approach. In disaggregated approaches, the different energy sources (e.g. 

diesel, coal, biomass etc.) that contribute to EC can be readily accounted for, unlike 

aggregated approaches. The major shortcoming of aggregated approaches is that they 

assume emissions from the different energy sources to be homogeneous. Such 

assumptions present shortcomings similar to those in economics, when inflation is 

interpreted based on a specific óbasket of goodsô, yet goods in that basket may widely 

differ (e.g. in quality, preference, and price changes), making the sole inflation figure 

rather non-representative for different goods. For instance, the study (Huberman and 

Pearlmutter 2008) used a carbon emission factor of 100kgCO2 per unit energy for all 

the different energy sources that were involved in calculating EC. Such an approach 

and several similar ones (see Kua and Wong 2012; Broun and Menzies 2011; 

Dimoudi and Tompa 2008) stifle potential efforts to minimise EC. Without 

articulating what each energy source 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 provide enough information for someone to identify goods that 

might be cheaper. Meanwhile, disaggregated approaches are not easily achievable 

especially in processes (e.g. steel manufacturing) where it is difficult to distinguish the 

proportions of various sources of energy used (see Hammond and Jones 2011). Even 

so, the benefits associated with disaggregation make the temptation to disaggregate 

EC irresistible. Although some studies (Gustavsson et al. 2010; Dias and Pooliyadda 

2004) attempted to disaggregate EC, they still leave a lot to be desired ï the 

boundaries they adopted did not take full account of components (i.e. materials, plant, 

and workforce) that contribute to EC of a building project. 

From extant literature reviewed, aggregation is promoted in various ways, commonest 

of which include: use of ball-pack average carbon emission factors for varying 

materials (see Aye et al. 2012; Huberman and Pearlmutter 2008); use of generic 

country average emission factors (see González and García Navarro 2006; Cole 

1998); and use of emission factors with undisclosed energy sources (see Broun and 

Menzies 2011; Dimoudi and Tompa 2008; Asif et al. 2007). EC results possess 

significant levels of uncertainty due to variation of energy mixes, among other reasons 

(Hammond and Jones 2010). Aggregation certainly compounds such uncertainties. In 

this paper, we present a mathematical model that can facilitate disaggregation in the 

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. 

Mathematical modelling ñémimic[s] reality by using the language of mathematicsò 

(Bender 1978: 1). Several texts on mathematical modelling (e.g. Meerschaert 2007; 

Edwards and Hamson 2001; Hangos and Cameron 2001; Murthy et al. 1990; Burghes 

and Wood 1980) suggest 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 is correct 

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, often excluding 

some steps that are not of interest or are out of scope (Burghes and Wood 1980). 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 understanding of the world associated 

with the problem (Berry and Houston 1995; Murthy et al. 1990). As elaborated in the 

introductory part of this paper, the problem to address was elicited from the extant 

literature. The major prevalent problem was 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 compute EC of buildings in a way 

that enables the energy sources to bear on the quantification, in a manner that allows 

differentiation of the contribution of the different energy sources. 

Assumptions 

Relaxing assumptions drifts the model away from the reality of the problem, whereas 

stringent assumptions present difficult solutions (and analysis) but drift the model 

closer to the reality of the problem (Burghes and Wood 1980). A balance between 

strictness and relaxation of assumptions is necessary. In deriving assumptions, Bender 

(Bender 1978: 2-3) suggested that a model should delineate the world into three parts: 

the part to be neglected, the part potentially affecting the model but not included, and 

the part the model studies. Too many considerations (i.e. number of variables) can 

complicate the model, whereas neglecting the ócorrectô ones can invalidate 

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 

buildingôs EC occurs prior to commissioning the building i.e. during the pre-

construction and construction phases. Upon review of literature, it was concluded that 

the appropriate modelôs input variables were: 

¶ emissions from construction materials, including process emissions (e.g. 

resulting from chemical reactions like calcination of lime during cement 

manufacture) and material transportation emissions (see Chang et al. 2012; 

Monahan and Powell 2011; Asif et al. 2007; Nässén et al. 2007); 

¶ emissions from plant (i.e. equipment, appliances, machinery and the like) used 

during construction; this includes emissions from transportation of plant and 

emissions from onsite-use (see Hughes et al. 2011; Kofoworola and Gheewala 

2009; Guggemos and Horvath 2006); and 

¶ emissions from workforce, limited to emissions associated with the mode (or 

energy used) for commuting to and from the construction site (see Gustavsson 

et al. 2010; Cole 1998). 

Mathematical formulations 

Caution should be exercised when choosing the appropriate mathematical 

formulations to define relationships between variables (Edwards and Hamson 2001). 

Meerschaert referred to the óformulation stageô as ñselecting the modelling approachò 

and noted that ñé success at this step requires experience, skill, and familiarity with 

the relevant [mathematics] literatureò (Meerschaert 2007: 8). In order to formulate a 

model, it is imperative to understand the various alternative kinds of formulations 

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

question. 
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Type of mathematical model used 

The taxonomy of mathematical models is delineated by various attributes. 

Quantitative models respond to questions of inquiry prescribing quantification (e.g. 

how much?, how many?), whereas qualitative models are broadly concerned with 

studying a system and its properties, without necessarily reducing anything to 

numbers (Saaty and Alexander 1981). A quantitative model was appropriate in this 

case since modelling dealt 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 independent (Meerschaert 2007; 

Murthy et al. 1990). The proposed model considered static systems whereby 

emissions are computed at a specific instance in time. This was appropriate due to the 

great uncertainty usually associated with anticipating change in policy and technology 

related to emission reductions. Since in deterministic systems the values of the 

variables are predictable with certainty and rather not random as the case is for 

stochastic or probability systems (Edwards and Hamson 2001; Murthy 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, 

algebraic, and difference (Meerschaert 2007; Edwards and Hamson 2001; Murthy et 

al. 1990). In Murthy et al. (1990), it is indicated that static-algebraic formulations are 

suitable for modelling deterministic systems. Of the 54 equations in the 25 models 

(related to embodied energy, greenhouse gases, waste and time-cost parameters of 

building-projects) of previous studies that were reviewed in Abanda et al. (2013), 40 

equations were óstatic-algebraicô. Thus algebraic equations were considered 

appropriate for deriving the model. Consequently, the derived mathematical model 

was a quantitative-deterministic-static-algebraic type of model. 

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 handling (Gustavsson and Joelsson 2010), 

all of which have impacts on the environment. Research suggests that as the interest to 

reduce such impacts developed (Van Ooteghem and Xu 2012), the need for better 

methods to understand and therefore quantify the impacts (e.g. energy use, emissions, 

water use) in a lifecycle perspective increased, which saw LCA emerge (Sartori and 

Hestnes 2007). Combined with energy, LCA evolved into lifecycle energy analysis 

(LCEA). LCEA of buildings is the LCA analysis that uses energy as the measure for 

gauging the environmental impacts of buildings (Huberman 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 efficiency (Fay et al. 2000). In 

the procedure, LCEA accounts for all energy intakes throughout the buildingôs life 

time and upon understanding the amount of energy, the associated carbon emissions 

can be deduced and the environmental impacts of the building can also be 

conceptualised (Ramesh et al. 2010). For the developed model, it subscribed to the 

partial LCEA approach of cradle to construction site as per modules A1 to A5 (BS EN 

15978:2011) and relevant LCA standards (see ISO 14040: 2006; ISO 14044: 2006). 

Modelling techniques adopted 

Commonly referenced are three primary modelling techniques used in LCEA: process 

analysis (PA), input-output analysis (IOA), and hybrid analysis (HA). In Alcorn and 

Baird (1996: 319), PA is referred to as one entailing ñé systematic examination of the 

direct and indirect energy inputs to a processò. In other words, PA deals with tracing 



Mathematical modelling of embodied carbon emissions 

57 

 

all the energy inputs of products that are dependent on the process (Mortimer 1991). 

Meanwhile, the IOA method credits its roots from macro-economics, as it was initially 

developed in economic research problems and later adopted for energy analysis 

(Hammond and Jones 2008; Bullard et al. 1978; Roberts 1978). IOA traces energy 

flows by analysing monetary flows to and from economic sectors, through mapping 

the financial output of each sector with the corresponding energy used (Alcorn 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 ways (Crawford et al. 2006), hybrid-

variants can be realised (e.g. PA-based and IOA-based hybrids), depending on 

dominance of a method in the approach adopted. As such, each of these three ï PA, 

IOA and HA ï methods has its own merits and demerits. 

Several studies (e.g. Murray et al. 2010; Hammond and Jones 2008; Crawford et al. 

2006; Lenzen and Dey 2000; Alcorn and Baird 1996; Mortimer 1991) discuss the 

merits and demerits associated with PA, IOA and HA, based on which a judgement 

can be made on the appropriate technique to 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 2000). The unavoidable use of sector averages in IOA implies that 

the method poses challenges in evaluating a specific individual product (Murray et al. 

2010). Thus IOA is usually associated with aggregated results (Bourgault et al. 2012). 

PA is suitable for a specific process or product and can also take into account 

technological advancements in the system under study (Gustavsson et al. 2010). 

Although PA does not give ócompleteô results, by 50% sometimes (Lenzen and Dey 

2000), accuracies of up to 90% can be registered (Hammond and Jones 2010; Murray 

et al. 2010). Most models based on static-algebraic formulations ï to which the 

derived model in this work subscribes ï are usually based on PA (see Abanda et al. 

2013). Since the interest of this work was centred on disaggregation using algebraic 

equations, PA techniques were adopted. 

Verification  

Verification involves ñdetermining whether the model is behaving correctlyò (Hangos 

and Cameron 2001: 29) i.e. does the model give the correct or expected output? 

Although verification is often presented last in sequence, 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, ñmathematical modelling of a physical world makes sense only if the 

models are dimensionally correctò (Berry and Houston 1995: 121) or rather, 

dimensionally homogeneous (Bender 1978). Therefore, as a tool, dimension analysis 

can be used verify that the developed modelôs formulations are correct. The 

fundamental dimensions of physical quantities are Mass ὓ , Length ὒ and Time 

Ὕ (Berry and Houston 1995; Murthy et al. 1990; Bender 1978), from which all other 

dimensions of quantities can be derived. If all the terms which constitute an equation 

have the same dimensions, then it can be claimed that the equation is dimensionally 

homogeneous (Bender 1978: 35). Consequently, as a verification measure, derived 

equations were rigorously checked for dimension homogeneity. 

RESULTS AND DISCUSSION 

EC of a building project equals to the sum of emissions from materials, emissions 

from plant, and emissions from workforce (see Hughes et al. 2011; ICE 2010). The 

model was thus composed of a series of equations related to emissions from materials, 
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plant, and workforce. In 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 specific energy source Ὦ. Multiplying 

the disaggregation factor with 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 transporting ὲ construction materials, using Ὡ 
different sources of energy are given by Equations (1) and (2) below, respectively. 

Three options A, B, and C, were considered in Equation (2). Option A is applicable 

where the weight of materials is significant and known, and the distance of 

transportation 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) and the distance of transportation can be estimated: 

 

where: Ὁὅ  is the total emissions from manufacturing materials (in kgCO2); ”  is the 

quantity of material type Ὥ (in kg); ὠ is the quantity of energy Ὦ to manufacture a unit 

of material Ὥ (in kWh/kg); ὅ  is the carbon emission factor (in kgCO2/kWh) per unit 

energy Ὦ used; —  is a disaggregation factor in manufacturing material Ὥ; Ὓ is a 

constant for process emissions per unit of material Ὥ (in kgCO2/kg); Ὁὅ  is the total 

emissions from transporting materials (in kgCO2/kg); ὡ  is the quantity of energy Ὦ to 

transport a unit of material Ὥ per unit distance (in kWh/kgkm); ὢ  is the transport 

distance for material Ὥ (in. km); ‌  is a disaggregation factor in transporting materials; 

ὅ  is the carbon emission factor per unit distance (in kgCO2/km) with respect to the 

corresponding transportation energy Ὦ; ὡ  is the quantity of energy Ὦ to transport 

material Ὥ (in kWh). 

Emissions from plant 

Emissions from operation and transportation of ὴ plant, using Ὡ different sources of 

energy are given by Equation (3) and (4) respectively: 

 

where: Ὁὅ is the total emissions from operating plant (in kgCO2); •  is the number 

of plant type ή; Ὗ  the quantity of energy Ὦ used for operating plant ή (in kWh); ὅ  is 

the carbon emission factor (in kgCO2/kWh) per unit energy Ὦ used; —  is a 

disaggregation factor in operating the equipment; Ὁὅ are the total emissions from 

transporting plant; •  is the weight of plant ή (in kg); ὣ  is the quantity of energy Ὦ to 

transport a given weight of plant ή per unit distance (in. kWh/kgkm); ὢ  is the 

transport distance for plant ή (in km); ‌  is a disaggregation factor in transporting the 

plant. Options mentioned in Equation (2) about material transportation can equally 

apply to transportation of plant in Equation (4). 
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Emissions from workforce 

Emissions from transporting workforce for duration ὶ, using Ὡ different sources of 

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. Option B is applicable where the duration of using the 

workforce, the quantity of workforce, the distance travelled, and the modes of 

transport used are all known. 

Ὁὅ  
В ‍ Вὤ ὅ‌ Ƞ ὍὪ έὴὸὭέὲ ὃ ὧέὲὨὭὸὭέὲί ὥὴὴὰώ

В ‍ὒὢ Вὅ ‌ Ƞ ὍὪ έὴὸὭέὲ ὄ ὧέὲὨὭὸὭέὲί ὥὴὴὰώ
   (5) 

where: Ὁὅ is the total emissions from transporting workforce (in kgCO2); ‍ is the 

duration Ὢ workforce is used (in days); ὤ  is the quantity of energy Ὦ to transport 

workforce per duration (in kWh/day); ὅ is the carbon emission factor of the transport 

energy used (in kgCO2/kWh); ‌ is a disaggregation factor for transporting workforce; 

ὒ is the number of people in the workforce required; ὢ  is the distance travelled by a 

person per duration (in km/day); ὅ  is the carbon emission factor per person per unit 

distance depending on the mode (e.g. bus, train, cycle) of transport used (in 

kgCO2/personkm); ‌  is a disaggregation factor for the mode used in transportation. 

Conditions (constraints) subjected to the model 

The direct and indirect emissions (defined as per Defra/DECC 2013) were to fulfil 

Equation (6), whereas the disaggregation factors for all the different sources of energy 

Ὡ were to sum to unity, as expressed by Equations (7) and (8): 

 

where: Ὀ and Ὅ are the direct and indirect emissions resulting from energy source Ὦ, 
respectively. 

The final model 

The final derived consolidated model for the total embodied carbon emissions Ὁὅ  

of a building project is given by Equation (9) below. 

Ὁὅ Ὁὅ Ὁὅ Ὁὅ Ὁὅ Ὁὅ      (9) 

Model verification 

All  derived equations were checked for dimensional homogeneity and they satisfied 

this condition. An example of Equation (1) is illustrated below: 

Ὁὅ В ” Вὠ ὅ— Ὓ   

from inspection, the above equation can be broken down into three terms which are: 

Ὁὅ , ”ὠὅ—  and ”Ὓ , whose dimensions can be deduced as follows: Ὁὅ  is 

measured in kgCO2 (i.e. mass) and thus Ὁὅ ὓ; ” is measured in kg and thus 

” ὓ; ὠ  is measured in kwh/kg and thus [ὠ ὓὒὝ Ⱦὓ; ὅ  is measured 

in kgCO2/kWh and thusὅ ὓȾὓὒὝ ; —  is a dimensionless constant and thus 

— ρ; Ὓ is measured in kgCO2/kg and thus Ὓ ὓȾὓ. Substituting the deduced 

dimensions into the three terms of the equation shows that Ὁὅ ὓ, 
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”ὠὅ— ὓ ὓὒὝ Ⱦὓ ὓȾὓὒὝ ρ ὓ, and ”Ὓ ὓ

ὓȾὓ ὓ. Therefore, Equation (1) is dimensionally consistent. 

IMPLICATIONS  

Considering a building project, if attention is drawn to materials, as they are a major 

source of EC, many studies have hitherto concentrated their efforts on discussions 

involving material-type comparisons (i.e. what is the ógreenestô amongst steel, timber, 

and concrete?). This work contends that it is equally important to highlight ógreen 

from what energy source?ô On a suitable energy-mix palette, it is equally possible to 

achieve emission reductions by varying the disaggregation factors related to that 

material, without recourse to material substitution. For instance, in Equation (1) and 

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

emissions from materials is attained. 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 transporting workforce, 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 modelling ï using the model to 

address a real-world problem. The present 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 EC. Using mathematical 

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 efforts, the 

model can present disaggregated outputs. Although a disaggregated approach may not 

be easy to apply in some cases, it is worth the effort. The approach enables the 

specific sources of energy to 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 way, it is possible to achieve emission reductions by varying the 

disaggregation factors, which are the proportions of energy sources used. This opens 

up more alternatives of reducing EC, thereby promoting sustainable construction. 
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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 modelling, bid for maintenance funds, and maintenance repair and 

rehabilitation, but fail to consider sustainability and long-term options. A Life Cycle 

Assessment (LCA) approach is currently being proposed to address this problem, 

which can be incorporated into a BMS. 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 generic requirements. 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 sustainability optimization criteria which can be delivered 

through a life cycle approach. 

Keywords: asset management, bridge management system, life cycle assessment, 

sustainability. 

INTRODUCTION  

Bridges play a vital role in economic development. Bridges provide a means of 

transporting goods and services from place to another (Wilmer, 2012). Managing 

bridge networks across the country is a major challenge to governments and bridge- 

owners (Flaig and Lark, 2000; BOF, 2004; Duffy, 2004; Gattuli and Chiaramonte, 

2005). Challenges faced by bridge-owners are; bridge deterioration due to ageing, 

increased traffic and environmental conditions (BOF, 2004). The need for urgent 

attention towards the ever increasing deterioration problems paved the way for the 

emergence of bridge management.  

Bridge management provides guidelines for effective decisions for the maintenance, 

strengthening, assessment and continuous use of bridges (Gattuli and Chiaramonte, 

2005; Hallberge and Racutanu, 2007).  In respect to this, bridge-owners have 

developed tools to meet the objectives of bridge management. A bridge management 

system (BMS) is a software tool developed by bridge experts to collect and store 

information, designed to support decision-making regarding resources for operations, 
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maintenance, rehabilitation, upgrading and reconstruction of bridges (Austroads, 

2002; 2004; 2009).  

Important developments have taken place in recent years in UK BMS. However, these 

developments have not considered sustainability options. Therefore, the purpose of 

this work is to identify the useful state-of-the-art from international 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 for in-cooperating a life-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 the management, 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 become sustainable by managing their performance, 

risk and expenditure to achieve organizational strategic plans (IAM, 2008). The 

integration of asset management principles increases organisational performance, 

especially in the area of product and service delivery (Road Liaison Group, 2005; 

IAM, 2008) 

Appropriate asset 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 cost effectiveness criteria (Austrods, 2009). 

Transportation network embodies the most expensive infrastructural assets (Elbehairy, 

2007). Network includes roads, bridges, railways, waterways and air ports. Yet 

bridges are one asset with distinct features, which requires specific management 

strategies; hence, asset management for bridges (Figure 1) is developed as a separate 

and critical category within wider asset management planning (Austroads, 2004; IAM, 

2008; Austroads, 2009; HMEP, 2013).  

 

Figure 1. Asset Management for Bridges (Adapted from: Brown, 2013) 

The components of asset management for bridges are indicated in Figure 1. A holistic 

determination of performance target and ability to predict future demands is the 

strategic goal and objectives of asset management for bridges.  
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BRIDGE MANAGEMENT FR AMEWORK  

Bridge management is an aspect of the road network asset, focused on bridges 

(Austroads, 2009). It is the means by which a bridge network is catered for from 

conception to disposal (Ryall, 2001). Bridge management 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, construction, maintenance, 

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

Bridge management within the UK evolved rapidly after the completion of a 15-year 

national programme of assessment and strengthening, which started in 1987 and ended 

in 2002 (Flaig and lark, 2000; BOF, 2004). The assessment was initiated as a response 

to a government initiative to increase the load carrying capacity of bridges from 

30tons to 40tons (Duffy, 2004; Cole, 2008). This paved the way for various guidance 

and design codes to emerge, which includes the Design 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 BMS, which used an 

electronic inventory as an advancement of earlier inventory sheets (Flaig and Lark, 

2000; Kim, 2001). The second generation of BMS was designed to help manage 

bridge maintenance task, with inventory, assessment, inspection, maintenance and 

repair data (Fiaig and Lark, 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 decision making, while considering environmental and cost 

implications. This is a noteworthy point, as the UK construction industry is tending 

towards achieving a sustainable future (Steel et al., 2003; Cole, 2008) 

The first electronic based UK BMS was the National 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 other countries 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 Society of Highway Officers' 

(AASHO) code, in developing their own BMS. However, 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 Bridgeman, created by 

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

2008). Steele et al. (2005) developed a BMS for Surrey County Council called 

COSMO; this was based on a Life Cycle Assessment (LCA) approach but could not 

aid decision-making, as it was impossible to generate sufficient data for 

implementation purposes. However, COSMO requires improvements to meet with the 

new updated Highway asset management code of practice.  

Critical Review of BMS Trends (from 2000 to 2013) 

Deshmukh and 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 reliability of the decisions made by BMS. Their aim was to examine 

uncertainties associated with condition assessment, which are quantified using 

mathematical and statistical principles. They added that most BMS employ a 

probabilistic deterioration model by using the Markovian model and several 

techniques to measure data uncertainties. 

Deshmukh and Bernhardt (2000) used a deterioration model and reliability model to 

compare predicted condition with actual conditions of bridges. The result gave a 

correlative coefficient factor. The correlative coefficient can be used to quantify 

uncertainties in condition assessment data. In order to test the applicability of the 

correlative coefficient, they used three case studies (3-bridges) and results indicate 

that the level of uncertainties was very low from the coefficient of correlation 

obtained from these bridges. Using this methodology Deshmukh and Bernhardt (2000) 

demonstrated that uncertainties 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, but an area of concern was; though three different parts of 

the bridges for the case studies was mentioned, there was no record about the defect 

that occurred at these parts, which is essential in working out uncertainties. 

Flaig and Lark (2000) wanted to investigate 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 requirements. Flaig 

and Lark (2000) mentioned that the increase in the load-carrying capacity of a bridge 

from 38-ton vehicle to a 40-ton vehicle as mandated the highway authorities to engage 

in the use of BMS, in order to cope with the challenge. However, users of the system 

are not satisfied with the fundamental attributes of these systems. In order to 

investigate this issue - user satisfaction- surveys were sent to users to find out their 

views, on how the system should be improved to meet their demands. The 

questionnaire was designed to ask questions concerning current practice, attitudes 

towards BMS, preference, inspection and experience with existing systems.  

Flaig and Lark (2000) were able to identify from their survey that more information is 

required from BMS to increase decision making potential. They revealed that BMS at 

this time operated on a theoretical basis rather than being practical to meet with the 

demands of a bridge manager; this resulted in their dissatisfaction. While Flaig and 

Lark (2000) were able to achieve their aims, it is possible to argue that 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 rather than ticking 

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 managed. Duffy (2004) mentioned that the National Roads Authority 

(NRA) in Ireland, are bestowed with the responsibility of maintaining all national 

roads. Therefore, they require a BMS to coordinate inspection and repair activities in 

order to manage their bridge stock. However, Duffy (2004) observed that having a 

BMS does not guarantee a well-managed 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 develop a centralize system to manage bridge stock efficiently.  

In this vein, the Eisrpan ï a BMS ï was now developed in Ireland, which functioned 

on the bases of Denbro (Germanyôs BMS) and as a centralized system. Duffy's 

methodology was to identify the user problem, which was lack of a centralized 

system. However, Duffy did not give a background methodological approach to how 

the problem "lack of centralized system" became a cause for poor value for money and 

increase rate of deterioration. How this was produced (either through an interview or 

questionnaire survey) we are not informed. Nevertheless, Duffyôs paper was able to 

encapsulate the need for a centralized BMS in order to improve management 

strategies.  

Hanji and Tateishi (2007) reported on a government initiative to increase the 

performance of structures. This was born out of the desire to generate positive 

decisions about maintaining and preserving highway structures. Hanji and Tateishi 

(2007) mentioned that most US bridges are over 40 years old, and 40% of them are 

structurally incapacitated and need attention in the form of repairs, rehabilitation and 

replacement. To achieve these objectives the Federal Highway authorities arranged a 

programme called Long-Term Bridge Performance (LTBP) which was similar to 

Bridge Management in Europe (BRIME) (Godart and Vassie, 2001), conducted to 

advance the performance of structure for long-term use. Duffy pointed out that it was 

necessary to implement BMS if the initiative objectives were to be met.  

Therefore, for both LTBP and BRIME, the aim was to introduce a BMS that serves as 

a catalyst for achieving the aims and objectives (enhancing decision-making regarding 

maintenance and preservation of bridge structure). This is, however, to emphasise the 

increasing need of a BMS in order to enhance bridge management performance. The 

question 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 how the Swedish Road Administration 

(SRA) has developed their own BMS called Based Bridge and Tunnel Management 

System (BaTMan), used for operational, tactical and strategic management. They 

mentioned that, unlike other BMS, BaTMan falls short of Maintenance, Repair and 

Rehabilitation (MR&R) options within its operation resulting into capital loss. They 

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 developed called 

Life Cycle Management System (LMS). The LMS is partly based on Life Cycle 

assessment (LCA), Life Cycle Cost, Ecology etc. The idea of integrating a LCA to 

evaluate environmental options was innovative; however, questions regarding 

implementation became another concern for experts in this field. Similar to Duffy 

(2004), Hallberg and Racutanu (2007) also identified the need to have a BMS, but 

their focus was on its functional characteristics. 

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 functionalities can 

enhance the generation of information. Shim and Hearn hope to improve the output of 

BMS by proposing a Non-Destructive test (NDE) in the system. They confirmed that 

the NDE test is a tool for carrying out integrity test which can be categorized into four 

stages ï element protection test, vulnerability test, attack test and damage test ï which 
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can be integrated into a BMS. They added that NDE is used for bridge tests and BMS 

provides information concerning the state of bridges; hence, NDE could be embedded 

into a BMS.  

The argument here is that-; though NDE is known to be a field test arrangement, how 

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 based on the categorical 

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 to questioning the validity of combining NDE test and 

BMS.  

Lee et 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. Lee et al. (2008) highlighted that predictions for 

future structural performance could not be effectively determined in the absence of 

usable data from bridgeôs elemental historical condition. Moreover, future structural 

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. Lee et al. (2000) mentioned that there are several prediction 

techniques already in use (such as regression, Markov models, Bayesian method, 

fuzzy technique, Genetic Algorithm, Case Based and Artificial Neutral Network 

[ANN] ) but they do not have access to historical bridge condition during analysis. To 

bridge this short falls, Lee et al. proposed ANN-Based Backward Predictions Model 

(BPM), which improves the accuracy of future condition rating by providing historical 

bridge condition data. Thus, the functionality of the BMS is now improved. 

Tarighat and Miyamoto (2009) proposed a Fuzzy inference system in a BMS. This 

was conceived to improve the area of uncertainties during data collection. Though 

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 practical bridge inspection. This stems from the 

fact that, most inspections are visually based hence subjective and uncertain. 

Therefore in order to bridge this shortfall the fuzzy inference was introduced. 

According to Tarighat and Maiyamoto (2009), the fuzzy rating system can enhance 

better decision-making by dealing with imprecise, imperfect and uncertainties of data 

collected.  

The Fuzzy inference is a Non-Destructive Test (NDT) oriented system, which agrees 

with Shim and Hearn (2007) on the need for BMS to employ NDE characteristics. 

Tarighat and Miyamoto (2009) and; Deshmukh and Bernhardt (2000) have employed 

different research strategies to validate their point, although their findings 

contradicted. A consensus could be reached if a holistic methodology was employed 

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 that incorporates a visual and Non ïDestructive Test 

(NDT) based inspection into a BMS. This was conceived as part of the initiative for 

improving the current state of BMS. Akgul mentioned that, a project was undertaken 

in Turkey to integrate element condition and condition-rating models into existing 

BMS, and in order to implement this, it was necessary to merge visual and NDT based 

inspection characteristics.  
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The method adopted was to explore a whole range of literature, thereby ensuring a 

strong theoretical background. Akgul (2013) observed how researchers in this field 

have improved BMS, and termed their approach 'optimization'. Findings revealed that 

most BMS comprised prioritisation or ranking capability only, and that there is a need 

for improvement in the area of optimisation of maintenance and repair actions. This 

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. 

Hong et al. (2013) argued that; BMS should adopt a preventive ï proactive ï approach 

rather than examining the rate of deterioration alone. They observed that most BMS 

operated on the basis of the rate of deterioration; this suggests that structures must 

deteriorate before a maintenance method is proposed. To bridge this gap, Hong et al. 

(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.  

Preventative maintenance can be achieved by predicting the deterioration of structural 

elements and development of a maintenance plan. Hong et al. (2013) mentioned that, 

the rate of deterioration of an element has been extensively examined by researchers 

in this field. But the ability to take proactive measure is yet to be explored. Hong et al. 

reported that a preventative approach in BMS could be examined using three factors 

namely; condition assessment, deterioration prediction and intelligence maintenance. 

Central to Hong et al.'s (2013) argument was the need for an improvement in BMS, 

but this improvement should employ a proactive measure to enhance system 

efficiency. Although Hong et al. (2013) presented an exceptional idea, but an area of 

concern is that, the system will be forced to accommodate and process several data, 

which may lead to inaccuracy.  

 

DISCUSSION 

The above literature draws attention to the state-of-the-art of BMS, paving way for a 

conceptual framework to emerge. Three conclusions are derived from the synopsis, 

which are;  

¶ BMS has evolved and continues to evolve to allow further improvement. 

¶ BMS have strictly concentrated on the maintenance aspect of Bridge 

Management and Asset Management, in respect to decision making and 

funding options. 

¶ Specific features of BMS have improved without observing the actual need of 

users.  

 

The review has flagged users' satisfaction and system functionality as a dominant 

theme. Now a major concern is user satisfaction of 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 sector. An approach of making BMS respond 

to sustainable issues is therefore proposed. Hence, BMS should include mechanism 

for integrating sustainability, in response to this situation. Moreover, uncertainties 

over future demand and climate conditions and implications of bridge 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. LCA provides cradle-to-grave environmental 

implication of construction activities (Ortiz et al., 2009), therefore BMS would have 

the propensity to provide information on the best possible maintenance techniques 

with reduced environmental impact.  

CONCLUSIONS 

The purpose of this study was to explore the state-of-the-art of BMS to enable the 

future development of a framework for BMS in the UK. Components and attributes of 

Bridge management and Asset management have been interrogated to pave the way 

for BMS (a tool for BM and AM) to emerge. Stemming from a critical review, it is 

concluded that incremental improvements in various BMS models do not consider 

sustainable options, which will allow effective decisions to be made with regards to 

bridge management activities. Therefore, 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 growth of global railway infrastructure development has encouraged many 

countries including Malaysia to develop railway as a key strategy to enhance the 

national transportation infrastructure 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 wellbeing. 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 sustainability factors are incorporated in Malaysian railway 

projects. The objectives of this paper are to identify the importance of sustainability 

factors in railway projects from the stakeholderôs perceptions and to investigate level 

of its implementation in Malaysian railway projects. A questionnaire-based 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 the mean values.  Paired t-test 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 factors 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 projects development.  

Keywords: Malaysian railway project, stakeholder, sustainability factors.  

INTRODUCTION  

Infrastructure projects include transportation, water supply, solid waste, 

communicationôs networks, energy, etc. Such projects always have multiple 

objectives, involves people with many different perspectives who must come together 

to complete the projects successfully (Clevenger et al. 2013). Hence, infrastructure 

projects present significant opportunity to promote sustainability since they are large 

in scope, multidimensional, costly and time consuming (Clevenger et al. 2013; Lothe 

2006).   

Sustainability of infrastructure transportation development is basically 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 reductions in waste, 
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energy consumption, land degradation, biodiversity loss and minimization in the 

consumption of non-renewable resources (United Nations ESCAP 2007). Hence, 

implementation of a sustainable concept in infrastructure projects development has 

become crucial due to it has a great impact on surroundings and involves many parties 

(Bueno et 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 the need 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 as to what extent do sustainability factors are 

incorporated in Malaysia infrastructure sector although its importance has been 

highlighted (Pereira and Hasan 2004 and Saadatian et al. 2012).   

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 subjected to rigorous scrutiny and evaluation, which resulted in poor 

performance, project delays and stranded facilities (Naidu 2008 and Khalid et al. 

2012). An example of these issues can be seen from the failures of all three urban rail 

transit systems in Kuala Lumpur ï 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 sustainability 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 example, Vanegas 

(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 engineering works 

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 grouped under economy, environment, society, resource utilization, project 

management and, safety and health. On the other hand, Shen et al. (2007) developed a 

framework of sustainability performance checklist to help understanding the major 

factors affecting a 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 environmental, 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 have introduced INVEST to address sustainability 

throughout the project stages i.e. systems planning, project development, and 

operations and maintenance (Clevenger et al. 2013).   

Division of Transport for New South Wales (2012) has developed a Transport Project  
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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 examination 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 of infrastructure projects  

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

to encourage the organization to include sustainable practices in their companyôs 

strategy and daily work practices. The advantage of implementation 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 engineers measuring the 

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 seven-page questionnaire was distributed to the three-targeted 

groups that 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 significant sustainability 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 on a five-point Likert scale that 

required a ranking (1-5). 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 of the 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 concerns, priorities 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 Malaysian railway projects is crucial.    

All of these questions have been tested in a pilot study conducted on 9 respondents 

(who were representative of each targeted-group). Comments were made about the 

structure and length of some sentences, ambiguous words and 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 collection were analyzed using the 

Statistical Package for the Social Science (SPSS) software.   

DATA ANALYSIS AND RE SULTS  

The reliability of the 5-point Likert scale measured was determined using Cronbachôs 

alpha coefficient on the variables. The reliability of the perceived 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 consistency reliability (Pallant 2010; 

Leech et al. 2011).   

In accordance with Pallant (2010) and Leech et al. (2011), Paired sample t-tests (also 

referred to as repeated measures) can be used when to compare the mean scores for 

the same people on two different occasions. 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 (Chong et al., 2006) as well as, in Information 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. Thirty-three 

questionnaires were returned within two months of being sent out, making the total 

response rate 34.4 percent. This response rate was finally achieved after several efforts 

were made in terms of personal contacts and follow-up calls. 6 (30%) respondents 

were from the clients, followed by 15 (38.5%) from consultants and 12 (32.4%) were 

from contractors. A response rate of 34.4 percent is acceptable. This in line with the 

opinions of Takim et al. (2008) and Dulami et al. (2003) that response rate in the 

construction industry for postal questionnaires above 20 percent is not uncommon and 

acceptable.  

Respondentôs designation and experience                           

Table 2 shows the profile of the respondents. The survey indicates that, 78% of 

respondents have more 10 yearsô experience followed by 21% of them has least 10 

yearsô experience. This shows that the respondents have an extensive experience, 

which helps to provide this study with reliable data.  

Table 2: Respondent's designation and years of experience  

 

Means factors scores for level of importance and implementation  

Table 3 presents the result analysis 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 (PI) and actual implementation (AI) 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'. Out of 19 SF, 

the respondents rated seven SF óvery criticalô, which classified as óhigh importantô.    

These seven SF are Air Quality, Noise and Vibration, Water quality, Ecology and 

Biodiversity, Site selection, Project risk and Functionality performance.  The 

remaining 12 SF are also significant and classified as ómoderate importantô with the 

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 

classified as ómoderate implementedô by the respondents with an average mean score 

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  

 

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 sustainability factors of Perceived important (PI) and the Actual implementation 

(AI) in Malaysian railway infrastructure project, with the average mean decrease of 

0.47, t-value = 3.70, and sig. p<0.009 (two-tailed) as shown in Table 4.   
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Table 4: Comparison of level of PI and level of AI of sustainability factors  

 

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 level 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 is 3.96 (SD = 0.60) and classified as 'moderate important'. 

Similarly to the level of actual implementation of all the 19 SF that were rated as 

ómoderate implementedô by the respondents during the railway project development 

with an average mean score is 3.49 (SD=0.74).   

A paired-sample t-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 important (M=3.96, 

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, t-value = 3.69, p < 0.05 (two-tailed). 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 PI and AI of sustainability factor in Malaysian railway projects  

 
The above findings demonstrate that, the awareness on the importance of 19 SF in 

railway project among the respondents is still at moderate 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 key players of the 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 sustainability clause in projectôs contract 

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 these sustainability 

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 of its implementation. 

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 burden and add 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 most of the 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 because the public policies, 

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: environment, economic, 

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 sustainability 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 projects due to a few 

impediments such as lack of precise indication of sustainability clause in projectôs 

contract/specifications, financial constraint, lack of awareness, lack of enforcement, 

etc. Hence, those issues will be interrogating further in the next paper.   

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 development. It is 

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 of railway 

projects.   
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This paper aims to investigate the perceptions of Australian contractors concerning 

the prevailing 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 semi-structured interviews and 

49 questionnaires 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 interview 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 

understanding 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 the following 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 authorities 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 

barriers could be used as a óroad mapô for the development of appropriate solutions 

for the successful implementation of RL, and to improve the environmental related 

decision making processes of the contractors. 

Keywords: reverse logistics, barriers, supply chain management. 

INTRODUCTION  

Reverse logistics is defined as ñthe process of planning, implementing, and 

controlling the efficient, cost effective flow of raw materials, in-process inventory, 

finished goods, and related information from the point of consumption to the point of 

origin for the purpose of creating or recapturing value, or proper disposalò. (Rogers 
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and Tibben-Lembke, 1999, p. 271). From a construction perspective, some studies 

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 contributed to over 

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 Abdulrahman et al., 

(2014), there are limited RL studies focussed on developing counties.  Elsewhere, in 

developed and developing countries such as the U.K and China respectively, the 

construction industry is renowned as the greatest contributor of C& D wastes 

(Oyedele et al. 2013; Wang et al. 2010). While the concept and principles of reserve 

logistics (RL) are not new as shown  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; Leigh and 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 Australian construction 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 identification 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 

quantitative part of the study and associated techniques for analysis of the qualitative 

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 structured review of the practices affecting RL, it is 

necessary to describe how these ópracticesô are framed and conceptualised in the 

construction industry. The following three groupings: (i) Industry; (ii) organisation 

and (iii) project were selected based on the propositions 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 task environment 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, political, legal and economic 

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

equated to the óindustryô level of prevailing RL practices whereas the óorganisationô 

RL practices were associated with such groupings as the suppliers (input), buyers 

(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 Hosseini et al. (2014). 

Table 1: Practices for RL and similar studies 

 

Notes: *The review of the literature for the two industry practices is combined due to the common denominator of 

óregulatory and financial incentivesô; 1Previous studies arranged in chronological order, and for the full listing of 

references, please refer to Hosseini et al. (2014); 2Supply chain logistics related study 

Barriers affecting the adoption and implementation of RL 

The literature on developing and developed countries and across different industries 

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 Ho et al. (2012) study aimed at examining the major factors that may 

influence industries to implement reverse logistics, these barriers can be categorised 

into internal (i.e. intra-organisational) and external (inter-organisational). Similarly, 

the seminal study by Carter and Ellram (1998) though focussed on the drivers than the 

Practices Previous studies1 

OrgPrac1=Clear understanding of the benefits of 

deconstructing buildings 

Crowther, (2001); Sassi (2004, 2008); Addis, 

(2006b); Guy et al. (2006) 

OrgPrac2=Awareness of deconstructing procedures Greer (2004); Schultmann and Sunke  (2007b)  

OrgPrac3=Understanding of challenges associated 

with deconstruction 

Pulaski et al. (2003); Sassi (2004); Guy et al. 

(2006); Leigh and Patterson (2006); 

Gorgolewski (2008); Weil et al. (2008); 

Saghafi and Teshnizi (2011); Kibert (2012)  

OrgPrac4=Understanding of different aspects of 

reusing buildings 

Greer (2004); Schultmann and Sunke  (2007b) 

IndsPrac1=Availability of salvaged building 

products, components and materials 

SA Government (2012) 

IndsPrac2=Availability of deconstruction and 

dismantling service providers 

SA Government (2012) 

IndsPrac3=Existing demand for salvaged and used 

building products 

OôBrien et al., (2002);  Addis (2006a); 

Gorglewski (2008); Hiete et al. (2011);  

IndsPrac4=Facilities to recover the used products 

after deconstruction 

Schultmann and Sunke (2007b)  

IndsPrac5*=Regulatory and financial incentives in 

favour of deconstruction 

Carter and Ellram (1998);Kibert et al. (2000a); 

Guy and McLendon (2002); OôBrien et al., 

(2002); Smith  et al. (2007); Saghafi and 

Teshnizi (2011); Huscroft et al. (2013). 

IndsPrac6*=Regulatory and financial incentives for 

promoting use of salvaged materials 

IndsPrac7=Quality control compliance for used 

products 

Tibben-Lembke and Rogers (2002); Sassi 

(2004); Dowlatshahi (2000); Nordby et al., 

(2009); Da Rocha and Sattler (2009); Kibert 

(2012); Densley et al., (2012); Yeheyis et al. 

(2013)  

ProjPrac1=Deconstruction is implemented in our 

projects 

Crowther (2001) 

ProjPrac2=Utilisation of salvaged materials in new 

buildings 

Chini and Bruening (2003); Razaz (2010) 

ProjPrac3=Reducing the amount of waste generation 

as part of strategic objectives 

Genchev et al. (2012); Zero Waste (2011) 

ProjPrac4=Enhancing the green image as part of 

strategic objectives 

Addis (2006b); Laefer and Manke (2008); 

Kralj and Markic (2008). 

ProjPrac5=Organisational support for using salvaged 

materials in new buildings 

Carter and Ellram (1998); Dey et al. (2011)2; 

Genchev et al. (2012); Huscroft et al. (2013) 

ProjPrac6=Organisational support for deconstructing 

buildings 

Carter and Ellram (1998);  Dey et al. (2011)2; 

Huscroft et al. (2013) 

ProjPrac7=Organisational support for designing 

buildings based on designing for RL principles 

 Carter and Ellram (1998); Dey et al. (2011)2 ; 

Huscroft et al. (2013) 
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barriers, conceptualised the drivers into óinternalô and óexternalô and linked the 

ócompany factorsô to internal whereas the ótask environmentô as external. According 

to Hosseini et 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  

 

Notes: 1For full listing of references, please refer to Hosseini et al. (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. 

Description Scholarly Support1 

OrgBr1=High costs of adopting RL 

Jindal and Sangwan (2011); El Korchi and Millet 

(2011); Tan and Hosie (2010); Lau and Wang 

(2009); Del Brío and Junquera (2003) 

OrgBr2=Uncertainty about the results 
Jindal and Sangwan (2011); González-Torre et 

al., (2010); Zilahy (2004)  

OrgBr3=Restraining organisational policies 

(e.g. overlooking design for reverse logistics  

Abdulrahman et al., (2012); Ravi and Shankar 

(2005); Rogers and Tibben-Lembke (1998) 

OrgBr4=Lack of awareness within the 

organisation  

Jindal and Sangwan (2011); Presley et al., (2007); 

Post and Altma (1994) 

OrgBr5=Immaturity and low investment in 

knowledge management and information 

systems 

Zhu et al., (2008a); Ji (2006); Ravi and Shankar 

(2005); Rogers and Tibben-Lembke (1998, 2001)  

OrgBr6=Lack of human resources with 

necessary qualifications 

Ravi and Shankar (2005); Hillary (2004); Post 

and Altma (1994) 

OrgBr7=Inappropriate organisational structure 

(and size) 

González-Torre et al., (2010); Post and Altma 

(1994) 

OrgBr8=Lack of support from management 

Jindal and Sangwan, (2011); Zhu et al., (2008); 

Ravi and Shankar (2005); Rogers and Tibben-

Lembke (2001) 

OrgBr9=RL is not a priority in the 

organisationôs investments 

Presley et al., (2007); Rogers and Tibben-Lembke 

(1998, 2001) 

OrgBr10=Resistance to change in the 

organisation 

Jindal and Sangwan (2011); Ravi and Shankar 

(2005); Hillary (2004)  

OperBr1=Deficient structure of the industry for 

adopting RL 

Qiang et al., (2013); Del Brío and Junquera 

(2003); Rogers and Tibben-Lembke (2001)  

OperBr2=Lack of support from parties in the 

supply chain 

Qiang et al., (2013); Jindal and Sangwan (2011); 

González-Torre et al., (2010)  

OperBr3=Inadequacy of technologies (emphasis 

on information communications technologies  

Jindal and Sangwan (2011); Ji (2006); Ravi and 

Shankar (2005) 

OperBr4=Lack of standardised processes and 

lack of shared understanding of the best 

practices  

Abdulrahman et al., (2012); Lau and Wang 

(2009) 

OperBr5=Lack of knowledge in the industry 
Jindal and Sangwan (2011); Ji (2006); Ravi and 

Shankar ( 2005) 

OperBr6=Unfavourable business culture Hillary (2004) 

SocBr1=Perceptions about the low quality of 

products of RL 
González-Torre et al., (2010) 

SocBr2=Lack of support from professional 

associations, non-government organisations  
Hillary (2004) 

SocBr3=Inappropriate governmental regulations 

Jindal and Sangwan (2011); Abdulrahman et al., 

(2014)*; González-Torre et al., (2010); Tan and 

Hosie (2010) 

SocBr4=Bureaucratic problems in granting of 

licences and location permits 
Zilahy (2004) 
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Measurement instrument 

The questionnaire 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 implementation.  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, drivers and barriers) were all measured on a 5-point 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 relate 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 the perceptions 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 by the research 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 before in survey 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 Yirenkyi-Fianko, 2012). The results of the validity and 

internal consistency for both sub instruments were as follows:  0.875 (F-statistic = 

16.569 sig. = 0.000); and 0.887 (F-statistic = 8.002) for the practices and barriers sub 

instruments respectively. The results were deemed as acceptable in 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 administered to 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 to a number 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 when compared 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 example, the study 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 respondents 

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 
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comprise 27 (56.3%) executives (C.E.O, President and Vice president), 8 (16.7%) 

project managers, 5 (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 employees) 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 qualitative study protocol. 

Study protocol (Qualitative approach) 

All the interviews except for one were conducted in the intervieweeôs respective 

organisations. While there was a possibility of recording the actual sessions, this 

approach was discounted. As pointed out 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 of the interviewees is shown in Table 3. 

Table 3: Descriptions of the organisations involved in the semi-structured interviews and 

matching to Carter and Ellram (1998) framework   

 

Notes: 1Reference to Carter and Ellram (1998) Framework; A = Organisation owning the 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)). 

As can be seen from Table 3, the intervieweesô represents the broader spectrum of the 

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 according to their three sub 

classifications (industry, organisational and project-level). Table 4 summarizes the 

results of the analysis. The highly ranked practice was ñreducing the amount of waste 

generation as part of strategic objectives (mean score = 4.082, std dev. = 0.886)ò. 

This finding was consistent with literature regarding the main objectives of RL 

(Addis, 2006; Hosseini et al. 2014).  Interestingly, the findings of the fourth ranked 

practice, namely ñexisting demand for salvaged and used building providersò 

contradict previous (Addis 2006; Gorglewski 2008; Hiete et al. 2011). For example, 

the study by Hiete et al. (2011) found that supply and demand in recovered building 

materials market does not necessarily match. Thus, it is necessary to buy desired 

reclaimed 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. 

Interviewee  
Task environment (TE) and role1 Position & experience (Individual* / 

Organisation) TE Role 

A Output Buyer Marketing manager (Established since 1993) 

B Competitive Competitor Managing director (*20 yearsô experience) 

C Regulatory Interest aggregator Executive manager (Operational since 2005) 

D Output Buyer CEO and owner  (25 years in business)  

E Input Suppliers Executive manager (*15 yearsô experience) 

F Regulatory Government agencies Senior environment protection officer  

 



Reverse logistics 

89 

 

Table 4: Ranking of practices desirable for RL implementation   

 

Notes: MS1 where the higher the mean, the more important the practice for RL; SD = Standard deviation; 3R = 

overall ranking based on full sample and within the individual grouping of the RL practices classification; 4OR = 

Overall ranking based on the full practices. 

Similarly, Addis (2006) observed 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 results is that, 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 Marketing Manager (Interviewee A) who 

commented: ñNumber of customers is increasing. [é] Customers are people who do 

small alterations to their homes, house builders, architects, contractors etc..[é] 

Definitely, the domestic sector is very huge compared to the commercial sector, both 

as customers and providers of salvaged materials [é]ò. This observation was further 

reinforced by the supplier (Interviewee E) who acknowledged that market was 

booming, with more competitors making the supply harder to get. The industry level 

practice of ñquality control compliance for used productsò though ranked fifth (mean 

score = 2.857), was the least ranked (Rank=16th) based on the full practices. Studies 

such as Kibert (2012) and Nordby et al. (2009) have pointed to the lack of products or 

materials with a certificate or eco-label 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 beyond the scope 

Practices MS1 SD2 R3 OR4 

Industry related     

Availability of salvaged building products, components and materials 3.796 0.735 1 7 

Availability of deconstruction and dismantling service providers 3.714 0.707 2 11 

Existing demand for salvaged and used building products 3.571 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 2.792 1.031 6 17 

Regulatory and financial incentives for promoting use of salvaged material 2.729 1.001 7 18 

Quality control compliance for used products 2.857 0.913 5 16 

Organisational related     

Clear understanding of the benefits of deconstructing buildings 4.061 0.827 1 2 

Awareness of deconstructing procedures 3.750 0.887 4 10 

Understanding of challenges associated with deconstruction 4.020 0.750 2 3 

Understanding of different aspects of reusing buildings 3.898 0.848 3 4 

Project related     

Deconstruction is implemented in our projects 3.510 0.893 6 14 

Utilisation of salvaged materials in new buildings 3.204 1.060 7 15 

Reducing the amount of waste generation as part of strategic objectives 4.082 0.886 1 1 

Enhancing the green image as part of strategic objectives 3.837 0.746 2 5 

Organisational support for using salvaged materials in new buildings 3.776 0.848 5 9 

Organisational support for deconstructing buildings 3.776 0.743 4 8 

Organisational support for designing buildings based on DfRL principles 3.796 0.676 3 6 
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of this paper to report on all of the intervieweeôs observation, in general some of the 

comments related to the testing of aggregates for asbestos (Interviewee D). With 

reference  to the materials used on the construction of roads, Interviewee D further 

highlighted the problems associated with recycled and reused products as follows: 

ñThere is also a bit of quality issue with recycled products. For example, bitumen 

mixed with tiny wood particles can have a mushroom effect on the surface of a 

road......Some tradesmen donôt like concrete made out of re-cycled aggregate. ...It sets 

quickly and compacts better. Maybe itôs because of cement in those aggregatesò. 

Despite the higher ranking of this practice, some of the interviewees expressed 

reservation with the storage of extracted material and highlighting the role played by 

the regulator. The executive manager (Interviewee C) observed that ñstorage of 

extracted materials from buildings is an issue since the EPA regards anything without 

immediate use as waste and asks to remove it from the siteò. These comments 

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 RL. Furthermore, 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 

Hosseini et al. 2014), aimed at identifying 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 stakeholderôs perception of the barriers 

inhibiting the implementation of RL (see Tables 5 and 6). 

Table 5: Overall ratings of barriers to RL-Operational related   

 

Notes: 1For detailed description of the operational barriers, see Table 2; 2RAI = Relative agreement index; and 
3Rank based on the sub category grouping of the operational barriers 

As can be seen from Tables 5 and 6,the organisationôs reluctance to use salvaged 

materials due to the lack of design incorporation is ranked as the most important 

critical barrier within this category of ñindustrial barriersò as well based on all the 

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 (Abdulrahman et al. 2014; Rogers and Tibben-Lembke, 1999); 

and a number of construction related studies (Hosseini et al., 2014). Table 6 further 

shows that apart from the ñIndustrial barrier 3ò and ñSocial barrier 1ò, the mean 

scores values for the remaining barriers were greater 3.000, thus implying some level 

of significance or importance. 

Barrier1 Mean score Std. Dev RAI2 Rank3 Overall ranking 

OperBr1 3.286 0.935 0.657 1 =4 

OperBr2 3.286 0.935 0.657 1 =4 

OperBr3 2.592 0.956 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 
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Table 6: Overall ratings of barriers to RL-Industrial and social related 

 

Notes: 1For detailed description of the industrial and social barriers, see Table 2; 2RAI = Relative agreement index; 

and 3Rank based on the sub category grouping of the industrial 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 cross-sectional nature of the quantitative 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 South Australia 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 rigorous and refined 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 the relationship 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 construction 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 readiness of 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 construction industry. While the review of the literature (Hosseini et 

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 qualitative 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 between 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 may work well in one context but not another.  

Barrier1 Mean score Std. Dev RAI2 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 8 

IndsBr5 3.417 0.919 0.683 2 3 

SocBr1 2.878 0.780 0.576 4 11 

SocBr2 3.167 0.907 0.633 2 6 

SocBr3 3.021 0.887 0.604 3 9 

SocBr4 3.449 0.868 0.690 1 2 
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The aim of this research is to model stakeholder-associated risk networks and gain 

understanding of the differences and similarities of green building risks in China and 

Australia, given the different political, social-cultural and legal systems. This paper 

builds on the authorsô previously published research (Yang and Zou 2014). Case 

studies of green star accredited recently constructed major office buildings were 

undertaken in both countries. Data were collected through desktop studies, focused 

workshops and face-to-face interviews with key project participants, and analysed by 

using Social Network Analysis (SNA) methods which aims to analyse the 

characteristics and interdependencies of risks-stakeholders relationships. The research 

finds that while reputation risks are important for project players in both countries, the 

ethical risk óassessment experience and fairnessô has been highlighted as crucial in the 

Chinese green practice due to potential corruption issues. 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 

improve societiesô knowledge and awareness levels on green technology and energy 

saving. From stakeholder management perspective, communications between internal 

stakeholders can contribute to a smooth green building design and construction in 

both countries. The main contribution of this research is the 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 

development and practical application for both green building risk management and 

international construction. 

Keywords: green building, risk, stakeholder, social network analysis, Australia, 

China. 

INTRODUCTION AND RES EARCH AIMS  

With the rapid rates of economic development and urbanization, the property 

development and construction industry in China has become a pillar of its 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 developments and existing buildings, are required to achieve a reduction of 

energy consumption of a minimum of 50% compared to the nineteen-eighties 

(MOHURD, 2011). This is a massive undertaking, particularly when it is 
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acknowledged that China is still in its infancy in terms of experience in the adoption 

of ógreen buildingô 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 opportunities and 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 as the legal, political 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 supply chain members, 

because of the different claims, interests, and culture backgrounds (Zhang, 2011). This 

requires an in-depth understanding of the Chinese construction market operation and 

management mechanism, their relevant policies, and market demand force together 

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 settings, by using 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 one proposed by the 

authors of this paper (refer to Yang and Zou (2014)) was chosen to assist the case 

study analysis process. This paper starts with an explanation 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 explained, compared, and discussed to 

assist researchersô and industry practitionersô understanding of stakeholder associated 

risk networks and international green building practice.  

THEORETICAL BACKGROU ND 

Yang and Zou (2014) developed a SNA-based ógreenô risk & stakeholder analysis 

model by combining the classical risk management process and the generic SNA 

steps. Rather than focusing on risksô/stakeholdersô attributes, the social network views 

characteristics and interdependencies of risks-stakeholders as arising out of the social 

structural environment in order to better understand the decision-making process. By 

identifying the directions of influence in the entire network, project managers can 

conduct systemic 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 

analysis investigates the patterns of stakeholder-associated 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 decision-making 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 proposed. Risk categories include: time 

(risks related to time management), cost (risks related to cost increase and return), 

quality and technical issues (risks related to the product quality, including technical 

barriers, material availability and work quality), organization and management 

(risks related to organizational structure, knowledge, and relationship 
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management), policy and standards (risks related to regulations and standards), 

safety (risks related to occupational health and safety), ethics and reputation (risks 

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 organization, professional association, media, public, labour union, 

assessor/certifier, researcher/educator, and others. 

5. Determination of risk interrelations 

This step defines the links in the risk network, which represent the impact between 

two nodes. The link is defined by the impact from one risk to the other, and the 

likelihood of the interaction between the risks. 

6. Visualisation of risk network 

In the network, different shapes of the nodes represent risks associated with 

different stakeholders, while different 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 interrelations. 

7. Decipherment of risk network 

Three types of measures are useful for network analysis: Network measures, 

Node/link measures, and Partition measures. 

8. Identification and simulation of risk mitigation actions 

The critical risks and interrelations are identified based on the results in the last 

step. The critical risks will be removed from the network, and the network 

measures can be recalculated. 

The SNA-based model presented by Yang and Zou (2014) has been demonstrated as a 

useful tool for assessing risk interactions 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 Study Method 

This research has adopted a case study approach. The research aims to obtain an in-

depth understanding of the stakeholder-associated risks and their interactions in green 

buildings under different legal, political, social and cultural settings, namely China 

and Australia. The emphasis here is more on óhowô and ówhyô than ówhatô. Green 

building 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 

not applied to general building design and construction. Furthermore the collection of 

the data that is required to develop the risk network requires interactive interactions 

with project team rather than a single round of ótick and flipô exercise. As such it 

would not be feasible or suitable to use population-wide or sample-sized questionnaire 

surveys. Instead case study methods are more suitable. Case study analysis is a 

preferred technique when óhowô and ówhyô questions are considered (Yin, 2009). This 

research addresses a óhowô type of question in order to understand how risks are 

connected in large-scale complex green building projects. Given the above mentioned 

reasons, the case selection was not random but based on theoretical/selective 

sampling. The case 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 collected by workshops and interviews, with more 

details in the following section.   

Case Selection  

The Chinese Case  

The Chinese case selected for this research was a multi-storey office building located 

in Shenzhen city, the southern China. The building occupies 3000 m2 of 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 ólocalisation, low cost, low energy consumption, and scalabilityô. The 

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 óleading by exampleô. The building has been 

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 

stakeholder and risk categories specified by Yang and Zouôs study (2014). The 

workshop participants also contributed to the development of risk interrelationship 

matrix in which the possibility and consequence of the impact between risks were 

determined with 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 paper) also 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 a previous study 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 three-storey office building, which has a contract sum of over $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 in both ñAs Designò 

and ñAs Builtò. The case project presented considerable challenges and difficulties 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 was collected through surveys and interviews with key project participants 

together with desktop-studies on the project information provided by the design-and-

construct head contractor. The stakeholder and risk information were collected in a 

first round survey, based on which the risk relationship matrix was developed in the 

second round surveys and interviews. The researchers (i.e. the authors) visited the 

building at its near-completion stage accompanied by the project director. For more 

details readers are referred 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 as Fang et 

al.ôs work (2012).  

 

Figure 1 Stakeholder-associated green risk networks 

In the Chinese case, in total, 9 stakeholders were identified with 26 ógreen relatedô 

risks and 220 risk interactions (Table 1). Comparing with the Australian case which 

has 127 ógreen-relatedô risks associated with 20 stakeholders, and 867 risk 

interactions, the numbers of stakeholders, risks and their interactions are much less. 

This can be explained from two perspectives: 

¶ Project contract types: The Australian building is a Design-Build 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 

procurement 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 client does not have a consultant 

stakeholder group, which reduced the project environment complexity 

significantly.  

¶ Construction practices: There is a major difference between Australian and 

Chinese construction firms: Usually in Australia, the head contractors do not 






































































































































