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ABSTRACT

Highway infrastructure development in Yunnan Province remains a top priority for the
Chinese Government, the aim is to improve access to neighbouring countries and support
economic growth and social development in the province. While the social and economic
benefits of highway infrastructure projects are indisputable, sustainable performance still
leaves room for improvement in Yunnan. In an effort to promote a more sustainable
approach to decisions relating to highway infrastructure projects, this research develops a

model to assess sustainability in highway infrastructure projects in Yunnan Province.

The research results indicate that although China has made great progress in sustainable
development, and studies have suggested various frameworks for evaluating sustainability
in highway infrastructure projects, an effective assessment model is not available for the
local context of Yunnan. Therefore, this research builds an indicator-based assessment
model for highway infrastructure project sustainability by addressing local conditions. The
data used for analysis in this research is collected from questionnaires and interviews of
three groups of experts in Yunnan, including government officers, academic professionals,
and construction engineers in the construction industry. Data collected by questionnaires is
used to determine the indictors, and the Analysis Hierarchy Process (AHP) method is used
to assign indicators weightings. The opinions from the experts’ interviews are used to refine
the model, and the content analysis is used to analyse interview data. This research identifies
a highway project in Yunnan as a case study to test the applicability of the developed model,
and the results indicated that the sustainability assessment model for highway infrastructure

projects in Yunnan is reasonable.

However, in practice, it faces extensive challenges in assessing sustainability in highway
infrastructure projects in Yunnan. This study demonstrates the importance of sustainability
assessment and strives to build a comprehensive indicator system with consideration of all

influential factors, as a positive step towards dealing with these challenges.
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CHAPTER 1 - INTRODUCTION

1.1 Background of the study

Highway infrastructure projects play a vital role in contributing to economic growth, raising
the quality of life and reducing poverty (Stevens et al., 2006). China has the world’s largest
highway network, and the government is continually investing in highway infrastructure
(Djankov and Miner, 2016). In China’s 13" Five Year Plan (2016-2020), the specific targets
in relation to highway infrastructure include building or upgrading 20,000 kilometres of
rural roads and constructing 30,000 kilometres of new highways, the investment is expected
to reach $0.26 trillion (National Development and Reform Commission [NDRC], 2016).
The Central People’s Government of China (CPG) has made great strides in developing
highway infrastructure over the past decades, the growth of highway infrastructure projects
Is at an average of 20 percent per year, and is considered a development driver for the
economic and social development in China (Ministry of Transport of China [MOT], 2016)

Yunnan is a province located in southwest China. It shares international borders with
Myanmar (Burma), Laos and Vietnam, and domestic border with Tibet, Sichuan, Guizhou
and Guanxi. The Province has great advantages in geographic locations and rich nature
resource, but it also has various constraints in the current development. It has a low
economic base and still one of the economically lagging provinces in China. Transportation
continues to be a bottleneck constraining development. The province is dominated by the
plateau, with mountainous terrain and plateaus accounting for 94% of the total. For many
years, the topographic conditions acted as a geographic barrier, hampering transportation
and economic development in the province (He, 2014). Being an inland province, subject
to the geographical constraints on plateaus, the costs for railways and waterway
infrastructure construction are higher than highway. Highway has been a major transport
model in Yunnan for a long history, according the National Statistics (2016) the volume of

road freight represents 94.7% of Yunnan’s total freight in 2015.

In 1999, the CPG started to build infrastructure to decrease the development gap between
eastern coastal areas and the western land-locked regions in China. With an increase in trade

and investment between China and south and southeast Asian nations, the CPG regarded
1



Yunnan as the most convenient land passage connecting China with the Southeast and
South Asia. In 2009, the CPG strategically positioned Yunnan province as the bridge to
Southeast and South Asia. The aim is to promote balanced development among the regions,
accelerate poverty eradication and modernise rural areas by building major international
land routes. At the same time, the construction of highway infrastructure has become the

priority to move towards the ‘Bridgehead Strategy’ of Yunnan (MOE, 2016).

The government plans to achieve the goals of development of industry, tourism, education,
technology, and other industries in Yunnan through investment in transportation
infrastructure. By the end of the 12" five-year plan (2010-2015), the investment in highway
infrastructure in Yunnan reached $47.49 billion, the highway network was gradually
improved (MOT, 2016). The Provincial 13" Five Year Plan (2016-2020) set $58.51 billion
highway infrastructure investment target over the following 5 years (Government of
Yunnan Province, 2016). The development plans are designed to support economic and
social development, and enhance the close economic relations with neighbouring countries.
(MOT, 2016).

This rapid highway infrastructure development which has enabled the expansion of cities
and powered economic growth, has also brought development to remote areas and increased
access to health and community services and improved mobility of labour (Sun and Li,
2013). Highway infrastructure also comes with environmental degradation (Cheng and
Wang, 2007). In recent years, an increasing volume of research revealed that the rapid
development of highway infrastructure can result in a range of environmental problems
such as resource consumption, natural and anthropogenic landscape destruction,
environmental pollution, construction quality, and coordination between transportation
modes and so on (Yan ef al., 2016). Some studies criticise that in China, the expectation is
that investment in highway infrastructure projects are focused on economic benefits, with
little consideration of the wider social and environmental issues (Cheng and Wang, 2007).
The International Energy Agency (2015) revealed that China has become the largest energy
consumer and the second-largest building energy user in the world accounting for nearly
16% of total global building energy use. According to Yunnan Provincial Bureau of
Statistics (2016), energy consumption in construction industry occupies one third of the

total in Yunnan. Besides the environmental problems, the country’s development pattern

2



has raised social tension and other economic problems (Sun, 2010). The value of the
investment on transportation projects has been questioned due to poor overall planning and
implementation (Shen et al., 2010). Many transportation projects such as highways and
railways have not been effectively implemented and are often underutilised due to over-
forecasting the investment benefits (Ansar et al., 2016). Some of the road construction
projects with large investment have been abandoned completely due to insufficient
maintenance (Sun, 2010). Moreover, Yunnan is a multi-ethnic province with diversified
cultures, and the unique lifestyles and cultural traditions of ethnic minority groups have

been damaged due to road construction (World Bank, 1997).

With the recognition of the relationship between development and the environment,
highway construction needs to face the challenge of sustainability, and the provision of
appropriate highway infrastructure projects is an urgent and ongoing requirement in China.
As the World Commission on Environment and Development (WCED) stated, development
cannot subsist upon a deteriorating environmental resource base, and the Brundtland Report
defined the term ‘sustainable development’ as ‘development that meets the needs of the
present without compromising the ability of future generations to meet their own needs.’
(WCED, 1987). In the past decades, many organisations and scholars have undertaken
research into sustainable development in China, but mainly focused on the macro-fields
(e.g. society), and ignored the micro-fields (e.g. project) (Sun and Li, 2013). Although the
concept of sustainability is now better understood in certain contexts, it is still far from
being clearly defined. However, the concept of sustainability has become increasingly
prevalent with an interaction of various factors including ecological, social, economic,
cultural, and political with the purpose to maintain economic growth and social progress

while protecting the environment.

The concept of sustainable highway infrastructure projects has emerged since the WCED
developed the idea of sustainability. It has been defined in many ways, and involves many
factors. United Nations Economic and Social Commission for Asia and the Pacific
(UNESCAP) (2006) defined that a project will maintain sustainability in the economy and
environment by designing and maintaining roads, and ensure resource conservation over

the project lifecycle.



In an attempt to integrate sustainability in the development process of highway
infrastructure projects, a number of tools and methods have been developed for assessing
sustainability in highway projects, but effective approaches are still lacking (Wang et al.,
2005). Yunnan is a multi-ethnic region with a diversified culture, located in the south-
eastern border of China having distinctive regional characteristics. It not only has the
common development problems of China, but also specific and unique circumstance which
require more varied approaches and initiatives to sustainability assessment (Gao, 2009).
There is a growing need for a standard integrated model to assess the sustainability of

highway infrastructure projects in the province.

1.2 Problem statement

In this research, the term ‘sustainable highway infrastructure project’ is regarded as an
individual construction project, referring to a fixed asset with a certain amount of
investment in the early stage of planning, design, construction and with a series of phases
(Yang et al., 2010). The development of infrastructure projects are highly capital intensive,
resource utilisation, once invested, cannot be changed and it has long-lasting impacts on
society and environment (Zhou and Liu, 2015). Thus, it should satisfy lifecycle functional
requirements of social development and economic growth while demonstrating concerns

for the natural environment (Dong and Zhou, 2012).

In China, the rapid growth of infrastructure construction brings a series of problems, such
as low operating efficiency, low construction quality, high assets depreciation rate, heavy
losses, resources wastage and environment pollution (Zhou and Liu, 2015). China has made
some progress in tackling the issues associated with sustainability in construction projects
by acknowledging the current problems, for example, the CPG released the Regulations on
the Administration of Construction Project Environmental Protection, and established a set
of corresponding environmental regulations and standards to promote sustainability in
highway infrastructure project (Chinese Academy of Engineering and Ministry of
Environmental Protection of China, 2011). The MOE planned to build six low-carbon,
energy-saving highways in 2013. One was in Yunnan, 105.7 kilometres in length which was
completed in 2015 (MOE, 2016). Although with this acknowledgment by the government,

unbalanced development transportation network, poor coordination, and unsustainable
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problems of infrastructure projects are still prominent in China (UN, 2012). Many studies
highlight that China is facing numerous challenges in the development of sustainable
highway infrastructure, and there is a call for sustainability assessment of highway

infrastructure projects to support the making of sustainability decisions (Gibson, 2006).

Since the early 1990s, the development of assessment tools for the construction sector has
been active and achieved some success based on previous experiences (Haapio and
Viitaniemi, 2008a). There are some conventional assessment methods of construction
projects which were focused on three factors: cost, schedule, and quality, the overall social
and environmental impacts were not considered (Lee et al., 2013). There are also many
methods for evaluating the environmental, social and economic sustainability of
construction projects across the world, but not all of them can identify with the actual
conditions in China. According to Wang et al. (2014b), currently there are approximately
600 tools for evaluating sustainability, including Cost-Benefit Analysis (CBA), Multi-
Criteria Analysis (MCA) and other project appraisal techniques that are essential for
economic appraisal purpose; green building rating systems for building sustainability
assessment are available, such as Evaluation Standard for Green Building of China (ESGB),
but they mainly focus on assessing environmental performance of a building project during
design, operation, maintenance, and management (Tsai and Chang, 2012), and fail to
consider the social aspects of sustainable development (Pan ef al., 2016). Besides, most of
existing assessments methods/tools are designed for general building/construction, and
several methods have been suggested and developed for general and specific types of
infrastructure projects (Shen et al., 2010), such as road projects and railway projects, but
the very different characteristics of highway infrastructure are not included (Peng, 2011).
However, those methods/tools are valuable for measuring the sustainability of these types
of projects, but some practical issues remain unresolved, and the assessment methods are
still ineffective and lack standardisation to evaluate a highway infrastructure project’s

sustainability (Bueno et al., 2013; Pan et al., 2016).

Yunnan is regarded as a remote province in China, highway infrastructure serves
strategically to promote development, but there is a question to be asked about how fast
highway infrastructure development aligns with the principles of sustainable development.

The studies on sustainability evaluation of highway infrastructure projects in Yunnan show
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that it is yet to influence practice. The government standards and guidance for construction
are mainly used for sustainability assessment in highway infrastructure projects, there is no
standardised and commonly accepted method for evaluating sustainability in highway
infrastructure projects over their lifecycle (Yang et al., 2017). Therefore, it is necessary to
develop a comprehensive and effective sustainable development assessment model for the
design and implementation of individual projects to ensure they actually meet the needs of

people who should benefit from them.

1.3 Research aims and objectives

The aim of this research is to develop a standard model to assess the sustainability of
highway infrastructure projects in Yunnan Province. To achieve the overall aim, the

following objectives are proposed:

1) Critically evaluate the sustainability issues relating to highway infrastructure projects

based on the principles of sustainable development theories and practices.

2) Determine the status of any existing sustainability assessment frameworks/ models and

compare it with existing sustainability initiatives in Yunnan.

3) Develop a suitable sustainability assessment model that can be used by construction

professionals involved in highway infrastructure projects.

4)  Test the applicability of the model in practice and identify areas of improvement.

1.4 Research questions

The research questions provide guidance for conducting the study, as Maxwell (1998) stated
the research questions are at the heart of research design. Based on the aims and objectives

of this research, the research questions are defined in Tablel.1.



Table 1.1 Research matrix

Objective

Questions

1. Critically evaluate the
sustainability issues
relating to highway
infrastructure projects
based on the principles of
sustainable development
theories and practices.

1. What is 'sustainability'? What are the principles of
sustainable development?

2. What are the impacts of construction of highway
infrastructure construction? Why is sustainability
important in construction sector?

3. How do the sustainable development principles apply to
construction projects, especially in respect of highway
infrastructure projects?

2. Determine the status of
any existing assessment
models and compare with
current sustainability
initiatives of Yunnan

4. What are the purposes and principles of sustainability
assessment?

5. What is the performance of existing sustainability
assessment methods or frameworks?

6. How much progress have highway infrastructure
projects made in sustainability assessment in China?

7. Are the existing assessment models or methods suitable
for the current situation in Yunnan?

8. What are the problems and requirements for sustainable
highway development in Yunnan?

3. Develop a suitable
sustainability assessment
model that can be used by
construction professionals
involved in highway
infrastructure projects in
Yunnan.

9. How can the outcomes of above be absorbed and
combined to form a suitable assessment model for
highway infrastructure projects?

10. How do experts from a range of professional areas
organise and prioritise the sustainability assessment
indicators?

11.What are the most important sustainability criteria for
assessing highway infrastructure projects in Yunnan, and
what are their relative weightings?

4. Test the applicability of
the model in practice and
identify areas of

improvement.

12.How do experts view sustainability in highway
infrastructure projects in Yunnan?

13. How suitable is the assessment model for Yunnan's
sustainability requirements?




1.5 Research methodology

Having considered the issues associated with sustainable highway infrastructure project in
Yunnan, a mixed method approach that combines both qualitative and quantitative
techniques has been identified as the most appropriate approach to match the aim of
developing and testing a suitable sustainable assessment model in a real-world environment.

The main research methods include a literature review, questionnaire, and interview.

Data from existing literature applicable to the research will be used and then will be
enhanced by the collection of primary data. Literature reviews of sustainability, sustainable
construction, sustainable highway and sustainability assessment frameworks or methods
will be used to fulfil objectives 1 and 2.

Sustainability assessment indicators developed by governments and authorities (e.g.
Ministry of Transport [MOT]) and existing assessment frameworks/systems will be
collected, the data will help to form the list of preliminary indicators for sustainability
assessment models by comparing them with the practical situations of highway
infrastructure projects. The indicators presented in existing documents reflect experiences
gained by governments and researchers which will be useful for reviewing the existing
problems and developing a new indicator system to measure sustainability. The contents
analysis will be undertaken to define the assessment indicators of the model in objective 3,
this method will help to categorise indicators into various dimensions of sustainable
highway infrastructure project by addressing indicator themes. To determine assessment
indicators, experts from three groups (academic professional, construction engineers, and
government officers) will be invited to rank the significance of the preliminary indicators
by means of a questionnaire. It is intended through this method to elicit views and
suggestions on key issues and criteria for sustainability assessment in highway
infrastructure projects. The data from the questionnaires will be analysed using SPSS and
EXCEL. In the last step, once the indicators are determined, the Analytic Hierarchical
Process (AHP) method, a multi-criteria decision analysis method, will be used to assign the

weighting for each indicator, YAAHP 10.0 software will be employed to implement AHP.



In objective 4, the assessment model will be tested and refined using a qualitative approach
to collect feedback and experiences from experts. This phase involved the use of open-

ended interviews.

As Harris and Brown (2010) stated, questionnaire and interview are often used together in
mixed studies. The questionnaire is an effective method for measuring the behaviour,
attitudes, preferences, opinions, and intentions of relatively large numbers of subjects
cheaply and quickly. The interview can increase the response rate and help to exploit
information which might be neglected in a questionnaire survey (Kendall, 2008). The
interviews will help to clarify the experts’ perceptions regarding the current problems of
highway infrastructure projects and the development of a sustainability assessment process
for Yunnan, as well as establishing their views of the model developed during this research.
Content analysis will be used to analyse the interview data. As a widely used qualitative

research technique it is a flexible method for analysing text data (Hsieh and Shannon, 2005).

1.6 Contributions and limitations

The core contribution of this research is to use a mixed method to develop a sustainability
assessment tool for highway infrastructure projects in Yunnan Province, China. Moreover,
it is anticipated that this study will highlight the importance of sustainability and apply the
sustainability principles into highway infrastructure projects, and serve as a reference for
further studies in this area. Finally, it will public awareness of sustainability to improve
performance of highway infrastructure projects.

The mixed method can contribute to building an effective assessment model. Initially, this
research will evaluate the relationship between traditional construction project development
and a sustainable development approach and propose the baseline and contents for
sustainability in highway infrastructure projects. Secondly, it will review the existing
assessment frameworks and methods from various countries to identify the gaps between
theories and practice in Yunnan Province. Finally, with the experience and knowledge of
experts, apply the model to a highway infrastructure project in Yunnan to further refine it.

This will ensure that the model is suitable for planning and development of new highway



infrastructure projects, and provide criteria for evaluating and reconstructing existing

highways.

Because of the low level of interest in sustainability issues in Yunnan, there is a paucity of
literature and data on this area which has influenced this research. The primary limitation
of this research is t the lack of statistical data has resulted in assessment model testing being
based on experts’ interviews, the determination of the elements and the assessment
indicators are based on personal experiences and awareness, therefore, individual
subjectivity significantly influences the results. The accuracy and objectivity of the

assessment model will need to be further analysed.

Additionally, there are some significant regional variations within Yunnan, the
requirements and meaning of sustainability will be shifted in the context of the local
situation, therefore, the views of other experts’ groups within different construction projects,
and stakeholder perspectives to validate the assessment model will be useful for future

research.

1.7 Structure of the thesis

This thesis consists of 9 chapters, the contents of each chapter are in follow:

Chapter 2 - provides an overview of the general meaning of sustainable development,
define the concepts of ‘sustainability’, examines the influencing factors of sustainability,
and defines the principles of ‘sustainable development” based on the previous studies on

sustainability.

Chapter 3 - evaluates the significance of the construction and highway infrastructure, and
addresses their impacts on the environment since construction is a significant consumer of
natural resources, and causes pollution of the environment. Defines the term of ‘sustainable

construction’. This chapter fulfils objective 1 of this research.

Chapter 4 - explains the main issues of sustainability assessment process, evaluates and

compares the existing assessment models of sustainability in highway infrastructure.
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Establishes if the current sustainability assessment frameworks can address the sustainable

priorities in Yunnan.

Chapter 5 - provides the background of Yunnan, reviews highway development in Yunnan
and lists the distinct conditions in this region for building a suitable model for relevant
projects in Yunnan. Explains to what extent sustainable highway and sustainability
assessment are being practiced in Yunnan. Chapters 4 and 5 addresses objectives 2 of this

research.

Chapter 6 - outlines the research methodology used to achieve the research aim through
each of the objective areas. The details of the methods for collecting and analysing the data

are explained.

Chapter 7 - develops a sustainability assessment model for highway infrastructure projects
in Yunnan based on previous knowledge in earlier chapters. The regulations, codes and
standards of the industry are adopted as guidance, and current sustainability frameworks,
systems and tools are used as references. This Chapter also quantitatively explores the
extent to which success criteria influence the sustainable highway infrastructure project.
Objective 3 of this research is addressed in this chapter.

Chapter 8 - the model developed in chapter 7 will be introduced to a group of professional
experts in academia, industry and government. Objective 4 is fulfilled in this chapter. The
developed sustainability assessment is applied to a case study to test its applicability in real
life.

Chapter 9 - summarises the major research findings incorporating the conclusions of the

study, and discusses the recommendations and future research.
A reference list will include all the sources cited in the text of this thesis. Important

documents supporting the content of the text are appended to the thesis as appendices,

including questionnaire and interviews of experts.
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CHAPTER 2 - OVERVIEW OF SUSTAINABILITY

2.1 Introduction

The purpose of this chapter is to identify the critical issues associated with sustainability
and prepare the ground for subsequent chapters. First, it will review the development and
progress of sustainability, and discuss the various definitions of sustainability and
sustainable development through the examination of previous research and various other
publications. Secondly, several elements will be examined to establish the principles for
sustainable development. Finally, six principles will be recommended covering economic,
social and environmental development, long-term and short-term development goals,

technology and good governance.

2.2 Concept of sustainable development

Since the idea of ‘sustainability’ first appeared in the second half of the twentieth century,
it has grown in importance. From the first awareness of its practice, sustainability has
undergone significant refinement and development to become the future direction of human
progress. Many international organisations, research institutions and scholars have
produced and published extensively on sustainable development theory and the outcome of

this research will now be examined in detail.

2.2.1 Emergence of sustainability

The concepts of sustainability and sustainable development have evolved over the past few
decades. The initial wave of concern for the environment occurred in the 1960s and 1970s,
after the Second World War several developed countries achieved rapid economic growth
through developing large-scale economies and accelerating the industrialisation process.
People began to express concern over development patterns with their resultant pressure of
economic growth, urban expansion, increasing population, overuse of natural resources,
environmental pollution and other problems (Niu, 2012a). In 1962, the American biologist

Rachel Carson described pesticide pollution in her book ‘Silent Spring’ and triggered a
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worldwide debate on human impacts on the natural environment (Wang et al., 2000). In
1972, the Club of Rome published the book ‘The Limits to Growth’ to analyse the
relationship between economic growth and natural resources through computer modelling.
The book reveals that the nature resource would not be sufficient for the needs of human
beings if the current development patterns continued (Meadows et al., 1972). The authors
believe that the planet’s resources are limited, a view shared today by many people (Wu,
2013). Since then, the concern expressed by the early researchers about the environment
and development patterns has led to an almost universal recognition of the concept of

sustainability.

The concept of sustainable development emerged from international efforts between 1972
and 1992. During this period, a series of international conferences and events took place to
discuss a range of global environmental problems. The 1972 United Nations (UN)
Conference on the Human Environment was held in Stockholm, its main purpose was to
examine the impact of humans on the ecological environment, and it achieved a universal
consensus on how to preserve the environment around the world (UN, 2011b). One of the
most important outcomes of the conference was the Stockholm Declaration which enhanced
global awareness of environmental issues and aided in setting international environmental
policy for the future (Handl, 2012). This was a significant step towards the establishment
of the concept of sustainable development based upon the relationship between
environment and growth (UN, 2011b). In 1980, the term ‘sustainable development’ was
referred to by the International Union for Conservation of Nature and Natural Resource
(TUCN) in the World Conservation Strategy (WCS). The Strategy emphasised that future
development should focus on maintaining and sustainably using the ecological system
(TUCN et al., 1980). Many countries have formulated national conservation strategies since
the WCS was developed. The initial concept of sustainable development was introduced by
the wvarious conferences discussed previously, consequently, the public started to

demonstrate concern about the environment.

In 1983, the UN established the World Commission on Environment and Development
(WCED) and formulated ‘A Global Agenda for Change’ to address concerns of
environmental issues and human development in the world (UN, 2011a). Sustainability is

clearly associated with environmental protection but also extends to include the quality life.
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In 1987, the report of the WCED ‘Our Common Future’, also known as the Brundtland
Commission Report, provided the first clear definition of ‘sustainable development’ and
laid the foundation for its future (WCED, 1987). The report made a clear statement that the
balance of the ecological environment must be taken into consideration during the
development process, extending it to include social concerns (reduction of poverty and
realisation of equality) as well as habitat conservation (Zhu et al., 2011). WCED
encouraged international attention to focus on a development approach based on three
considerations: economic growth, natural resource consumption and social satisfaction, and
it illustrated the contribution made by the environment to social and economic growth, and

demonstrated that social development cannot be improved by destroying the environment.

The WCED has brought sustainability into public discourse with international discussions
held focussing on human development problems. The most significant milestone in the
evolution of sustainability was the UN Conference on Environment and Development
(UNCED) in Rio de Janeiro, 1992, also referred to as the Rio Summit and Earth Summit,
the largest international conference for discussing solutions to global problems. Several
important agreements were achieved in the conferences, the key outcomes being the Rio
Declaration on Environment and Development and Agenda 21. The Rio Declaration
proposed 27 principles for setting sustainable development policies, and Agenda 21
provided an action plan for sustainable development to deal with problems of human
development and ecosystems. These documents offered ‘policies and programmes to
achieve a sustainable balance between consumption, population and Earth’s life-supporting
capacity’ (UNCED, 1992). Agenda 21 has been considered as a comprehensive blueprint
for sustainable development on global, national and local levels, attempting to balance

environmental protection with social and economic concerns (Butler, 2003; Niu, 2012a).

The UN held the Rio+5 conference in 1997 and Rio+10 in 2002 to conduct the five-year
and 10-year review of the Rio Decisions. In Rio+5, no new achievements had been made,
with little of implementation of Agenda 21 (Niu, 2012a). Rio+10 was held in 2002 in
Johannesburg. The Johannesburg Declaration on Sustainable Development achieved
agreements on environment problems (UN, 2012). The assembly described the attitude of

some state governments to sustainable development as ‘more talk than action’, failing to
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recognise that all states and individuals in society have a responsibility for sustainable

development.

In 2010, the Millennium Summit of the UN established eight international development
goals - The Millennium Development Goals (MDGs) which covered poverty, hunger,
disease, unmet schooling, gender inequality and environmental degradation (UN, 2012).
The aim through these goals is to build a broad development vision for global action, and
are the requirements for whole sustainability. In 2012, heads of state and high-level
representatives held a conference in Rio de Janeiro, also known as ‘Rio+20’ — twenty years
after the milestone 1992 Earth Summit in Rio. This conference summarised the advances
made over the previous two decades, but more importantly set the guidelines for next 10 to
20 years. The outcomes of ‘The Future We Want’ resulted in guidelines for achieving a
sustainable future, drawing a common vision to ensure the promotion of an economic, social
and environmental sustainability, and reaffirming the commitment by each state to ensure
full implementation of the past plans such as the Rio Declaration on Environment and
Development and Agenda 21 (UN, 2012).

Through years’ of development, the term of sustainability has become an interdisciplinary
science including ecology, economics, sociology, ethics, politics, etc.(Niu, 2012a). With
the concept of sustainability gaining widespread recognition, the term ‘green’ has become
fashionable, e.g. ‘Green Economy’, ‘Green Growth’, ‘Green Industry” and so on (Allen and
Clouth, 2012). The emergence of the ‘green’ concept is regarded as providing strategies
and roadmaps for sustainable development in many countries (United Nations Industrial
Development Organization, 2011). Its development is based on theories and practice of

sustainable development, and aims to increase lasting well-being.

Established through the long-term practice and experience of many people, the idea of
sustainable development has transitioned from being an interesting concept to an important
international development direction. A timeline of how the concept of sustainability has

developed is given in Table 2.1.
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Table 2.1 Sustainable development process

Year

Event

Outcomes

Roots of Sustainability

1950- Environmentalism People started being concerned with

1960s developed environmental problems

1968 First Reconciled environment and development
intergovernmental Led to the creation of UNESCO’s Man and the
conference by Biosphere (MAB) Programme
UNESCO

1972 First United Nations Agreed the Stockholm Declaration concerning

conference on the
environment,
Stockholm, Sweden

the environment and development

Established United Nations Environment
Programme (UNEP) to provide leadership and
partnership in caring for the environment
globally

Emergence of Sustainability

1987 World Commission First clearly defined ‘sustainable development’
on Environment and Promoted a framework of economic, social and
Development environmental criteria for sustainable

development

1992 Rio Earth Summit Produced Agenda 21 for implementing

sustainable development globally

Analysed the impacts of human activities on the
environment and provide guidance to manage
them

1997 Kyoto Protocol Achieved first agreement to mandate reductions

in greenhouse-gas emissions between nations
Set the principle of common but differentiated
responsibilities to allocate responsibilities to
developed nations

2000 United Nations Set Millennium Development Goals (MDGs),
Millennium Summit covering issues of poverty eradication,

environmental protection, human rights and
protection of the vulnerable.

2002 Rio+10, Considered problems of poverty eradication,
Johannesburg consumption and production issues, and health
Summit concerns

Launch of partnerships in a new form, involving
civil society and not just governments, aimed at
implementing sustainable development

2009 UN Climate Change Formed formal decisions by consensus on
Conference, climate changes
Copenhagen

2012 Rio +20, Rio de Signed agreement on build a green economy to

Janeiro, Brazil

achieve sustainable development and lift people
out of poverty; and improve international
coordination for sustainable development
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The timeline shows milestones across the history of sustainable development, it indicates
that the global discussion moved forward to ‘sustainable development’ from
‘environmental protection’. The concept of sustainable development links poverty,
inequality, environmental degradation and other problems associated with development,
and emphasises the relationships between economy, ecology and society. At the same time,
the concept has been transformed from academic research theory into common guidelines

for policies building on human development.

2.2.2 Definition of sustainability

With increasing awareness of sustainability, debates about its definition have arisen from
different disciplines and perspectives including ecology, economics, sociology biology and
so on (Bolis et al., 2014). The concept of sustainability is given different interpretations by
way of different perspectives. Many researchers argue that precisely defining sustainability
has been considered a complex task, the meaning of the term often appears to be unclear
and ambiguous (Dresner, 2008; Wuelser et al., 2012).

Another question has arisen when people are trying to define the terms of sustainability and
sustainable development: do they mean the same thing? Johnston et al. (2007) considered
sustainability as the basis of sustainable development in international discussions. Blewitt
(2014) argued that ‘sustainable development’ is preferred and described the development
process to realise the goal of ‘sustainability’. According to Dresner (2008), sustainability
primarily concentrates on environmental issues, and sustainable development is focused on
development methods. But many studies do not show any distinct differences between them.
In most of the international conferences and documents such as the Brundtland Commission
Report and Agenda 21, these two terms are used interchangeably (Dresner, 2008). The
implication of this, at least for most researchers, is that sustainable development is the route
to achieving true sustainability, with both terms being used interchangeably to describe the

comprehensive approach required.

Sustainable development has its origins in the effort to protect ecology, and as an alternative

to the traditional development pattern where increased material wealth damages the
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environment and natural resources (Fan and Jiang, 2015). It is used to investigate the
relationship and interaction between human activities and the ecological environment (Sun,
2010). According to Rogers et al. (2006), sustainability means ‘maintain the resilience and
robustness of biological and physical systems’ which indicates that the development should

not overwhelm the carrying capacity of the earth.

In practice, economic growth has traditionally been the priority of development with the
objectives of increasing production, profit and materials, and driving social-economic
transformation (Pieterse, 2009). From this perspective, sustainability is considered a more
balanced approach to maximising economic income while maintaining or increasing the
stock of capital. People in poverty will tend to take care of the environment when their per
capita income rises, and then they will start to divert income to achieve sustainable
development through the production of superior goods and services (Rogers et al., 2006).
‘Sustainable development involves devising a social and economic system, which ensures
that these goals are sustained, i.e. that real incomes rise, that educational standards
increase, that the health of the nation improves, that the general quality of life is advanced’
(Pearce et al., 1989).

There is an increasing recognition that development also carries a connotation to include
improving human health, quality of life and how to obtain the necessary resources, and
create a more equal community (Fan and Jiang, 2015). The World Conservation Union
(IUCN) and United Nations Environment Programme (UNEP) defined sustainable
development from humanity’s perspective as ‘development which improves the quality of
human life while living within the carrying capacity of supporting eco-systems’ (IUCN and
UNEP, 1991). And the most widely accepted definitions of sustainable development in the
Brundtland Report emphasises that ‘sustainable development is development that meets the
needs of the present without compromising the ability of future generations to meet their
own needs, in which every human being has the opportunity to develop in freedom, within

a balanced society and in harmony with the environment’ (WCED, 1987).

The definition from WCED draws the link between the economy, environment and social
well-being, a healthy economy requiring a healthy environment, and human beings’

activities directly influencing the environment (Johnston et al., 2007). It transmits a
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message with various considerations: equality between present and future generations,
poverty within the current generation and balance between using national resources and

environmental systems restoration (Wuelser et al., 2012).

Sustainability is now accepted including economic, social and ecological viewpoints, from
a technological perspective people cannot embark upon further development without
appropriate technology to support it (Hill and Bowen, 1997). Therefore, sustainable
development works towards cleaner and more efficient technology, closer to zero emissions,
as far as possible, to reduce the consumption of energy and other natural resources (UNEP,
2014). Strong (1992) offered a definition as ‘sustainable development involves a process of
deep and profound change in the political, social, economic, institutional, and
technological order, including the redefinition of relations between developing and more

developed countries.’

Various definitions contribute to clarification of the term sustainability but they can be open
to interpretation (Yu and Cha, 2011). Bolis et al. (2014) argued that the concept of
sustainability means different things to different people. This is at least partly due to the
variation of economic, social and ecological conditions in different locations and situations,
influencing how different nations set their development priorities (Barbier, 1987). Some
governments focus on human development to improve human literacy and life expectancy,
but others would concentrate on reducing poverty and solving other social problems (World
Bank, 2004). Hence, IUCN and UNCP declared that nations can set up different
development goals according to their own circumstances (IUCN and UNEP, 1991).

Integrating the varied interpretations and definitions derived from different perspectives,
sustainability can be considered as guidance for development to ensure the future survival
and advancement of humans. It provides a holistic approach to economic development,
takes scientific and technological progress as a given, provides for the development of
individuals and social cohesiveness to realise justice between inter-generation and intra-
generation, and being in harmony between human beings and the eco-environment under

the real conditions and circumstances of a region or nation.
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However, there is no precise definition of ‘sustainable development’, and the debate about
this concept is continuing (Huang and Li, 2015). The international community must go well
beyond the general considerations on social, economic and environmental issues, and

advance a more holistic and integrated meaning of development.

2.3 Dimensions of sustainable development

The concept of ‘sustainable development’ has received increasing worldwide recognition,
and the number of definitions has certainly increased. But the definition of sustainability
has been regarded with some uncertainty. Also, there is no agreement on how to achieve
sustainable development (Mitlin, 1992), thus, setting dimensions of sustainable

development has become particularly important.
Economic growth, social development and environmental conservation are the basic
requirements for sustainable development. As shown in Figure 2.1, these three elements are

regarded as the common dimensions for setting principles of sustainable development.

Figure 2.1 Three elements of sustainability

S¥EL

-E Economic

Environment

Source: Elkington,1997

Economic sustainability means maximising the flow of income while maintaining the stock
of assets (or capital); ecological sustainability aims to protect biological and physical
systems; and social sustainability aims to stabilise social and cultural systems and to

minimise destructive conflicts for both intra- and intergenerational equity (Munasinghe,
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1993).These three elements are interrelated, disregarding any one of the elements would
threaten the whole sustainability (Ciegis et al., 2009). Development should not break the
social code based on traditions, ethics, religion and morals. Also, the development should
be based on constraints of the ecological environment, and consumption of natural

resources which cannot exceed the level the environment will support (Elkington, 1997).

Yet many organisations and researchers argued that these three dimensions cannot
adequately reflect the complexity of the real world. Additional factors are defined that can
shape sustainable development. WCED (1987) argued that achieving sustainable
development must rely on political decisions. Kardos (2012) pointed out that good
governance 1s ‘commitment to the rule of law, human rights, transparency, participation,
inclusion, and sound economic institutions that support the private, public, and civil-society
sectors in productive and balanced manner’ (Sachs, 2012). The Global Change Open
Science Conference of the Earth System Science Partnership (ESSP) argued that ‘an ethical
framework for global stewardship and strategies for Earth System management are urgently
needed’ (ESSP, 2001). Traditional ethics belongs to the category of interpersonal ethics,
whereas sustainable development extends the boundary to the proper relationship between
human beings and society, and natural environment. Additionally, UNESCO (2014) argued
that science and technology are critical to coping with the challenges of sustainable
development, it is through shifting the sustainable approach to include activities such as
innovative engineering that energy efficiency will be realised. However, although many
studies aim to illustrate the most important issues of sustainable development, there is no
general agreement about the precise dimensions, so the key principles for sustainability
must be addressed, as many researchers have clearly stated that the principles are the agreed

guidance for setting strategies and actions for sustainable development (Shen,2013).

2.4 Principles of sustainable development

Numerous principles of sustainable development involving different levels have been
established and proposed. Figure 2.2 lists six examples of sustainable development

principles from governments, industries and projects.
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Figure 2.2 Sustainability principles
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The UK government adopted a framework from Sustainable Northern Ireland
(Sustainableni), with five agreed principles which ‘involve safeguarding and using existing
resources in a sustainable way to enhance the long-term management of, investment in,
human, social and environmental resources’ (Sustainableni, 2012). For the purposes of
basic humanity, Ainger and Fenner (2013) provided four fundamental principles for
delivering sustainability in infrastructure. Hannover, Germany commissioned nine
principles for EXPO 2000 which considered the impacts of building design on sustainability.
The fundamental idea was based on setting priorities for the built environment and the ‘long
—term value’ and interdependence of human activities and environment (McDonough and
Braungart, 2012). Seven principles by Edwards (2005) and five principles from Ben-Eli
(2005) were defined to serve as guidelines for policy decision and future activities. Silvius
et al. (2012) provided six principles of sustainability in projects and emphasised that
sustainability should care about the short-term and long-term interests, value and ethnic
orientation. Although sustainable development principles abound on different levels and
sectors, they represent the same values for sustainable development: using natural resources
equitably and efficiently and achieving environmental integrity, building a just society with
community spirit, producing economic development, considering both long-term and short-
term value, having openness in governance, and using appropriate technologies. Through
integrating the conditions and existing principles, a set of principles are proposed in Figure

2.3 as following.

Figure 2.3 Six principles of sustainability

Must repect environmental limits

Must meet social development needs

Must contribute to economic development

Principles of . T both sh T |
Sustainability | Must contain both short-term and long-term goals

Must promote a good governance

Must rely on technology
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Must respect environmental limits
The development must strive to protect and restore the environment in all activities. That is

the fundamental level of the principles of sustainable development.

Must meet social development needs
The development must meet the diverse needs of all people in current and future generations.
Maintaining social capital such as cultural heritage and beliefs, reduce harm to people,

demonstrate care for health and safety, provide employment opportunities.

Must contribute to economic development
Maintaining economic capital and promoting economic growth. Increasing income and

return on investment, and bring economic benefits.

Must contain both short-term and long-term goals

Sustainability must simultaneously be found in short and long-term objectives (Bolis et al.,
2014). The long-term goal of development is to meet the needs of future generations and
reduce poverty (WCED, 1987), and short-term strategies such as increased Gross National
Product (GNP) and Gross Domestic Product (GDP) growth, which are part of economic
prosperity to support improving the social quality of life. In some case, the long-term
development will impact the short-term benefits, e.g. improve energy efficiency and saving
resources may reduce production costs, which will create short-time benefits. Therefore,
development should always consider both long-term and short-term goals (Pierantoni,
2004).

Must promote good governance

Achieving the goals of sustainable development will depend upon on governments’ political
decisions (WCED, 1987)). Governance is a tool for decision-makers to build a systematic
framework for coordinating and balancing the economic, social and environmental goals at
national or regional level (Zhang, 2011). Good governance promotes accountability of
policies and rules, and also ensures efficient management of human, natural, economic and

financial resources (Zhou, 2010).
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Must rely on technology

This principle relies on technology to provide solutions for sustainable development. It is
apparent that development is inextricably linked to energy and natural resources,
technology can improve energy and resource utilisation and also create alternative solutions
(Zhou, 2010).

2.5 Conclusion

This chapter provided a literature review on the scale of sustainability and principles of
sustainable development. It argued that since the term ‘sustainability’ was clearly defined
in 1987, and research of the concept has achieved great significance and has become widely
accepted, but it remains controversial because proper comprehension of the term can be
challenging. The findings revealed that there are hundreds of definitions, each emphasising
different aspects of sustainability, although the basic dimensions of economic, social and
environmental development are generally accepted internationally. Additional elements
were included for the concept of sustainability, the elements of sustainable development
were considered, this chapter reviewed the sustainable development principles by
recognising the long-term and short-term requirements of social, economic and ecological
development with the support of good governance and technology. Technological issues
are regarded as vital to the solution for economic, social and environmental development,
good governance in sustainable development can assist in developing effective systems to
implement sustainable development principles. The six principles established in this chapter
which create a framework that can be employed in the sustainability assessment of highway

infrastructure projects in later chapters.
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CHAPTER 3 - SUSTAINABILITY IN CONSTRUCTION AND THE
CHALLENGES IN HIGHWAY INFRASTRUCTURE PROJECTS

3.1 Introduction

The main purpose of this chapter is to review the sustainability issues for highway
infrastructure projects, by first analysing their characteristics and their impacts, thus
identifying the need for sustainability. An overview of the history of sustainable
construction is taken and the notion of ‘sustainable construction’ explored. Finally, six
sustainable development principles in highway infrastructure will be developed derived
from the findings of Chapter 2 focussing on construction and providing an operational guide

for sustainable construction.

3.2 Review of sustainable construction concept
3.2.1 Emergence of sustainable construction concept

Developing highway infrastructure projects brings economic benefits alongside social and
environmental problems, there is now a widespread belief that adopting sustainable
practices will have significant potential to solve the problems (Dong, 2013). This being the
case, how to develop sustainable highway construction is a serious question that must be

answered.

A few early scholars recognised the impacts of construction on the environment, in the
1930s, the American architect Fuller proposed that the construction process should show
concern on how to achieve development objectives, demands, global resources and
technologies by using dwindling resources to meet growing demand (Shi, 2007). In the
1960s, Paolo Soleri combined ‘ecology’ and ‘architecture’ to create a new concept
‘arcology’ which ‘is capable of demonstrating the positive response to many problems of
urban civilisation, population, pollution, energy and natural resource depletion, food
scarcity and quality of life’ (Soleri, 1973). These ideas envisioned that while designing a
construction project, designers and engineers should increase cost effectiveness, minimise

the consumption of energy, materials and resources, reduce waste and environmental
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pollution while maximising the social and economic benefits. These early ideas also
introduced the relationship between construction and environment resulting in the initial

theories of sustainable construction.

The 1970s saw the expansion of the concepts of sustainable development and sustainability,
with a series of documents, such as ‘Rio Declaration” and ‘Agenda 21° formulating
sustainable development strategies. Since then, sustainability has become a widely
recognised and accepted development consideration. Given the enormous resource and
energy consumption, in the construction industry, the need for sustainability has been
emphasised in the development process (Comstock et al., 2012). Under the guidance of the
sustainable development principles, the architecture profession developed the 3Rs of
building designing principles: reduce, reuse, and recycle, i.e. reduce the energy and material
used, reuse or recycle waste materials (United States Environmental Protection Agency,
2008). The idea of the 3Rs provided a less environmentally damaging alternative to handle
the growing wastes and the effects on the economy, ecological environment and society
(Mohanty, 2011). It aligned the ideas of green construction and sustainability, and
demonstrated an increasing environmental awareness of the underlying dangers caused by

construction.

With increased attention on the environmental impacts from construction, the first
international conference on sustainable construction was held in Tampa, Florida, USA,
1994. In the conference, Kibert defined the term ‘sustainable construction’ by presenting
the comparison between the traditional criteria (performance, quality and cost) and
sustainability criteria (resource depletion, environmental degradation and healthy
environment), applying the sustainability principles to the construction process — planning,
design, operation, renovation, and deconstruction phases (Kibert and Chini, 2006). The
conference developed the concept by applying sustainability in construction from the
perspectives of project whole lifecycle.

In the 1990s, the concept of sustainable construction made further progress, when in
October 1998, in Canada, the international conference ‘Green Building Challenge’ was held.
The conference established the idea of sustainable construction by providing a system of
evaluation criteria for buildings called GBTool, a framework for assessing the energy and

environmental performance of buildings (International Initiative for A Sustainable Built
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Environment, 1998). In 2000, the International Conference on Sustainable Building
(SB’2000) was held in Maastricht, Netherlands. In 2002, the World Congress of Sustainable
Building (SB’02) took place in Norway. In 2005, the World Sustainable Building
Conference (SB’05) was held in Japan (EU-Japan Centre, 2005). These conferences
demonstrated the global progress in green building design, and developed the operational
frameworks of building environmental assessment. The concept has moved forward and
made tangible progress in these conferences to pave a surer path for improving sustainable
construction. At present, law-making in respect of green buildings has become a global
trend. Various studies throughout the world are exploring the methods and approaches to
realise sustainable construction to maximise savings in resources and energy, preserve the
ecological environment, satisfy the needs of people and provide healthy and comfortable
living conditions. Hussin et al. (2013) proposed three elements of sustainable construction
shown in Figure 3.1.

Figure 3.1 Elements of sustainable construction

Econo mic sustainability:
increasing economic
profits through using
resources and energy

efficiently

nvironmental
sustainability:
minimizing construction
waste, reducing the
consumption of natural
resource

Social Sustainability:
meet the need of
stakeholders during
project’s lifecycle

Source: Hussin et al. (2013)

According to Hussin et al. (2013), it is important to balance the three elements of
sustainable development - environment, economic and social aspects to achieve
sustainability in construction. Economic sustainability involves increasing economic profits
through using resources and energy efficiently, controlling lifecycle costs, considering
alternative financing mechanisms and economic impacts on local community. Social

sustainability meets the needs of stakeholders during the building lifecycle, which includes
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enhancing stakeholders’ participation, promoting the development of appropriate
institutional frameworks, and considering the impacts on health, quality of life and social
framework. Environmental sustainability minimises construction waste, reducing the
consumption of natural resource by using new technologies, and reducing the material

demand and the energy required for transforming goods and supply services.

However, with increasing sustainable development awareness, sustainable construction has
been receiving more attention, and has already resulted in a development and transformative

trend for construction and construction engineering.

3.2.2 Definitions of sustainable construction

Studies have shown a growing emphasis on reducing the impacts on the natural
environment and improving living standards, but some of the theories about sustainable
development are not practical (Zabihi and Habib, 2012). In this case, many people and
organisations have provided various definitions of sustainable construction, the classic

definitions are summarised in Table 3.1.
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Table 3.1 Definitions of sustainable construction

Definitions Definer
Creating and operating a healthy built environment based on Kibert, (2008)
resource efficiency and ecological design.

The meanings of ‘sustainable construction’ would be Hill and Bowen,
represented by the same meaning of ‘sustainable development’  (1997)

with four attributes — social, economic, biophysical and

technical.

Sustainable construction is a holistic process intended to restore Du Plessis, (2002)
and maintain harmony between the natural and built

environments, and create settlements that affirm human dignity

and encourage economic equity.

Considering development in terms of its three-primary aspect ISO Standard 15392,
(economic, environmental and social), while meeting the (2008)
requirements for technical and functional performance.

Buildings must concentrate on environmental conditions and Zabihi and Habib,
minimise damage to nature from design to completion stage. (2012)

These definitions highlight the context of sustainable construction as the follow:

Firstly, the definitions not only highlight the importance of environment-oriented values
and practices within construction, but also show that the concept of sustainable construction
progressed from the initial meaning of environmental protection and energy saving,
extending to the influences of the social and individual quality of life, health and safety of
workers (Shi, 2007), the user’s health, comfort and safety (Alwan et al., 2017) and
maintenance of high and stable levels of economic growth (Zabihi and Habib, 2012). Thus,
sustainable construction can be found to manifest in economic, social and environmental
sustainability, because it is a subset of sustainable development, its practices should address

the threes pillars of sustainability (Kibwami and Tutesigensi, 2016).

Additionally, the concept of sustainable construction has been linked to the whole lifecycle
of the project. It not only focuses on specific stages — planning and design, construction and

operation, but also permeates every aspect of the project, from approval, site selection,
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through to final demolition (Dong et al., 2014). Shi (2007) found that a construction project
needs a certain amount of investment, through forecasting, decision-making,
implementation, design, construction and a series of processes, it is a one-time activity
aimed at constructing fixed assets subject to certain constraints. A complete construction
project should include raw materials acquisition, processing, and delivery of product,
product sales, use, maintenance, recycling along with other stages (Dong et al., 2014).
According to the existing definitions, the term ‘sustainable construction’ can be concluded
as: construction undertaken by implementing sustainable development ideas throughout the

project whole lifecycle (planning, designing, construction, operation and demolition).

From the project management perspective, the project management processes, strategies,
policies and initiatives must be improved by sustainable approaches. At the 2008
International Project Management Association (IPMA) World Congress, McKinlay argued
that ‘the further development of the project management profession required project
managers to take responsibility for sustainability’(cited in Silvius et al., 2012). The
conventional standards for construction projects such as Project Management Body of
Knowledge (PMBOK) Guide from the Project Management Institute (PMI) and Projects IN
Controlled Environments Standard (PRINCEZ2) from the UK government both tend to focus
on managing project quality, progress, investment, contract, communication and
organisational coordination (Yan et al., 2016). These conventional standards need to
consider the elements of sustainability in construction. In Figure 3.2 the conventional
construction project management triangle (Time-Quality-Cost) used to measure the project

success has been amended to reflect a sustainable project measure.
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Figure 3.2 Conventional project measure and sustainable project measure

Economic
Consideration
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Sustainable Project Measure

Sources: Cotgrave and Riley (2012)

A building may be completed on time with cheaper cost, but the construction activities may
use abundant energy and cause high emissions: (e.g. energy on a construction site is usually
provided by fossil fuel which is responsible for air emissions) (Sharrard et al., 2007). So,
on the basis of the conventional standards, Cotgrave and Riley (2012) suggested that
reduced energy and resource consumption and enhanced biodiversity are the core issues of
project design. They also discussed that three dimensions need to be added to address
sustainability in building projects — economics, social equity & culture and environmental

issues, and these three dimensions must be considered in a local context.

Additionally, the cost of the project is not only about the initial construction cost, but the
overall cost of a project throughout its whole lifecycle (e.g. maintenance cost), and the
impacts on environment and society will affect the project whole lifecycle (e.g. impacts on
land cover or population and employment density change) (Kasrain et al., 2015). Moreover,
the consumption of energy by construction is not only in constructing buildings and other
facilities, but also in the subsequent use of these buildings and facilities. The energy
consumption can be controlled during in construction process, and the design can impact
on the degree of subsequent energy use, therefore, the project lifecycle concept must be
considered as part of the construction sustainability.
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The construction process includes a series of activities including project planning,
implementation, delivery, and disposal, it also includes the construction phase and
operation of the eventual product, with all the activities for the whole process expected to

impact on its sustainability. Figure 3.3 lists the main sustainability activities from

conception to completion of a project or the end of its useful life.

Figure 3.3 Sustainable construction lifecycle

Sustainable Sustainable Sustainable Sustainable
Planning Designing Construction Operation
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sustainable sustainability efficiently saving and materials
construction design e Save water environmental Improve
plan e External e Use materials protection recovery

e Setclear environment and efficiently operation plan utilization rate of
sustainable goals internal e Prevent water, air e Implement the recoverable

& objectives sustainable and noise pollution sustainable structures and

function design e Reasonably process operation plan materials

o Identify solid waste e Identify Prevent
materials e Avoid hazard to the efficiency of environmental

e Optimize the builders operation pollution
structure scheme o  Avoid harm to the e Measure

e Utilize users operation under
reasonable sustainable rules
equipment &
energy

Source: Shi (2007)

Figure 3.3 shows that the construction project is expected to satisfy objectives specified by
the owner and relevant stakeholders, and the sustainable goals and objectives will be set at
the planning and design stage to maintain control of the quality, time, and other sustainable
performance criteria. These criteria could include dust, wastewater, solid waste and noise
control, energy saving, and using renewable resources such as wind and solar energy to

replace non-renewable resources at the construction stage (Alwan et al., 2017).

Sustainable construction is a complex process, its application throughout a project’s
lifecycle is fundamental in pursuing sustainability and improvements in the construction
sustainability performance. At the same time, it requires appropriate techniques and
systems to support it. From a holistic viewpoint, sustainable construction is a complex

system, and it can be represented as a system as shown in Figure 3.4.
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Figure 3.4 Framework of sustainable construction system
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As Figure 3.4 shows, a sustainable construction project is a system containing five stages:
planning, design, construction, operation and demolition throughout the project lifecycle;
four sub-systems: planning, construction, equipment and technology; and sustainable
objectives: environmental protection, economic benefits, human needs amongst others (Shi,
2007). A sustainable construction project should consider achieving sustainable
performance throughout the project lifecycle sub-systems. Each of the sub-systems may
include a project lifecycle or a project process (Silvius et al., 2012), and decompose into
different tasks (Shi, 2007). For example, the planning system includes the tasks as defining
project scope, project evaluation, setting project plans, reviewing and approving the project
(Shi, 2007). Conjointly, there is a consideration in the rational utilisation of land resources
in local planning where the local authorities’ views about the energy and resource policies
are considered (Malina, 2013). The sustainability objectives can be achieved through the
planning system, requiring the use of appropriate equipment and technologies to reduce the
effects on the environment and improve the efficiency of construction project. This can
include increasing natural ventilation and light to reduce energy consumption, or using

good temperature retention materials to reduce heat loss and improve energy efficiency
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(Zhu and Yuan, 2002). The example above demonstrated that sustainable construction is a
holistic concept, the project can be impacted at different stages of its lifecycle by designers,
architects, contractors, sub-contractors and procurement teams, with the need to consider

the sub-systems and stages of the project.

3.3 Principles of sustainable construction

As previous sections demonstrate, sustainability has become a significant issue for the
construction and highway sector, but it does not seem to be widely practised (Xia and Zhang,
2015). The results of a survey of 200 civil engineers by Yang et al. (2014) showed that
nearly all who responded agreed that sustainability is an important issue in construction,
but relatively few actually applied or implemented it. Recent studies reveal that more
sustainable practices in the construction stage are based on reducing energy and material
consumption but not on the other stages of project lifecycle. The issues of construction
technologies and innovation for logistics and communication, sustainability strategies for
project implementation, still need to be strengthened (Alwan et al., 2017). Building the
principles of sustainable construction can help to achieve the objectives and compliance
with sustainable development requirements, to improve the efficiency and effectiveness of
the construction process for a balanced development approach.

Sustainable construction is a part of overall sustainable development, the principles of
sustainable development need to be emphasized initially when the principles of sustainable
construction are set (Gudmundsson and Hger, 1996), therefore, most of the principles
revert to the concepts of ‘sustainable development’, that is, the three main elements-

economic, environmental and social sustainability.

On the bases of sustainable development principles, the International Council for Building
defined seven Principles of Sustainable Construction (Table 3.2) which covered the entire
lifecycle of construction, from the design and planning phase to disposal phase (Table 3.2)
(Kibert, 2008). These principles highlighted the resources needed in each phase of the
project, and from this it can be concluded that environmental management, energy
efficiency, and whole lifecycle theories are major references to analyse and achieve

sustainability in construction.
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Table 3.2 Principles of sustainable construction from Kibert (2008)

1. Reduce: Reduce resource consumption
. Reuse: Reuse resources

. Recycle: Use recyclable resources

. Toxics: Eliminate toxics

2
3
4. Nature: Protect nature
5
6. Economics: Apply lifecycle costing
7

. Quality: Focus on quality

These principles from the project management perspective define the operational actions to
achieve sustainability in construction by reducing material and resource utilisation, cost
saving and improving quality. The central idea of ‘sustainability’ is appropriate, but the
term ‘development’ must consider the needs of people, the issues of social development
have been given scant attention with the main focus on the environmental and technical
problems (Hill and Bowen, 1997).

Using the Republic of South Africa as an example, Hill and Bowen (1997) took the
perspective of developing countries to offer a framework for sustainable construction with
four pillars — social, economic, biophysical and technical, as shown in Table 3.3. Social
pillar is based on the notion of social justice, the economic pillar is through using resources
to achieve beneficial balance over the longer term, the biophysical pillar describes operating
within the carrying capacity of supporting ecosystems, and the technical pillar relates to the
performance, quality and service life of construction (Hill and Bowen, 1997).
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Table 3.3 Principles of sustainable construction from Hill and Bowen (1997)

Economic Sustainability

Biophysical Sustainability

Ensure financial affordability to gain
benefits, increase job opportunities, and
enhance competitiveness in the market place

by adopting sustainability practices.

Reducing the use of non-renewable and
generic resources — energy, water, materials
and land. Minimize pollution in the
environment and damage to sensitive
landscape — scenic, cultural, historical and

architectural.

Social Sustainability

Technical Sustainability

Improve the quality of human life, protect
local cultural diversity, promote a healthy

and safe working environment and enhance

Good quality of built environment, and use
serviceability to promote sustainable

construction

skills and capacity of working people and

seek equitable distribution of the social

benefits of construction

The principles from Hill and Bowen provide certain rules to follow, but they may vary from
country to country, particularly between developed and developing countries (Mihyeon
Jeon et al., 2006). Hill and Bowen’s paper focussed on the Republic of South Africa taking
the perspective of developing countries, but the principles were based on the experiences

of developed countries (Ofori, 1998).

Ofori (1998) put forward different thoughts for the various circumstances found in the
developing world, where several aspects of sustainability are considered as ‘managerial
sustainability’ ensuring the construction process, and others as ‘community sustainability’
ensuring the local environment and livelihoods are maintained. These principles suffer from
over-generalisation and a lack of guidance for practical application (Zabihi and Habib,
2012). Zabihi and Habib (2012) gave sustainable construction objectives and criteria for

four groups of environmental, social, economic and technical issues as shown in Figure 3.6.
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Figure 3.5 Sustainable construction criteria from Zabihi and Habib (2012)
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The criteria identified in Table 3.6 are consistent with the principles and are useful in
fulfilling the sustainability goals. Zabihi and Habib (2012) stressed that sustainable
construction relies on the idea of increasing the construction quality and embracing the

environment, and more flexibility, good planning and optimisation.

Thus far, several principles have been adopted for sustainable construction, but some of
them are broad in scope, and they are made as general statements but do not go into details
how to achieve sustainability (Gao, 2010) . The application of the principles depends on the
extent to which decision-makers understand the specific sustainable principles that impact
upon construction projects. Therefore, the sustainable principles of the construction project
should enhance the awareness of stakeholders of sustainability (Zuofa and Ochieng, 2016).
Chang et al. (2016) identified government regulatory pressure and managerial concerns as
the key factors for adoption of sustainable construction practices in many countries. From
the project management perspective, the construction project covers the whole lifecycle,
and putting in place effective project governance is crucial (HM Treasury of UK, 2007).
Project governance can make sustainable principles operable and practical (Yan, 2012) , it
has been referred to ‘the use of systems, structures of authority, and processes to allocate
resources and coordinates or control activity in a project’ (Pinto, 2014, p.383, cited in
Gemunden, 2016). This has become a trend in construction projects, and regarded as a

condition for construction sustainability in recent years (Yan, 2012).

Kibert (2008) argued that the principles for sustainable construction must cover the issues
and be flexible enough to adapt to evolving technologies. They must also allow the easy
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evaluation of alternatives, and achieve the outcomes of environmental awareness and
sensitivity. For the purposes of setting a common expression from various principles, in the
context of the size and complexity of highway construction, and according to the triple-
bottom line of sustainable development, the six principles discussed in Chapter 2 can be

applied to highway construction as follows:

Must respect environmental limits

Environmental sustainability in highway infrastructure projects is referred to as the green
highway which integrates ecological consideration to design and construct a roadway.
(Liang et al., 2012). The purpose of this principle is to identify, measure and minimise use
of chemicals, resources, materials and emissions affecting factors in all phases of the

highway infrastructure construction (Ainger and Fenner, 2013).

Must meet social development needs

‘Social sustainability” means that throughout project lifecycle, the project should not disrupt
neighbourhoods as a consequence of relocating residents, increasing peoples’ travel
distances and expenditure and causing safety problems, creating visual intrusion and noise
(Liu and Zhou, 2014). To reduce deterioration of the living environment it is important to
avoid inadequate or unaffordable transport which leads to excessive building and
population densities (UN, 2011b).

Must contribute to economic development

Creating economic benefit is the central task of highway infrastructure construction (Zhang,
2015). The economic sustainability of highways involves two approaches, one is creating
direct economic benefit from the new-construction or re-construction of a highway, through
using new technology or innovation to continuously improve the construction performance,
capacity, and quality. The indirect economic benefit is the social and economic service
capability which includes bringing local economic growth, driving the development of
employment, catering services, commercial transportation, and increasing the income of
residents. After completion, the improved traffic network will lead to local development by

promoting regional communication and attracting capital investment (Yuan, 2007).
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Must containing both short-term and long-term goals

Construction is a cradle-to-grave process, and the design needs to be concerned with the
environmental consequences over the entire lifecycle from obtaining construction materials
to its completion and eventual demolition. The short-term objective is to ensure timely
completion of the construction project with optimal use of resources which not only
influences profitability of the project, but also meet the quality requirements (Wang et al.,
2015). From the point of view of project management, the highway infrastructure project is
a temporary or short-term project, but the benefit of a highway is mostly generated after the
project has been completed (Silvius et al., 2012). This would include the impact on overall
economic activity, productivity, the number and types of job opportunities; production and
way of life of local people are dependent on how the project develops. Furthermore, the
impacts will be felt for many generations to come and that is considered the long-term goal
of the project. Therefore, the highway infrastructure project incorporates both long-term

and short-term objectives.

Must promote a good governance

The development of sustainable highway infrastructure project should include the impacts
for all stakeholders over time (Busscher et al., 2015). Due to the large number of
stakeholders involved, open governance can help to enhance mutual communication and
coordination of all departments, ‘it provides the critical links among people, ideas and
information that are necessary for success’ (Rose, 2013). The aim of project governance is
to set the structure for decision-making and managerial action within a project (Mdler,
2012) including the project direction and objectives, project ownership and sponsorship,
ensuring the effectiveness of project management, and stakeholders participations (HM
Treasury of UK, 2007).

Must rely on technology

‘Technological sustainability’ ensures that through innovative technology, the construction
products remain in effective and efficient use throughout their lives. Innovative
technologies continue to challenge the construction industry, not only in construction
techniques but also the innovative solutions for project management. For example, by using
technologies to improve indoor and outdoor environmental quality, waste is reduced, and
land resource utilisation increased. New digital technologies and software also have a role

to play in construction; Alwan et al. (2017) applied Building Information Modelling (BIM)
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to support sustainable strategic development, and information technologies support the
improvement of projects’ performance, logistics, and strategies. In recent studies, green
technologies have been regarded as a solution to the negative impacts of construction, and
the construction industry has attempted to use them to enhance sustainability (Darko and
Chan, 2016).

3.4 Effects of highway infrastructure construction

A highway infrastructure project has specific elements such as materials, equipment,
investment and building methods, and involves different types of stakeholders including
designers, builders, owners and users, which means that complexity is probably its main
attribute (Rogers and Enright, 2016). This kind of project is designed by civil engineers,
built by heavy construction contractors, and most of them are publicly funded and serve the
public’s needs (Gould and Joyce, 2009).

It is recognised that transportation infrastructure is an integral part of any modern economy,
it not only provides a vital input into manufacturing processes but also permits individuals
to enjoy a broad range of geographically disparate employment, social and leisure activities
(Banister et al., 1993). The benefits of highway infrastructure projects include saving travel
time and vehicle operating cost, and improving mobility and availability of travel options
(Wang et al., 2013). On the national level, highway construction profoundly influences land
use patterns and the suburbanisation of the population, and it causes positive economic
outcomes for industries that use it most intensively (National Research Council, 2009).
When the economy declines, and unemployment is high, the government can use the
construction sector to increase public expenditure providing job opportunities (Ball and
Wood, 1996). In particular large-scale transportation infrastructure projects, have been
regarded as a frequently used tool by governments to encourage the local/national economy
(Wang et al., 2013).

Highway infrastructure projects have a number of characteristics, including capital intensity,
asset durability, government or public organisation controlled, interdependence with other
transportation components, and damage to the environment (Gould and Joyce, 2009).
Typically, highway infrastructure can offer effective services only when it reaches a certain

size, for example, the connection of two cities cannot be achieved if it is incomplete (Tan
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and Yang, 2013). That means the project process is irreversible, it cannot be restarted even

if many problems exist.

The highway projects development process encompasses phases of design, planning,
construction, operation, maintenance and disposal, with activities such as site preparation,
earthmoving, hauling material, paving roadway surfaces, building structures, and the
application of architectural coatings (O'Flaherty, 2001). All of these activities have the
potential to produce environmental and social problems (Lee et al., 2013). To embark upon
such large-scale construction project, large quantities of materials are required, and the
production of building materials has high energy demands, as well as mineral resources,
water and land (Dong, 2013). These projects also generate pollution such as noise and
greenhouse gas emissions, air pollutants of CO2, CO, NOx, HC, SO2 and construction solid
waste (Shen et al., 2010). In 2014, the Ministry of Environmental Protection of China
(MOEP) disclosed that land pollution caused by highway construction exceeded 20.3% of
the total for China, with the main pollutants being lead, zinc, arsenic and polycyclic
aromatic hydrocarbons (MOEP, 2014). In addition, transportation such as roads, paths and
trails were classified as ‘disturbance corridors’(Forman, 1995). It can displace communities
and livelihoods by land grabbing and cultural devastation, it results in habitat changes and
fragmentation (Dong, 2013).

However, highway infrastructure is important for connecting and accessing social facilities
and services, but it is also associated with negative impacts as: topography change,
vegetation removal, erosion, sedimentation and soil compaction, dehydration and
inundation, noise and visual disturbance, introduction of exotic species and so on (Dong,
2013). In recent decades, the minimisation of the negative impacts and achieving benign

sustainable development of highways is a critical mission for many nations.

3.5 Sustainability in highway construction projects

Sustainable highway infrastructure projects share a common approach to sustainable
construction used more generally for infrastructure projects (Fernéndez-Sénchez and
Rodr guez-L ez, 2010). The satisfaction of the public for highway infrastructure is based

upon its characteristics and impacts and as a result, the development of infrastructure is
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measured to meet human social and economic needs (Lu, 2012). A similar view is expressed
by Martland (2012) who suggested that whilst highway infrastructure projects should be
feasible from the engineering, financial and social perspectives, they should also be built to

achieve economic benefits greater than the costs without negative externalities.

Figure 3.6 Infrastructure project performance requirements
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Figure 3.5 shows that successful infrastructure must deliver economic benefits to the
owners and investors, but also consider the concerns of the public and users in terms of
environmental and social aspects. This view integrates transport functionality and eco-
environment sustainability in the highway infrastructure project to comply with the concept
of sustainable development. It suggests that successful application of sustainable highway
infrastructure projects should set goals and implement practices based on the triple-bottom

line - economy, environment and community.

It can be summarised that the sustainable highway has two requirements. First, a highway
infrastructure project should ensure sustainable development of itself. Second, all the
activities associated with the project must meet the requirements of sustainable
development, from the preliminary stages of decision-making, through to design,
construction and maintenance operation and final disposal, involving construction
technology selection, and dealing with construction waste to meet the requirements of
environmental protection and reducing energy consumption to realise sustainable
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development. Accordingly, the sustainable highway project can be described as: achieving
sustainability through the technological innovation and management transformation to

realise the ecological, economic, and social objectives throughout the project lifecycle.

3.6 Conclusion

This chapter provided a brief overview of the development of the concept of sustainable
construction, illustrated the characteristics of highway infrastructure project, and identified
the ultimate goals of sustainable highway infrastructure. It indicated that construction
activities have the capacity to make a major contribution to sustainable development. To
the traditional evaluation criteria of time, quality and cost for construction projects must be
added sustainability, and as whole, construction must take on more environmental and
social responsibilities. The impacts of a construction project will occur throughout the
whole project lifecycle, and sustainable construction involves issues such as planning,
design and management of construction activities, construction technology and processes,
energy and resource efficiency, operation and maintenance, the long-term and short-term
impacts, and so on. Following on from this, throughout their lifecycles highway
infrastructure projects must meet social needs and environmental concerns while achieving
economic targets, and improving livelihoods, quality of life, human health, environmental
protection, and saving resources. In order to be considered sustainable, the chapter outlined
the principles to ensure construction sustainable development. The principles were focused
on those actions which can contribute to improving the sustainable performance of
construction, namely reducing energy use, increasing quality, recycling and reducing waste.
Finally, six principles of sustainable development were applied to construction projects,

aiming to deliver implementation guidance for sustainable construction.
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CHAPTER 4 - REVIEW OF SUSTAINABILITY ASSESSMENT OF HIGHWAY
INFRASTRUCTURE

4.1 Introduction

The purpose of this chapter is to review the current research on sustainability assessment of
highway infrastructure projects, and underscore the principles that must be followed when
assessing sustainability. It will go on to identify best practice in sustainability assessment
and investigate the lessons learned from existing assessment methods, techniques and tools.
Gaps in current sustainability evaluation measures will be identified leading to the further
establishment of a sustainability assessment framework for highway infrastructure projects

considering local conditions.

4.2 Review of sustainability assessment of highway infrastructure projects

With increasing awareness of the environmental impacts of highway construction, more
effort is being made to build sustainable highway infrastructure and minimise
environmental impacts. There are several studies on sustainability appraisal tools to support
building and infrastructure projects decisions with a higher standard and broader scope than
traditional project performance measurements and environmental assessment (Gibson et al.,
2005). These tools are necessary to achieve the sustainability goals of social, environmental
and economic criteria, and explores the opportunity to introduce an evaluation model based
on sustainable development principles (Lu and Yuan, 2013). For example, the European
Road Transport Research Advisory Council (ERTRAC) provided a transport infrastructure
strategic research agenda to enhance the sustainable principles in transportation
infrastructure, resulting in a sustainable road with more efficient energy use, security of
energy supply, better quality and environment, easier mobility, high safety and security
(Furberg et al., 2014). However, some limitations of the current studies have been identified
by researchers. The current studies of sustainability in highway infrastructure projects are
still not considered adequate when taken over the project whole lifecycle (Lu and Yuan,
2013). While the project management standards still occupy a mainstream position, and
although the International Project Management Association (IPMA) proposed a standard

for human health, safety and environmental factors, it did not include clear sustainable
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development issues (Rodr fuez L&pez and Fernandez Sanchez, 2011; Silvius and Schipper,
2014).

4.2.1 Purposes of sustainability assessment

Sustainability assessment describes the application of sustainable development theories to
highway infrastructure projects, and its purpose is primarily to provide a framework based
upon the sustainability principles to guide the decision-making process (Gibson et al., 2005).

The main purposes of highway sustainability assessment are presented in Table 4.1.

Table 4.1 Purpose of highway sustainability assessment

e To standardise and guide sustainability in whole life process of highway
projects;

e To provide evidence for highway planning and construction schemes based on
sustainable development tendency and comparison to alternatives;

e To develop a preferred reference for measuring sustainability in highway
infrastructure projects;

e To lead the development of highway projects using advance technologies
towards sustainable transportation infrastructure, improve the quality of
projects and satisfaction of the public.

Source: Gibson et al., 2005; Shen, 2013; Tong, 2014

Defining the purpose of the assessment will form the boundaries and specification of the
assessment (Sun and Li, 2013). In order to achieve this, it requires the structure, criteria and
process of the assessment framework integrating the short-term and long-term influences
on social, economic, and environmental aspects (Gibson et al., 2005, Tong, 2014) through
the use of appropriate methods and techniques to encourage overall improvement of project
performance (design, construction, operation and disposal) towards sustainability (Ugwu et
al., 2006).
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4.2.2 Practice principles of sustainability assessment

To increase the role of highway infrastructure in supporting sustainable development, many
sustainability assessment models, methods and tools are being constantly developed based
on changing sustainability aspects. Most of the evaluation methods consider the multi-
dimensional nature of sustainable development as the decision-making criteria (Jeon et al.,
2013). In these methods and tools, the common rules and principles of sustainable
development serve as a general guide, but each case will have its own demands. Therefore,
an effective sustainability assessment should have a set of criteria and principles to guide
the contexts and applications for a range of projects in different regions (Gibson et al., 2005).

Some of the principles in practice for sustainability assessment are listed in Table 4.2.

Table 4.2 Assessing sustainability: principles in practice

e Starts with a clear vision, goals and objectives of sustainable development;

e Sets an explicit set of categories or a framework that covers the whole systems
and all parts to the application of sustainability criteria and principles;

e Defines the key sustainability performance factors for assessing the specific
project, and standardises the measurement;

e Integrates the assessment in whole lifecycle of the project (design, construction,
operation and disposal);

e Chooses a limited number of sustainability indicators that covers all potential
initiatives, and both positive and negative consequences at all levels of a project;

e C(ritically examines the indicators and criteria by comparing values of targets,
reference values, ranges, thresholds, or direction of trends;

e Proposes an appropriate method with explicit data collection, judgments, and
interpretations;

e Facilitates efficient implementation;

e Ensures a broad participation on the assessment process by professional, technical
and other stakeholders;

e Ensures the assessment complies with regulations and policies;

e Builds significant policies, rules and plans for assessing with opportunity for
public review and comment.

Sources: Drexhage and Murphy (2010); Gibson et al. (2005); Sun and Li (2013)

According to table 4.2, the sustainability assessments consist of several principles as: first,
identify assessment target (e.g. national level, local level, project level), namely defining
what sustainability characteristics of the projects should be assessed before the assessment.
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Second, establish sustainability relevance, criteria or indicators. Achieving sustainable
development depends on a myriad of factors, and the assessment process requires defining
and understanding those factors. The factors should be considered for implementation
throughout projects’ lifecycle, from conception through construction, operations, and
maintenance. Third, according to the desirable features of the assessment and acceptability
criterion to select appropriate assessment tools, identify the policy path to sustainability.
Selecting assessment tools helps to define the essential elements (assessment scope,
assumptions, values and precision) to be measured (Zijp et al., 2015). Finally, the broad
professional, technical and social groups should be involved in the assessment process to
ensure recognition of diversity (Hardi and Zdan, 1997).

4.2.3 Sustainability assessment indicators

The vital role of indicators has found general acceptance, in 1992 the United Nations (UN)
Conference on Environment and Development stated that ‘indicators of sustainable
development need to be developed to provide solid bases for decision-making at all levels
and to contribute to a self-regulating sustainability of integrated environment and
development systems’ (UN, 2011a). The international organisations recognised that
indicators could help countries to make decisions on sustainable development.
Sustainability of highway projects is a complex characteristic to assess, and indicators can
simplify evaluation of the information in a quantifiable way, that in turn makes the
information more straightforward to communicate to and help the decision-makers in
making the necessary decisions to achieve sustainability (Sun and Li, 2013). Table 4.3
shows a checklist of sustainability indicators for highway infrastructure projects (Gao,
2016).
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Table 4.3 A checklist of sustainability indicators

Water pollution

Air pollution

Noise pollution

Waste disposal
Environmental Sustainability =~ Energy used

Landscape and visual effects

Recycle resources used

Materials saving

Land used efficiency

Promotion of communication

Improvement of education
Social Sustainability Protection of local culture and heritage
Increasing employment
Support for local populations health and safety
Contribute to local development
Return on investment

Economic Sustainability

Source: (Gao, 2016)

In table 4.3, the indicators influencing highway sustainability were grouped into three
categories which related to the triple bottom-line sustainable principles — environmental,
social and economic sustainability, but it would include more specific indicators. Zhou
(2012) introduced factors of project management and government system for assessing
highway projects’ sustainability in China besides the triple bottom-line principles. Sun and
Li (2013) suggested that technology and project management should be considered when
assessing sustainability in mega infrastructure projects. According to the sustainable
construction principles demonstrated in Chapter 3, sustainable highway infrastructure
projects are undertaken as follows: first, avoids resource waste and minimises the use of
non-renewable resource during construction and use, wherever possible; second, avoids
environmental pollution but also achieves good ecological benefits, social benefits and
economic benefits; third, avoids negative impact on human life (Shi, 2007). All the
objectives include long-term and short-term goals which require appropriate technologies
and management systems to be realised. The sustainability objectives should be assessed
throughout the project’s lifecycle, from planning through construction, operation,
maintenance and demolition (Wang, 2000). Thus, the factors should include the aspects of:

environment, society, economy, technology and governance.
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However, there are currently hundreds of indicator-based sustainability assessment
frameworks, but there is also a question of uncertainty and subjectivity when selecting
criteria, indicators and dimensions (Shi and Huang, 2015). To overcome this problem, the
selection criteria for the industry should be based upon the general guidance for sustainable

development and the relevant conditions and requirements (Silvius et al., 2012).

4.3 Existing sustainability assessment methods and tools
4.3.1 Types of sustainability assessment methods

In the past two decades, extensive sustainability assessment methods for construction
projects have been developed. Those methods cover local, national, regional and
international approaches to sustainability assessment, environmental assessment, economic
assessment (e.g. cost/benefit analysis) or social assessment (e.g. sustainable livelihoods),
and some assessment methods are used before (pre-assessment), during or after (post-
assessment) completing a project. These tools are used globally to support infrastructure
decision-making. The International Federation of Consulting Engineers (FIDIC) groups the
current sustainability assessment methods for infrastructure projects into four categories:
Decision-Support Tools, Rating and Certification Tools, Calculators and Sustainability
Guidelines (Guthrie and Konaris, 2012). The contents of summaries of these tools are listed

in Table 4.4. Most of these methods use a set of indicators to evaluate sustainability,
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Table 4.4 Four categories of sustainability assessment methods

Assessment methods
. Contents
categories

Decision-support tools e Uses sustainability guidelines and methodologies to
provide consulting support to decision-making around
the project lifecycle. (e.g. Multi-criteria analysis
methods; Cost-benefit analysis (CBA); Cost-
effectiveness analysis (CEA); Lifecycle Assessment
(LCA).)

o Uses Multi-Criteria Analysis Methods to assess
sustainability in different design options

o Focuses on early design stage

Rating and Certification (R&C) e Developed to assess and reward sustainability
Tools performance.
o Offers independent certification and focuses on
ensuring that the claimed sustainability performance of
a project is representative of the actual performance
(e.g. Envision-USA for infrastructure; Greenroods,
GreenLITES for Road; LEED —USA, BREEAM- UK

for Construction.)

Calculators e Provides inputs to other sustainability tools;
e Through the calculators, weighting the environmental
impact of different decisions. (e.g. Analytic Hierarchy

Process (AHP); Ecological Footprint.)

Guidelines ¢ Provide formal documents to other sustainability tools
on sustainability quality, standards, indicators or
methodologies. (e.g. Organization for Economic Co-
operation and Development [OECD] Pressure-State-
Response Model; China Standard of sustainability

assessment of building.)
Source: Guthrie and Konaris (2012); Bueno et al. (2013);Saurat et al. (2015).

The four types of tools by FIDIC summarise the current main existing instruments and
techniques for assessing sustainable construction, provide a useful reference for industry

for how the tools are applied, provide information of different types of tools available
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around the world and helps to inform tool selection. But these tools were not specifically
related to highway infrastructure projects, Bueno et al. (2013) reviewed the four types of
tools by FIDIC and identified three sustainability assessment methodologies for road

infrastructure projects as:

Project appraisal methods for decision-making. The project evaluation techniques are used
to achieve better project performance on spending decisions for capital and current
expenditure. These methods also are employed in the assessment processes such as Cost
Benefit Analysis (CBA), Multi-Criteria Analysis (MCA), and others. These techniques are
essential for economic appraisal purposes and help in the decision-making process. They
are not designed for initially assessing sustainability but are commonly used to appraise the

project at the decision-making stage.

Techniques for assessing environmental/social impacts. Common environmental and social
impacts assessment tools include lifecycle assessment (LCA) and social lifecycle
assessment (SLCA), they provide information for decision-making under sustainability
issues, but they are mainly focused on assessing the effects of the project on environmental
and social aspects. These techniques have an obvious drawback in that they are not based

on standardised methods of performance measurement.

Rating systems and certification tools. These methods use rating and certification (R&C)
tools to rate and assess the project performance against relevant criteria and apply appraisal
guidelines to inform sustainability regulations and specific technologies and strategies. The
most significant strength of rating systems is that they use quantitative processes to evaluate
sustainability of projects. But they also have some weaknesses, lack transparency and
objectiveness in the definition of criteria and selection of weightings because the indicator
selection and weighting allocations are heavily based on the opinions of experts. The rating
systems do not address all the issues of sustainability (Bueno et al. 2013; Naganathan and
Chong, 2017).

While the number of sustainability assessment tools and methods are increasing, and the
nature of each tool and method varies, the following sections will provide information about
the tools and methods and discuss the strengths of assessment tools and barriers to their use

within highway infrastructure projects.
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4.3.2 Standards and guidelines for sustainable highway

Legislation is a key mechanism for encouraging the efficient administration of
sustainability assessment for highway infrastructure projects (Decleris, 2000). The
provisions define the concept, principles, procedures, objectives and responsibilities of
sustainability assessment for major projects including highway infrastructure. The
necessary policies and regulations put the force of law behind the effort to advance
sustainable development. Currently, the legal process for sustainability assessment of
highway infrastructure projects focuses on Environmental Impact Assessment (EIA) which
has been adopted in many countries (Zhu, 2014). There are currently hundreds of indicator-
based sustainability assessment frameworks, but there is also a question of uncertainty and
subjectivity when selecting criteria, indicators and dimensions (Zhang, 2013). Meanwhile,
an increasing number of standards and guidelines for sustainable infrastructure have been
developed since Agenda 21 was launched. The Sustainable Infrastructure Action Plan
(SIAP) from the World Bank has been developed to support infrastructure investment in a
sustainable way (World Bank, 2008). The United Nations Economic and Social
Commission for Asia and the Pacific and the United Nations Economic Commission for
Latin America and the Caribbean published the ‘Guidelines for developing eco-efficient
and socially inclusive infrastructure’ which addresses the principles and strategies for
infrastructure development (UN, 2011a). The Port Authority of New York and New Jersey
in the USA published the ‘Sustainable Infrastructure Guidelines’ to optimise infrastructure
project design through sustainable engineering practice (The Port Authority of New York
and New Jersey, 2011). These directives and standards bring consistency and scalability to
infrastructure development. Authorities and governments use the guidelines to set up the
regulations and rules for infrastructure to improve the quality and performances of projects
(UNEP et al., 2010)

However, the application of sustainability varies significantly between different countries
and in particular between developed and developing countries (Zhang, 2013). Developing
countries are likely to emphasise social and economic development because the catalytic
role of highway infrastructure in poverty reduction and economic growth is recognised
(Diaz-Sarachaga et al., 2016), and highway design and development are considered
essential to meet the local needs and conditions (Brewer et al., 2001). There is an argument

against the guidelines in that currently some of them are voluntary (Bueno et al., 2013).
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The joint report from the UN Environment Programme KPMG, the Global Reporting
Initiative (GRI), and Unit for Corporate Governance in Africa reveals that approximately
two-thirds of the 142 standards from 30 countries could be classified as mandatory, one-
third as voluntary (UNEP et al., 2010).

4.3.3 Best practices methods for assessing sustainability in highway

4.3.3.1 EIA and SEA

Environmental Impact Assessment (EIA) is an assessment system for environment issues
that may be associated with construction projects, it aims to mitigate the environmental
impacts of planning, construction and implementation after completion of the project (Arts
and Faith-Ell, 2012). More than 120 counties have implemented EIA through legislation
(Thorne et al., 2014). China created EIA legislation in the 1980s and today EIA has become
a legal requirement for launching construction projects in China (Wang et al., 2002). The
International Association for Impact Assessment (IAIA) defines EIA as ‘the process of
identifying, predicting, evaluating and mitigating the biophysical, social, and other relevant
effects of development proposals before major decisions being taken and commitments
made’ (IAIA, 1994). In the EU, EIA is required through Directive 85/337/EEC of 1985,
which was amended in 2003 (Directive 2003/35/EC), it is an institutionalised procedure for
environmental assessment at the project level that ensures environmental implications are

considered before making decisions (European Commission, 2016).

ElA evaluates if the project is in line with environmental standards, facilitating the decision-
making process and enhancing the role of stakeholders in informing decision-makers of
different views (World Bank, 2012b). It has been widely applied to construction projects,
infrastructure projects, the energy industry, production and processing of metals and the
extractive industry (European Commission, 2016), but the limitations of EIA for assessing
sustainability has also been highlighted. It has been criticised in that it is a reactive approach
for assessing the impacts at the planning stage but not at the end of the decision-making
stage which causes limitation for reviewing the cumulative effects of the project’s whole
lifecycle (Chen, 2002). It mainly emphasises mitigating the environment impacts without a
comprehensive analysis of all the issues of sustainable development (Furberg et al., 2014).
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Based on the philosophy of EIA, the Strategic Environmental Assessment (SEA) was
developed in the 1970s — a systematic decision support tool with complete coverage of the
sustainable issues (Lee and Wood, 1978). Effective SEA can improve governance by
providing information on policy, plan and programme (PPP) setting, with a structured and
suitable assessment framework to support decision-making on sustainable development
(Fischer, 2007). It provides assessment and analysis at the sectorial, regional, and national
levels to promote sustainability which encompasses a spectrum of assessment tools such as
Strategic Environmental and Social Assessment (SESA), Strategic Social Environmental
Assessment (SSEA), Cumulative Impact Assessment (CIA), etc. (World Bank, 2012b).

SEA is used to evaluate a project’s environmental impacts in the context of social and
economic factors at the highest strategic level, and EIA is used to assess environmental
impacts of a single project, with a narrower scope than SEA (World Bank, 2012b). SEA is
related to long-term strategy and takes account of cumulative impacts (Tricker, 2007).
Compared to EIA, it is a proactive approach (Bina, 2007) that takes environmental issues
into account during the whole project process, from start phase, through to implementation
and to the end of the project (World Bank, 2012b). In the case of meeting the requirements
of sustainability, the SEA offers suggestions and methods to overcome the defects of EIA

and encourage sustainable development.

After many years’ development, criticism of SEA has extended to include its value and
effectiveness (Li et al., 2016). As a strategic -level assessment tool SEA should cover a
wider area with a wide range of alternatives, this makes data collection and analysis more
complicated. SEA also tends to focus on national-level issues, meaning that some of the

local circumstances may be ignored (Mao and Hills, 2000).

However, SEA is rooted in EIA and it does not replace it. Instead, they are complementary
and have different functions in sustainable development (Li et al., 2016). SEA can be used
at the strategic assessment level to inform strategic decision-making for the project, and
EIA often takes place at the project- level assessment, giving details and information for
decision making (Tricker, 2007). Therefore, the combination and application of all three -
EIA, SEA and sustainable development is crucial in achieving a sustainable project (Mao

and Hills, 2000). Both EIA and SEA are considered more applicable to a wide range of
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public plans and programme (e.g. land use, transport, infrastructure, agriculture, etc.)

(European Commission, 2016).

4.3.3.2 Cost—Benefit Analysis (CBA)

Cost-Benefit Analysis (CBA) is the most common way to support decision-making in
evaluating the social and economic impact of transport projects (Wijnen et al., 2009; Kolosz
and Grant-Muller, 2015; Sd&lderqvist et al., 2015). This method uses quantitative evaluation
to assess the value of a public project’s social benefits by comparing the full cost and
benefits of the project. It is an economic decision-making method utilised in the government
planning process to seek to optimise investment for the maximum benefit and minimum
costs (Cao and Dong, 2012).

There are many publications identifying the potential role of CBA in determining the
feasibility of transport projects. Stevens et al. (2006) used CBA to make decisions on
transport infrastructure projects, the Asian Development Bank (2013) published a practical
guide for the use of CBA in transport projects, Sclerqgvist et al. (2015) applied CBA in
sustainability assessment. It has also been widely used by the US Environmental Protection
Agency post-World War 11 (Anderson et al., 2015).

On the other hand, CBA has its weakness for assessing sustainability (Thomopoulos et al.,
2009; Bueno et al., 2015;). In the context of sustainability, a project’s impacts can include
social, environmental, and economic, but the expectation of sustainability has a broader
meaning for transport infrastructure projects. CBA is unable to assess all the social,
ecological and strategic issues (Furberg et al., 2014), because its approach to assessment is
based on economic analysis (Anderson et al., 2015). It only quantifies the costs and benefits,
which will cause some uncertainty, the social effects may not be properly assessed
(Sdalerqvist et al., 2015), which make this method unsuitable for addressing intangible
factors and strategic concerns, in addition, some of the factors cannot be simply expressed
in monetary terms (Thomopoulos et al., 2009).

CBA offers a valuable method to appraise infrastructure projects, but it has significant
limitations when assessing the sustainability of highway infrastructure projects.
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Thomopoulos and Grant-Muller (2013) suggested that it is better to combine CBA with
other assessment methods. As a quantitative method, it cannot be a comprehensive tool for
assessing sustainability, and it would be better combined with qualitative methods such as
Multi-Criteria Decision Analysis (MCDA).

4.3.3.3 Multi-Criteria Decision Analysis (MCDA)

The complex nature of highway infrastructure projects results in a complex decision-
making process which requires the consideration of several criteria and a broad range of
possible alternatives (Annema and Koopmans, 2015). Multi-Criteria Decision Analysis
(MCDA) is a decision-making method for addressing high uncertainty and complex
problems, defining multiple interests and perspectives, and, in particular, identifying the
biophysical and socio-economic issues (Kowalski et al., 2009).

Many studies suggest that MCDA is the most appropriate method for assessing
sustainability in infrastructure projects. Oltean-Dumbrava et al. (2016) illustrated the use
of MCDA to assess the sustainability of surface transport infrastructure (i.e. road and rail),
Ugwu et al. (2006) used this method for an infrastructure project and Macharis and
Bernardini (2015) reviewed its use for transport project sustainability. MCDA can identify
the sustainability criteria of the infrastructure project (e.g., economic efficiency; total
environmental impact; total equity impact), assign the weighting coefficients to each
criterion for individual projects and rank the alternatives to support the decision-making

process (Bueno et al., 2015).

Compared to CBA, the most important advantage MCDA offers is that it can incorporate
factors which cannot be easily expressed as a monetary value, or the criteria cannot be
quantified, such as environmental impacts and other future impacts of the infrastructure
(Gthnemann et al., 2012). MCDA has advantages which CBA does not have, but MCDA
also has its shortcomings. The main concerns expressed about this approach are aggregation
and transparency issues, identified by various researchers. Gthnemann et al. (2012)
commented that ‘aggregation of impacts into one measure is seen as inadequate because it
implies a potential compensation of effects and reduces the transparency of the results.’
Qualitative assessment is the primary advantage of MCDA, but it is a subjective approach
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which may lead to bias and the lack of transparency discussed above (Munda, 2004; White
and Lee, 2009). It is difficult to identify the significant factors of the project and the
measurement tools in MCDA, it is also challenging to calculate the weighting of the criteria

and all the issues that will affect the assessment results (Browne and Ryan, 2011).

CBA and MCDA are the most common appraisal methods for the sustainability assessment
of infrastructure projects, and there is a regular debate as to which method is the most
appropriate. As discussed previously, both CBA and MCDA have advantages and
limitations. The selection of an appropriate evaluation method must be based on the specific
requirements of each individual project, and many studies suggest an integration assessment
method which combines MCDA and CBA, i.e. the combination method for road

infrastructure development projects proposed by Gthnemann et al. (2012).

4.3.3.4 Life-cycle Analysis (LCA)

It has only been over the past ten years that the concept of sustainable development has
been seriously considered over the whole lifecycle of civil engineering projects (Zamagni
et al., 2012). UNEP defines LCA as ‘a tool for the systematic evaluation of the
environmental aspects of a product or service system through all stages of its lifecycle’. It
can be considered as a tool for examining environmental impacts from ‘cradle to grave’ of

the process (Gong and Zhang, 2004).

The idea of LCA was first developed in the 1960s, and although there has been less progress
on the development of the concept in 1970s and 80s due to the lack of standardisation, it
has gained in importance since the 1990’s (Gong and Zhang, 2004). LCA has been the
subject of many studies, and widely used to support the decision-making process in various
areas. Axelsson et al. (2013) incorporated the sustainability principles contained in LCA
(Zamagni et al., 2012), Trinius and Borg (1999) formalised an environmental assessment
in building and construction sectors based on LCA, Dong et al. (2014) applied the concepts
of LCA to road projects, Stripple and Uppenberg (2010) used it for railways and rail
transport, and other sectors. Fundamentally, real sustainability of construction projects
requires a thorough understanding of the environment impacts at all stages of the lifecycle.
Based on the lifecycle of construction projects shown in Figure 3.2, the application of LCA
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on highway infrastructure covers the lifecycle stages of planning, designing, construction

and highway operation shown in Figure 4.1.

Figure 4.1 Sustainable highway project lifecycle
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LCA helps to overcome some of the problems created by the construction activities of
buildings (Dong et al., 2014). LCA consists of four steps: 1) goal and scope identification;
2) lifecycle inventory (LCI); 3) lifecycle impact assessment (LCIA); and 4) interpretation.
LCA calculates and identifies the environmental impacts of a construction project, and
compares and analyses several processes based on their environmental impacts,

subsequently identifying opportunities for improvement (Gong and Zhang, 2004).

In spite of LCA being the most common analytical tool for environmental assessment of
construction projects, there are some criticisms of it. The main problem is that it does not
take into account the social and economic factors in sustainability terms (Berardi, 2012). It

has the ‘general objective of encouraging greater environmental responsibility within the
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construction industry, but not toward sustainability as whole’ (Treloar et al., 2004). The
LCA is a complicated and time-consuming task (Thorn et al., 2011), collecting the
necessary data for LCA is difficult (Dong et al., 2014), and some criteria such as biological
factors are very difficult to quantify and are not included in the assessment process (Stripple
and Erlandsson, 2004). These factors result in a complex criteria system, and the evaluation
model is difficult to complete. Moreover, the focus of LCA on road projects is primarily on
considering the use of materials and technologies on construction stage, but ignoring the

energy consumption of the various highway designs (Bueno et al., 2013).

4.3.3.5 Sustainability rating systems

Rating systems have emerged and helped to improve sustainability theory and practice.
They are regarded as tools to assess, and award a rating for project performance within
sustainability requirements (Guthrie and Konaris, 2012). In 1990, the UK launched
BREEAM, the world’s first sustainability assessment method for buildings (Parker, 2012),
it demonstrated an increasing trend around the world to establish rating systems for building
projects . Table 4.5 shows some of the more established systems. North America mainly
adopt LEED (Leadership in Energy and Environmental Design) to assess the sustainability
in the construction industry. BREEAM (Building Research Establishment Environmental
Assessment Method) is the most influential tool in European countries. They are world’s
two leading tools for sustainability assessment in construction. Similar rating system
assessment tools have also been developed in Asian countries, such as CASBEE
(Comprehensive Assessment System For Building Environmental Efficiency) from Japan,
GreenMark from Singapore, and ESGB (Evaluation Standard For Green Building) in
mainland China (Mao et al., 2015). These systems or tools are identical to other methods
in so far as they provide a checklist of prerequisites and criteria required to evaluate the
environmental performance of a building (Tsai and Chang, 2012). The use of such rating
systems could involve grading sustainability from the lowest to the highest level to score
whether a project is sustainable or not, and are now the most common approaches for
assessing construction projects (Fernandez-Sanchez and Rodr guez-L&ez, 2010).
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Table 4.5 International green building rating systems

System Assessment sector Country
BEAM Buildings HK
CASBEE Buildings Japan
ESGB Buildings China
GBC Buildings Canada
SBTool Buildings Europe
GRIHA Buildings India
BREEAM Buildings UK
DGNB Buildings German
GBI Buildings Malaysia
Green Globes Buildings Canada and US
Green Star (Au) Buildings Australia
Green Star (N2) Buildings New Zealand
Greenship Buildings Indonesia
Green Star (SA) Buildings South Africa
LEED Buildings uUs
GreenMark Buildings and General Civil Singapore
Infrastructure
BE2ST-In-Highwaystm Highway UsS
CEEQUAL Infrastructure UK
ENVISION Infrastructure us
Infrastructure Sustainability Infrastructure Australia
Greenroads Transport uUs

Source: Jiang et al. (2013); Furberg et al. (2014); Bueno et al. (2015);Guthrie and Konaris
(2012)

These rating systems provide an efficient way to evaluate the performance of construction
projects and buildings in respect of sustainability and they can also provide the initial
sustainability assessment in the planning stage to design the project within sustainable
development boundaries (Ma and Zhu, 2012). They have been found to be an effective way
to address environmental problems caused by the construction process (Mao et al., 2015).
The assessment of rating systems encompasses the whole lifecycle of buildings from
planning to in-use and refurbishment stages, responding to feedback from industry to
support building the project in a sustainable way (Ma and Zhu, 2012). Moreover, these
systems raise environmental awareness amongst designers, constructors, managers, owners
and other stakeholders (Jiang et al., 2013). For instance, the Building Research

Establishment Environmental Assessment Method or BREEAM assesses the building using
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ten categories: Management, Energy, Health and Wellbeing, Transport, Water, Materials,
Waste, Land Use and Ecology, Pollution and Innovation, each category being weighted and
set criteria. The project will be given a score according to the criteria and multiplied by
different weighting coefficients, resulting in a total score reflecting its ranking. The rating
systems provide a holistic approach and quantitative process to address sustainable issues

of the projects based on sustainability philosophy (Bueno et al., 2013).

Although the rating systems are more frequently used in building and construction project
assessment, they are not very commonly found in infrastructure projects at this time (Diaz-
Sarachaga et al., 2016). Clevenger et al. (2013) stated ‘to what extent sustainability is
achieved remains uncertain since consensus does not exist as to the definition of
sustainability for highway and infrastructure projects’ (Cited in Bueno et al., 2013), the
rating system cannot measure the project on a standardized based. In addition, these systems
are also costly to implement, the report from Building Services Research and Information
Association (Parker, 2012) notes that fewer than half of those surveyed thought it was worth
paying the cost for BREEAM, the majority of respondents thought the cost was

unacceptable.
Several evaluation rating systems have been developed worldwide to assess the

environmental and energy impacts of buildings. Table 4.6 compares the assessment criteria

of the four methods and shows the common approaches in assessment categories.
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Table 4.6 Assessment criteria of the four rating systems

Assessment Criteria BREEAM LEED CASBEE ESGB
Site suitability development
Site suitability 0
Urban design and site development - 0 0 0
Energy and resource consumption
Total lifecycle primary non-renewable 0 ) 0 )
energy

o
o
(@)

Electrical peak demand - - - 0
Environmental loadings

(@)

Greenhouse gas emissions 0 - 0

Other atmospheric emissions 0 0

Other local and regional impacts 0 0 - 0
Materials use

Materials 0 0 0 0

Solid wastes 0 0 0 -
Water use

Potable water 0 0 0

Impacts on site 0

Rainwater, storm water and wastewater - 0 -
Indoor environmental quality

o

o
oo o

Indoor air quality
Ventilation
Air temperature and relative humidity
Daylighting and illumination
Noise and acoustics
Service quality
Safety and security during operations
Functionality and efficiency
Controllability
Flexibility and adaptability
Optimization and maintenance of
operating
Social and economic aspects
Cost and economics - - - -
Social aspects - - -
Cultural and perceptual aspects
Culture and heritage - - - -
Perceptual — different from 2 above?
Others
Renewable energy
Transportation
Heat island effect
Management 0 -
Total 19 19 15 17

OO0 O oo
OO O oo
OO0 O oo
o o0 O oo

o' o
oo

o
o
o
o

'O o
o O o

oY o
1

Source: Cong and ma (2011); Jiang et al. (2013); Mao et al. (2015).
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The four rating systems in Table 4.6 all have criteria dealing with environmental protection
and energy saving, but they don’t all cover the effects on social and economic aspects such
as cultural heritage and economic costs, and project lifecycle assessment is not sufficiently
addressed. Some of the criteria in each category are different when assessing the projects,
because they are principally based on the construction industry, technologies and economic
development features which will all vary according to country and region (Ma and Zhu,
2012). Furthermore, each rating system has a procedure to evaluate sustainability (Khogali,
2016), and the criteria weighting method is different in each system (Furberg et al., 2014).
These tools provide an assessment framework and guidance on practices and performance,
and these tools are designed for rating building projects. However, considering the
particular impacts from infrastructure projects, specific rating schemes for evaluating
sustainability of infrastructure and highway projects have been developed. These schemes
share a number of common characteristics, they also have some unique features. Table 4.7
outlined four infrastructure sustainability rating tools — CEEQUAL, Envision,

Infrastructure Sustainability and Greenroads.
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Table 4.7 Four highway infrastructure projects rating systems

* People & communities;

* Land use & landscape;

* The historic environment;
* Ecology & biodiversity;

* The water environment;

* Physical resources;

* Transport.

- Resource allocation;
- Natural world;
- Climate change & risk

- Lifecycle cost analysis;
Lifecycle inventory;

- Quality control plan;

- Noise mitigation plan;

- Waste management plan;

- Pollution prevention plan;

+ Low impact development;
Pavement management
system;

- Site maintenance plan;

- Educational outreach

CEEQUAL Envision Greenroads BE2ST-in-Highways™
Sustainability | - Project strategy; - Quality of life; - Environmental review * Greenhouse gas emission;
* Project management; + Leadership; process; * Energy use;

* Waste reduction (including
ex situ materials);

* Waste reduction (recycling
in situ materials);

+ Water consumption;

- Hazardous waste;

- Lifecycle cost;

- Traffic noise;

- Social cost
saving

of carbon

Key Notion + Can be used for international - It encourages the use of » It provides a holistic means - It mainly focuses on
projects outside the UK using life-cycle analysis in of considering and evaluating | quantifying the
different weighting factors for planning, designing, roadway sustainability (for sustainability impact of
different geographic regions. construction, and operation new construction, using recycled materials

to improve infrastructure reconstruction, and in pavements;

project sustainability rehabilitation) through a - It provides a comparison

performance quantitative method that between sustainable and
- It set a category of climate informs decision making by non-sustainable designs.

and risk which addresses project stakeholders;

emissions and resilience - It encourages innovation.

Project Planning, design, construction, Planning, design, Planning, design, and Planning and design

lifecycle operations and maintenance construction, operations and | construction

covering maintenance

Sources: Bueno et al. 2016; Simpson et al. 2014; Greenroads, 2012; CEEQUAL, 2012,
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Table 4.7 compares four international sustainable rating systems for infrastructure projects
and reveals that these systems provide guidance to evaluate sustainability, as they cover
most of the issues of sustainability. However, not all of them integrate sustainability over
the project lifecycle, and each system differs from the others on objectives, design, methods
and evaluation process, to what extent sustainability in highway infrastructure still exists is
uncertain, because there is no consensus on the definition of sustainability and common

assessment methods of highway and infrastructure projects.

4.3.4 Comparative analysis of exiting methods

From the above reviews, the current assessment methods, systems or frameworks have been
shown to be beneficial for assessing sustainability in construction, but they are still limited

by what they do not cover in terms of sustainability issues.

The sustainability standards, codes, policies and guidance vary depending upon individual
countries’ regulatory systems. Whereas sustainability is a broad concept, it involves many
factors, and the factors may vary due to regional conditions and the standards are not linked

to sustainability but more collaborative environmental protection.

CBA and the MCDA, the most common assessment methods, do not cover all the social,
ecological and strategic issues due to their assessment processes being based mainly on the
economic analysis. MCDA uses a qualitative approach to assess the project, and that helps
to define the factors in sustainability, but it also leads to subjectivity.

The rating systems are used widely but focus more on environmental issues, with less
consideration given to the social aspects. Finally, most of the sustainability assessment
methods and systems do not directly relate to highway infrastructure projects.

Through comparison of existing popular methods, sustainability assessment in highway
infrastructure project methods can be enhanced as: consider widely accepted sustainability
factors for highway infrastructure to include three aspects of sustainability — environmental,
social and economic, but also the existence of other factors impacting the project’s

sustainability; the assessment should include the whole lifecycle of the highway
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infrastructure projects; and the assessment process should increase the objectivity of the
MCDA method.

4.4 Conclusion

On the bases of the literature review this chapter first defined the principles and criteria of
sustainability assessment to guide the implementation of sustainability assessment. The
existing tools and methods for sustainability assessment of highway infrastructure projects
were then reviewed to identify the issues associated with current practices. The findings
demonstrated that sustainable development of highway has been given international
attention in recent years, meantime, the need for appraisal methods and tools to facilitate
sustainable development at project level is becoming especially important. The review
indicated that the assessment methods should have the ability to address the economic,
social, environmental and other sustainability issues of highway infrastructure projects.
There are many tools and methods intended to achieve the assessment requirements,
including environmental standards, green building rating systems and economic benefit
measures, and the codes of good practices in project whole lifecycle, but each fail to address
all the issues associated with sustainable development, a comprehensive sustainability
assessment method of highway infrastructure projects is still unachievable. The conclusion
can be drawn that assessing the sustainability in highway infrastructure needs the

development a systematic sustainability assessment framework under local conditions.
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CHAPTER 5 - SUSTAINABILITY ASSESSMENT OF HIGHWAY
INFRASTRUCTURE PROJECT IN YUNNAN

5.1 Introduction

The previous chapters give insight into the need for sustainability and the experiences of
sustainability assessment in highway infrastructure projects. This chapter will review the
economic, social and environmental background of Yunnan Province, and explain the
functions of highways in its socio-economic development. After a brief overview of the
conditions and future demands for highway infrastructure in Yunnan, the challenges of
building highways in a sustainable way will be analysed. The need for sustainability
assessment will be discussed following evaluation of the existing methods and tools
available to Yunnan in order to draw lessons to establish a sustainability assessment

framework for highway infrastructure projects.

5.2 Background of Yunnan

Yunnan Province is on the Yunnan-Guizhou Plateau in China’s southwestern region and
has complex geographical conditions. The location of Yunnan is shown in Figure 5.1. It is
known for its bio-diversity, multiculturalism, frontier status and is less developed than other
parts of China (Foreign & Commonwealth Office, UK, 2016). The area of Yunnan Province
covers 394 thousand square kilometres, 84% of the total area is mountain and hills, plateaus
make up 10%, basins called ‘Bazi’ are only 6% of the province’s total area (Yeung and
Shen, 2004). Yunnan is also home to 25 of the 56 recognised ethnic groups in China, 33.57%
of its population are members of ethnic minorities (Yunnan Provincial Bureau of Statistics,
2016). The number of minority ethnic groups exceed all other provinces in China, and the
multi-ethnic population makes for a distinct cultural diversity in this region (He, 2014).
From the 2015 statistics, GDP per capita is $ 4.6 thousand in Yunnan which is lower than
the national average of $ 6.1 thousand Yuan. Despite annual GDP growth over 8.7 %
Yunnan Province started from such a low base that it is still ranked 23 out of China’s 31
provinces for GDP per capita (People’s Government of Yunnan Province, 2015). In 2015,
the poor rural population in Yunnan was 5.74 million, accounting for 10% of the country’s

total (People’s Government of Yunnan Province, 2015). Although Yunnan has dramatically
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changed in the past 30 years, its overall development is still lower than the national average.
The remoteness and poor road infrastructure are the main causes hampering the increase in
the population’s living standards and limiting economic growth in the Province (Chu, 2014).

Figure 5.1 Location of Yunnan Province

KATAKHETAN

MOKGOLLA

HORTH
KORER

SOUTH

Source: ChinaMike Website (accessed on: www.China-Mike.Com)

As the Figure shows, Yunnan shares a border with the provinces of Guizhou, Guangxi,
Sichuan, Chongging, and Tibet Autonomous Prefecture of China. It is also borders on
Burma (Myanmar), Laos and Vietnam. Since ancient times, Yunnan has been an important
route to southeast Asia. The Central People’s Government (CPG) is trying to use Yunnan’s
location to maximum advantage by pushing a regional integration scheme with
neighbouring countries. In 2009, the Government of Yunnan Province started the Gateway
Project as a direct response to ‘Open up to southeast Asia’ strategy of CPG, the main
purpose of the Gateway Project is to build an international thoroughfare to neighbouring
countries (Wang et al., 2015).
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5.3 Overview of sustainable highway infrastructure development in Yunnan
5.3.1 Highway construction in Yunnan

In the past ten years, there has been a notable advance in the development of highway
infrastructure in Yunnan, which in turn, has supported significant gains in economic and
social development (Transport Department of Yunnan, 2016b). By the end of the nation’s
12" Five — Year Plan (2011-2015), the total highway mileage reached 236 thousand
kilometres, an increase of 26 thousand kilometres from the 11" Five — Year Plan (2006-

2010). As Table 5.1 shows, the highway mileage has had solid growth in the past five years.

Table 5.1 Highway mileage in Yunnan (Year 2011-2015)

2015 2014 2013 2012 2011

Highway Mileage (Ten Thousand Kilometre) 23.60 23.04 22.29 2191 21.45

Source: National Bureau of statistics of China (2016)

In the 13" Five-Year Plan (2016-2020), the CPG intends to build and re-build 74 highway
infrastructure projects in Yunnan amounting to a total mileage of about 6,640 kilometres,
when the plan is completed, the coverage rate of the national highway will increase to 100%
from 54% (Transport Department of Yunnan, 2016b). The highway network will cover all
129 cities and districts throughout the province (Guan et al., 2016).

As a Chinese proverb says, ‘want to be rich, first build road’, and this proverb is particularly
important in Yunnan. Because the province is located on the plateau, with an average
elevation is 2000m, the high elevation plus various forms of geological conditions have
limited the development of railways and waterways, leaving road transportation as almost
the only approach for transportation development in Yunnan (He, 2014). Table 5.2

compares five years’ freight movement by the three main transportation modes in Yunnan.
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Table 5.2 Freight by railway, highway and waterway

2014 2013 2012 2011 2010
Railway freight volume
4823 5146 5031 5545 5497
(Ten thousand tons)
Highway freight volume
103161 98675 63239 54186 45665
(Ten thousand tons)
Waterway freight volume
560 508 465 439 402
(Ten thousand tons)
Total (Ten thousand tons) 107608 108544 104329 68735 60170

Source from: National Bureau of statistics of China (2016)

The data shows that more than 90% freight in Yunnan is dependent on road transportation
which illustrates the dominant position of highways in the province’s transportation system

(Transport Department of Yunnan, 2016a).

In 2012, the CPG officially declared Yunnan as the bridgehead (Qiaotoubao) for ‘opening
the country’ to south and southeast Asia (National Development and Reform Commission
[NDRC], 2012). In 2015, the Chinese Government launched the ‘Belt and Road’ initiative
to develop infrastructure and inter-connections amongst neighbouring countries, with the
important role of Yunnan being emphasised by the Government (Zhu, 2015). The cross-
border cooperation strategy has resulted in pressure for highway infrastructure but has also
intensified the effective demand for highway transportation (Transport Department of
Yunnan, 2016a).

After ten year’s development, highway infrastructure is entering a fast-developing period
and faces new challenges in Yunnan, but there is still a large gap between total highway
infrastructure network size, population increase and economic growth. The diverse climatic
and special geographic conditions and social features challenge the development of
sustainable highway infrastructure projects in Yunnan (Zhu et al., 2014). Meanwhile, the
Government is also faced with tackling rising pollution problems through a series of
strategies and initiatives such as the carbon tax initiative. In 2013, the Ministry of Transport
(MOT) issued the ‘Guidance of Implementing Green Highway Construction’ to apply the

requirements of good construction quality, environmental protection, saving energy and
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resources, high efficiency and improvement of service to highway infrastructure project
plans, construction, operation, maintenance and management processes, and ultimately
achieve sustainable development of highway infrastructure projects (MOT, 2013). Since
then, the idea of the ‘Green Highway’ has become the imperative for building highway

infrastructure projects.

However, the highway network is far from meeting the demands of social development in
Yunnan (People’s Government of Yunnan Province, 2016). From the research report of Li
(2014), the rural population accounted for 73.4% of the population in Yunnan, and
communities have remained relatively isolated due to poor road conditions in mountainous
areas with people unable to access health facilities because of the poor infrastructure in
these areas (Li et al., 2015). Currently in Yunnan, National-Grade and Provincial -Grade
highway accounts for 27.05% of the road network, rural roads account for more than
49.05%, showing that the proportion of high-grade highway is low (Transport Department
of Yunnan, 2016a). Meanwhile, the construction of highway infrastructure projects in
Yunnan tends to emphasise short-term profits rather than long-term benefits, and this
tendency is not consistent with the idea of sustainable development (Transport Department
of Yunnan, 2016a). The report from the Transport Department of Yunnan (2016a) disclosed
the main problems hampering highway infrastructure projects’ sustainability in Yunnan
including imbalanced development between different regions, unsuitable road network,
lack of coordination among transportation modes, and poor serviceability rating of
highways due to construction quality. The following section will illustrate the challenges
for the sustainable highway building in the province and an expanding road network in

Yunnan.

5.3.2 Challenges of building highway infrastructure projects

In the past three decades, and in particular over the last ten years, highway infrastructure
construction in Yunnan has seen rapid expansion (Transport Department of Yunnan, 2016a).
The population size, urbanisation level and traffic density are increasing and serve as a
driver of demand for new highways, and with it, the construction tasks and management
abilities require higher standards (Zhu et al., 2014). Table 5.3 below gives some
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characteristics of the construction environment in Yunnan, and these features are regarded

as challenges that regulate the sustainable development of highway infrastructure projects.

Table 5.3 Construction environment characteristics of highway in Yunnan

Social problems Environmental problems

e FEthnic groups- based aggregation e Complex geological and

e  Varied ethnic minority culture topographical condition

e Relatively low education level e Frequent debris flow hazards
e Biodiversity

Economic problems Technique problems

e Unbalanced development e New technology and materials

e  Short of funds e  Construction quality

e High construction and maintenance cost
Source: Zhu et al., 2014; He, 2014; Lu and Yuan, 2013; Yang et al., 2015

5.3.2.1 Challenges of socio-economic development

According to the Yunnan Province Highway Network Plan (2005-2020), new highway
infrastructure projects are more concentrated in the less developed regions in the south and
west mountainous areas of the province (People’s Government of Yunnan Province, 2015).
The main reason for this is to address the unequal development problem among regions (He,
2014). Most of the economic activities have been concentrated in the eastern region for
many years. A mass of resources and investment has flowed into this region along with a
well-educated labour force, advanced technology, better medical provision and improved
urban infrastructure (He, 2014). The western region is lagging in terms of economic
development and average living conditions. The eastern region of the province consists of
undulating low mountains and round hills, in the west, the high mountains and valleys are
closely spaced, and forms a steep, unusual, and dangerous landscape which restricts social
and economic development. Highway construction inevitably needs slope excavation,
embankment filling and tunnel excavation, which cost 3 to 5 times more than similar
projects in other areas (Pan, 2015). The unbalanced allocation of investment also impacts
on big cities and small towns causing disparities in the level and quality of public

infrastructure such as roads, water supply etc. (World Bank, 2012a).

Another important challenge is the often uncoordinated or contradictory highway

infrastructure project development plans of central and local government authorities (Cao,
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2012). The highway development plans from central government are to consider first the
cross administrative region functions, but local government is eager to achieve local
development goals (Wang and Shi, 2011). Therefore, local planning consideration could
materially conflict with the central development plan. Additionally, many regional highway
infrastructures are built blindly due to governments overstating the benefits of highway
construction. The study by Ansar et al. (2016) from Oxford University disclosed that 28%
of road infrastructure projects in China overrun their budget after completion, and traffic
volumes did not achieve the forecast. The study cited the case of Yuanjiang-Mojiang
Highway in Yunnan where the budget over-ran by 24%, and only reached half of the
predicted traffic volumes 12 years after its completion. The utilisation of most of the
highways built in western areas is usually low, and it is regarded as an excessive expansion

problem due to inappropriate development planning.

The various agencies have started to address the unsustainability of highway infrastructure
in Yunnan. To begin with, the contribution of highway infrastructure projects to the
improvement of the economy and social culture is not obvious, due to the extensive
countryside and dispersed population in the south and west mountainous regions (Lu and
Yuan, 2013). As discussed by Zou (2009), the highway’s functions of spreading economic
development benefits are not realised within the context of the weak regional economy.

Moreover, the highway construction can modernise local cultures, making it difficult to
maintain cultural heritage (Lu and Yuan, 2013). Yunnan is inhabited by many ethnic
minorities, highway infrastructure projects should consider the significant threat to culture
diversity, where road construction cuts populations in half and fragments it (Chen, 2003).
From another perspective, low educational achievement and skills is a demographic feature
of minority areas. For the local population, the main source of income is agriculture, with
the consequence that the public acceptance of large land occupation projects such as road
building is low (Transport Department of Yunnan, 2014).

Finally, adequate financing is an essential factor in improving the sustainability of
infrastructure (Martland, 2012). A shortage of capital for infrastructure development has
already become the biggest challenge in China, especially in the towns (World Bank,
2012a). There is a significant funding gap caused by the single financing channel which is

a serious problem in China, with funding provided from national finance (Cao, 2012). The
74



government-led financing model has increased government debt significantly, and is not
sustainable (Zuo et al., 2012).

5.3.2.2 Challenges of ecological environmental

The natural geographical conditions of Yunnan pose a major obstacle to sustainable
highway infrastructure projects. As already discussed, Yunnan has diverse geographical
features, the terrain slopes sharp down from the northwest to the southwest with the highest
point of the province reaching 6,740 metres and the lowest point 76.4 metres. The major
landforms in Yunnan are mountains and highlands (94%). The major new highways will be
built through high altitudes of mountainous ranges. The southern part of the province is
covered with mountains, remote cultivated valleys, and forested ridges. This part has
adequate rainfall throughout the year, but it can lead to floods and landslides. Northern
Yunnan lies at the threshold of the Himalayas with high mountains, roadways get blocked
due to landslide during each summer monsoon and heavy snowfall in wintertime (Shi et al.,
2011). Constructing and maintaining highways in these areas have been a challenge for
engineers (Dai et al., 2005). Additionally, the province is an earthquake zone, this is another

challenge facing highways construction.

The geography has encouraged species diversification within the province. Yunnan
provides half of China’s total number of animal and plants species, and it possesses rich
mineral resources and freshwater (Wang et al., 2014a). However, the biodiversity is faced
with damage as the result of excessive exploitation of resources and environmental impacts
caused by construction activities (Yang et al., 2015). First, it results in habitat fragmentation
and can be a source of pollution (Chen and Xiong, 2011). Second, as a mountainous
province, the land resources are generally more valuable in Yunnan (Tong, 2016), the arable
land represents 15.9% of the total area (Yunnan Provincial Department of Land and
Resources, 2015). Highway infrastructure projects occupy a large area of land due to their
scale (Zai et al., 2016), they will permanently occupy agricultural land, green space, forest,
wetlands and other land resources (Chen and Xiong, 2011). Finally, the construction of
subgrade, bridges, culverts and tunnels can alter the original topography, damage vegetation,
and cause soil erosion (Yang and Wu, 2003). Highway construction, with extensive
excavations and backfill soil can cause geological disasters such as landslides, debris flows,
collapses and etc. (Zhang et al., 2006).
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The most serious existing problem of infrastructure construction in respect of sustainable
development in China is the high resources use and waste (Miao, 2014). Data from the
Centre for Energy and Development of China shows that in 2013, the construction energy
consumption accounted for 20-40% of total energy consumption, and the energy

consumption per unit area is 2-3 times that of developed countries (Dong, 2013).

5.3.2.3 Challenges of technological

The extensive mountainous areas and complicated geological formations require the
construction of long tunnels, bridges, and high embankments as part of highway
infrastructure projects. The construction is difficult and can take a long time. According to
Yunnan Highway Development & Investment Co. Ltd (2016), the cost of each kilometre of
highway construction in Yunnan is two-to-three times that of the central and east areas of
China, also the highway maintenance cost is higher than other areas. New technologies and

materials have become important for developing highway infrastructure project in Yunnan.

5.3.2.4 Challenges of sustainable awareness

The more recent advances in economic theory suggested that the quick development of
highway infrastructure projects will drive economic growth. Economic growth therefore is
a higher priority to developers than other objectives, at the same time builders are more
focussed on project schedule in order to complete the construction quickly while ignoring
environmental issues (Zou, 2009). A series of environmental protection regulations and
building standards have been enacted, but some of them have not been implement due to
environmental issues being a low priority for local authorities, and local people failing to
realise the importance of sustainable development (Zhu, 2015). The obvious contribution
to economic growth and social benefit can mean that the negative impacts are tolerated in
some places (Xue et al., 2014).

Lacking awareness of sustainable development has raised questions of unsuitable planning
and design, and unsustainable construction and operation activities (Yang, 2016). Liang et

al. (2012) argued that pollutants comprising of solid waste, waste water, waste emissions
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and smoke from construction have not been effectively controlled because there is no
significant awareness of environmental pollution and sustainable construction. Zuo et al.
(2012) studied the top 50 international construction companies in China, only a few of
whom expressed any concern for sustainability issues, thus, sustainability awareness in

construction needs to be improved in China (Sun, 2016).

5.3.2.5 Challenges on construction quality

Construction quality is regarded as an integral part of sustainability (Zhou, 2016), in China
the construction quality problems such as foundation settlement, pavement cracking,
leakage, seepage, jerry-building, plumbing leaks, poor materials, etc. (Zhao, 2011) have
long been commented on by researchers (Zhao, 2011; Wang, 2014; Yan, 2016). The Global
Comepetitiveness Report 2014 by the World Economic Forum (2014) disclosed the overall
quality of infrastructure in China is ranked 64, and the quality of road construction is ranked
49 in the world.

Some builders considered that quality just needs to be ensured on the construction phase
but the quality of site selection and building environment are seldom considered in the
design and planning phase (Wang, 2014). Likewise, when the projects are subcontracted, it

is hard to control the quality of highway infrastructure projects (Yan, 2016).

5.3.2.6 Example of Chu-Da Highway in Yunnan.

The highway from Chuxiong City to Dali City (Chu-Da Highway) is a fairly typical
example which demonstrates the problems of highway construction in Yunnan. Chu-Da
highway was open to traffic in 1998 after a total investment of $ 0.84 billion. It is the only
highway to link the eight cities (Chuxiong, Dali, Dehong, Nujiang, Diging, Lincang,
Baoshan and Lijiang) in the west and northeast of Yunnan. It serves more than 13 million
people, or about 1/3 of the province’s total population (Lin, 1996). There have been several
significant problems since the highway was constructed, two years after its completion,
surface subsidence appeared resulting in serious traffic congestion. The report of
Government of Yunnan Province (2016) identifies high traffic volume as the main reason

of pavement deformation, with the traffic increase due to economic development. Liu
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(2015a) argued that the rationale of the road network plan in Yunnan was the primary factor
for the high traffic volume, it was the only highway in western region covering 44.18% of
the total area of the province, at the same time more investment on highways was allocated

to eastern regions.

According to the Ministry, the highway life span should be 20 years, but the actual life of
Chu-Da Highway has proved to be shorter than indicated by the Standards. The capacity of
the highway has been long questioned, and in 2014, a replacement highway project was

proposed by the government with total investment of $3.61 billion (Liu and Wang, 2008).

Highway design in China is based on four lanes, rather than projected traffic flow. This
adherence to a four-lane design creates congestion, resulting in the need to rebuild or
reconstruct the highway due to congestion (Cao, 2012). This ultimately results in higher
costs, not only construction costs or the total investment but also in the reconstruction and

maintenance cost.

The rapid development of Yunnan’s economy has created significant demand for highway
infrastructure projects, but the current networks and infrastructure cannot provide enough
capacity (Cao, 2016). Highway construction should have a reasonable layout and design,
and provide services to meet the needs of local people within the sustainable development

requirements (Zhu et al., 2014).

5.4 Sustainable highway assessment in Yunnan

Significant highway infrastructure projects have taken place in the past few years and more
are planned for Yunnan, promoting sustainable construction has been identified as
necessary by the central and local government, thus, sustainability assessment is considered
effective in improving the performance of highway infrastructure projects. To reinforce the
sustainability strategy, governments have legislated for sustainable construction and
provided supporting standards to control the impacts from highway infrastructure projects
on the environment and promote economic growth. These regulatory policies help decision-
makers, developers, suppliers and other stakeholders to find a sustainable way to build

highway infrastructure projects in China (Lu, 2015).

78



5.4.1 Regulatory system of highway infrastructure

The development of highway infrastructure projects involves different departments and
authorities that will propose development goals and sustainability assessment. The related
government departments for highway infrastructure project development is shown in figure
5.2.

Figure 5.2 Highway infrastructure project related departments
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Figure 5.2 shows that highway projects planning by central government is coordinated by

the National Development and Reform Commission (NDRC), where high-level policy
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bodies such as the Ministry of Environmental Protection (MOEP), the Ministry of Land and
Resources (MOLR), and the Ministry of Housing and Urban-Rural Development (MHUD)
work together with the Ministry of Transport (MOT) to ensure large projects are built within
sustainable development parameters. The provincial governments and authorities also
coordinate with the ministries to build highways that meet local requirements (MOT, 2016).
For example, Yunnan Provincial Department of Transportation is responsible for
implementing relevant traffic regulations, principles and policies of the state; developing a
province-wide transport development strategy, regulations and policies; and monitoring the

implementation of development plans (Transport Department of Yunnan, 2017).

One current problem in highway infrastructure development in Yunnan is that there are
conflicts between different regulatory departments, NDRC and MHUD or MOT, also
central and local government (Zhu et al., 2014). First, the conflict between central
governments - NDRC and MHUD or MOT. The scope of responsibility among different
authorities are ambiguous, MHUD is the authority in charge of the whole construction
industry, from design, and construction to supervision, cost control, and tendering agency
activities. MOT sets policies and standards for building transportation infrastructure
projects and providing network planning for transportation infrastructures (MOT,
2016).The NDRC is treated as a ‘super ministry’ as it is a macroeconomic management
agency under the State Council. It formulates policies for economic and social development,
maintains a balance of economic aggregates and guides the overall economic system
restructuring (NDRC, 2016). The roles of NDRC include macro-economic planning, for
example, coordinating China’s 5-year plan process, but also project and investment
approvals, resource pricing and the allocation of investment funds. In 2016, it developed
the National 13" Five-Year Plan (2016-2020) which included the initiative of development
of transportation projects and sustainable development. On the other hand, the NDRC
oversees investments in all national fixed-assets (road, railway, airport, etc.), including
planning, consultation, evaluation, project approval, and project management. The
government involvement in highway development is high in China, and the structure of
existing administrative system for highway infrastructure is complex. As shown in figure
5.2, the regulation of sustainability assessment of highway infrastructure projects is
fragmented and undertaken by five departments, the involvement of many departments

causes conflict and makes the responsibility unclear. For example, NDRC, MHUD and
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MOT are all related to highway infrastructure projects constructions, and their

responsibilities overlap.

Second, conflicts between central and local governments. Central government is eager to
set sustainable goals and regulations to achieve environmental protection and energy
conversation, and a balanced development plan for the nation. Correspondingly local
government plays a major role in the implementation of the regulations, and local interests
are given priority in the implementation process (Ai and Wei, 2013). Highway
infrastructure has become the pillar industry of local government, it not only generates
revenues, but also leads the development of other related industries, so local government’s
planning sets a priority for infrastructure construction (Xu, 2015).

5.4.2 Sustainable highway infrastructure policies

In 1989, China published the Environmental Protection Law, subsequently revised in 2014.
The Law is formulated for the protection and improvement of the environment, preventing
and controlling pollution and other public hazards, safeguarding public health, promoting
civil improvement and facilitating sustainable economic and social development. It also
sets rules for relevant ministries, and provincial, autonomous regional and municipal
governments directly under the CPG to take into full account their environmental impacts
when developing economic and technical policies. The law stipulates that construction
project planning and implementation shall be subject to environmental impact assessment,
it also requires the relevant departments to provide environmental, economic and technical
standards and pollution control measures for construction projects (Environmental
Protection Law, 2014). The promulgation and implementation of the Law demonstrates the
government’s efforts to protect the environment, and it can be the pre-requisite for

sustainable development.

The Regulation on the Administration of Construction Project Environmental Protection
was formulated in 1998 with a view to preventing construction projects from generating
new pollution and damaging the environment (NDRC, 2014). In 2007, the Energy
Conservation Law of China was revised to promote energy conservation across the whole

of society. It enhances energy utilisation efficiency, protection and improvement of the
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environment, and coordinated sustainable economic and social development (Energy

Conservation Law, 2007).

The Environmental Impacts Assessment (EIA) Law was issued by the CPG in 2002, and
revised in 2016 to prevent harmful impacts of construction projects upon the environment
after they have been undertaken. It sets the legal requirements for the assessment of
sustainability in construction projects, including highway infrastructure projects, and
enhances the implementation of the sustainability strategy (The Environmental Impacts
Assessment Law, 2016). The Law not only provides legal protection and a favourable
environment for sustainable construction, but also provides the legal basis for the

sustainable assessment framework.

The EIA Law requires large-scale construction projects to provide an environment impact
report prepared by an organisation qualified for conducting the work of environmental
impacts assessment, so that the appropriate interventions can be taken for the proposed
activities (NDRC, 2006). The scope of this environmental assessment report covers the
adverse environmental impacts during the project construction process, in addition to social
and economic impacts of the project lifecycle. The EIA report should include the following:
1) analysis, projection and evaluation on the potential environmental impacts resulting from
implementation of the plan; 2) measures and countermeasures to prevent or alleviate
adverse environmental impacts; and 3) conclusions of the EIA (Energy Conservation Law,
2007). The report is required to identify the negative impacts on the ecological environment,
water, atmosphere, solid wastes, and social-economic environment, but also provide
mitigation measures to restrict the environmentally damaging activities (Zhou and Wang,
2015). EIA helps reduce environment damage caused by construction projects, but it does

not include all aspects of sustainability (Tang, 2016).

With the implementation of laws for environmental conservation, the environmental effects
of building projects are reduced to a certain extent (Lu, 2015). Meanwhile, governments
have undertaken a series of activities to prevent damage to the environment from highway

construction.
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5.4.3 Supporting standards

In order to set the optimum criteria for construction projects to function and operate in an
environmentally acceptable manner, a series of standards was developed for the
construction industry and infrastructure projects to produce more sustainable building
practices within the legal limits. According to the MHUD (2014), there are 15 mandatory
standards for new and existing construction projects. These standards require saving energy,
construction safety, construction techniques and structures and so on. Sustainability issues

are covered by the current standards, but none are specific to sustainable development.

In 2006, MHUD and the General Administration of Quality Supervision, Inspection and
Quarantine (APSIQ) developed a voluntary rating system and updated it in 2014, the
Assessment Standard of Green Building. The standard is regarded as the first national
standards for sustainable building in China which covers not only residential buildings but
also public construction (MHUD and APSIQ, 2014). This standard was based on LEED
(Leadership in Energy and Design) from the USA, but emphasises the unique conditions in
China. For instance, it encourages the use of rainwater or sea water for construction because

China lacks freshwater resources (Dong, 2013).

The Standard includes six elements: Land savings and outdoor environment; Energy
savings; Water savings; Materials savings; Indoor environmental quality; Operations and
management. Each element has control items, and preference items. Control items are
prerequisites of the building projects, and a project receives points when it meets the
requirements of general or preference items. All elements need to be satisfied for a
residential and public project. The system uses a checklist scoring scheme, which allows

the project decision-makers to choose the most appropriate credits for the projects.

Unlike other countries, where green building rating systems e.g. BREEAM and LEED have
been developed by organisations independent from government, the Standard in China is
formalised as a national standard by the government (Chang et al., 2016), it shows that
Chinese government is pushing towards green building in the construction sector (Pan et
al., 2016).
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With the growing attention upon environmental and energy consumption issues, many
provinces use the Assessment Standard of Green Building as a model to establish the green
building environmental assessment standard. Yunnan Housing and Urban-Rural
Development Bureau formulated the Evaluation Standard for Green Building of Yunnan
(DBJ53/T-49-2013) in 2013. It is more in line with the local conditions, and it emphasises
that the green building assessment process should include the climate characteristics, poor
economic foundation, and various minority cultures in Yunnan (Yunnan Housing and
Urban-Rural Development Bureau, 2011). It acts as the guidance for designing,
constructing and operating green buildings, and promotes the development of green
building in Yunnan. But some problems appear in the practical application of the standard.
Firstly, the standard is not mandatory for construction projects, most executive, middle
management and practitioners in the construction industry are not aware of the need for
green building (Song et al., 2014). Second, a lack of qualified professionals and experience
of green building is prevalent in the construction sector (Wang, 2016). Thirdly, there is no
supportive policy framework for green buildings and green infrastructures (Song et al.,
2014). Finally, the cost of rating green building is high, the Green Building Certification in
China is $ 8,000 which influences the implementation of Green Building in China (Pan et
al., 2016).

To facilitate highway infrastructure projects, the MOT issued the Specification for
Environmental Impact Assessment of Highways (JTG B03-2006) to improve the
effectiveness and efficiency of environmental impact assessment in highway construction
(MQOT, 2013). This Specification is dedicated to evaluating the environmental impacts of
re-construction and new-construction of highway infrastructure projects. It provides a
definitive standard and criteria for this activity with full concern for the social and
ecological environment. Table 5.6 lists all the factors for the highway environmental

assessment.
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Table 5.4 Factors of Specification for Environmental Impacts Assessments

Aspects

Factors

Specification for
Environmental
Impact Assessment of

Highway

Social impacts

Impact on the social community,
including: culture, population structure,
economic development, barrier to
communication with both sides of
highway

Impacts on quality of life and livelihood,
including: resident's life style,
livelihood, incomes and structure,
hygiene and health, safety, education

Impacts of relocation, including: impacts
on living and production conditions for
the affected population, impacts on the
natural and social-economic conditions

Impacts on other infrastructure,
including: power and communication
facilities, transport infrastructure, water
supply, groundwater etc.

Impacts on resources utilisation,
including: land, mineral, tourism
resources, and cultural heritages,

Impacts on region development plan,
including: urban, transport and economic
development

Eco-environmental

impacts

Topographical features, degree of soil
erosion

Vegetation types and distribution;
location and species of the affected trees

Wildlife types and distribution, area of
activity and migration routes

Nature reserve science, forest landscape
and scenery location and distribution

Noise environmental

Noise sources types, level and relations
with highway location

Existing traffic noise distribution

mpacts Noise sensitive points distribution and
population distribution
Dust and waste in construction phases
Air impacts Automobile emission in operation

phases
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The Specification identifies measures related to social disruption, noise control,
environmental impacts, and appropriate technical specifications for the highway. It is
derived from the Assessment Standard of Green Building which aims to strengthen highway
infrastructure project development activities. It provides engineering design and technical
specification for highway projects, incorporating measures for environmental protection,
but it also demonstrates that the economic benefits of the highway projects are not contained,
only one factor reflects the impacts on local economic development.

To conclude, based on the regulations and laws, the relevant industry standards provide
guidance for the approach of highway infrastructure projects to social impact evaluation
and natural surroundings evaluation (MHUD and APSIQ, 2014). Government and
authorities are continually improving the standards for the sustainability assessment of
highway infrastructure projects, many evaluation frameworks and systems have been
established under these standards. It is still faced with a series of problems, for example,
CPG issues strict regulations on environmental and social impacts, but the actual
monitoring and enforcement is mainly undertaken by local government, with more attention
paid to economic growth. Chang et al. (2016) found that only a few local authorities
investigated the implementation of laws, regulations and policies to promote sustainable
construction. Another challenge of current policy frameworks is most them include
environmental considerations, economic assessment and technical aspects, but give less
consideration to social issues, and they tend to be targeted at new-construction projects. For
re-construction projects, comprehensive sustainable development guidance has still not
been produced, even though the MHUD developed the Standard for Green Performance
Assessment of Existing Building Retrofitting (GB/T51141-2015) in 2015 (Song and Gong,
2016; Chang et al., 2016)

5.4.4 Feasibility study

Highway infrastructure projects are public assets and invested in by various levels of
government, in accordance with the Administrative Measures for the Government
Confirmation of Investment Projects, public investment on projects is required to be
approved by the Government (NDRC, 2014). Project appraisal is a crucial phase of
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highway infrastructure project decision-making, and the feasibility study report essential

for project appraisal.

Figure 5.3 Highway infrastructure project development process
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As shown in Figure 5.3, feasibility study and environmental impact assessment are the two
primary steps to evaluate whether a highway infrastructure project is suitable, they are also
regarded as the main sustainability assessment methods (NDRC, 2014). Through the
feasibility study the authorities will evaluate the technical or economic necessity,
reasonableness, feasibility of the project, the impacts of the project overall to society and

the environment. It covers most areas of sustainable development, socio—economic benefit,
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financial benefits, market demand, land use and civil engineering general rules, technique
and facilities, environmental protection, energy saving and workforce safety, project
structure and labour, organisational structure and implementation schedule (Shi, 2007).
Therefore, it has been regarded as the major sustainability assessment tools by decision-

makers. The main evaluation requirements of the feasibility study are discussed below.

The evaluation of economic feasibility allows decision-makers and analysts to consider the
project from the perspective of various stakeholders and to support that, the NDRC
published an updated version of ‘Construction Project Economic Evaluation Approaches
and Parameters’ in 2006. The standard was developed as a national provision for all
construction projects. Financial and economic analysis are the two most important aspects
of economic evaluation according to ‘Construction Project Economic Evaluation

Approaches and Parameters’ (NDRC, 2006).

Economic analysis is the monetary evaluation of alternatives for meeting a given objective.
The evaluation is based on a comparison of discounted costs and benefits over a fixed period.
Alternatives can be summarised based on the ratio of total benefits to total cost (benefit-

cost ratio) or equivalently, the total net benefits (Net Present VValue) (Teng et al., 2014).

Social impacts assessment (SIA) helps decision-makers to identify both positive and
negative impacts of the highway project, and thus facilitates decision-making (UN, 2006).
The purpose of SIA is to enhance sustainable outcomes associated with the project and
reduce the negative impacts. Highway infrastructure is public capital which involves a great
diversity of stakeholders, China has invested massive resources in building road
infrastructure, and while the total length is increasing, the infrastructure-led development
approach also causes social problems. By 2014, 40 million people had been subject to
involuntary resettlement as a consequence of infrastructure projects, resulting in their
livelihoods being disrupted through forcible relocation (Teng et al., 2014). The practice of
SIA in highway infrastructure started in the 1990s in China, and the qualitative and
quantitative analysis methods are combined to evaluate the social issues of a project’s whole
lifecycle. It enhances the awareness of impacts of highway infrastructure project, but there
is still a gap between practice and theory (Zhao et al., 2014). SIA is a large system with
various complicated factors, and it is hard to define what changes in society are led by social

development. Currently, there are no standards provided for SIA assessment in China. Teng
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et al. (2014) argued that the assessment results were influenced due to SIA not being
explicitly required in China. Some studies associate social impacts to the contribution of
economic growth (Zhao et al., 2014), others include the national economic analysis and
EIA with SIA (Liu and Li, 2012).

The feasibility study is undertaken at the start of the project to identify future issues to
support a better understanding of the construction project (Fratila, 2009). Although the
information from the feasibility study will contribute to implementing sustainability in
highway construction, it is used at the planning stage and the focus may vary due to the
impacts of different investment approaches, the construction site, and other reasons (Shen
et al., 2010). Also, the feasibility study mainly focuses on planning phases, the information
for controlling the construction phases may not be complete. Thus, the feasibility report
cannot adequately reflect all related elements of sustainability in highway construction, and
it should embrace more elements of sustainable development principles to benefit society
and the environment, not just the economics of the project (Shen et al., 2010)

5.4.5 Current studies of sustainability assessment of highway infrastructure projects

in Yunnan

Along with the government embracing sustainability strategies, much research has been
conducted to provide sustainability assessment methods for highway infrastructure projects
nationwide. These studies provide practical advice and experience for the development of
sustainability evaluation in Yunnan. Peng (2011) developed a sustainability evaluation
method which put forward a cost-benefit analysis approach for a comprehensive evaluation
system for highway development. Liu (2015b) identified the sustainable indicators based
on density of road traffic, economic benefits and population served to assess highway
sustainability. However, the research in this particular area is limited in Yunnan where
evaluation has been mainly focussed on economic analysis and environmental impact
(Wang and Zhao, 2016).

The current practical application of sustainability assessment to highway infrastructure
projects in Yunnan is by integrating sustainability concepts into the existing evaluation

system and improving the current project appraisal methods to meet the sustainable
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requirements (Huang, 2015). This includes taking the economic cost and benefit of
environment impacts into account through conventional cost-benefit analysis (Shi and
Huang, 2015), adding public participation to the EIA to strengthen the social objectives of
sustainability (Zhang et al., 2007), and improving the EIA process by integrating lifecycle
analysis (Chen et al., 2016), etc.

The most popular method used by existing studies is the integrated indicator-based
assessment tool. This method comprises a set of indicators based on sustainable principles
and a systematic analysis tool (Huang, 2015) and is a powerful strategy for working towards
sustainable development, but the indicator selection tends to have bias, currently there are
no agreed standards for indicator selecting (Yan et al., 2013, Huang, 2015).

As stated previously, the impacts of highway construction are significant, Yunnan has a
complicated topography with a wide variety of flora and fauna as well as cultural diversity,
all of these issues should be included in the assessment process (Xu and Wang, 2013). On
the other hand, China has long focused on quantification of construction projects, rather
than quality and sustainability, sustainability assessment is only just beginning in China
(Pan et al., 2016). Research into the sustainability of highway infrastructure projects in
Yunnan is less advanced than other areas of China. Some studies have expounded the
importance of sustainability assessment, but a theoretical system to guide the practice has

not yet been developed.

However, sustainability assessment is an integrated system and should capture the impacts
on environment, society and economy, nevertheless, there is a lack of comprehensive
recognised sustainability assessment methods in Yunnan (Lu, 2012; Zhu et al., 2010), and
some of the evaluation methods concentrate on planning or completion stages, and do not

cover the whole lifecycle of the projects (Huang, 2015).

5.5 Conclusion

Highway infrastructure is the critical component for development in Yunnan, and it has
gradually started to incorporate sustainability considerations into its provision. This chapter

examined the conditions in Yunnan including geographical location, topography, cultural
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traits, etc. With the local factors considered within the context of current highway
construction in Yunnan, the challenges faced by sustainable highway construction were
analysed and assessed. The findings indicated that with rapid economic growth, the
demands on highway infrastructure are continuously increasing in Yunnan, as a landlocked,
mountainous and less developed province in China, it has its own emphases for sustainable
development. Sustainability assessment can help the development of highway infrastructure
projects to achieve sustainability. While this chapter concentrated on studying the current
assessment tools and methods, the results established that Yunnan had not developed a
systematic evaluation standard to endorse sustainable development for highway
infrastructure projects. The regulations and industry standards are more focussed on
environmental impact. The feasibility study of the project and environmental impact
assessment are the main sustainability assessment methods, but both methods cannot reflect
all the issues of sustainability. In parallel with the current situation identified in the literature,
it can be concluded that it is necessary to build a systematic sustainability assessment

framework for highway infrastructure projects in Yunnan.

91



CHAPTER 6 - RESEARCH METHODOLOGY

6.1 Introduction

Following the literature review in previous chapters, this chapter will focus on the
philosophical assumptions and the research design approaches underpinning this research.
The initial section will describe approaches to data collection methods comparing the
strengths and weaknesses of the methods, follow by the reason for choosing the research
method of data collection and data analysis with respect to the research questions. This
chapter will explore the methods for the three phases of building the sustainability
assessment model for highway infrastructure projects in the local context of Yunnan
Province. In phase 1 a literature review is used to collect data. In Phase 2 the quantitative
and qualitative approaches will be implemented. Some optional sustainability indicators of
highway infrastructure projects were obtained from the construction project standards and
previous studies on highway infrastructure projects. The indicators will be determined
through a questionnaire completed by three groups of experts. In phase 3, data will be

collected through a semi-structured interview.

6.2 Research aim and scope

The aim of this research is to develop a suitable sustainability assessment model for
highway infrastructure projects in Yunnan Province of China. The research also aims to
make a significant contribution to the improvement of public awareness of sustainability

assessment.

The scope of the model consists a set of criteria and standards based on the principles of
sustainable development and local conditions to evaluate the sustainability of a highway
infrastructure project throughout its whole lifecycle. The scope requires appropriate

research approaches and techniques to collect and analyse data.

92



6.3 Research theories and design

Research is a systematic process to study, explain and discover new knowledge or
phenomena (Zhang, 2016b). The nature of the knowledge varies and reflects the different
research objectives, as some objectives endeavour to build systematic comparisons, whilst
others seek to explain the phenomena in detail (Yang et al., 2011). The different intentions
involve a series of planned activities with appropriate research strategies and approaches.
Research methodology defines and explains the specific problems, test hypotheses and

develop appropriate means of collecting and analysing data (Zhang, 2016b).

Research design describes setting the strategies and includes a series of decisions on how
the research will be conducted. Burns and Grove (2009) defined research design as ‘a
blueprint for conducting a study with maximum control over factors that may interfere with
the validity of the findings’. Parahoo (2006) described research design as ‘a plan that
describes how, when and where data are to be collected and analysed’. The study designs
vary with the structure of the research situation and the flexibility of the research methods
(Polit and Hungler, 1995). Creswell (2007) provided a research design framework shown
in Figure 6.1, to guide the researcher in the design of a research methodology for any given

project.

Figure 6.1 Research design process
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Components Approach Methods

e Philosophical e Qualitative e Questions
Worldviews e Quantitative e Datacollection

e Research e Mixed Methods e Data Analysis
Strategies e Interpretation

e Research e Validation
Methods

Sources: Creswell (2007)
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Figure 6.1 describes three stages in the research design process research philosophy,
research approaches and specific methods for data collection and analyses. This research
follows the framework developed by Creswell and each step of the research process is

explained in the following sections.

6.3.1 Research philosophy

It is important to clarify the structure of the inquiry and methodology of the research, and
the first step is to explore the research philosophy to adopt the appropriate paradigm for the
study because the research philosophy manages the source, nature and development of the
knowledge (Bajpai, 2011).

The research philosophy refers to the set of beliefs concerning the nature of the reality being
investigated (Bryman, 2012). Beliefs and perceptions which are related to how people
consider the reality are the starting point for addressing and formulating the research beliefs
and assumptions (Saunders et al., 2009). These beliefs or assumptions are called paradigms
and these describe the nature of scientific patterns and social reality formalisation process
(Bhattacherjee, 2012). It is necessary to consider the appropriate theory or philosophy when
designing the research because these paradigms would influence and constrain people’s
thinking and research activities. Flick (2011) stated that the assumptions created by a
research philosophy provide the justification for how the research will be undertaken.
Hence, understanding the research philosophy can help to explain the assumptions inherent
in the research process and select the appropriate methodology to fit the research.

Research philosophy has many branches related to a wide range of disciplines. Two
particular beliefs are positivism and interpretivism (Galliers, 1991). Positivism
epistemological perspective was formulated by French philosopher Auguste Comte (1798-
1857). Comte believed that human history is a process progressing from superstition to
science, and that science is descriptive, deductive and controlled. This idea dominated
through to the mid-to-late 20th century, when philosophers and scientists revised positivism
and developed post-positivism (Gao, 2011).
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Positivists believe it is possible to observe and describe reality from an objective viewpoint
(Gao, 2011). As noted by Collins (2010), ‘as a philosophy, positivism is in agreement with
the empiricist view that knowledge stems from human experience. It has an atomistic,
ontological view of the world as comprising discrete, observable elements and events that
interact in a noticeable, determined and regular manner’. The underlying ground theory of
positivism assumes that X is the cause of Y. The task of research is considered as the
scientific method required to establish the nature of the cause of the relationship between
X and Y. To satisfy scientific requirements, the information must be measured, and that
leads to the objective features of positivism. The research data is collected through objective
methods and the research findings are observable and quantifiable under the positivism

philosophy.

Interpretivism, or interpretivist philosophy assumes that researchers believe that the reality
is formed by people’s subjective experiences of the external world. It is ‘associated with
the philosophical position of idealism, and is used to group together diverse approaches,
including social constructivism, phenomenology and hermeneutics, and approaches that
reject the objectivist view that meaning resides within the world independently of
consciousness’ (Collins, 2010). Interpretivism focuses on reflecting on different aspects and

opinions, and usually uses the qualitative research approach.

Positivism and interpretivism are two important but different approaches to sociological

research. The primary differences between these two approaches are listed in Table 61.
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Table 6.1 Differences between positivism and interpretivism

Positivism Interpretive

Basic Notions | e Objective e Subjective
¢ Generalisability e Individual motives
e Scientific e Humanistic

¢ Value-free approach to science | ® Observer is regarded as a part

¢ Observer is independent of the object
Research ¢ Quantitative approach with ¢ Qualitative approach with
Approach large samples small samples but in-depth
analysis
Research e Mathematical Modelling and | e Case study
Methods simulation e Focus group
e Controlled experiments e Ethnography
e Field experiments e Documents and artefacts
¢ Quasi experiments studies
e Testing e Unstructured Interviews

e Surveys: questionnaires and
interviews

e Observation
Source: Crowther and Lancaster (2008); Collins (2010); Gao (2011)

To contrast both research philosophies, positivism relies on knowledge gained through
observation with statistical quantitative data, usually adopting a deductive approach, and
using scientific methods to allow searchers to gain objective data. It is related to the
viewpoint that research must focus on facts. Interpretivism concentrates on human interest
and consciousness, it generally adopts an inductive approach using qualitative data, and
knowledge is not ‘value-free’ or ‘objective’, but is transmitted to researchers through ideas,

discourses and experiences (Crowther and Lancaster, 2008).

The studies are based on particular philosophical perspectives depending on the type of
research. In this research, the underlying philosophical assumptions include both positivist
and interpretive. This research aims to build a sustainability assessment model based on
statistical measurement and quantifiable data. Moreover, the research includes social and
human experiences of sustainable development and highway infrastructure projects,
through individuals’ knowledge of the social context of their understanding to construct the

new sustainability assessment model that is interpretive.
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6.3.2 Research approaches

The research approach is the particular direction of the research design derived from the
research philosophy. Creswell (2007) identified three approaches; quantitative, qualitative

and mixed methods.

The quantitative approach investigates the observable phenomena via statistical,
mathematical or computational techniques. It is one of the most common approaches to
conduct social research because it is widely accepted that the quantifiable result can support
opinions and concepts. The qualitative approach gathers in-depth information about human
behaviour and various aspects of social life. It uses words rather than numbers to describe
people and research phenomena in natural situations (Amaratunga et al., 2002). Each
approach uses specific research techniques e.g. survey for quantitative research, content
analysis for qualitative research. The mixed methods approach recognises that quantitative
and qualitative approaches both have limitations, and when both are implemented in the
same piece of research, one supplements the shortcomings of the other. Table 6.2 shows the

differences of the three approaches.

Table 6.2 Quantitative, qualitative and mixed methods approach

Quantitative approach Qualitative approach Mixed methods approach

e Generally associated e Generally associated e Incorporates both
with Positivism with Interpretivism qualitative and

e Involves collecting and | e Involves obtaining rich quantitative approaches
converting data into and complex personal e Use appropriate data
numerical form experience which cannot collection and analysis

e Data collection follows a | be gained from large methods depending on the
strict procedure and groups nature of the question
preparation for statistical | e Involves a smaller ¢ Has the advantages of
analyse number of participants triangulation

e Basedon a e More subjective
representative sample of
the wider
population/group to
collect data

e Objective

Source: Creswell (2007); Babbie (2012); Li (2004)
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Quantitative research focuses and relies on measurement and calculation, and qualitative
research focuses on the description of the meaning, features and symbols of study subjects,
moreover, quantitative approach is more structured, and the qualitative approach is less
structured (Feng, 2013). Therefore, most researchers use both in a complementary way to
improve the research quality. Ragin (1994) explained that ‘most quantitative data
techniques are data condensers. They condense data in order to see the big picture.
Qualitative methods, by contrast, are best understood as data enhancers. When data are
enhanced, it is possible to see key aspects of cases more clearly’. Patton (2002) stated that
the quantitative methods require the use of standardised measures for many responses, and
qualitative methods can facilitate the study in depth and detail. The varying perspectives
and experiences from the qualitative inquiry can fit into a limited number of predetermined
responses. Both quantitative and qualitative research have their strengths and weaknesses
(Table 6.3).

Table 6.3 Strengths and limitations of two approaches

Strengths Limitations
Quantitative | e Provide wide ranging e Tends to be inflexible and
Research information artificial
Methods ¢ Collect data fast and e Not very effective in
economically understanding processes and
o Use statistical techniques to peoples’ thoughts
aggregate large amounts of data | e Not helpful in developing
which can help the decision- theories
making ¢ Not best suited for decision-
making about future changes
Qualitative | e More natural approach to data e Take long time and large
Research collection resources to collect data
Methods e Offers guidance on processes, ¢ Difficult to analyse and
and provides information for interpret data
adjusting the issues e Low credibility to decision-
¢ Provides an understanding of makers
people’s attitudes and real
meanings
e Makes contribution on theory
generation

Sources: Amaratunga et al. (2002)
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The primary consideration of research method selection is to answer the questions raised
by the research. To meet the needs of the research, many researchers combine quantitative
and qualitative methods to gain a full understand of complex problems (Hyland, 2016).
Mixed methods approach involves collecting and analysing data through integrating
guantitative and qualitative approaches. This approach provides both breadth and a better
understanding of the research question (Creswell, 2014), the greatest advantage of this
approach is the possibility of triangulation by using several methods, data sources and
researchers to examine a single problem (Bazeley, 2004). The case for a combined research
approach in evaluations or assessment has been convincingly demonstrated, for example,
the World Bank used a mixed approach for developing poverty assessments in 1990
(Garbarino and Holland, 2009).

This research combined quantitative and qualitative research to collect a wide range of data
relating to the sustainability of highway infrastructure projects. A qualitative approach was
first used to identify and select the preliminary indicators from existing evaluation systems
or frameworks. Using the preliminary indicators system, a quantitative approach was
undertaken to obtain the perceptions of professional groups on sustainability in highway
infrastructure projects. The determination and weighting of indicators for the sustainability
assessment model needs a large sample, and this can be achieved using a quantitative
approach. The goal of the quantitative approach was to determine the relative indicators,
but the results only focus on current and recent projects, therefore a qualitative approach is
required to discover why and how. The final step in data collection adopts a qualitative
approach to examine the opinions of experts associated with sustainable highway

infrastructure projects.

According to Appleton and Booth (2005), when using the integrated research approach of
combining quantitative and qualitative methods, their comparative advantages must be
understood. However, this research used a quantitative approach to collect data that can be
aggregated and analysed to describe the significance of the individual factors of sustainable
highway infrastructure projects. The qualitative approach helped to probe and explain those
indicators and their relationships. It was possible to interpret observed patterns and trends,
and to analyse the different understanding of the dynamic development of sustainable
highway infrastructure projects rather than the static results produce by the quantitative

approach.
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6.4 Research framework

Currently, there are two main approaches used to build the assessment indicator systems in
China: one approach is to select indicators through a literature review. With this approach,
Dai et al. (2004) developed an indicator system to evaluate sustainable transportation in
Shanghai, China. A literature review is undertaken to identify the indicators included in
industry publications, articles in journals and government documents, and an indicator is
defined as frequently used if it appeared five or more times. This is a common approach but
has drawbacks as some indicators are not suitable for local requirements, and it lacks
scientific evidence (Sun and Li, 2013). Another approach is to identify indicator using
experts, Sun and Li (2013) built an indicator system for infrastructure projects by convening
experts’ meetings. Indicator selection with this approach is strongly dependant on experts’
knowledge and experiences, it cannot avoid the problems of subjectivity which can threaten
the credibility of the research (Jiang, 2013). However, it is suitable for use in the early stage
of identifying operational indicators, and it needs quantitative information to support
identifying the most appropriate indicators (Nie, 2002).

This research chose mixed method as the research approach, the value of this approach is
increasingly recognised as it can capitalise on the strengths of both qualitative and
quantitative methods and techniques. There is a question in using mixed method as the
result can be differentiated due to the sequence of qualitative and quantitative occurrences
and the emphasis given to each method (Morgan, 2006). The current research on
sustainability assessment in China is to use the preliminary qualitative method to generate
a hypothesis or a concept, and a questionnaire approach is used in a follow-up quantitative
study to test the hypothesis or concept. The emphasis is on quantitative data analysis.
Conversely, this research initially uses a questionnaire to build the assessment model and
examine in-depth with a follow-up interview. This strategy is conducive to understanding
the research objective in the context of larger-scale objective samples (Zhu, 2012). The
research focused on a balance of qualitative and quantitative approaches to generate more

complete data and corroborative findings.

Research is a systematic process, Figure 6.2 below breaks the research process down into 3

phases. Phase 1, analysing the theoretical background by means of the literature review;
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Phase 2, developing the sustainability assessment model through quantitative and

qualitative methods; Phase 3, through qualitative methods refining the developed model.

Figure 6.2 Research process

Phase 1 Phase 2 Phase 3
Literature review Qualitative and Qualitative research
quantitative research
Annalysing the existing Developing assessment Refining the model by
sustainability model by documents interviews
assessment methods analysis and

questionnaires

6.4.1 Phase 1 - Literature review

In order to identify the sustainable development issues of highway infrastructure projects,
a literature review was extensively and critically undertaken at the initial stage of this
research. The literature review provides the foundation to intensively explore a topic while
data mining using a quantitative and/or qualitative research approach. It is an overview and
critical evaluation of a specific research area which relates to the study of the larger,
ongoing dialogue in the literature, fills in gaps and extends prior studies (Creswell, 2007,
p.27). As Fink (2005) stated, the literature review is a systematic method for identifying,
evaluating and interpreting of the existing body of knowledge. The literature review serves
several important functions: demonstrates the knowledge of the research problem,
illustrates the understanding of the theoretical and research issues related to the research
question, provides new theoretical insights or develops a new model as the conceptual
framework for the research (Xie, 2012, p.113).

The sources of literature included reports of international organisations, governments and
authorities, journal articles, books, conference proceedings, etc. The main emphasis was
focused on the emergence of international efforts at sustainable development, sustainability
of construction, sustainability assessment methods, limitations of current assessment
methods or models and future possibilities in sustainable highway infrastructure project
assessments. The various methods of measuring sustainability include green building
assessment systems, e.g. LEED, BREEAM, SB Tool and the Green Building Evaluation

Standard of China were evaluated and compared.
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The literature review presented the background to sustainable highway infrastructure and
interpreted the challenges and success factors for realising sustainability in highway
infrastructure projects in the conditions of Yunnan Province of China. Several sustainability
assessment tools, techniques and frameworks were critically analysed which allowed an

appropriate sustainability assessment model to be developed in the following phases.

6.4.2 Phase 2 - Qualitative and quantitative research

The tasks in phase 2 of the research included collecting both qualitative and quantitative
data. Qualitative data was obtained from existing sustainability assessments or evaluation
frameworks and were used to build the assessment indicators. This provided the basis of

the questionnaire survey in the next step.

The purpose of using the qualitative method is to build the preliminary indicators of the
sustainability assessment model. In light of the concepts found in existing assessment
methods and frameworks, and other data available from the existing literature, the most
relevant factors for the sustainability assessment model for highway infrastructure projects
were selected. In addition, the standards, specifications, regulations and policies for the
construction industry and highway infrastructure projects were used as guidance in

choosing the indicators.

Subsequently, a questionnaire survey to collect quantitative data was undertaken to
determine the indicators. A questionnaire is a simple tool for collecting information about
a particular issue (Creswell, 2014), and it has been considered a popular quantitative method
in social science. It is commonly used to collect factual and straightforward information
and data to classify the basic attitudes or opinions relating to an issue of a group of people.

For example, to measure a group of customers’ satisfaction with a service (Xie, 2012).

Questionnaire is used because it is a practical method with the strength of collecting a large
quantity of data and information quickly, and where all participants can be given the
opportunity to provide feedback anonymously which encourages openness. It can also
facilitate the analysis of a survey and improve the accuracy of the answers by allowing the

respondents more time to consider their responses, particularly where the questions are
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challenging or contentious (Xie, 2012). Sustainability assessment of highway infrastructure
projects has a holistic and multi-dimensional nature with several factors, the participants
can provide valuable data by means of a questionnaire. The results can be quantified which
is both objective and scientific, and the quantified data can be easily used to compare and
measure changes (Zheng, 2014). In this research, to compare and select the indicators, a
significant volume of data was required and the questionnaire would help to rank the

sustainability indicators.

However, the limitations presented by questionnaires may influence the results. The
respondents may give the answer based on social desirability and the language of the
questionnaire should be appropriate to the background of the respondents. The responses
may misrepresent the current development patterns of highway infrastructure projects to
present a more sustainable development approach because of social expectation, rather than
reflecting the current reality. Since the questionnaire was translated into Chinese, it may
also result in misunderstanding due to the questionnaire wording. Some researchers also
argue that some forms of responses such as emotions, behaviour, feelings and beliefs cannot
be quantified, meaning that the questionnaire may fail to properly collect this information
(Zheng, 2014). The questionnaire is an empirical study method, but it has its inevitable
weaknesses and for this reason, it is advisable to use additional research methods to support
the research (Su et al., 2015).

In order to quantitatively analyse the data, the questionnaire was designed using a Likert
scale, the most common used scale in social research. A Likert scale is a simply way of
gauging specific opinions, it also easy to construct (Su et al., 2015) . For example, in a
Likert scale questions like ‘yes’ or ‘no’ can be categorize in a numeric scale 1 and 2 and it
allows to use a quantitative approach to analyse the data. Likert scale was developed by
Likert (1932) and it is based on the principle of asking people to respond to a series of
statements about a topic. They respond in terms of the extent to which they agree or disagree,
which enables the researcher to delve into the cognitive and affective elements of the
respondent’s attitude. To ensure comparability of data, and so that results can be considered

in the same general context, this research adopted a common, five-point Likert scale.
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6.4.3 Phase 3 - Interviews

The third phase of this research was to collect the opinions of experts in respect of the
developed assessment models identified in phase 2. A qualitative study is deemed to be the
most appropriate approach to collect this data, involving the use of in-depth interviews
which serve to obtain information which is then used to inform the development of a
questionnaire. Punch (2009) stated that ‘interview is the most prominent data collection tool
in qualitative research.” Real experiences drive the use of this approach rather than
principles, motivated by the perceived limitation of quantitative methods alone to address
the complexity of research in highway infrastructure sustainable development, as well as
other more strategic decision-making activities. Currently, the study of sustainability in
highway infrastructure projects is not extensive, therefore the quality of data collected can

be examined in detail by means of the experts’ responses.

Expert sources of information are valuable because they can provide current information
that journal articles and reference books cannot due to their publishing timeframes (Bj&k
and Brchner, 2007). It is a better way to exploit complex and detailed information, to
obtain data about personal opinions, feelings, emotions, experiences and sensitive issues
(Denscombe, 2010). In phase 2, some comments for adding, omitting and replacing the
indicators were obtained by the questionnaire method, but the reasons for these comments
were unclear. Therefore, the interview is regarded as an instrument to improve the

assessment model with valid reasons based on the responses.

In this research, the interview method allows for the examination of the assessment models
to determine if they are suitable or not in respect of the sustainability of highway
infrastructure projects in Yunnan Province. Because of the limitations of the questionnaire,
misunderstandings can occur, and it is usually difficult to contact the respondents by
conventional methods. In this case, an interview can increase the response rate and help to
tease out the information which might be neglected in a questionnaire survey. The data was
collected by means of a semi-structured interview to fulfil the research objective. It was
based on many key questions to help to define the research areas, but also allowed the

participants to give their thoughts in more detail.
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The interview was used as a non-neutral additional tool as the data is based on personal
interactions which lead to negotiated and contextually-based responses, it was possible for
some respondents to give precise answers because they believe they are socially expected
(Podsakoff et al., 2003), this could certainly impact upon testing the model. However,
combining the questionnaire and interview methods is the most appropriate way to produce
more credible quality research, while questionnaires can provide evidence of patterns
amongst large populations, qualitative interview data often gathers more in-depth insights
on participant attitudes, thoughts, and actions (Kendall, 2008).

6.4.4 Sample design

The population and sample are the most important factors following the methodology
design. The researcher uses a sample to examine a proportion of the population associated
with the research, for inferring information about the population as whole (Creswell, 2014)
because it is often not possible to survey an entire population for reasons of practicality and
cost (Brewerton and Millward, 2001). There are various types of sampling, the two most
common being random/probability sampling and non-random sampling/purposive
sampling (Bryman, 2012). Under random sampling, each element in the population is given
an equal and independent chance of selection (Kumar, 2011), and the non-random sampling
is based on the researcher’s subjective experience and other circumstances to choose the

population (Zhang, 2016a).

The original intention of this research was to build a sustainability assessment model for
highway infrastructure projects to match the local environment of Yunnan Province. The
study was mainly conducted based on the conditions in Yunnan rather than the whole
country, due to the unique and distinctive national and geological features in the Province.
In this respect, purposive sampling of organisations involved in highway infrastructure
projects with experience and knowledge of sustainable development in Yunnan Province

was adopted.

The sample was chosen from companies, government departments and institutions with

experience in highway infrastructure development. They are either known to the researcher
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through work-related connections and activities or are identified and recommended by the
people who are working in the same organisations and are known in this research area.

The samples were first selected from the government departments and authorities that are
involved in highway infrastructure development, planning and construction, mainly from
two departments: the Development and Reform Commission of Yunnan and the Transport
Department. Second, qualified project managers, planners, architects and engineers were
invited from Yunnan Highway Development and Investment CO., LTD., Yunnan
Construction and Investment and Holdings Group CO., LTD., and organisations which are
operating highway development, construction, management and operation. Academics with
a recognised knowledge of sustainability were an important part of the experts group, they
came primarily from the top universities and research institutes such as Yunnan University
of Finance and Economic, Yunnan University, Kunming University of Science and
Technologies and Yunnan Academy of Social Sciences. The backgrounds of the sample
included urban study, landscape planning, environmental protection, resource management,
built environment, sustainability, resource management, national economy accountancy,
etc., and most of them held relatively high-ranking positions including professor,
department director or deputy director. The selection criteria were: 1) over five years’
relevant experience in construction of projects; 2) knowledge of sustainability and able to
provide experience and feedback of the model; and 3) able to answer the questions posed

by the researcher (participant’s information sheet is attached).

The sample size was dependant on the time and resources available to the research.
According to the literature study, while there may be significant research discussing
sustainability assessment in highway infrastructure projects, there much less research from
Yunnan Province which resulted in a limited opportunity to realise a large population to
participate in the research. In addition, the questionnaire method aimed at determining the
sustainability assessment indicators relied upon experts scoring the various indicators, and
to do so, the experts were required to have appropriate experience and knowledge in this
area. This requirement also resulted in a relatively small population. To ensure the accuracy
of the data, 100 questionnaires with a list of optional sustainability assessment indicators
were distributed to the respondents in these organisations by email or hand-delivered. To
facilitate the further statistical analysis, some questions about the respondents’ professional
backgrounds were included in the questionnaire. The respondents involved in appropriate

projects and in the general area of research were asked to confirm their interests and
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participation through phone calls and email conversations, at the same time, the
questionnaire’s distribution channel was established. This step helped to identify experts
based on the information provided during these conversations, also to reduce the possibility
of a low response rate to the questionnaire. The questionnaire was then sent directly sent to

the respondents, who also further distributed some.

According to Burns and Grove (2009), qualitative research is focused on obtaining quality
information, rather than the size of the sample. There is no need to determine the number
of interviews at the beginning of the research, but by the information required. If the
information from the participants cannot provide enough details for the research question,
then new participants and information will be added (Streubert and Carpenter, 1999,
p.23). Twelve participants undertook interviews in the research based on their responses,

the details for the interviews are discussed in Chapter 8.

6.4.5 Pilot study

The pilot study can be considered ‘the early development and pilot testing” of the research
(De Vos et al., 2002, p.409). It is the preliminary test of the research undertaken with fewer
participants in order to improve data collection methods and check the appropriateness of
the standard methods (Wu, 2009), including questionnaires or interview schedules (Van
Teijlingen and Hundley, 2002). It can be described as an ‘investigation designed to test the
feasibility of methods and procedure for later use on a large scale or to search for possible
effects and associations that may be worth following up in a subsequent larger study’
(Everitt, 2006).

The main advantage of conducting a pilot study is to test for problems and errors in the
research design. It can be carried out by quantitative and qualitative methods before the
main survey is conducted (Van Teijlingen and Hundley, 2002). The pilot study of the
research commenced by drafting the questionnaire and a set of interview questions to
facilitate feedback from supervisors to ensure the questions were constructed correctly.
Second, the questions were translated into Chinese and sent to the five academics in China
to check if the translation was accurate, and help to refine the questions in Chinese. For the

third stage, twenty people were selected to receive the pilot survey. The selection was not
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random but included junior and senior staff from the academic research institutes and
construction industry who were likely to provide feedback on the questions and design of
the form. The participants in the pilot study were asked to identify any difficulties with
instructions, layout, relevance and clarity of the questionnaire and the time taken to
complete it. During this stage, twenty questionnaires were all returned, and according to the
feedback, it was found that the participants would take fifteen minutes to complete the
questionnaire. Following the pilot study, the Chinese translation was improved.

For the final stage, two participants from the academic research institutes and two from the
construction industry joined the pilot testing of the interview survey. This stage mainly
tested if the participants could understand the questions and ensure all the participants could
understand the terminology in the questions, and identify the information that would help
to define keywords and the interests of participants. Each interview took an average of fifty

minutes, and some modifications were made to the questions.

6.5 Data analysis

Data analysis is the process of examining raw data using various analytical methods. The
discussion of the analysis of the findings from the questionnaire will be presented in
Chapter7. The qualitative data will be analysed and presented in Chapter 8.

6.5.1 Quantitative data analysis

Data from the questionnaire was analysed using SPSS (Version 23), EXCEL (Version
2016), and YAAHP (Version 10.0). Using Cronbach’s Alpha to test the reliability of the
survey, EXCEL was used to calculate and compare the score from different groups, and
YAAHP was used to weight each indicator by the Analytic Hierarchy Process (AHP)

method.

Analytic Hierarchy Process (AHP) method was developed by Saaty in the 1970s and has
been extensively used for complex decision-making, it is ‘a theory of measurement through
pairwise comparisons and relies on the judgments of experts to derive priority scales’ (Saaty,

2008). Currently, it is used extensively in sustainability assessment. Through the AHP
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method, the complex and difficult multi-criteria decision-making problems are regarded as
a holistic system and then broken down into sub-objectives or factors to construct several
layers with different multiple influence indicators, aimed at ordering the qualitative
indicators into the single level and whole system using fuzzy quantification. Thus, it
becomes a systematic decision method for optimising plans under multiple-criteria (Jiang,
2013). In effect, AHP systemises complicated problems and structures and the related data,
information, and thoughts into a hierarchy, and through the hierarchical structure helps

decision-makers understand the importance of variables.

Through comparing different software, YAAHP was used to compute the indicator
weightings determined by AHP. This software has been used extensively with AHP to
evaluate problems, according to China Academic Journals Databases, there are more five
thousand references of literature to this software. A sample using YAAHP is shown by the
following diagrams. The computation of indicator weighing by YAAHP for this research

will be provided in Chapter 7.

Figure 6.3 Building hierarchical structure
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AHP hierarchy is represented by YAHHP as shown in Figure 6.3. There are three main

factors to achieve sustainable development — economic, environmental, and social. Each
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factor has a set of criteria (C1, C2...C8). Once the hierarchy is built, it is necessary to
evaluate the importance of each criterion to achieve sustainable development by comparing

them to each other, two at a time.

Figure 6.4 shows how the software will parse the data and generate judgement matrices.
Judgment matrices data can be inputted using a variety of methods: slider input method or
direct input method. Figure 6.5 displays the weighting of each criterion to sustainable

development.

Figure 6.4 Judgement matrix generation and comparison data input
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Figure 6.5 Weight calculation
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6.5.2 Qualitative data analysis

The qualitative data in this study consisted of secondary data from the previous studies of
sustainability assessment, construction projects, infrastructure projects and highway
infrastructure projects. The data collected will determine the indicators of the sustainability
assessment model. Other qualitative data included the response from the interviews which
were used to refine the sustainability assessment model. The qualitative data was analysed

by content analysis.

Titscher (2000) suggested that content analysis is ‘the longest established method of text
analysis among the set of empirical methods of social investigation.” As a flexible method
for analysing text data, content analysis is widely used in qualitative studies (Cavanagh,
1997). It summarises any form of content by counting various aspects of the content, such
as letters, articles, speeches and other written text, but also text in the visual media including
video and film. This method allows an objective evaluation of the qualitative data by
comparing content. Researchers believe that it offers the advantages of both quantitative
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and qualitative approaches, and it is usually used to examine the contents of written

documents and transcripts of interviews (Berg, 1998).

In the study, the indicators from the previous studies of sustainability assessment
frameworks and standards of highway infrastructure projects were first categorised, then
coded and counted. Once the assessment model was developed, the interviews were used
to refine the model. The interviews were recorded and transcribed, and then content analysis
was used to analyse the transcripts. This analytical process was done conventionally without

using any software programmes.

6.5.3 Reliability and validity

In order to ensure the research method achieved the greatest accuracy of response, it is
important to check the reliability and validity of the research instruments. Reliability and
validity are extremely important when conducting data analysis, both focus on the
relationship between the measurement tools and results (Li, 2009). The two ideas are
inextricably linked. Reliability tests how consistent or stable the instrument is, and validity
is used to answers the question of how well does the measure or design do what it purports
to do (Rosnow and Rosenthal, 2013)

Reliability

Reliability is the degree of consistency of research (Joppe, 2000). There are two types of
reliability, internal reliability and external reliability. Internal reliability measures the result
consistency of all items using an identical scale, and external reliability tests whether the
study results are same over time. Reliability test methods include: split-half reliability
which divides the test into two parts and measures each separately, and then, estimates the
reliability of the whole test. Test-retest reliability is used to evaluate the consistency of a
measure twice using the same participants. Equivalent-Forms reliability (also called parallel
forms reliability) is used to assess the consistency of the results with two-tests constructs
(Zeng and Huang, 2005). It uses two equivalent forms but different questions to measure
the same construct with the same sample of people, and calculate the reliability from the

two sets.
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The most frequently used approach to measure reliability is Cronbach’s alpha, developed
by Lee Cronbach in 1951, which is a way of measuring the strength of the internal
consistency in the test items (Tavakol and Dennick, 2011). It is considered a measure of
scale reliability, and it is not a statistical test - it is a coefficient of reliability (Santos, 1999).
The value of Cronbach’s alpha coefficient is between 0 and 1, if all the test items are
completely irrelevant, then the alpha coefficient = O; if all the items are perfectly correlated,
then alpha coefficient will approach 1 as the number of items in the scale approaches
infinity. In other words, a higher the alpha coefficient indicates that the items have high
correlations (Adamson and Prion, 2013). If the coefficient is less than 0.6, it will be
considered that the internal consistency reliability is inadequate. When the coefficient
achieves a value of between 0.7 and 0.8, the research has reliability. A coefficient between
0.8 and 0.9 means high reliability (Kline, 2000, p.13).

Validity

Validity refers to the degree of authenticity and accuracy of the study, it is defined as ‘the
degree to which a test measures what it claims, or purports, to be measuring” (Brown, 1996).
Validity includes content validity, criterion-related and construct validity (Brown, 1996).
Content validity refers to the extent to which the test questions represent contents or facets
of a given construct. The aim is to test the adequacy of the individual questions and to
explore the difference of each question by different responses (Wang, 2011). In this
research, the content validity of the questionnaire was determined by the literature reviews

and documents analysis, as well as experts’ feedback in the pilot study.

Criterion-related validity examines the relationship between variables and criterion. The
criterion is the outside criteria of the behaviour which is required to be tested (Wang, 2011).
The validity in quantitative research is normally described as ‘construct validity’ (Wainer
and Braun, 1988), it defines the corresponding degree of operational structure and is
measured by the test results.

6.6 Ethical consideration

In social research, ethical consideration has been identified as one of the most important

factors. Besides selecting suitable research approaches and strategies, it is important to
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consider the ethical issues of the research from the area (topic selection), data collection
and analysis to the presentation of the result (Creswell, 2014, p.77). Ethical consideration
was necessary in order to promote research quality and guard against inappropriateness and
also to protect the participants and their organisations as mentioned by Creswell (2014).
This research was undertaken with a high respect for the integrity and the confidentiality of
the participants. The participants were informed that the information gathered would be
treated confidentiality. The anonymity of individuals participating in this research was
ensured. Ethical approval was obtained from the University’s Ethics Committee before

contacting the participants.

6.7 Conclusion

This Chapter presented the rationale for the methods adopted in this research and described
the various stages of the research process. The research approaches and methods, data
collection and data analysis, both quantitative and qualitative, were discussed in this chapter.
The combined research approach was used to address the overall aim and objectives of the
study. The results of quantitative research were based on larger sample sizes that are
representative of the population, and the qualitative approach can provide a deeper
understanding of the investigation. A questionnaire survey for determining the indicators
and interviews to probe the experts’ opinions on the sustainability assessment of highway
infrastructure projects were undertaken. This chapter not only discussed in detail the
methods used, but also the conditions of each data collection phase, including design and
administration of questionnaires and interviews, the pilot study, sampling and ethical

considerations. Data analysis will be provided in the following chapters.
The graphical representation of the research methods in this study is illustrated in Figure

6.6. The framework details the sequence of research activities, specifies all the data

collection and analysis methods, and lists research results from each stage of the study.
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Figure 6.6 Research diagram
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CHAPTER 7 - DEVELOPMENT OF SUSTAINABILITY ASSESSMENT MODEL
FOR HIGHWAY INFRASTRUCTURE PROJECT

7.1 Introduction

The previous chapter demonstrated the need to build an evaluation system for sustainability
in the context of highway infrastructure projects in Yunnan. This chapter will build the
sustainability assessment model in four steps: the first step is to develop an indicator system
for the sustainability assessment model. The data used to develop the preliminary indicators
will be derived from existing sustainability assessment frameworks or systems. The second
step is to determine the appropriateness of the indicators through questionnaire with three
groups of experts, academic professionals, government officers and construction engineers.
Analytic Hierarchy Process will be then used to weight indicators based on a questionnaire
survey. Finally, an expert grading method will be employed to assess the sustainability of
highway infrastructure projects in Yunnan.

7.2 Sustainability assessment model building process

The assessment goal is to achieve sustainability of highway infrastructure projects and the
rules of the assessment practice defined in Chapter 4 are used to guide the development of
the indicator system and assessment method selection. The sustainability assessment model

building steps are outlined in Figure 7.1.
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Figure 7.1 Sustainability assessment model building steps
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Figure 7.1 will be described step by step. The purpose of this research is to build a
sustainability assessment model to provide a solution for current highway infrastructure
projects in Yunnan. The assessment goal is to examine how activities related to highway
infrastructure projects can make an optimal contribution to sustainable development in
Yunnan. An indicator system will be built to achieve this goal with a set of indicator
selection principles. The indicators were originally chosen from national standards and
previous studies of construction projects and highway infrastructure projects. This step
defines the local conditions and governments’ requirements for highway infrastructure
project development. The preliminary indicators are selected by experts through the
questionnaire. The purpose of this step is to establish industry consensus on the importance
of indicators and determine their weightings. Finally, based on the weighting of each

indicator to evaluate the project sustainability.

7.3 Assessment goal and objectives

A sustainable highway infrastructure project should satisfy the lifecycle functional
requirements of economic benefits, social development and environmental protection by
technical innovation and good governance. It involves issues such as project structure
design, urban development, road network planning, transportation network efficiency,
social-economic adaptability, environmental impacts, resource utilisation, project
management process, construction materials and technology, stakeholder participation, and
other factors (Ma and Yang, 2001). The aim of sustainability assessment of highway
infrastructure projects is to pursue the development plan and activities of highway
construction in a sustainable way, taking into account all factors (Feng, 2009). According
to the development trends in China and the circumstances in Yunnan, the objectives of
sustainability assessment of highway infrastructure projects are: 1) provide evidence for
decision-makers to achieve the sustainability goals; 2) guide the builders to construct the

project in a sustainable way; and 3) improve sustainability awareness.

1) Provide evidence to decision-makers
Sustainability issues are encountered daily, and the government’s regulatory framework
recognises this problem. It is not limited to China, many nations set laws and regulations

that require the construction industry to protect and enhance the environment, social
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development and economic growth. Legislation is in place requiring sustainable
development as a decision-making strategy to ensure that there is a baseline for highway
construction, in so far as it recognises that resources are finite, becoming progressively
harder to extract or recycle (Ma and Yang, 2001). Whilst the regulations recognise the
effects of construction on the environment, society’s decision-makers will need evidence

from the sustainability assessment to implement them.

2) Guide the builders to construct the project in a sustainable way

The sustainability assessment will guide the activities throughout the highway
infrastructure project lifecycle, but also provides an alternative approach encouraging the
use of new technology and materials.

3) Improve sustainability awareness
Using sustainability assessment to review the relevant activities for highway infrastructure
projects will improve the environmental awareness and sustainability in the construction

sector

7.4 Indicator system of sustainability assessment model
7.4.1 Purpose of the indicators

The indicators provide a measure of the value representative of the relevant phenomenon
being considered. In general, indicators quantify information by aggregating different and
multiple data, and the resulting information is therefore synthesised. In short, indicators

simplify information to reveal complex phenomenon (European Commission, 2002).

In this research, the indicators can be referred to as the criterion for the sustainability
assessment of highway infrastructure projects. They illustrate and reflect the development
level of highway infrastructure projects, the conditions of the project lifecycle, and measure
the importance of influencing factors (Nie and Chen, 2008). In order to achieve these
outcomes, the indicators must be representative, independent, credible, transparent,

practical and easy to obtain (Shao et al., 2004).
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7.4.2 Indicator selection principles

The indicators cover all potential factors affecting the sustainable highway, so the indicator
selection can strongly influence the accuracy of the assessment results (Shi, 2007). In order
to produce effective measurement, principles for indicators selection are being proposed.
Currently, there are many principles for sustainability assessment indicator selection, on the
basis of findings from the previous studies, three principles are presented below.

Sustainable development principles

The purpose of the assessment is to achieve sustainability in highway infrastructure projects,
so sustainable development principles are first used to guide the design of an assessment
indicator system. Underlying economic, social, environmental, technological and
governance components of the sustainable development should be considered. Furthermore,
highway infrastructure projects involve many stakeholders with different requirements and
expectations which must be considered to ensure the sustainability assessment criteria
meets their demands.

Consider local conditions

Different regions have different conditions that result in various development targets and
strategies. The main standard for sustainable building, the Evaluation Standards for Green
Buildings of Yunnan (2011) proposed a general rule that the assessment should consider
the local conditions when evaluating any construction projects, including resources, climate,
natural environment, social, economic, building technologies and other aspects. For
example, Lu and Lei (2013) selected as an indicator of the number of bridges and tunnels
built across the Yangtze River in sustainability assessment indicator system of highway
infrastructure projects. Because the Yangtze River cuts through Hubei from west to east
with length of 1,062 kilometres, highway construction is faced with many bridge and tunnel
projects, and the construction costs and quality requirements for these projects are higher
than road pavement (Editorial Department of China Journal of Highway and Transport,
2015). In the study by Ma et al. (2010), the authors identified indicators for the development
of minority areas and ethnologic culture protection in the sustainability assessment indicator
system in Xinjiang Province. The province, also called Xinjiang Uyghur Autonomous
Region, it is the largest Chinese administrative division and home to many minority groups

including the Han, Kazakhs, Tajiks, Hui, Uyghur, Kyrgyz, Mongols, and Russians,
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accounting for 59.9% of the total population. Compared to Hubei Province, the province
contains large areas of desert and pastureland, scarce water resource is the main problem of
province, and the indicator of construction of desert highways is considered more important.
On the other hand, the biggest ethnic group in Hubei is Han, which is the majority group in
China, with only 4.3% of the population from minority groups. Therefore, the factor of
minority groups was not included in the indicator system for assessing sustainability in
Hubei.

Operational principle
The overall operational principle of highway infrastructure projects sustainable assessment
is operability, which means adopting a simple and straightforward indicator selection
process to make the data collection and quantity indicator process uncomplicated and
reliable (Liang, 2016).

Relevance principle

In order to be useful for evaluating sustainability in highway infrastructure project, the
indicators must be relevant. Yan et al. (2013) stated that relevant indicators are useful and
needed for decision-making, and should be linked to sustainability goals and objectives of
the assessment.

7.5 Indicators formulation process

The indicator system is designed to generate information by using a set of indicators
working together to facilitate the assessment process and achieve maximum sustainability
in highway infrastructure projects (Ma et al., 2010). The indicator development process in
this study firstly considered the sustainability requirements associated with highway
infrastructure projects in Yunnan based on the above indicator selection principles. Then,
guided by the assessment objectives and goals, the formulation of the indicator system was
a selection process, and also a relationship building process between different indicators.

Figure 7.2 shows the indicator formulation process which includes four steps.
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Figure 7.2 Indicators formulation steps
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There are numbers of indicators for measuring sustainability, but no standardized indicators
are available, and the local conditions and value systems are diverse. The indicators
originate from existing data and information which can reflect the characteristics of the
sustainable highway infrastructure projects. Indicators are identified and validate through a
focused exercise using both questionnaires and interviews with experts from government,
academia and the construction industry. The process provided knowledge and experience
from various perspectives by different groups of people. The questionnaire allows
quantification and more precise estimation of probabilities, the interview provided a better

understanding of each of the indicators.

7.5.1 Indicator resources

The first step of indicators formulation is to define the indicator resources. Seven standards
of highway infrastructure projects construction in China and Yunnan Province were initially
used to select the indicators (Table 7.1). These standards are from official documents which
can provide the basis for sustainability assessment and help to achieve the accuracy of the

preliminary indicators selection.
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Table 7.1 Main sustainable construction standards in China

Standards

Projects

Evaluation Aspects

Evaluation Standard for
Green Building GB/T50378-
2014 (2014)

Building project

Provide general principles and basic
provisions for: outdoor environment,
energy-saving and energy, water
conservation and utilisation of water
resources, the use of material resources,
indoor environmental quality, construction
management, operations management,
improvement and innovation.

Green Design Standard of
Civil Buildings
JGT/T229-2010 (2010)

Infrastructure
project

The formulation of the standard is to reflect
the basic keystone for sustainable
development in civil buildings. On the
condition of meeting the construction
requirements to realise resources saving and
environmental protection in the project
lifecycle.

Construction Project
Economic Evaluation

Construction

Permits decision-makers and analysts to
look at a project from the perspective of
various stakeholders, particularly the
implementing agency, and society in

Approaches and Parameters  project general. Mainly considers the aspects of the
(2006) . ; )
economic analysis of the construction
project.
S To ensure the environmental impact
Specifications for . . .
: Highway assessment of highway infrastructure
Environmental Impact . X . A
. infrastructure projects set this specification. It evaluates
Assessment of Highways . . g .
project the socio-economic impact, environmental

JTG B03-2006

impact, noise impact and air quality impact.

Technical instructions for
Green Building Evaluation
(Planning and Design
Section) (2015)

Construction
project

A supplement to the Evaluation Standard
for Green Building (2006); applies to
planning and design stage, and Evaluation
Standard for Green Building applies to
construction and operation stage.

Yunnan Provincial
Evaluation Standard for
Green Building (2011)

Residential and
public buildings
construction

The key aspects include green building
design technology, energy-saving
technology and equipment, building
integrated renewable energy devices
technology

The Guideline of Investment
Project Feasibility Study
(2002)

National
Development and
Reform
Commission

Defines the scope and techniques of
feasibility study for engineering projects,
and guides the preparation of feasibility
study report. It not only covers the project
backgrounds, market forecasting, project
economic benefits, institutional organisation
and human resource assignment, but also
concerns the impacts on the environment,
people and local community.
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Figure 7.3 Key assessment factors from industry standards

Cost-benefit analysis

Financial analysis

Sources of Funding & Financing schemes
Regional economic impact analysis

Stakeholders economic impact analysis

protection

. Set the organisation to
Ve manage the environment

Ecological environment impacts

\—————-

Supervision on environment protection

Green construction technology and equipment

|
|
|
|
|
{

Local cultural
relics, forests,
farmland and

—
Financial risk
- other rc_aserves
/ o Green building materials and energy saving /’ protection
Total Investment / Yunnan Provincial /
Return on investment / Evaluation Standard for / l I
Economic intemal rate of |, EESHEN Land savings and outdoor environmert | /
Return ) :
Payback period Energy saving II !
Net present value Water saving | . Means of livelihood
I Saving resources Evaluation Standard for Materials saving | : Sssézig;"fe
| Using renewable resources Green Building Indoor environmental quality / e  Relocation for
| ; - Sustainability settlements
[ Using sustainable techniques, Green D$I§unizﬁgmsjard orCivt m Assessment in Highway Operations and management // 14 Social-economic
| materials, project structure Infrastructure Project ! development
\ Meet the local requirements 'l o ﬁ;lt'rtua:gel and historic
\\ Social-eco benefit Community impact < I
~S - Financial benefit |
_______ Market demand Ecological environment | |
i ; I
L A . Social environment
Land use and civil engineering general rules . . —/ - |
Specifications for Water and land protection \
Environment protection, energy saving and workforce safety Construction Project Environmental Impact | . Impacts on
A i g Noise impacts i
Project organisation structure and labour Feasibility Report ssessment of Highwa seimp ’_cransportatlon
landscape impacts Infrastructure infrastructure
Organisational structure impacts . Impacts on
Implementation schedule Groundwater impacts highway network
Air impacts

Accident risk

124




The key factors from the standards and regulations of sustainability assessment for highway
infrastructure projects are showed in Figure 7.3. These standards are issued by national and
local authorities and are usually recommended as guidelines for the sustainability
assessment of highway infrastructure projects. The emphasis of these standards is on saving
energy and resources, reducing noise, air and water pollution, increasing social and
economic benefits, using new technologies and building an appropriate organisational
structure. Finally, the emphases from standards were thematically categorised in the five

aspects by the content analysis method as shown in Table 7.2.

Table 7.2 Assessment indicators categories

Code | Category Sub-category
Al Land use
A Environment aspect | A2 Energy and resource use

A3 Environmental pollution

B1 Coordination with overall development plan

B Social aspect —

B2 Impacts on social life

C1 Cost and economic benefits
C Economic aspect C2 Financial benefits

C3 Impact on local economy

Technological aspect

E Governance aspect

The sustainability assessment of highway infrastructure project aims to examine whether
the project development process is undertaken in a sustainable way. Therefore, the six
sustainable development principles of construction projects in Chapter 3 were used to guide
the indicator selection, including respecting environmental limits, meeting social
development needs, contributing to economic development, promoting good governance
and containing both short-term and long-term goals. In this research, the six principles were
used to focus the categories of indicators to: environmental, social, economic, technological
and governance aspects. The long-term and short-term goals were included for the impacts
on environment, social and economic aspects through technological capability and project
management. For example, reducing energy and resource use can reduce the long-term
environment impacts, it also can reduce the construction costs. It is important to understand
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that the contributions and impacts of a highway project on the local economy and
environment sometimes take decades to realise, and investment on highway infrastructure
project is taken with a long term view. Indeed, sustainability of highway projects take a
long term view when most society models are typically based on short term financial

benefits.

The standards tend to focus on the environmental impacts and project economics. Even
where there is some reference to human life, more emphasis on sustainability needs to be
included in the assessment criteria. Also, the trends at the local level need to be included in
the assessment. Therefore, seventeen existing sustainability assessment frameworks and
systems for highway infrastructure projects, construction projects and transportation

infrastructure projects were used as alternative indicator resources (Table 7.3).

According to the China Integrated Knowledge Resources Database, there are no studies on
sustainability assessment of highway infrastructure projects in Yunnan, therefore,
seventeen assessment indicator systems were selected from other provinces to identify the
most suitable for determining the sustainability of projects. According to China Integrated
Knowledge Resources Database, these seventeen studies chosen have been cited over 100
times and are representative studies in this area, they can provide the references to build the
sustainability assessment model for Yunnan. For example, Sichuan Province is the
neighbouring province to Yunnan and shares a similar culture and environment. Hubeli
Province has complex landscape, like Yunnan with several rivers running through the
region. Xinjiang is a border province of China with multi-ethnic groups, again, like Yunnan.
Shanghai, the most developed area in China, was the first to build a sustainability
assessment system for highway infrastructure projects and has a more comprehensive
approach than other places. The experiences in sustainability assessment can be built upon

by Yunnan Province. Table 7.3 lists indicators from the studies of other provinces in China.

126



Table 7.3 Relevant studies of the sustainability assessment indicators

Relevant studies

Study area

Related indicators

Shen et al. (2011)

Sustainability of
infrastructure
project

Financial risk, lifecycle benefit/profit, public
safety, effects on local development,
provision of ancillary amenities to local
economic activities, effects on air quality.

Chen and Liao (2009)

Road project

Road network density, road network
connectivity, regulation support capacity,
clean energy use rate, technology innovation,
safety, noise impact.

Shi (2007)

Construction project

Site selection, planning, construction,
operation management.

Sun and Li (2013)

large-scale
transportation
infrastructure

Financial net present value (NPV), financial
internal rate of return (IRR), national
economic benefit, natural resources
consumption, application of new technology,
the rationality of the planning.

Lu et al. (2009)

Highway Project

Impacts on local, regional and national
socio-economic development, price of inputs
and outputs; benefit to transportation
network.

Chen and Fu (2009)

Highway project

Site management, feasibility of uses of
renewable resources, construction costs,
owner commitment, stakeholder
management, cost-benefit analysis, decision
for conservation, impact on adjacent
property, land use, sensitivity of site, reuse
of building, structure, resources.

Zhang et al. (2005)

Highway project

Cost/benefit ratio, NPV, IRR, utilisation of
energy and non-renewable resources, attract
investment.

Peng (2010)

Highway project

Increased labour demand and employment
opportunities, reduced travel time, contribute
to road network and transportation network.

Chen and Tian (2008)

Highway project

Enhance the internal governance and
management, communication capability,
social and economic development,
environmental impacts control.

Zhu et al. (2010)

Construction project

Impacts on landscape, water, air and eco-
environment, waste control, energy saving,
public infrastructure and facilities setting.

Ge et al. (2006)

Highway project

Promote the political stability, social and
economic development, enhance
sustainability awareness, pollution control
and environmental protection.

Lu and Yuan (2013)

Highway project in
Hubei Provinces

Yangtze River bridge /tunnel numbers,
adaptation of local culture.
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Relevant studies

Study area

Related indicators

Liang (2016)

Highway project

Improve the capability of services,
contribution to economic and social
development, save resources and energy,
coordination with other transportation
methods and organisations.

Liang (2014)

Highway project In
Shanxi Province

Construction project finance indicators
(static payback time, profitability, solvency
and ability to resist risks, cost etc.), impacts
on local economic and social development,
and environment.

Feng (2009)

Highway project
Sichuan Province

Contribute to social development and
political stability, improve the project quality
by new technology and management,
coordination with other transportation
methods, regulations and governance system.

Ma et al. (2010)

Highway project
Xinjiang Province

Bring a coordinated development of regional
economies, reduce unemployment, promote
strategic restructuring of the economy,
increase state revenue, promote population
increase, promote equity and
competitiveness, to strengthen the military
defence level, bring development of minority
areas and protection of ethnologic culture.

Dai et al. (2004)

Transportation
project Shanghai
City

Population growth rate, GDP per capita,
traffic congestion time, transportation
facilities, land resources, fuel types, traffic
accessibility.

7.5.2 Collecting indicators

There are total sixty-seven indicators included in the twenty-four standards systems and
existing assessment frameworks (Table 7.4). The sixty-seven indicators were coded and

classified with content analysis by EXCEL.
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Table 7.4 Indicator resources

Related Indicators Code
A. Environment aspects

Al. Land use

Impacts on farmland S1
Impacts on forests S2
Pollution on land S3
Project site suitability S4
Overall plan of urban development S5
A2. Energy and Resource use

Total lifecycle primary non-renewable energy use S6
Electrical peak demand S7
Materials use S8
Renewable energy use S9
Ecological resources use S10
Resources and materials recycle S11
A3. Environmental pollution

Greenhouse gas emissions S11
Other atmospheric emissions S12
Solid wastes S13
Other air pollution S14
Waste water pollution S15
Pollution of groundwater S16
Pollution of rivers S17
Pollution of potable water S18
Noise pollution S19
Electromagnetic pollution S20
Light pollution S21
B. Social aspects

B1. Coordinating with overall development plan

Project function S22
Project multiple uses S23
Improvement on road network efficiency S24
B2. Impacts on social life

Political stability S25
Reduced travel time S26
Providing job opportunities S27
Improvement of public health S28
Effects on development of local education S29
Protection of cultural and natural heritage related to the project S30
Resettlement work S31
Acceptable to different stakeholders S32
Coordination with various organisations S33
Serviceability S34
Impact on quality of life S35
Impacts on local culture S36
Impacts on landscape S37
Impacts on means of livelihood S38
C. Economic aspects

C1. Cost and economic benefits

Lifecycle cost S39
Return on Investment (ROI) S40
Net Present Value (NPV) S41
Cost/benefit ratio S42
Internal Rate of Return (IRR) 543
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Related Indicators Code

Lifecycle profit S44
C2. Financial benefit

Project financing channel S45
Project investment planning S46
Financial risk S47
Payoff period S48
Project budget S49
C3. Impacts on local economy

Contribution to improvement of people's income and living standards S50
Contribution to local economy development S51
Attract investment S52
Increase tax income S53
D. Technological aspects

Controllability S54
Advantage of project technologies S55
Improvement of road network efficiency S56
Maintainability S57
Extendibility S58
Disaster prevention capability S59
Flexibility and adaptability S60
Project quality S61
New energy use S62
E. Governance aspects

Administrative rules S63
Rationality of project design and planning S64
Rationality of organisational structure design S65
Sound governance systems S66
Employees performance assessment S67

According to Cao et al. (2010), the number of indicators depends on the nature of the
evaluated project and evaluation purposes, it should not only choose relevant indicators but
also avoid using indicators which may result in duplication. Therefore, the duplicated
indicators were combined, any individual indicators which appeared over seven times
(occurrence rate 25%) were formulated into a preliminary indicator list. The Specifications
for Environmental Impact Assessment of Highways JTG B03-2006 integrates pollution of
groundwater, pollution of rivers and pollution of potable water into one indicator — impacts
on water. In the same manner, impacts on farmland and impacts on forests were combined
into one indicator- impacts on land. In total, thirty-nine duplicated indicators were selected
as shown in Table 7.5 and grouped into five categories, there were thirteen indicators
covering economic sustainability, eight indicators dealing with social sustainability, nine
indicators involved with environmental sustainability, six indicators were within

technological sustainability and three indicators are governance sustainability.
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Table 7.5 Preliminary list of indicators

Aspects Code Indicators
S1 Lifecycle cost
S2 Project budget
S3 Project financing channel
S4 Project investment planning
S5 Lifecycle profit
S6 Financial risk
S7 Return on Investment (ROI)

Economic aspect

S8 Net Present Value (NPV)
S9 Payoff period
S10  Internal Rate of Return (IRR)
S11  Cost/benefit ratio
S12  Contribution to local economy
Contribution to improvement of people's income and
S13 -
living standards
S14  Providing job opportunities
S15 Improvement of public health
S16  Effects on development of local education
- s17 Proj[ection of cultural and natural heritage related to the
Social aspect project
S18  Resettlement work
S19  Suitable to different stakeholders
S20  Coordination on various organisations
S21  Serviceability
529 Effect_s on land (e.g. Land consumption and land
pollution)
523 Effects on ecological environment (changes on climate
and local geology)
S24  Effects on air quality
. Effects on water qualit roduced waste water,
Environmental aspect 525 consumption of Waterq resou%ce(,ppotential contamination)
S26  Noise pollution
S27  Waste disposal
S28 Use of green energy sources
S29  Energy saving
S30  Effects on natural landscape and historical sites
S31  Advantage of project technologies
S32  Coordination with other transportation projects
Technological aspect S33  Improvement of road network efficiency
S34  Maintainability
S35  Extendibility
S36  Disaster prevention capability
S37  Rationality of project design and planning
Governance aspect S38  Rationality of organisational structure design
S39  Sound governance systems

Each aspect listed in Table 7.5 can be expanded upon as follows:
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Economic sustainability assessment

Economic sustainability assessment tends to emphasise the impacts on two levels, that is,
public and project. In other words, the evaluation is to ensure a sound financial basis for the
project to maintain value in the development process, and determine if the highway

infrastructure project development brings economic benefits to the local area (Peng, 2010).

The impacts on local economics were reflected by the indicators of support for the

improvement of living standards and enhancing the benefits to all members of society.

The project financial data was used to evaluate the economic benefits of a project, including
indicators lifecycle cost and profit, project budget, project financing channel, project
investment planning, payoff period, financial risk, Internal Rate of Return (IRR), Net
Present Value (NPV) and Cost-benefit ratio. The financial analysis of major infrastructure
projects has traditionally emphasised the decision-making process, it can be used to
estimate project outputs (Moutinho and Lopes, 2011). The goal of project financial analysis
is to determine whether to take on the project, to calculate its profits and to ensure stable
finances throughout. In other words, financial analysis evaluates project liquidity and
profitability. The evaluation of the economic performance at the project level is unlikely to
proceed if it is financially unviable based on the financial indicators (National Development
and Reform Commission [NDRC], 2006).

Social sustainability assessment

Social sustainability assessment refers to the systematic appraisal of impacts on the quality
of life of local people affected by highway infrastructure projects. It focuses on improving
public health, employment opportunity and education, protection of cultural and natural
heritage, meeting the demand of commodity circulation, immigration resettlement by
highway infrastructure project land requisition, means of livelihood, transportation and
communication of people along the highway, improvement of transportation system and

other issues related to social development.

Environmental sustainability assessment
The environmental indicators focused on environmental protection, reducing impacts on

wildlife and forest land, reducing noise impacts and natural resources utilisation, reducing
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impacts on water, land and air and reducing greenhouse gas emissions. At the same time,
improving health and safety, encouraging eco-renovation and cost-effective techniques for
new construction, improving the efficiency of land use and rationalising the land use

structure, establishing a comprehensive ecological strategy.

Technological and governance sustainability assessment

Technological sustainability assessment includes the influences on the road network,
services provided by highway and impacts on other aspect caused by the techniques and
technologies. The governance sustainability assessment tended to evaluate the management
efficiency of the highway infrastructure project from pre-development stage to post-
operation stage including the project planning and design, organisational structure and

governance systems.

7.5.3 Types of indicator

The indicators of the aspects related to the design of the route, pavement, subsoil, bridge
construction and traffic facilities use of the highway infrastructure project are based on the
rationale used to construct the project through a sound management system, well organised
structure and advanced technologies and techniques. This will eventually achieve the goal
of saving time and improving safety, reducing construction cost and increasing benefits,
and efficiency of the highway infrastructure (Peng, 2010). Evaluating if the project
construction meets the design goals were focused on maintainability and extendibility of
the project, coordination with other transportation projects, improvement in road network
efficiency, and the capability of preventing project risks (e.g. natural disasters).

Indicator development in this study was based on the following rules: firstly the
sustainability requirements associated with highway infrastructure projects in Yunnan were
considered based on the above indicator selection principles. Then, guided by the
assessment objectives and goals, the sustainability assessment in highway infrastructure
project evaluated the conditions and activities (input) in project lifecycle improvement
results (output) of the project. Therefore, evaluation of sustainability should include the
process and results indicators (Cao and Wang, 1998). Inputs ensure that it is possible to
deliver the intended results of a project; outputs are the direct immediate results associated

with a project. In other words, they are usually what the project has achieved in the short
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term. The assessment also evaluated not only the input and output, but also the outcomes,
that is, the medium or long-term consequences of the project. Figure 7. 4 shows the result
chain of sustainability assessment indicators, it provides a theoretical model for defining

the interrelated indicators of a highway infrastructure project required for its sustainability.

Figure 7.4 The result chain of indicators

Results
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Resources Immediate Interim results (objectives)
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Coordination with other network efficiency
transportation projects Sound governance systems
Maintainability
Disaster prevention capability
Extendibility

As Figure 7.4 shows, input indicators are the requirements to implement sustainability in
project, if the necessary input requirements are not available the project cannot be
constructed using a sustainable approach. For example, in a sustainability highway
infrastructure project, input can be ‘use of green energy source’, it can reduce the effects
on the ecological environment, reduce the effects on land, and ‘an appropriate investment
planning’ can reduce the financial risk and contribute to the local economy and improve
people’s living standards. Sustainability assessment not only evaluates the use of external
sustainable inputs in a project’s lifecycle, but also enhances the reduction of inputs and
moves towards sufficiency. The input indicators calculate the financial investment (e.g.
lifecycle cost, budget, financing channel and etc.), energy (e.g. use of green energy sources)
and elements of management (e.g. project design and planning and organisational structure)
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introduced into the project development. It evaluates to what extent the production process
depends on these inputs.

The project output and outcomes are both the result of the project, there is often confusion
about the two terms. To distinguish between them is to consider whether the indicator
describes project effectiveness. Outputs are the products or services delivered by the inputs
and outcomes are the short and medium-term benefits that those products deliver. For
example, reducing the financial risk and producing cost are outputs; they offer no indication
of whether the project investment improves effectiveness. The outcomes for a project, their
medium or long-term effects, may include development of the local economy, improving
people’s living standards, and reducing effects on the ecological environment.

The output indicators produce some of the classic indicators of highway infrastructure
project construction efficiency (e.g. Return on Investment, Net Present Value, cost/benefit
ratio, and etc.), and also includes specific sustainability requirements (e.g. coordination
with other transport projects, improvement of the road network, extendibility and so on).

7.5.4 Indicators validation by questionnaire

Since this research is intended to develop a new sustainability model, different indicator
systems already in existence, experts’ experiences and knowledge were obtained using a
questionnaire to help in the determination of the most appropriate indicators. The
assessment indicators were initially selected through the mean scores from the participants’
opinions on the relative importance of each indicator, and considering the comments or
adjustments made by the participants. Secondly, the findings from the questionnaire were
used to assign a weighting to each selected indicator, the calculation process of which is

explained in the following sections.
7.5.4.1 Questionnaire design

The questionnaire was designed and then distributed to experts in Yunnan to measure their
perception of the sustainability assessment indicators of highway infrastructure projects
(Appendix ). There are two parts of the questionnaire, the first part was personal
information of the participants including nature of employment and number of years of
work experience. These questions can determine if the respondents have experience in
dealing with sustainability in highway infrastructure projects. The second part created a
score for the thirty-nine indicators. The participants graded the indicators using a five-point

Likert scale which allowed them to express the significance of the preliminary indicators.
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A score of ‘7’ indicated very high significance, ‘5’ indicated high significance, ‘3’ average
significance, ‘1’ low significance, and ‘0’ not relevant. If the participants considered that
there were omissions or changes were needed for the indicator, they could give comments.
At the end of this part of the questionnaire, a blank space was provided for respondents to

provide general or specific comments about the indicators.

The length of the questionnaire was three pages, in general, long questionnaires get fewer
response (Galesic and Bosnjak, 2009), it could be assumed that the length of the
questionnaire used in the study would not affect the response rate. Twenty questionnaires
were sent to participants from industry and Yunnan University of Finance and Economics
to test the research process. According to the participants’ feedback, they needed fifteen
minutes to complete the questionnaire, email and hand delivery were both acceptable

distribution methods for the participants.

100 professionals participated in the survey to identify any missing indicators and validate
the proposed indicators. Thirty-four questionnaires were sent via the internet, with the
remaining sixty-five questionnaires hand delivered. Senior managers of Yunnan Highway
Development and Investment Co., Ltd with 17,000 employees and Yunnan Construction
and Investment Holding Group Co., Ltd with 7000 employees were contacted first. The two
companies are major highway construction contractors in Yunnan Province, involved in
activities related to road building, maintenance, supervision, investment and providing
transport services for highway construction. After gaining approval by the managers, the
survey was distributed to senior staff members with relevant experience in this area. This
approach was also used for the Transport Department, Development and Reform
Commission of Yunnan Province. Two department directors from government were
contacted first, and with their help the questionnaire was sent to other regulators, decision-

makers and consultants in the government.

7.5.4.2 Participants analysis

The respondents of this study comprised of three groups of experts including academic
professionals, government officers, and construction engineers, all practicing in the relevant

area of highway infrastructure projects in Yunnan Province. By the end of November 2016,
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a total of eighty-eight questionnaires were returned, of which sixty- seven were valid, giving
a response rate of 88%, and an effective questionnaire return ratio of 67%. Fifteen
respondents indicated no experiences in sustainability even though they had over five years
working experience in the construction industry, and six questionnaires were incomplete,
so their responses were not used in the study. Among the sixty-seven respondents, twenty-
one were academic professionals, twenty-eight were government officers and eighteen were
construction engineers. Twenty-seven respondents had five years working experience,
twenty-four respondents had working experiences more than five years, and sixteen
respondents had ten years or more working experiences (Figure 7.5). They all have

knowledge and experience of the research area ensuring the response quality.

Figure 7.5 Backgrounds of the experts

Working experience Professions backgrounds

Government
officers
, 42%

N

m Academic professionals Government officers
m5years mOver5years ®10 years m Construction engineers

7.5.4.3 Comments on indicators

The data analysis of the questionnaire commenced with comments on indicators to ensure
all the important indicator were included in the survey. Thirteen (19.4%) responses
suggested that the indicators needed correction. The comments were grouped according to
the specific problems shown in Figure 7.6
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Figure 7.6 View of comments about indicators

Lifecycle cost and lifecycle profit duplication
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indicator

R Environmental indicator should add
energy consumption

The comments focused on economic and environmental indicators. The Construction
Project Economic Evaluation Approaches and Parameters (NDRC, 2006), Specification on
Compiling Feasibility Study Report of the Construction Project (2006) and relevant

standards and studies were reviewed to address these comments.

Six responses commented that the indicator of ‘Lifecycle profit” (LCP) duplicates
‘Lifecycle cost” and ‘Net Present Value (NPV)’. LCP is regarded as the project investment
profit, the analysis of LCP is included in Lifecycle cost (LCC) analysis, cost/benefit
analysis and Net Present Value (NPV) analysis (Cao and Dong, 2012). According to Shi
and Huang (2015), the large-scale construction project economic assessment of profit
includes NPV, Return on Investment (ROI), Payoff Period, cost/benefit ratio, and the LCP
is a part of LCC. Therefore, the ‘lifecycle profit” was removed in this study.

Five responses suggested that ‘Sensitivity analysis’ should be added. As a technique for
investigating the impact of changes in project variables, it is an indicator for evaluating
economic sustainability (lloiu and Csiminga, 2009). Sensitivity analysis is an economic
analysis indicator in the project feasibility report for making a judgement on project risk,
using the IRR, NPV, Payoff Period and relevant financial indicator to analyse the
uncertainty factors of the project (Lang, 2007). In this study, IRR, NPV, Payoff period and

Financial risk were included as assessment indicators, and the indicator of ‘Financial risk’
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includes break-even point analysis and sensitivity analysis (NDRC, 2006). For this reason,

‘Financial risk’ was retained and ‘Sensitivity analyses’ was not added.

The indicators of ‘Project financing channel’ and ‘Project investment planning’ should be
merged according to six responses. Specification on Compiling Feasibility Study Report of
the Construction Project (2006) required that simple project economic evaluation must
include the investment plan which contains the project financing channel (NDRC, 2006).
Thus, the advice from the responses was accepted and these two indicators were merged

into one ‘Project investment planning.’

Five responses recommended that the ‘Energy consumption’ should be added to the
environmental aspect. In the Design Standard for Energy Efficiency of Public Buildings
(2005), reducing energy consumption is considered as a part of resource saving, and it is
included in energy saving in the Evaluation Standard for Green Building (2016) notes. Thus,
energy consumption will not be included in the indicator system.

Taking into account the responses of participants, and reviews of official documents, thirty-

seven indicators were selected.

7.5.4.4 Indicator score

The average value of the significance of each indicator was calculated using EXCEL and
illustrated in Table 7.6. The average value of all thirty-seven indicators were obtained for
assessing the sustainability performance of highway infrastructure projects. It shows that
the score of economic indicators are higher than social and environmental indicators. This
result is in line with the development tendency of China where economic development is
put in the top position of national development. Yunnan is an undeveloped area in China,
its financial and economic status lags the national experience and the economic
development was given most importance. The result also can be found from the score of
S10 (Contribution to local economy) and S11 (Contribution to improvement of people’s
income and living standards), the scores of these two indicators were given a high value by
all three groups. However, the score for each aspect from different response groups varied.

Table 7.7 shows the difference in scoring from three response groups calculated by SPSS.
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Table 7.6 Mean of the indicators

Code Indicators Mean
S1 Lifecycle cost 47313
S2 Project budget 45821
S3 Project investment planning 45373
S4 Financial risk 4.9104
S5 Return on Investment (ROI) 5.0896
Economic S6 Net Present Value (NPV) 5.0299
aspect S7 Payoff period 4.9403
S8 Internal rate of return (IRR) 4.9701
S9 Cost/benefit ratio 5.0448
S10 Contribution to local economy 5.1642
s11 Contribution to improvement of people’s income
and living standards 5.0299
Average 49118
S12 Providing job opportunities 3.4478
S13 Improvement on public health 3.1493
S14 Effects on development of local education 3.4179
_ 515 Protection of cultural and natural heritage which
Social aspect related to the project 3.5821
S16 Resettlement work 4.0448
S17 Suitable to different stakeholders 3.0746
S18 Coordination with various organisations 2.6866
S19 Serviceability 4.0149
Average 3.4273
$20 Effects on land (Land consumption and land
pollution) 4.4627
s21 Effects on ecological environment (changes on
climate and local geology) 45821
S22 Effects on air quality 45522
. Effects on water quality (produced waste water,
Environmental g3 consumption of water resource, potential
aspect contamination) 45522
S24 Noise pollution 4.1642
S25 Waste disposal 4.1343
S26 Use of green energy sources 4.1791
S27 Energy saving 4.1493
S28 Effects on natural landscape and historical sites 4.0299
Average 4.3118
S29 Advantage of project technologies 4.2388
S30 Coordination with other transportation projects 4.7015
Technological ~ S31 Improvement on road network efficiency 5.0299
aspect S32 Maintainability 5.0000
S33 Extendibility 4.7910
S34 Disaster prevention capability 4.3582
Average 4.6866
Governance S35 Rat!onal!ty of projec_t dgsign and planning_ 4.8105
aspect S36 Rationality of organisational structure design 4.5241
S37 Sound governance systems 4,7819
Average 4.7055
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Table 7.7 Experts’ group score of indicators

Mean of Indicators
Indicator . . . . .
Academic Professional | Government officer Construction engineer
S1 4.0276 4.2181 5.9483
S2 4.3678 4.9154 4.4630
S3 4.3045 5.3283 3.9791
S4 4.0162 4.9686 5.7464
S5 4.6690 4.4309 6.1690
S6 4.4770 4.8818 5.7310
S7 5.2075 5.6123 4.0012
S8 3.6130 5.0177 6.2796
S9 4.0832 5.8094 5.2419
S10 5.7991 5.0610 4.6324
S11 5.7336 4.6860 4.6702
Average 4.5726 4.9936 5.1693
S12 4.3592 3.0219 2.9624
S13 3.4469 2.7683 3.2326
S14 3.2513 4.1560 2.8465
S15 3.5504 4.0504 3.1456
S16 4.8755 4.2723 2.9866
S17 3.5402 3.1275 2.5560
S18 2.5477 2.9881 2.5239
S19 5.3310 3.4937 3.2199
Average 3.8628 3.4848 2.9342
S20 4.9336 4.6003 3.8543
S21 5.0636 4.3969 4.2858
S22 4.7453 5.1064 3.8048
S23 4.8538 4.2705 4.5324
S24 3.3480 4.1258 5.0187
S25 5.1555 4.2031 3.0444
S26 4.2029 3.6315 4.7029
S27 4.6096 3.4668 4.3715
S28 3.6357 4.8976 3.5563
Average 4.5053 4.2999 4.1301
S29 4.9249 3.9421 3.8495
S30 4.6936 4.9555 4.4555
S31 4.8659 5.8024 4.4214
S32 4.3730 5.1111 5.5159
S33 5.7778 5.2143 3.3810
S34 4.3000 5.0778 3.6968
Average 4.8225 5.0172 4.2200
S35 4.7782 5.0653 4.5878
S36 4.8839 3.2569 5.4315
S37 4.7370 4.4909 5.1179
Average 4.7997 4.2710 5.0457
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As Table 7.7 shows, academic professionals gave higher importance (3.8628) to social
indicators than construction engineers (2.9342). S16 ‘Resettlement work’ was the most
obvious difference between the two groups. The construction of large-scale infrastructure
projects usually requires the acquisition of large tracts of land, and ‘withdrawing this land
from production eliminates the main means of livelihood for its owner, and that land often
cannot be easily replaced nearby’ (Picciotto et al., 2001). This indicator was rated higher
than other social aspect indicators by academic professionals, because resettlement is
associated with many problems including legal issues, such as human and property rights,
appropriate compensation, restoration or improvement of livelihoods (Yan, 2015).
Resettlement is not the only problem associated with highway infrastructure projects, other
social issues have become major concerns for both academic professionals and government
officials. As China’s official press agency Xinhua stated (2013, cited in Shi et al., 2014),
construction of infrastructure often causes conflicts between the local community and the
project developers which can subsequently result in cancellation or postponement. Even
worse, it can cause community conflicts that can affect social stability.

The difference was also shown in environmental aspect. Environmental crises are
increasing in China and how to solve them has become a subject of academic study, with
people demanding government action to address the problem, the academics and
government officers rated the environmental issues higher than the construction engineers
(Yanetal., 2013). Green construction has been encouraged for more than ten years in China,
but the awareness of environment protection is still weak due to the promotion of economic
growth that enabled owners and construction companies to tend towards reducing cost by
relying upon traditional construction methods (Huang, 2017). This tendency is also

reflected in the score of economic aspect.

The indicators score in economic aspect from the construction engineers and government
officers was higher than the academic group. The construction engineers included project
investment director, project manager, construction controller, project inspector and
decision-maker for the project, gave more importance to the project benefit. Construction
engineers scored project profit indicators (IRR, ROI and NPV) higher than other indicators
and as a result, the economic aspect was given a higher score than others. Not only that,

because the technological and management systems support measures to ensure the
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construction quality of the project, the score of these two aspects were put in the second
place. Building and construction techniques developed to reduce energy and materials
consumption have been encouraged in recent years, reflecting a global trend (Zabihi and
Habib, 2012). Through improving technologies and using efficient techniques the

sustainability performance of the project can be improved (Peng, 2010).

The average score of all five aspects by the academic group showed a relatively small
difference between them, which could indicate a more balanced approach to the overall

factors of highway infrastructure project construction.

7.5.4.5 Reliability analysis

This research used Cronbach’s Alpha coefficient method to test the data reliability. As table
7.8 shows Cronbach’s Alpha coefficient for all indicators was 0.850, the indication of a

good level of overall consistency, and the data was considered reliable.

Table 7.8 Cronbach’s Alpha coefficient result

Cronbach's Alpha | N of Items

0.850 37

Cronbach’s Alpha coefficient was computed by SPSS.

7.5.4.6 Validity analysis

The design of the survey not only combined the knowledge of sustainable development,
project management and construction but was also tested by the pilot study. The contents
were considered to be valid. The respondents to the questionnaire were all familiar with the
development of highway infrastructure projects and had experiences and knowledge of

sustainability, giving the results validity.
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7.5.5 Indicator weighting

Weighting indicates the relative degree of importance of the indicator in the overall
evaluation system, it is used to measure the value of each factor’s relative importance in the
evaluated project (Zhu and Yuan, 2002). Give that the indicator weighting is a crucial part
of the sustainability assessment, a significant weighting would directly influence the
assessment. The methods available to confirm the indicator weighting are varied, but can
be summarised in two categories, subjective weighting and objective weighting. Subjective
weighting methods mainly rely on the experts’ understanding of the indicator importance,
and objective weighting methods are produced through mathematical calculation (Nie,
2002).

Analytic Hierarchy Process (AHP) is the preferred indicator weighting technique for Multi-
Criteria Decision Analysis (MCDA) sustainability assessment tools (Kumar et al., 2015).
Sun and Li (2013) and Gao and Yu (2014) used it in sustainability assessment of large-scale
infrastructure projects; Barbosa and Gomes (2015) used it to assess efficiency and
sustainability in the chemical industry; Mani et al. (2014) evaluated supplier selection using
social sustainability based on AHP. As Zhang (2015) stated, AHP is not only used in public
construction projects, but also dominates environmental management for the power and
energy industry, transportation industry, and healthcare. It shows that this method can be

adapted to a wide range of topics.

Some studies argue that AHP calculates weightings subjectively, there are more objective
methods used for assessing sustainability in China. Zhang et al. (2009) applied the Entropy
method to evaluate sustainability in cities, Mei (2014) used the Entropy method to assess
sustainable development for the Bohai Sea region in China. Through these studies,
researchers found the reliability of weighting by objective methods are higher than
subjective methods. However, Li et al. (2004) pointed out that objective methods’ intention
is to evaluate the quantity of information and determine the contribution of the variables
which requires abundant quantitative data, such as statistical data from government and

authorities, which is lacking in this research.

The selection of indicator weighting methods in this study needs to establish a match

between the objectives and results, the effectiveness of the results, and the ability of the
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researcher. After taking into account the factors of cost, time, practicality and efficiency,
AHP was chosen to assign weightings to the indicators due its advantages of less cost,
simple principles and straightforward calculation.

7.5.5.1 Analytic Hierarchy Process

AHP has the advantage of in-depth analysis and implementation (Zhang et al., 2005). The
decision-making and implementation process benefits through the evaluation of the
influencing factors and the internal relations between the factors, combined with the
quantitative analysis to realise the decision-making process quantification. AHP can
effectively evaluate project uncertainty and subjectivity, and can be used in the decision-
making process where results are difficult to quantify (Dai et al., 2014b). Both quantitative

or qualitative information can be evaluated using the AHP method.

Steps of AHP

Fundamentally, AHP breaks down a complex situation into several parts or criteria and puts
them into a hierarchy using synthetic judgments to determine which part or criterion is more

important for the situation. AHP can be implemented in three consecutive steps:

e Constructing pairwise comparison matrix.
e Computing the relative weightings of the compared factors using the judgement matrix.
e Computing indicator weightings at all levels.

The details of each step will be described below.

Constructing pairwise comparison matrix
A matrix of pair wise comparison between criteria is used to evaluate the importance of the

criteria. A pairwise comparison matrix A is an nxn matrix which is used to compute the

.....

the matrix A represents the importance of the factor i relative to the factor j. Then the
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judgment matrix A which contains pairwise comparison value a;; for all i, j € {1, 2...

n} is given as follow:

a; 8, . &,

ay dy . Ay,
A=(ay),, = .

a,; a, .. a,

The value of a; is based on statistical data, decision-makers’ opinions and experts’
experiences. All the criteria in the comparison matrix are positive, a;>0, and should meet

the requirements of:

a =1 a. = (ij=12..n)

1]
Ji

e.g. if criterion i is more important than criterion j, a; =5 (Strongly important) and a;; = 1/5.

The importance of each criteria is based on the comparison matrix, and the pairwise
comparisons of the criteria are made with the grades ranging from 1-9 (Table 7.9). The
basic assumption is that if criteria A is more important than B and is rated at 9, then B must

be less important than A and is graded as 1/9.

Table 7.9 Scale of relative importance (Saaty, 1980)

Intensity of  |Definition
importance
1 j and k are equally important
j is slightly more important than k
5 J is more important than k
7 j is strongly more important than k
9 j is absolutely more important than k

Accordingly, Saaty’s 1-9 scale was used to create the example of pairwise comparison

matrix A shown in Table 7.10.
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Table 7.10 Example of pairwise comparison matrix A

A Ci C Cs
Ci 1 2

C, 1/2 1 4
Cs 1/3 1/4 1

Reading the matrix of pair comparisons in Table 7.11, there are three factors C1, C2 and Cs
which are compared between with each other, all representing criteria. Row 1, column 3
(shows 3): criterion C1 is “slightly more important” than criterion C3; This evaluation is in
good agreement with the evaluation from row 3, column 1(shows 1/3): criterion C3 is
“slightly less important” than criterion C1. Comparison matrix shows importance levels of
factors to each other within a certain logic framework, it can help to determine the
percentage importance distribution to matrix, namely weighting.

Computing the weighting of each indicator

Weighting refers to the importance of the criterion, and there are several methods for
calculating it, this research used the root method to calculate the weightings. It is referred
as weighted geometric mean method (Saaty, 2008) where each alternative is a weighted

geometric mean of individual judgements. The steps are as follows:

1) Product of Mi by multiplying together all the entries in each row of the matrix and

normalising the eigenvector: M; - [[i, P;; (i=1, 2.... n).

2) Calculate the n root of Mi: Wi = 3/ M;

- W;
3) Normalize Wi . W; Z” W y, (i=1, 2.... n).

Therefore, W :[Wl, W,, W,, W,, W, We]T is the eigenvector, and it is the weighting of the

criterion. The calculation process is shown in Table 7.11.
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Table 7.11 Example of computing AHP weight

A Ci C; C3 Geometric Mean Weighting

C: 1 2 3 Y1 x2x3=1817 1.817/3.514=0.517
C: 12 1 4 305x1x4=126 1.26/3.514= 0.359
C: 13 14 1 033 X 0.25 x 1=0.437 0.437/3.514 =0.124

1.000

Matrix A for n (=3) criteria; (for n=n? (n/2); Mi=C1xC2XxCs; W, =

Table 7.11 shows simple calculations to determine the weighting for each criterion: the
weightings are absolute numbers between 0 and 1, and the total weightings add up to 1.
Weightings are distributed over a hierarchy, and their values depend on information related

to each factor. The calculation is similar to an average, firstly multiply the numbers of each

criterion together and take the root of the combined number.

For a hierarchy with more than one level, the overall weightings must be considered. Table
7.12 shows the overall weightings for alternative calculations. Column “Weightings of
Criterion’ shows the weighting of this Criterion with respect to the analysis goal. Column
‘Weighting for Alternatives’ show the weightings of this Alternative with respect to this
Criterion. The ‘Overall Weightings’ is the global weighting of this Alternatives with respect

to the goals.

Table 7.12 Overall weight of AHP

3[C, X C, X Cy

Criterion | Weights of | Alternatives | Weight for | Overall Weights
Criterion Alternatives

Ci We1 Cu Wiy WeiX Wiy
Cun Wi, WauX Wi,
Cis Wi WX Wis

C> Weo Ca W21 WeoX Woy
Ca W2, WeX Wa,
Cas Wos3 WeaX Was

Cs Wes Ca1 Wz WesX Way
Cs2 W3, WezX Wi

Value 1.000 1.000 1.000
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Overall weighting combined as a weighted sum taking into account the weighting of each
criterion and assigning the overall weighting of the alternatives. The alternative with the
highest overall weightings constitutes the most important factor in the criterion.

Consistency index and consistency ratio

Because of the complexity of the factors, the results cannot be completely consistent when
comparing in pairwise, and that may lead to deviation from the weighting. So, the final
stage of AHP is to calculate the Consistency Ratio (CR) to measure the relative consistency

of the comparison matrix to large samples of purely random judgment (Sun, 2010). For

complete consistency, comparison matrix A has’1max = n, but in real life the comparison
matrix cannot be completely consistent. Close consistency is acceptable. The steps for

calculating consistency can be shown as:

Computing the Consistency Index (ClI):

Cl =ﬂ’max —n
n-1

The appropriate Consistency Index (Cl) is referred to as the Random Consistency Index

(RI), Table 7.13 below, from Saaty, shows the Random Consistency Index.

Table 7.13 Random consistency index (RI)

n 1 2 3 4 5 6 7 8 9 10 | 11
RI 0 0O | 058|090 |112|124|132|141|145|149]| 151

The Consistency Ratio (CR) is calculated by

o

CR =
RI

If the value of Consistency Index is smaller than 0.1, the inconsistency is acceptable.

Example of Consistency Ratio calculation for the judgment matrix A are as follow:
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A Ci Cz Cs Weighting

Ci 1 2 3 0517
C2 12 1 4 0.359
Cs 13 14 1 0.124

1 2 3 0.517] [1.607
AW=1 0.5 1 4| X [0.359]=(1.114
033 025 1 0.1241 10.386

1.607/0.517] [3.108]

AW = [1.114/0.359 3.103
0.386/0.1241 [3.113
A _ 3.108+3.103+3.113
max = 3 = 3.108
cl= 8108-3) _ 5997

The number of items in judgement matrix is 3, according to RI, 0.58 is used to calculate the
CR.

CR="1 = 0.047
0.58

Following the steps discussed above, the calculation of indicator weighting for this research

using the AHP method is shown in the following pages.

7.5.5.2 Application of AHP

As previously discussed, AHP is a standard technique for multiple choice decision-making,
with the scores obtained from the questionnaires, and YAAHP 10.0 used for ranking the

importance of the indicators. The application process and results are explained as follows.

Constructing the hierarchy

Building the hierarchy can help to establish the values or importance of the different factors
for sustainable highways. The AHP hierarchy for sustainability in highway infrastructure
projects was constructed using YAAHP software shown in Figure 7.7.
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Figure 7.7 Sustainability in highway infrastructure project’s hierarchy

Sustainability in Highway
Infrastructure Project
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The hierarchical structure of the sustainability assessment indicator system was divided into
two layers, the first layer includes the five aspects E= {Economic, Social, Environmental,
Technological and Governance}, the second layer contains thirty-seven indicators: E1= {S1,
S2...S11}; E2={S12, S13...519}; Es= {S20, S2/...528}; E4a= {S29, S30...S34}; Es= {S35,
S36, S37}.

Constructing pairwise comparison matrix
The relative importance of each indicator followed Saaty’s 1-9 scale. Six judgment matrices
(Table 7.14-7.19) were constructed based on the mean provided by experts in their

responses to the questionnaire.

Table 7.14 shows the Level 1 judgement matrix. According to the experts’ scores, Ei
(Economic aspect) = 4.9118, Es (Governance aspect) = 4.9055, E4 (Technological
aspects) = 4.6866, Es (Environmental aspect) = 4.3118, E2 (Social aspect) = 3.4273. The

score was entered to Software YAAHP10.0 software to calculate the weighting, with the

consistency test ensuring its validity.

Table 7.14 Level 1 judgment matrix

Consistency Ratio: 0.0074; Weight: 1.0000; Amax: 5.0612

Sustainability = Economic Social Environmental Technological Governance Priority Vector
Economic 1 4 3 2 2 0.376

Social 0.25 1 0.5 0.3333 0.3333 0.0738
Environmental 0.3333 2 1 0.5 0.5 0.1209
Technological 0.5 3 2 1 1 0.2147
Governance 0.5 3 2 1 1 0.2147
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The sum weightings of five aspects is 1, and Amax is 5.0612. The consistency index was

0.0074 which less than 0.1%, so the result was consistent. The economic factor was

assigned a weighting 0.376, because it has been cited as the most important factor for

sustainable highway infrastructure projects. The importance (weighting) of each indicator

in Level 2 relative to its aspect in Level 1 was ordered according to the judgement matrix

Table 7.15-7.19.

Table 7.15 Economic judgment matrix

Consistency Ratio: 0.0133; Weight: 0.3760; Amax: 11.2021

Economic S1 S2 S3 S4 S5 S6  S7 S8 S9 S10 S11 Wi

S1 1 2 2 05 03333 05 0.3333 05 0.3333 0.25 0.3333 0.0449

S2 05 1 1 05 03333 05 0.3333 0.3333 0.3333 0.25 0.3333 0.0355

S3 05 1 1 05 03333 05 03333 03333 03333 025 0.3333 0.0355

S4 2 2 2 1 0.5 1 0.5 1 0.5 0.3333 0.5 0.0674

S5 3 3 3 2 1 2 1 2 1 0.5 1 0.1215

S6 3 3 3 2 1 1 1 2 1 0.5 1 0.1139

S7 2 2 2 1 0.5 1 1 1 1 0.5 1 0.0855

S8 2 3 3 1 0.5 1 0.5 1 0.5 0.3333 0.5 0.0737

S9 3 3 3 2 1 1 1 2 1 0.5 1 0.1139

S10 4 4 4 3 2 2 2 3 2 1 2 0.1945

S11 3 3 3 2 1 1 1 2 1 0.5 1 0.1139
Table 7.16 Social judgment matrix

Consistency Ratio: 0.0090; Weight: 0.0738; Amax: 8.0893

Social S12 S13 S14 S15 S16 S17 S18 S19 Wi

S12 1 2 1 1 0.3333 3 3 0.3333 0.1098

S13 05 1 05 05 025 1 2 0.25 0.0591

S14 1 2 1 1 0.3333 2 3 0.3333 0.1028

S15 1 2 1 1 03333 2 3 03333 0.1028

S16 3 4 3 3 1 4 6 1 0.2666

S17 03 1 05 05 025 1 2 025  0.0568

S18 03 05 033 033 01667 05 1 0.1667 0.0355

S19 3 4 3 3 1 4 6 1 0.2666

152




Table 7.17 Environmental judgment matrix

Consistency Ratio:0.0014; Weight : 0.1209; Amax : 9.0164

Environmental S20 S21 S22 S23 S24 S25 S26  S27 S28 Wi

S20 1 1 1 1 2 2 2 2 3 0.1572
S21 1 1 1 1 2 2 2 2 3 0.1572
S22 1 1 1 1 2 2 2 2 3 0.1572
S23 1 1 1 1 2 2 2 2 3 0.1572
S24 0.5 05 05 05 1 1 1 1 2 0.0812
S25 0.5 05 05 05 1 1 1 1 2 0.0812
S26 0.5 05 05 05 1 1 1 1 2 0.0812
S27 0.5 05 05 05 1 1 1 1 2 0.0812
S28 0.3 033 033 033 05 05 05 05 1 0.0464

Table 7.18 Technological judgment matrix

Consistency Ratio : 0.0029; Weight : 0.2147; Amax : 6.0184

Technological S29 S30 S31 S32 S33 S34 Wi

S34 1 0.5 0.33 0.33 0.5 1 0.0817
S35 2 1 0.5 0.5 1 2 0.1485
S36 3 2 1 1 2 3 0.2698
S37 3 2 1 1 2 3 0.2698
S38 2 1 0.5 0.5 1 2 0.1485
S39 1 0.5 0.33 0.33 0.5 1 0.0817

Table 7.19 Governance judgment matrix

Consistency Ratio : 0.0000; weight : 0.2147; Amax : 3.0000

Governance S35 S36 S37 Wi
S35 1 2 1 0.4
S36 0.5 1 0.5 0.2
S37 1 2 1 0.4

The consistency ratio of each judgement matrix was less than 0.1 which indicated that the
weighting of indicators was consistent with the importance of each indicator from the
average calculation. The priority vector (Wi) was obtained from pairwise comparisons, and

used by YAAHP 10.0 to calculate the overall weighting of each indicator.

7.5.5.3 Result of AHP weighting

The overall weighting of each factor is shown in Table 7.20, the result was considered

acceptable because it included the intentions and preferences of experts.
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Table 7.20 Indicators weighting by AHP method

Code Indicators Mean Weight
S1 Lifecycle cost 4.7313 0.0169
S2 Project budget 45821 0.0133
S3 Project investment planning 45373 0.0133
S4 Financial risk 4.9104 0.0253
S5 Return on Investment (ROI) 5.0896 0.0457
Economic S6 Net Present Value (NPV) 5.0299 0.0428
aspect S7 Payoff period 4.9403 0.0322
S8 Internal rate of return (IRR) 4.9701 0.0277
S9 Cost/benefit ratio 5.0448 0.0428
S10  Contribution to local economy 5.1642 0.0731
Contribution to improvement of people's income
Sii and living standardsp Peop 50299 0.0428
S12  Providing job opportunities 3.4478 0.0081
S13 Improvement on public health 3.1493 0.0044
S14  Effects on development of local education 3.4179 0.0076
. s15 Protection of cul_tural and natural heritage which 35821 0.0076
Social aspect related to the project
S16  Resettlement work 4.0448 0.0197
S17  Suitable to different stakeholders 3.0746 0.0042
S18  Coordination with various organisations 2.6866 0.0026
S19  Serviceability 4.0149 0.0197
$20 Effect_s on land (Land consumption and land 44627 0.019
pollution)
521 Ef_“fects on ecological environment (changes on 45821 0019
climate and local geology)
S22 Effects on air quality 45522 0.019
i Effects on water quality produced waste water,
Environmental gy3  consumption of water resource, potential 45522 0.019
aspect contamination)
S24  Noise pollution 4.1642 0.0098
S25  Waste disposal 4.1343 0.0098
S26 Use of green energy sources 4.1791 0.0098
S27  Energy and materials saving 4.1493 0.0098
S28  Effects on natural landscape and historical sites 4.0299 0.0056
S29  Advantage of project technologies 4.2388 0.0175
S30  Coordination with other transportation projects 4.7015 0.0319
Technological ~ S31 Improvement on road network efficiency 5.0299 0.0579
aspect S32  Maintainability 5.0000 0.0579
S33  Extendibility 4.7910 0.0319
S34  Disaster prevention capability 4.3582 0.0175
S35  Rationality of project design and planning 4.8105 0.0859
Governance . . L .
aspect S36  Rationality of organisational structure design 45241 0.0429
S37  Sound governance systems 4.7819 0.0859
Total 1.0000
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7.6 Assessing sustainability based on the AHP weight

The method of assessing sustainability is based on experts grading each indicator using a
Likert Scale to reflect their judgment of the indicators on project performance: 9 is excellent;
7 is good; 5 is moderate; 3 is pass, and 1 is weak. The weighted arithmetic mean was used
to determine the final result of the evaluation. This is most common method for
measurement of central tendency, its main advantage being fast and easy to calculate and
easy to work with and use in further analysis (Liu, 2008). The arithmetic mean is commonly
known as the average, i.e. the mean obtained by adding several observations together and

dividing the sum by the number of observations, and can be shown as:

S is the symbol of the arithmetic mean, thus the mean of n observation S; + S, + -+ S,
IS given by:
(S1+S,++S,)

n
Ai = Weighting of indicator i, Si = the value of indicator i ; and: >, 4; = 1; 0<Ai<1
Si= S A

S =

The total grading of the project sustainability performance S can be shown as:

n
S = Z AiSi
i=1

The process can be simply explained as: multiply the value of individual indicators supplied
by the experts with the weighting, and sum them to give the total value of the sustainability

index of the project.

7.7 Other consideration

Based on the literature review, there are only a few pieces of research specifically related
to sustainability assessment of highway infrastructure projects in Yunnan. This research
focusses on developing an approach which is straightforward to use and will not incur
additional costs for the developer. The indicators of the model cover a wide range of
sustainable issues and fill in the gap of the studies on green highway which are more focused

on environment impacts and economic benefits. Also, the indicators cover the project whole
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lifecycle such as project investment planning, lifecycle cost and benefits, maintenance, and
impacts during lifecycle. The indicator selection tends to have a bias as a consequence of
its reliance on current studies which, in turn, mainly rely on experts’ opinions, this research

addressed this problem through the use of questionnaires to obtain objective data.

Dai et al. (2014a) concluded that AHP provides a subjective way to weight the indicators,
and its objective influence is less than in other methods. It focuses on the subjective
intention of experts and the significance of the indicators. Chen et al. (2015) developed a
method through using AHP together with Entropy to assess sustainability. The study proved
that the method reduced the randomness and subjectivity of the determination of the
weighting of the evaluating indicators which produced a rational result for the
sustainability assessment. The Entropy method was used as a test weighting method and
the result of indicator weightings indicated that the weighting of social indicators was more
important than indicators from other aspects, and the results were not consistent with the
importance of each indicator measured by average calculation. Zhang et al. (2010)
suggested that this arises because the variability of the indicators is small, and entropy is
big, which results in the weighting of high score indicators being less than low score

indicators. Accordingly, this method has not been used in this research.

7.8 Conclusion

This chapter discussed the development of an indicator-based sustainability assessment
model for highway infrastructure projects in Yunnan mainly using a questionnaire survey.
The foundation of the method to select indicators was based on a review of various existing
indicator systems and relevant sustainability standards for construction projects and
highway infrastructure projects. The first impression in this chapter was that the
sustainability of highway infrastructure projects involves a wide range of factors, and the
sustainability assessment of highway infrastructure projects is regarded as a complex task.
In order to determine the quality of assessment indicators and give an appropriate weighting
for each indicator, this chapter provided questionnaires for completion by experts to provide
evidence for indicator selection and help to develop quality indicators for the assessment

model.
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The step of collecting optional indicators showed a paucity of research dealing specifically
with sustainability assessment of highway infrastructure projects in Yunnan, thus, the study
chose the assessment systems of other provinces with similar conditions to Yunnan.
According to sustainable development principles, the initial indicators were categorised into
five groups, the results of the questionnaire were consistent with the current development
trends in China as economic development was given highest priority. Also, there were some
responses which emphasised that environmental and social problems were not considered
by the respondents as important as economic indicators. It indicated that current
development in Yunnan maintains an imbalance between society, economy, and

environment.

AHP was utilised to weight the indicators because it is the most common method for
assigning weightings to indicators, with the experience from other studies helping to build
an appropriate indicator system. After comparison with Entropy methods, AHP was used
since it has the advantage of stability and flexibility regarding changes within, and additions
to, the hierarchy. In addition, AHP can show the importance of each indicator by using the
hierarchy of the criteria. However, AHP also has some limitations, one of its major
drawbacks is its subjectivity. After comparison with entropy weighting methods, it was
concluded to be an appropriate method for determining the importance of indicators, and

regarded as useful for this study.
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CHAPTER 8 APPLICATION OF THE SUSTAINABILITY ASSESSMENT
MODEL

8.1 Introduction

This chapter aims to validate the rationale of the sustainability assessment model developed
in Chapter 7 through the knowledge and experience of the experts from three groups,
academic professionals, government officers and construction engineers. To further test its
feasibility and applicability, the model will be applied to the case of KQ No.4 highway

infrastructure project.

8.2 Refining the assessment model by interview method

This stage aims to acquire more information about the sustainability assessment issues of
highway infrastructure projects in Yunnan, and validate the sustainability assessment model
through contextualising the values and opinions of respondents. The tool used for refining
the model was a semi-structured open-ended interview with twelve experts engaged in the
development process of highway infrastructure projects in Yunnan Province. This tool
allows the participants to respond to the questions with more freedom and creativity (Patton,
2002). Furthermore, the study of the sustainability assessment of highway infrastructure
projects in Yunnan is still at an early stage with little information available, and the

interview method can be effective in exploring essential information for this research.

Initially, an invitation email was sent to fifteen experts inviting them to participate in the
interview at the beginning of December 2016, and twelve agreed to do so. The participants
consisted of four construction engineers from highway construction companies involved
with project supervision, design, investment and construction activities, four academic
professionals from the research institutes in Yunnan who were engaged in research of
sustainable construction and project management, and four directors from the government
departments involved in the decision-making and approval process of highway
infrastructure projects in Yunnan. All participants have at least ten years relevant working
experience ensuring they were able provide the necessary information to improve the

sustainable assessment model. The participants’ selection was based on their professional
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experience and knowledge of highway infrastructure project planning, design, construction
and operation, and sustainable or green building, plus the seniority and level of
understanding of the topic necessary to ensure the quality of responses. The summary of

the interviewees is listed in the Table 8.1.

Table 8.1 Summary of the interviewees

Position of Interviewees

Professor 1

Professor 2

Professor 3

Professor 4

Government officer 1

Government officer 2

Government officer 3

Government officer 4

Construction engineer 1

Construction engineer 2

Construction engineer 3

Construction engineer 4

Background
In the field of sustainable
construction
In the field of project
management

In the field of environment

In the field of construction

Director of infrastructure
project approval

Director of infrastructure
project investment
Director of infrastructure
project design approval
Director of infrastructure
project approval

Civil engineer

Project manager

Civil engineer

Construction designer

Organisations
Kunming University of Science and
Technology
Kunming University of Science and
Technology
Yunnan University of Finance &
Economics
Yunnan University of Finance &
Economics

Transport Department of Yunnan

Provincial Development and Reform
Commission
Provincial Development and Reform
Commission

Transport Department of Yunnan

Yunnan Highway Development
Investment Co. Ltd

Yunnan Highway Development
Investment Co. Ltd

Yunnan Construction and Investment
Group

Yunnan Construction and Investment

Group

The interviews were undertaken from the middle of December 2016 to early January 2017.

Before the interviews commenced, the developed model was sent to the participants to
ensure they had enough time to properly consider it. To ensure the accuracy of

comprehension, interviews were conducted in the experts’ native language, Chinese, by
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telephone and recorded with the permission of the participants. The transcripts in Chinese
were mailed to the participants to verify the contents and then translated into English.
Through this method, the participants’ answers helped to build a better picture of
sustainability assessment of highways in Yunnan and provided additional information for
developing the evaluation model. Both English and Chinese interview questions are

provided in Appendix Il.

8.3 Results of the interviews

The interview data was analysed using the content analysis method described in Chapter 6.
The themes in the transcription of the interviews were defined according to the issues and
their characteristics indicated in the responses. After clustering and analysis, the themes
were categorised into three groups: 1) perception of the development of highway
infrastructure projects in Yunnan; 2) understanding of the sustainability assessment in

highway infrastructure projects; and 3) suggestions for refining the developed model.

8.3.1 Perception of highway infrastructure project development in Yunnan

In the first part of the interview, the participants were asked to describe the current situation
of highway infrastructure development in Yunnan. This part helped to identify the gap
between current development trends and sustainability of highway infrastructure projects.
According to the responses of the participants, the perception of highway infrastructure
project development was grouped into two sub-themes: the achievements and the critical

problems.
First, all twelve participants agreed that highway infrastructure in Yunnan had achieved
major strides in the past few years, with much more room for future development. As the

participants stated:

‘Currently, the highways connect 84% of the townships and villages in Yunnan and have

made certain achievements.’ (Government officer 1)
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‘The highways construction is the priority of the development strategy in Yunnan, in 2014-
2016, 26 projects were built to support the national highway network.” (Government officer
3)

Highways fulfil the primary transportation role in Yunnan due to its the topography and
geology (Pan et al., 2016). The MOT (2016) reported that in the past five years (2010-
2015), Yunnan had a rapid expansion of the road network to integrate rural and remote
areas, and provide local people with improved access to jobs, health facilities, education
and social services. The Province’s highway infrastructure investment in January-March
period of 2017 reached $4.72 billion, compared with an increase of 49.13% in the same
period last year, and ranked first in China (Transport Department of Yunnan, 2017). The
development was not only focused on the domestic roads, but also included activities for
the construction of an international highway. In 2016, China, Laos, Thailand and the Asian
Development Bank jointly constructed the Kunming-Bangkok international route to link
China and south eastern Asian countries, and improve the road network in the northwest of
Yunnan (Ministry of Transport [MOT], 2016). This illustrates that development of highway

infrastructure in Yunnan has consistently been a key focus for the government.

At the same time, the development of highway infrastructure projects brings with it many
problems, and the main problems defined by the participants are shown in Figure 8.1.

Figure 8.1 Problems of highway infrastructure project development in Yunnan

Funds shortage [N 3
High technical requirements NG /
High construction cost [INNEGN /
Inappropriate road network plan N 5

Low road network density NGNS 5

Existing highways system cannot meet the
demands

0 2 4 6 8 10 12 14
Number of participants
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The most frequently mentioned problem from the participants (100%) in the survey is that

the ‘Existing highway system cannot meet the demands’. As Academic Professor 1 stated:

‘The highway infrastructure development in Yunnan is lagging behind the economic

development and the growth of transport demand.’

The current highway system cannot satisfy the increasing traffic demands associate with

another problem ‘Low road network density’, which was cited by 67% of the respondents.

The western region of China is less developed than the eastern region. Yunnan is a frontier
province in the western region of China, 95% of the territorial area is mountainous and
semi-mountainous, and because of historical and geographical reasons, highway
infrastructure construction lags behind other regions (Wang and Zhu, 2015). According to
the National Bureau of Statistics of China (2016), in 2016, there were 57 districts in
mountainous areas with no direct highway connection, accounting for 44.2 % of the total
of 129 districts, which illustrates that the existing road system cannot meet the needs of
rapid transit (Transport Department of Yunnan, 2016b). The low density of road networks
indicates that the length of road per unit of geographical area cannot meet the requirements
for connectivity and accessibility (Vaidya, 2003).

Imbalanced development results in ‘Inappropriate road network plan’, and was cited by 67%

of responses.

The structure of road network plan is inappropriate, and this problem is especially

pronounced with the imbalanced distribution of highway.” (Government officer 1)

Imbalanced development is a long-standing issue in Yunnan and it is a major contributor
to low network density. Imbalanced development exists not only between different regions
but also between urban and rural areas. According to the report of the Government of
Yunnan Province (2016) a quarter of the province’s GDP is from the capital city - Kunming
and half is from the central area. Because of the major economic contribution made by these
areas, the investment in transportation infrastructures is higher than other parts of the

Province. Meanwhile, the study from Ansar et al. (2016) shows that whilst major routes are
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congested, some routes have little traffic volume which is a common problem in China

indicating that resources have been misallocated.

The ‘High construction cost’ and ‘High technical requirements’ were both cited by 30% of

the respondents.

‘Being difficult, it costs more to build highways in the mountainous and high elevation
terrain. Due to these areas requiring the construction of many large beam bridges and
tunnels in the mountains. The proportion of bridges and tunnels is more than 50% in
northern mountain area. Also, these areas receive heavy rain and snowfall over the whole
year, and the crest of mountains drop precipitously meaning that it costs a great deal to

build the highway in such terrains.” (Construction engineer 1)

‘Not only the construction costs, but also the maintenance costs are higher than less

mountainous areas.’ (Construction engineer 3)

The participants agreed that building a highway in mountainous areas incurs higher costs
and investment. Similarly, all four construction engineers believed that the construction
technology of highway infrastructure project in Yunnan is more demanding than other

provinces due to its topographical characteristics.

The participants also argued that high cost is the main reason for the low density of highway
network in Yunnan, followed by limited financial investment. According to the Transport
Department of Yunnan (2016b), the cost per kilometre of highway increased nearly 1.8
times in the past ten years, the major factors include topography along the alignment, land
acquisition costs, and more viaducts, bridges and tunnels. Due to the high cost, new
highway infrastructure projects bring significant social benefits but small economic
benefits in Yunnan making it difficult to obtain investment. The past three years’ asset—
liability ratio for thirty-one highways is about 75% in Yunnan, higher than the acceptable
level 40%-60%, together with low solvency and return on investment, these have become
the main factors that restrict highway infrastructure project development (MOT, 2016). The
low utilisation rate of new technologies and techniques, especially energy saving and

emission reduction technologies also results in higher costs (Yu, 2014). In China, the
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financing environment is weak, the financing channel is relatively unitary, apart from fiscal
revenue of central and local governments, highway infrastructure investment largely relies
on bank loans, the irrational financing structure results in company financing difficulty, it
raises the problem of ‘Funds shortage’ (Kao et al., 2014). This factor has become the key
obstacle for the development of highway infrastructure projects in Yunnan, cited by 33%

of interviewees.

8.3.2 Understanding sustainability assessment in highway infrastructure projects

The responses in this theme were categorised into five sub-themes: 1) the meaning of
sustainable highway infrastructure projects; 2) the importance of sustainability in highway
infrastructure projects; 3) important factors for achieving sustainable highway
infrastructure projects; 4) the influence of sustainability assessment for highway
infrastructure projects; and 5) the current methods and systems for sustainability evaluation
in highway infrastructure projects.

8.3.2.1 Meaning of sustainable highway infrastructure project

According to the responses of interviews, the keywords used to describe the meaning of

sustainable highway infrastructure project are shown in Figure 8.2.

Figure 8.2 Keywords of sustainable highway

Improve regional economic development I 12
Concern for environment protection I 12
Satisfy interests of the people INIEEEEGEGGEGEGEGEE——— 10
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All interviewees (100%) stated that sustainable highway infrastructure projects should drive
the development of the region’s economy, and ‘satisfy the interests of the people’, such as

improving efficiency of travelling and distribution of goods.
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83% of the participants expressed concern for environmental protection, they pointed out
that sustainable development of highway infrastructure should reduce its contribution to

environmental damage throughout the project lifecycle.

50% of participants included ‘Service life should achieve requirement’ for sustainable
highway infrastructure project.

‘The highway design should be concerned with life-time service, some projects cannot
satisfy the need of transportation demands a few years after completion, and the old project

cannot be extended meaning that there is a need to start again.’ (Academic professor 1)

25 % of participants considered that a good highway investment and financing mechanism

IS a sustainable attribute, as one academic professor explained:

‘The highway construction involves a massive investment, and the government must explore

ways to safeguard these critical investments.’ (Academic professor 2)

‘The government is using infrastructure construction as a countercyclical policy tool to
stimulate economic development, that results in blind investment in highway infrastructure
projects, and lacks comprehensive studies on the transportation networks.’ (Academic

professor 2)

Yunnan is one of the less-developed areas in China in terms of its overall economic power,
due to its mountainous terrain and poor communications with the outside world. Agriculture
is the main industry in Yunnan. According to statistics, in 2015 the rural population was
56.6 % of the total population in Yunnan (National Bureau of Statistics, 2016). The highway
infrastructure can increase mobility, it makes it easier for agricultural products to reach
markets with cheaper prices and increases the market size, provides more job opportunities,
improves access to health and education facilities for local people, improves the local
economic base and brings higher income. Investing in highway infrastructure projects is
regarded as an economic development strategy by central and local governments. In 2015,

the construction industry had become the main contributor to economic growth in Yunnan,
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with large proportion from highway infrastructure construction (Transport Department of
Yunnan, 2016b). According to Transport Department of Yunnan (2017), in 2016, highway
infrastructure investment reached $12.87 billion in Yunnan, takes 52% of the total
investment, this implies an annual commitment of about 7.6% of provincial GDP. However,
it also results in negative environmental and social impacts, including water, air and noise
pollution during construction and transporting building materials, soil erosion, disturbance
of flora and fauna, population displacement and resettlement and so on (Yang, 2016). It
demands appropriate development planning to reduce the negative impacts and to establish
mechanisms for dealing with the long-term problems. Meanwhile, since highway
infrastructure is provided as a tool for economic stimulus by the government, its influence
on economic growth is overstated (Wu, 2013). It results in over-investment in unproductive
projects, high debt burdens and deficits and instability in financial markets in China (Ansar
etal., 2016). Most of the new construction projects are built in remote mountainous regions,
the traffic volumes are smaller than other regions which makes it difficult to recover
investment costs, while the funding risk is increased (Wu, 2013). Thus, optimising the
financing structure can promote better development of highway infrastructure projects in

Yunnan.

8.3.2.2 Importance of sustainability in highway infrastructure projects

All interviewees agreed that sustainability is an important issue and an increasing trend for
highway infrastructure projects. Academic professor 3 stated that:

‘Sustainability should be the reason for building highway infrastructure, the construction

should cause the least amount of harm on environment and society.’

From the responses of participants, a sustainable approach will bring benefits as follows:

Avoid reputational harm. This applies to both developers (government) and constructors.
‘A sustainable approach can reduce risks associated with a project, make the project more
desirable and satisfy the clients and public. It is like a positive image of caring about the

environment and employees can endear a company to the public; damage to the
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environment may threaten the company’s operations as the investor may worry about the

project’s disruption.” (Government officer 1).

Avoid penalties. ‘The owner and constructor who build the project in a sustainable way
will avoid legal penalties (Construction engineer 4). The government recognised that
construction is not a purely economic activity, green construction has become part of
standards, values and principles (Wang, 2013). The construction process must comply with
any laws and community interests for environmental protection, an unsustainable approach

will be punished by the regulations.

Cost savings in project lifecycle. A sustainable approach will reduce the materials required,
waste generation and result in lower maintenance costs, it also reduces the cost to the
government of protecting the environment (Wang, 2013). Construction engineer 1 stated
that ‘the reputational damages of the company can quickly translate into financial losses,
such as lost investment and lead to government fines. On the other hand, sustainable
buildings typically have lower annual costs for energy, water, maintenance and other

operating expenses.’

Build good relationships with local communities. The concept of sustainable building is
to prevent pollution, save energy, natural resources and cost, and improve quality of life,
and ‘adopting sustainable building concept is regarded as good corporate citizenship that
will build a good relationship with local communities. If the government builds the road
taking a sustainable approach as we consider the people’s needs properly, bring the

benefits to them, we can easy to get support from the public’ (Academic professor 3).

8.3.2.3 Factors of sustainable highway infrastructure projects

In this question, each participant was asked to give five or more key factors of sustainable
highway infrastructure projects, these key factors were then consolidated into a list of ten
and are shown in Table 8.2 below.
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Table 8.2 Factors of sustainable highway infrastructure project
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‘Increase productivity’” and ‘Open the inaccessible area to development’ were identified as

the most important factors for highway construction and were cited by 92% of interviewees.

‘Yunnan Province is one of the twelve less developed provinces of western China, and
highway is the essential infrastructural facilities to speed-up its economic growth and

catch-up with developed eastern regions.’ (Academic Professor 2)

‘Resettlement work” was of significant concern to the six participants (67% of responses).
At present, more attention is paid by the government and public to land expropriation and
relocation, because it is one of the major costs for highway infrastructure projects, and it
also brings social problems (Shi, 2016).

‘The development of highway infrastructure projects inevitably occupies arable land which

is the most fundamental guarantee for farmers’ lives.’ (Academic professor 2)

From the project management perspective, resettlement is an important and sensitive aspect
of project development and it can be a risk for project delay (International Hydropower
Association, 2016). From the social development perspective, ‘the resettlement is regarded

as the factor of social stability.” (Government officer 4)

The new highway projects are built in rural areas, and rural collectives own land resources,
once the collective-owned lands are expropriated, farmers get compensation less than
market value of their loss in long-term benefits (Zou et al., 2014). At the same time, the
low compensation standard presents problems for local government, because they have to
ensure that the migrant’s living standards are same as before (Habich, 2015). Sometimes,
it is difficult for the migrants to maintain their former standards of living due to resettlement
from fertile land to regions with both limited land availability and land that is less fertile
(Habich, 2015). Some people may move to urban areas, but they are unable to get work
without skills training (Zou et al., 2014). These factors result in risks to social stability if
the resettlement plan does not provide an appropriate compensation method (Gao et al.,
2014).
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Environmental issues such as impacts on the landscape and historical sites, air pollution,
water pollution, farm land occupation, deforestation, and impacts on minority culture were

all problems mentioned by the interviewees.

‘Economic development is the basis of society, but must change the development pattern of
‘polluting first and cleaning up later’, the development strategy must be based on

protecting the ecology.’ (Academic professor 1)

Academic professor 2 argued that ‘the economic development should not harm the
environment, and Yunnan is one of the tourist regions in China with unique characteristics,
the construction of highway infrastructure projects should not destroy the rich natural

scenery and ethnic folklore.’

The government officers also recommended that the authorities should ensure
environmental protection during the highway construction process. Greater attention
should be paid to the environmental issues such as emissions during the construction
process, impacts on the local community through soil erosion and problems with water

quality and flow.

The construction engineers were more concerned about the project management process:

“The developer must provide the environmental protection report which includes the effect
on land, air, noise and water, also the disposal of waste, the use of energy and non-
renewable resources. Without this information, the project won't be approved by the

government.’ (Construction engineer 2)

Furthermore, in contrast to the academic professionals, the construction engineers paid
more attention to the microeconomic benefit over the project lifecycle. As they explained:

‘The fundamental obligation of the enterprise is to ensure the shareholder’s interests.’

(Construction engineer 2)

‘The primary purpose of the investment is to generate profit.”’ (Construction engineer 3)
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They were more concerned with financial sustainability, for the revenue stream to maintain
the asset, the gains and losses of the project, debt repayment, construction and maintenance
cost. The criteria of project budgetary impact, ‘Return on Investment’, ‘Cost/benefit Ratio’

and ‘Financial risk’ were cited as important by the construction engineers.

The project ‘Maintainability’ and ‘Extendibility’ were also cited respectively by 75% and
67% of interviewees, and these two factors are related to the project benefits.

‘High maintainability and extendibility will reduce the reconstruction cost of the highway.’
(Construction engineer 2) And ‘the technological factor was cited by all construction
engineers, it is because technology is the basis for achieving high maintainability and

extendibility.” (Construction engineer 4)

Another factor, ‘Appropriate plan” was mentioned by 65% of participant, and ‘Improving
the efficiency of the road network’, was put forward by 50% because inappropriate road
network plans lead to low utilisation rate, inappropriate highway capacity and increasing

travel time and cost (Huang, 2016).

The responses of the participants included environmental, social and cultural, economic
and technological issues, which illustrate that the experts’ opinions are consistent with
sustainable development principles. Moreover, the responses showed that the results of
interviews in this chapter and the questionnaire in Chapter 7 agreed that participants from
construction industry are more concerned about the project’s economic benefits, but the
academic professionals and government officers are more focused on environmental and

social issues.

8.3.2.4 Current sustainability assessment methods in highway infrastructure projects

The experts’ feedback on sustainability assessment methods for highway infrastructure
projects showed that they are focused on the environmental aspects and rely on government
policies and regulations, and industry standards and instructions, any requirements beyond

the framework of the law are given less importance.
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Environmental Protection Law, Environmental Impacts Laws, Regulation on Energy in
Civil Buildings were the most relevant documents. The construction engineers all referred
to the Evaluation Standard for Green Building GB/T50378-2014 and the feasibility report
of the project. That is because the Environmental Impact Assessment is an essential part of
the feasibility report which must be approved by the government (MOEP, 2002). The
government officers emphasised the standards of construction in highway projects
including the Specifications for Environmental Impact Assessment of Highways (JTG B03-
2006), the Yunnan Provincial Evaluation Standard for Green Building (2011), the Standards
for Construction Safety Inspection and Design, the Technical Standard of Highway
Engineering (JTG B01-2003).

Typical existing project performance evaluation methods including Economic Analysis,
Financial Analysis, Social Impact Assessment and Lifecycle Analysis were referred to by
the participants. Including Environmental Impact Assessment, these methods evaluate
highway infrastructure project performance in multiple dimensions of sustainability, they

are used separately but all were included in the feasibility study report.

‘The future assessment could use the experiences of other countries to build a
comprehensive assessment method for highway infrastructure projects, such as LEED and
BREEAM.’ (Academic professor 1)

From the responses of the interviews, the current evaluation frameworks, environmental
impact assessment or project performance evaluations do not adequately accommodate
sustainability in highway infrastructure, and there is a need to develop a comprehensive

sustainability assessment method.

8.3.2.5 Barriers to sustainability assessment of highway infrastructure projects

Following up the final question, the participants were asked to describe barriers to the
implementation of the sustainability assessment of highway infrastructure projects in
Yunnan. According to the responses, the barriers were grouped into four categories: 1)

political barriers; 2) awareness barriers; 3) governance barriers; and 4) financial barriers.
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1) Political barrier

The theme of ‘Lack of legislation and enforcement’ appeared 10 times, 83% participants

thought this was the main barrier to undertaking sustainability assessment.

‘The sustainability assessment will increase the cost, without the requirement of the

government, it will not be used.’ (Construction engineer 1)

Also, lack of relevant laws and standards to assess sustainability was identified as political
barrier by 50% of respondents. Currently, sustainability in highway infrastructure projects
does not have an adequate or supportive political framework in China, and the
environmental protection laws and regulations are not sufficiently robust for developing
highways in a sustainable way (MOEP, 2002). Therefore, the government must develop

and implement laws to address sustainable development issues and assessment standards.

2) Awareness barrier

The second most cited category of barriers falls under ‘People’s lack of awareness of
sustainability” which represented 80% of the responses. According to these responses, the
term sustainable development has not fully captured the imagination of most people in
Yunnan, and the concept is not applied to project governance. This barrier included two

aspects: the decision-makers and engineers.

50% of responses considered that the decision-makers lack awareness on incorporating
sustainability assessment in the project development process. ‘Sustainability assessment
was introduced into the project planning later than other provinces due to the decision-
makers ignorance, and it cannot make an effective influence on project design and plan.’

(Academic professor 2)

A significant trend is that the economic benefits of the highway infrastructure projects have
been taken seriously in Yunnan. Despite the government’s requirements for environmental
sustainability, and the political framework putting pressure on construction companies, only
a few highway infrastructure projects have been constructed based on sustainability
requirements (Yan et al., 2013). ‘People’s awareness of sustainability in highway

infrastructure projects is lacklustre and overshadowed by project economic benefit’
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(Academic professor3), and ‘the construction activities are accepted if those activities do

not extend beyond the legal requirements and exceed the law’ (Government officer 1).

30% of participants mentioned that project construction and management teams lack an

understanding of building sustainable highway infrastructure projects.

‘The civil engineers care more about the activities in the construction stages, their targets
are to complete the project under the schedule and quality requirements, but less concern

Is shown about the long-term impacts of the project.” (Construction engineer 1)

The construction companies lack facilities to account for long-term natural environmental
costs and social impacts but instead focus on the short-term project financial pressures
(Yang, 2016). New technologies are used to achieve the traditional project scopes of quality,
time and cost, since it can reduce cost and improve quality, but the new technologies are
not perceived in terms of sustainability, and neither were the techniques for achieving
sustainability included at the design stages. Qualified construction engineers, project
managers and project supervisors are experienced in highway infrastructure project
development, but they are not required to be qualified in sustainable building (Tang, 2016).
However, Yunnan still lacks a skilled work force for sustainable highway construction.

3) Governance barrier
60% of the participants cited governance system lacking integrated approval and

management processes for highway infrastructure projects in Yunnan.

‘The functions interaction and overlapping between the government departments is

seriously harmful in developing highway infrastructure projects.” (Government officer 2)

The development process for highway infrastructure projects is complex and involves
different levels of government and government departments. The departments maintain a
strong role in highway network planning, financing and policy coordination, such as the
National Development and Reform Commission (NDRC) and the Ministry of
Transportation (MOT). They provide the broad plan for the provincial and local

governments to produce development frameworks in a local context. The MOT is
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responsible for formulating the national road network development plan. In 2013, it
announced the National Highway Network Plan for 2013-2030 to improve highway
coverage in urban and rural areas. This plan was approved by NDRC which is responsible
for formulating the strategy for economic and social development, it is also responsible for
infrastructure projects deployment and formulating project investment policies. Under the
plan, the Provincial Transport Department has made recommendations for highway
provision in Yunnan Province, and the projects development proposals are approved by the
provincial government. The approval is then submitted to the MOT. Meanwhile, the
Ministry of Housing and Urban-Rural Development (MHUD) is responsible for setting the
construction standards for highway construction, such as construction energy use,
greenhouse gas emissions, dust, waste water and solid waste disposal and other
requirements. The Ministry Environment Protection Department (MOEP) also has a
responsibility to supervise ecological and environmental protection, and its responsibility
also covers greenhouse gas emissions, waste disposal and so on. Finally, the Land and
Resource Department is responsible for the planning, administration, protection and
rational utilisation of land in China (MOT, 2016).

‘The objectives of different departments are varying, such as the Transport Department
seeking road network improvement, the Provincial Department is more focussed on
economic growth through highway construction, compared to Environmental Protection
Department, they both express less concern for land use, energy saving and other

environmental objectives.’ (Construction engineer 4)

Management system redundancy and duplication of function leads to objectives
discrepancy and different emphases on project assessment that cause difficulties in clearly
defining the management scope and functions for different departments (Lei, 2016). In
addition, one participant argued that insufficient transparency in decision-making is one of
the main barriers to the development of highway infrastructure in Yunnan. Two participants
believed that more transparent governances would make the development of highway

infrastructure more effective.

175



4) Financial barrier

Lack of financial resources and support is another major barrier to providing sustainability
assessment. The uncertain return on investment is an obstacle to obtaining private
investment for highway infrastructure. The additional financial cost of adopting
sustainability evaluation in highway projects has been cited by 50% of participants.

‘There is no internal added cost for implementing the sustainability assessment.’

(Construction engineer 3)

‘Construction companies have no internal capital allocation for sustainability assessment.’

(Academic professor 1)

8.3.3 Suggestions of refining the developed model

This theme focussed on the comments of the developed model in this research. The
interview questions covered the following aspects: if the developed model covers all the
issues of sustainable highway infrastructure project in Yunnan; if the developed model is
easy to communicate; if the developed model has applicability; and if the developed model

is useful for assessing sustainability in highway infrastructure projects in Yunnan.

8.3.3.1 Coverage of sustainable issues

This theme was divided into two parts: 1) if the assessment indicators selection is reasonable;

and 2) should anything be added to the assessment model.

The indicator system was sent to the participants to comment on the level of importance of
each indicator with a request for suggestions for any missing or redundant indicators before
the interview was held, and the comments were discussed during interviews. From the

responses of the participants, the results for the total thirty-seven indicators were as follows:

¢ Thirteen indicators were rated as important criteria of sustainability assessment by 50%

of participants;
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e Twenty-three indicators were rated as relevant to sustainability assessment by 50% of

participants;
¢ One indicator was suggested to be omitted;

¢ One indicator was suggested to be added (shown in Table 8.3).

Table 8.3 Comments on the individual indicators

Indicator Comments Number of Participants
Coordination with various organisations Omitted 5
Toll system design Added 2

More explanations were provided by the participants as follows:

25% of comments suggested the indicator of ‘Coordination with various organisations’
should be omitted. Academic professor 2 commented it has same meaning of ‘Suitable to
different stakeholder’, both are evaluating if the project can be accepted by different

Stakeholders’.

The problem of tolling highway infrastructure project was proposed by two participants
(16%).

‘The biggest difference on highway infrastructure project between China and other

countries is the toll.” (Academic professor 1)

‘As the economic benefit, the tolling system is required to be described in the feasibility

report.’ (Construction engineer 3)

According to an academic professor, in China, 90% of the highways are charged, capital
inadequacy is the primary factor that restricts highway development. Under the policy of
‘build road with the load, return the load by tolling’, China adopted BOT (Build- Operate-
Transfer) investment model to solve the shortage of funds, so toll financing is a method for

rapid expansion of the road system in China. The road maintenance fees were collected
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from the toll under the rationality of ‘who uses, maintains’ (The Law Library of Congress,
2015). Tolling is a critical part of operational revenue, and the highway investment decision
will be made by reviewing the projected revenue (Gao, 2014). It is evident that the toll is

the primary consideration in highway economic performance.

Three participants suggested that the assessment model should take the opinions of a broad
range of the stakeholders, referring primarily to the public. The explanation from Professor
1 was that ‘highway is a public infrastructure project, its construction is within a broader

social context, as a social issue it should be accessible to people’.

8.3.3.2 Communication difficulties of this model

Effective communication of the assessment model will ensure that it is understood by the
users. The participants were asked to give their opinions and recommendations about the

use of the model to assess communicability. The results as the Figure 8.3 shown.

Figure 8.3 Communicability of the model

Not
communicable
0%

Some indicators

have vague
definition
8%

Easy to
communicate
92%

m Easy to communicate = Some indicators have vague definition = Not communicable

92% of participants agreed that there are no communication difficulties for this model. One
participant suggested that some of the indicators are too specialised. The English word
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‘Serviceability’ is easy to understand by academics, but for a construction professional, it

could be too ‘specialised’.

8.3.3.3 The applicability of the model

When the participants were asked if the model is applicable locally, twelve participants all

affirmed its positive effect on highway infrastructure project development.

‘It would provide a reference for current development pattern of highways, and solve the

negative problems in the development process’ (Academic professor 3)

80% of participants agreed that the model is easy to use, most stating that its themes are
‘Easy to use’, and ‘Has applicability in Yunnan’, but some of the positive responses were

qualified.

‘The indicator selection and determination and assessment method strongly relied on the

experts’ experience that led to fuzziness in the assessment process.’ (Academic professor 4)

From four construction engineers’ viewpoints, sustainable assessment will cause additional
management and labour cost, they argued that companies will only implement the model
when the benefits of sustainable assessment exceed the costs. The common responses of
the other eight participants were that sustainable assessment will cause some costs, but the
benefits are higher than the costs.

Two academic professors commented that the assessment ‘must stand on the issues of
Yunnan’. The model used the most common method, that is, an indicator-based assessment
to evaluate the sustainability of highway infrastructure projects in Yunnan, but the
circumstances and conditions of Yunnan are not fully accounted for by the indicators, e.g.
the influence on ethnic minority groups. According to the participants, to better
accommodate the local conditions, the assessment method should be more comprehensive.
Besides, the data and information should include statistics from local government and
documents from authorities and other relevant organisations. The application of the
developed model should include field investigation of the project to collect data and

information.
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The assessment model is regarded as a tool to improve sustainability in highway
infrastructure project development. The construction engineers felt that the model is good
in theory, but it has difficulty in the broad practical application in Yunnan, since a full
awareness of the sustainable development concept has not yet been established. Without
enforcement by the government, it is less likely to be implemented by industry. In the
opinion of construction engineer 3, sustainability assessment is not currently mandatory for
highway infrastructure projects, and consequently, sustainability assessment will be

regarded as a voluntary burden for the developer and owner.

8.3.3.4 Usefulness of the developed model

The responses to this question were unanimously positive, all twelve experts agreed that
the developed model will help to ensure sustainable highways in Yunnan. One participant
stated that this model gives consideration for current highway development patterns, it will
benefit highway infrastructure, but it needs to be enforced by government. At some point
of time in the future, when China establishes an appropriated policy framework, the

usefulness of the model will be established.

8.3.4 Sustainability assessment in highway infrastructure projects

Yunnan is a mountainous region in the southwest of China with some of the most diverse
topography and biodiversity in China. It is also a frontier area between China and south and
southeast Asian countries meaning that its economic and geographical location is
significant, but current development is lagging other areas in China. The highway is the
primary transportation method in Yunnan, and it is the most critical infrastructure for
economic growth and social development. Sustainability assessment enables the evaluation
of different impacts for an investment project, ultimately enhancing the sustainability of

highway infrastructure projects.

Over several decades, extensive studies have introduced the principle of sustainable
development to the construction industry. Various sustainability assessment systems have

been established to evaluate the overall performance of highway infrastructure projects at
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the planning and design, construction, operation and disposal stages. However, to date there
is no efficient and systematic evaluation method for measuring sustainable highway
infrastructure projects in China, particularly in less developed areas such as Yunnan. On
the other hand, development of the province cannot happen without highway infrastructure,
at present many road projects are being constructed or planned to be built. In this situation,
the promotion of sustainability assessment for highway infrastructure projects must be an
important part of the process to realise sustainable development of the area.

The aim of sustainability assessment in highway infrastructure projects is to evaluate
sustainability at the project decision-making stage from a sustainable development
perspective and choose the optimal solution to reduce or eliminate negative impacts. It
assesses the social, environmental, and economic impacts of a project over its whole
lifecycle (planning and design, construction, operation and disposal stages), and it is
regarded as an efficient method to implement a sustainable development strategy for
highway infrastructure projects.

8.4 Improving the sustainability assessment model

The model was improved based on the responses of the interviewees.

8.4.1 Public participation test

Based on the responses from the experts, the original intention was to distribute twenty
questionnaires to members of the public to ensure participation by more stakeholders of
highway infrastructure projects. In the implementation process, problems were raised in
inviting the public to participate in the survey. Determining the study sample was the most
significant problem when engaging the public in the research, and most people found it
difficult to complete the questionnaire due to their lack of knowledge on sustainability

assessment of highway infrastructure projects.

A project manager of an under-construction highway project identified twenty people
involved in the project. Twelve people were working in the same construction organisation

and eight people were living along the project area. The initial feedback from the
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participants showed that only one person had postgraduate education background and
understood the meaning of sustainability assessment of highway infrastructure projects. 90%
of participants found the meaning of some of the indicators in the assessment model difficult
to understand, such as ROI, NPV, transportation network, maintainability, etc. The meaning
of sustainability assessment was explained to the participants one by one to help them to
understand what is meant by sustainable highway infrastructure projects. In the end, all
twenty subjects agreed to give their opinions on the development of highway infrastructure
projects. The participants ranged in age from 25 to 50 years old. Four participants were in
their 20s, six were in their 30s, six were in their 40s, four were in their 50s. Two participants
are undertaking their postgraduate degrees, two had already completed their postgraduate
studies, six held undergraduate degrees, two had college diplomas, two had high school
education experience, six participants were not educated to high school level. Figure 8.4

shows the participants age and education backgrounds.

Figure 8.4 Participants’ backgrounds
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43%

m Undertaking their postgraduate degrees

= Completed postgraduate studies
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The survey was completed in the middle of February 2017 and revealed that people are
more interested in sustainability issues if they are educated, and only people who had
received a high level of education were concerned the long-term effects of construction
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activities. Young people, in their 20s-30s, were more engaged in sustainable development

issues and environmental problems of highway construction.

Figure 8.5 Public understanding of highway infrastructure influence on economy and

environment

Do you agree that development Do you agree that developmt_ant
of highway infrastructure will of highway infrastructure will
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When asked whether they understood that development of highway infrastructure will
influence the local economy and environment (Figure 8.5), eight (40%) agreed that
highway infrastructure will bring economic development, one participant stated that:
‘“Yunnan is a frontier province of China, most areas are undeveloped and highway

infrastructure is the engine for economic development.’

Six people agreed that construction of highways can bring economic benefits, but felt that
too much money was spent on highway infrastructure construction, going on to state that
in recent years the government has imposed higher public taxes. They argued that the
government should spend money on education and medical infrastructure projects. Another
six participants were not sure if highways benefited the local economy, one participant
stated that:

‘Pursuit of economic growth is the intention of the government, but food, clothes and shelter

are the biggest concerns of the public.’
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Six participants were very environmentally aware, worrying about the current

environmental problems in Yunnan. One participant recollected:

‘I swam in the Dianchi Lake of Kunming 30 years ago, but now the water of the lake is like

green paint’.

The pollution of Dianchi Lake is not directly related to highway construction, but the

participants believed that the urban over-expansion will cause environmental problems.

The other four worried if sustainable highways were costing too much, as one participant

said:

‘The development can take the road to obtaining economic growth as ‘pollute first,

treatment later.’

After providing more details of the sustainability assessment of highway infrastructure
projects to the twenty participants, they identified the critical factors for satisfying their
expectations of developing the highway infrastructure projects as shown in Figure 8.6.

Figure 8.6 Factors of highway development
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The factors from the public indicated that most of them support the government in investing
in more highways, but they preferred for the projects’ construction works not to influence
their daily life, such as increasing travel time and cost in the construction stage. The results
also showed that the public want appropriate investment and planning for developing
highways, avoiding high risk investment and achieving a real improvement to both the

highway infrastructure project and local communities.

‘The benefits of highway infrastructure projects’ construction should not only be a way to

increase the government revenues but should also prevent corruption.’ (Participant)

‘After completion, the project should improve the quality of life, solve the problems of

congestion and transportation chaos, and provide a convenient way to travel.’ (Participant)

Four participants raised concern about the land acquisition compensation problem because
the highway project required their land. Two people felt that highway construction should
not spoil the natural scenery because the most attractive aspect of Yunnan is the natural
landscape. One aspect of economic development, ‘Increasing the competitiveness of

region’, was mentioned by one participant.

Finally, the feedback from the public participants was discussed with two construction
engineers and two academic professors. Academic professors deemed that all the factors
identified by the twenty public participants had already been included in the indicator
system of the assessment model in Chapter 7. The factor of ‘Should not spoil natural
scenery’ can be viewed as ‘Effects on natural landscape and historical sites’, ‘Improve the
quality of life’ falls under ‘Contribution to improvement of people’s income and living
standards’, ‘Increasing the competitiveness of region’ can be related to ‘Contribution to
local economy’, ‘Land acquisition compensation’ is included in ‘Resettlement work’.
Therefore, the assessment model to all intents and purposes includes the public expectation

of highway infrastructure projects.

The feedback from the public participants revealed that the sustainability assessment of

highway infrastructure projects which includes all stakeholders’ requirements is still a
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theoretical concept for the public at large. Extensive public participation is necessary for

sustainability assessment, but it is unrealistic in practice at present.

8.4.2 Improving indicator system

The toll system for the highway produces the operational revenue which is included in the
financial analysis of the feasibility report. The requirement of Article Three of the Highway
Construction Project Economic Assessment Method published by the MOT provides that a
highway construction project must evaluate the national economic impact and financial
benefits, all toll projects must have a project economic evaluation (MOT, 2014). ‘The
operational revenue is reflected in a range of economic indicators as cost-benefit ratio,
financial risk and project investment planning’ (Construction engineer 1). Therefore, the

indicator of ‘toll system design’ will not be added to the sustainability assessment model.

The suggestion of omitting the indicator of ‘coordination with various organisations’ is
consistent with the results of the questionnaire survey in Chapter 7. The average value of
this indicator from the questionnaire was 2.343 which is lower than 3 ‘average significance’
level. Hence, it was omitted from the indicator system. The other thirty-six indicators in the
assessment model were retained. The updated indicator system is shown as Table 8.4, with

the weightings of the indicators assigned by the AHP method.
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Table 8.4 Updating indicator system

Code Indicators Mean Weight
S1 Lifecycle cost 47313 0.0235
S2 Project budget 4.5821 0.0235
S3 Project investment plan 45373 0.0235
S4 Financial risk 49104 0.0235
S5 Return on Investment (ROI) 5.0896 0.0471
Economical S6 Net Present Value (NPV) 5.0299 0.0471
aspect S7 Payoff period 4.9403 0.0256
S8 Internal rate of return (IRR) 4.9701 0.0448
S9 Cost/benefit ratio 5.0448 0.0471
S10  Contribution to local economy 5.1642 0.0471
_Contrlbutlon to improvement of people’s 50299 0.0471
S11  income and living standards
S12  Providing job opportunities 3.4478 0.0111
S13  Improvement on public health 3.1493 0.0111
Effects: on development of local 3.4179 0.0111
S14  education
Social aspect Protection of cultural and natural heritage
S15  which related to the project 3.5821 0.0098
S16  Resettlement work 4.0448 0.0222
S17  Suitable to different stakeholders 3.0746 0.0111
S18  Serviceability 4.0149 0.0222
Effects on land (Land consumption and
S19  land pollution) 4.4627 0.0142
Effects on ecological environment
S20  (changes on climate and local geology) 4.5821 0.0142
S21  Effects on air quality 45522 0.0152
Effects on water quality (produced waste
Environmental water, consumption of water resource, 4.5522 0.0152
aspect S22  potential contamination)
S23  Noise pollution 4.1642 0.0092
S24  Waste disposal 4.1343 0.0076
S25  Use of green energy sources 41791 0.0076
S26 Energy saving 4.,1493 0.0068
Effects on natural landscape and
S27  historical sites 4.0299 0.0111
S28  Advantage of project technologies 4.2388 0.0222
Coc_)rdmatlon with other transportation 47015 0.0222
Technological 529 projects -
aspect S30 Improv_eme_n@ on road network efficiency  5.0299 0.0444
S31  Maintainability 5.0000 0.0444
S§32  Extendibility 4.7910 0.0444
S33  Disaster prevention capability 4.3582 0.0222
S34  Rationality of project design and planning 4.8105 0.1000
Governance Rat_lonallty of organisational structure 45241 0.0500
aspect S35  design
S36  Sound governance systems 4.7819 0.0500
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However, it should be noted that the suggestion of enhancing the regulatory enforcement
and sustainability awareness by project participants in order to overcome the barriers to
adopting sustainability assessment are too broad for this research.

8.5 Application of the sustainability assessment model — A case study

To further examine the rationality and feasibility of the sustainability assessment model,
the developed model was applied to a case study - KQ No.4 Highway in Yunnan. The
primary reason for selecting this case is the availability of data which would be collected in
any case. It is important to note that the project feasibility report was the main source of
information on the sustainability performance of the case study.

8.5.1 Background of the KQ No.4 highway

In May 2012, Government of Yunnan Province proposed a strategic plan for the
construction of an industrial cluster in the central area of Yunnan including the three areas
of Kunming, Yuxi and Chuxiong, shown in Figure 8.6. It has a total area of 18,156 square
kilometres, with a total population of 2.5 million including 19 minority groups, the
establishment of the industrial cluster can contribute significantly to provincial economic
development, employment, exports, and improvement of life quality (Management

Commission of Central Area of Yunnan, 2016).
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Figure 8.7 Location of the industrial cluster

Industrial

cluster

Yunnan

Sources from: Management Commission of Central Area of Yunnan (2016).

The highway links the capital city of Yunnan, Kunming and the second largest city Qujing,
it was approved by the provincial government, and KQ No. 4 is a part of the highway
(Figure 8.7) with a total length of 21 kilometres. The total budget of the project is $1.63
billion and the first phase of the project was completed in 2015.

Figure 8.8 Location of Kunming —Qujing highway
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Sources from: Management Commission of Central Area of Yunnan (2016).
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8.5.2 Impacts of KQ No.4

The project is regarded as the strategic transport infrastructure project for promoting the
development of industrial clusters in Yunnan Province and realising the sustainable

development in this area.

Economic impacts

Economic impacts arising from KQ No.4 highway not only contribute to industry and
project itself but also the nation and region. 35% of the total amount of investment for this
project is from government with the remaining 65% borrowed from banks. The internal
economic rate of return is 11.26%, cost/benefit ratio is 1.509, the NPV is $6.96 billion
(IC=8%). A positive NPV follow that the yield is above the minimum and the project is
investment worthy (Edwards et al., 2003).

Currently, there are only two highways (G5 and G85) that link Yunnan, Sichuan and
Chongging, for many years the road network coverage has been limited in the east of
Yunnan which in turn has limited the development of this area. KQ No.4 project is expected
to significantly increase transportation capacity and improve the road network in Yunnan,
finally contributing to local development, dispersing traffic load and easing traffic pressure

on current main roads.

Social impacts

The highway directly influences regional agricultural development, greatly reducing the
transportation time of fresh agricultural products from producers to consumers, expanding
the market, and promoting production and processing. The development of the agricultural
economy can increase the income of residents and improve their quality of life (MOT, 2016).
The upgrading and improvement of highway infrastructure not only encourages increased
regional competitiveness but also realises human development. At the time of writing, only
15% of the population completed high-school education in the project’s area, this results in
an abundant labour force, since the working-age proportion in the population is over 70%.
The construction of the project can stimulate improved educational resources input and

local job output, and increase employment opportunities.

190



Environmental impacts

The most notable environmental problem is that the new project is in relatively close
proximity to the Yaoshan National Nature Reserve (220 square kilometres). The Reserve
has special geological formations and complicated landforms, but is also famous for its
peculiar and widely admired scenery, and its rich ethnic cultures. The project provides
improved transportation for 274 households with 1093 people at Yaoshan Village in the
Reserve, but it’s construction could result in environmental damage during the construction
process, including noise, air, and water pollution (Gao, 2016). Another problem is that the
forest coverage rate along the project is only 25%, and highway construction and other
human activities related to the projects could result in deforestation. Moreover, the project
crosses three rivers, JinshalJiang, Niulanjiang, Yilihe with total length 649 Kilometres and
the construction has a significant effect on water quality and hydrology along the route of
the road (Ma and Zhu, 2012).

Techniques and governance issues

The relevant compulsory criteria of the industry standards determine the techniques for the
project. The implementation of the project is conducive to local economic development and
improving the social environment, which gains support from local and central government
and various organisations, and the project planning, construction and supervision are strictly

governed by the relevant authorities.

However, due to the topographical location, natural conditions, and other unfavourable
geological conditions, the construction area of the project is susceptible to landslides and
debris flows. A number of bridges and tunnels are required, and the complex conditions

require high-tech construction methods and high-quality construction (Wang, 2013).

8.5.3 Sustainability assessment of the KQ No.4 highway

The feasibility report is the primary document for gaining approval for the project from the
authorities. The information found in the feasibility report was used to assess the
sustainability of the project. The available information and data included:
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e  General background of the project

e  Status of socio-economic and transportation development
e Analysis of traffic flow and forecasts

e Technical standards

e Construction plans

e Investment estimation and financing channel
e Economic evaluation

e Implementation plans

e Land utilisation evaluation

e Environmental impact evaluation

e Energy saving analysis

e Social evaluation

e Risk analysis

e  Project management team

It is important to note the feasibility report for this case study did not contain all the data
needed for the sustainability assessment model resulting in a less precise assessment, but
the application of the model can be justified on the basis of the information and data

available.

8.5.3.1 Assessment process

Postal questionnaires and interviews were used in the assessment process. For the first step,
six experts were invited to use the indicator system in Table 8.4 to score the sustainability
performance of the case study based on the information in the feasibility report. The
participants consist of two academic professionals, two directors of the government
departments, and two senior managers of the construction firm. All six participants have
been working in the highway construction for more than five years and they were familiar
with the requirements, regulations and standards of highways infrastructure project

construction.
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The sustainability assessment used a five-point Likert scale to grade the indicators, ‘9’ is
excellent; ‘7’ is good; ‘5’ is moderate; ‘3’ is a pass; and ‘1’ is weak. To facilitate the scoring
process, the feasibility report was sent to the participants with the Likert scale (Appendix
I11) at the end of February of 2017, and six responses were received within a week. The
data was analysed by using EXCEL. According to the weighted evaluation method in

Chapter 7:

S = ZlnzlAl'Sl' ; fOI‘ izl, 2, 3...36

S= Total sustainability performance value

A;=Weighting of i

S;=The value of indicator i

And:

L4 =1;

0<4;<1

The six experts’ scores for each individual indicator were multiplied by the weighting, and

summed to give the total value of the sustainability index of the project. The total score was

5.974 which indicates that the sustainability performance of the project is considered as

between good and moderate. The result is shown in Table 8.5.
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Table 8.5 Assessment result

Code Indicator Value Weight Score

S1 Lifecycle cost 6.857  0.0169 0.116

S2 Project budget 6.429  0.0133 0.086

S3 Project investment planning 5286 0.0133 0.070

S4 Financial risk 6.143  0.0253 0.155

) S5 Return on Investment (ROI) 5.143  0.0457 0.235
Efsgccim'c s6  Net present Value (NPV) 5000 0.0428 0.214
S7 Payoff period 6.714  0.0322 0.216

S8 Internal rate of return (IRR) 6.429  0.0277 0.178

S9 Cost/benefit ratio 7.714  0.0428 0.330

S10  Contribution of local economy 7.857 0.0731 0.574

s11  Contribution on improvement of people's 4429 0.0428 0.190

Sub-total 2.364
S12  Providing job opportunities 4.143  0.0083 0.034

S13 Improvement on public health 4429  0.0044 0.019

S14  Effects on development of local education 4571  0.0077 0.035

Social aspect 515  Protection of cultural and natural heritage 4429 0.0077 0.034
S16 Resettlement work 4714 0.0208 0.098

S17  Suitable to different stakeholders 4143  0.0042 0.017

S18  Serviceability 4429  0.0208 0.092

Sub-total 0.331
s19  Effects on land (e.g. Land consumptionand  3.286  0.019 0.062

g20  Effects on ecological environment (changes 3.857  0.019 0.073

S21  Effects on air quality 5.143 0.019 0.098

_ g2  Effects on water quality (produced waste 5714  0.019 0.109
Esr;)"e'crtonme”ta' 523 Noise pollution 5143 00098  0.050
S24  Waste disposal 5,571  0.0098 0.055

S25 Use of green energy sources 5.714  0.0098 0.056

S26  Energy & materials saving 5.714  0.0098 0.056

527  Effects on natural landscape and historical 4.429 0.0056 0.025

Sub-total 0.584
S28  Advantage of project technologies 6.429  0.0175 0.113

529  Coordination with other transportation 6.857 0.0319 0.219

Technological S30 Improvement on road network efficiency 6.571  0.0579 0.380
aspect S31 Maintainability 5.429  0.0579 0.314
S32  Extendibility 5.143 0.0319 0.164

S33  Disaster prevention capability 6.429 0.0175 0.113

Sub-total 1.303
S34  Rationality of project design and planning 5.286  0.0859 0.454

;;S%\;ecznance 535  Rationality of organisational structure 6.429  0.0429 0.276
S36  Sound governance systems 7.714  0.0859 0.663

Sub-total 1.392
Total 5.974
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The second step was to hold interviews with six experts by phone call to further investigate

details of the project’s sustainability performance. Each interview lasted for 15 minutes.

8.5.3.2 Interview results in analysis

The overall sustainable performance of the KQ No.4 highway project was acceptable
according to the experts’ opinions. From the responses of the experts, the project was

suitable for social and economic development under local conditions.

Economic performance
The results demonstrated that the average score for the economic aspect was higher than
other indicators. For economic indicators, the project financial indicators obtained a higher

score than other indicators.

‘Based on the feasibility report, every l-yuan investment on highway construction
generates 3-yuan total social output value, and creates 0.4-yuan gross national product

(GNP), the financial performance is good.’ (Construction engineer 1)

‘On the national economy perspective, the internal returns to the national economy of the
project is 10.74% which is greater than the social discount rate of 8%, and the risk
resistance capacity of national economy is strong. Furthermore, the project builds a
connection across the Yangtze river to link Yunnan-Sichuan-Chongqging, and it improves
the comprehensive transport capacity and traffic saw a sharp rise in the southwest area of
China. Therefore, from the economic aspect, the project economic sustainability is good’

(Director of Government 1).

The responses of participants also indicated that the score of economic performance was
higher than other aspects because the information about the economic benefits was more
detailed.

Social performance
The social performance was given lower score than other aspects, one of the major reasons

being the scarcity of data for social impacts.
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‘There were no concrete plans for the problem of most concern ‘resettlement work.’

(Academic professor 1)

According to the responses of the experts, there were some suggestions for social aspects
which consisted of: 1) optimising the planned highway route to reduce land occupation and
population relocation; 2) setting up an acceptable policy for demolition and land acquisition
compensation; and 3) making suitable provision to ensure a sustainable source of income

for relocated people.

‘The project developer should look especially to the vulnerable groups of farmers who are
relocated. To help the people who cannot maintain a basic standard of living through land
redistribution to undertake industrial transfer, develop production and development, and

reduce the social risk of the project.’ (Academic professor 2

In addition, the information available showing improvement of local education, public
health and job opportunities was qualitative with no standardised measure to evaluate it,

entirely depending on the experts’ subjective judgement.

Environmental performance
For environmental aspects, the average value of two indicators S22 (effects on land) and
S23 (effect on the ecological environment) were lower than the other 35 indicators.

Academic professor 1 explained that:

‘The project crossed three counties, Malong, Huize and Dongchuang, where agricultural
industry is predominant, and all the economic activities are based on farming. But the
farmland resources are limited, meanwhile the project occupied some of the arable land

resource resulting in ecological destruction’.
Base on the feasibility report, forests and farmland are the main land uses in this area, but

farmland occupies less than 25%, so its permanent loss should be a major concern (Table
8.6-8.8).
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Table 8.6 Land-use situation of Malong County (hundred meter2, %)

Agricultural land Building land Others
Total -
Construction Infrastructure Water Unused
Farmland Garden Forest Meadow purpose purpose area land
Area 319684 75774 4863.7 117269 6519.1 22487 4571.1 846.8 19.6
Percentage 100% 23.70% 1.52% 36.68% 2.04% 7.03% 1.43% 0.26% 0.01%
Table 8.7 Land-use situation of Huize County (hundred meter2, %)
Agricultural land Building land Others
Total .
Construction Infrastructure Water Unused
Farmland Garden Forest Meadow purpose purpose area land
Area 322781.62 | 130096.26 2275.14 370436.86 | 8047.06 13701.01 5122.87 8649.14 47071.88
Percentage | 100% 22.22% 0.39% 63.28% 1.37% 2.34% 0.88% 1.48% 8.04%
Table 8.8 Land-use situation of Dongchuan County (hundred meter2, %)
Agricultural land Building land Others
Total -
Construction Infrastructure | Water Unused
Farmland Garden Forest Meadow pUrpose purpose area land
Area 186569.81 32617.95 1720.35 61479.27 | 60736.11 | 4820.20 2120.73 4413.35 18661.85
Percentage | 100% 17.48% 0.92% 32.95% 32.55% 2.58% 1.14% 2.37% 10.00%

Sources from:

Feasibility report
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In addition, the score of S30 (effect on natural landscape and historical sites) was lower
than point 5, below the moderate score. ‘It is because there was no clear description of the
protection measures for the Yaoshan Nature Protection Area along the highway’
(Academic professor). Six experts pointed out that data was not available and to some extent

that would influence the assessment results.

Technology and governance performance

On the aspects of technology and governance, the organisational structure and management
system, project design and plan all met the project development requirements. The score of
indicator S36 (Rationality of project design and planning) was above the moderate level,
but lower than the other two indicators of governance aspects. Construction engineer 2
noted that: ‘the project passed across complex terrain, the design stage should enhance the

geological investigation and strengthen overall design .

The feedback given by the participants also mentioned that the construction process of
highway infrastructure is complex, it is necessary to adopt new equipment, new materials,
new technologies, etc., at the same time there is also a need to provide training to employees,

especially on sustainable construction concepts.

8.6 More recommendations

Through applying the sustainability assessment model to evaluate the sustainable
performance of the case study, the results show that the model is a valid method to support
decision-making for developing sustainable highway infrastructure projects in Yunnan.
Additionally, the assessment took place using experienced experts holding senior positions
thus ensuring the credibility of the results. But it should be noted that the model has some
limitations. The model aims to support the decision-making process of highway
infrastructure project development, and it requires a range of information for its successful
application, but some data and information of highway infrastructure project is contained
in internal documents of the government and construction firms. This research was unable
to obtain all the information about the case study, so data omissions could raise questions

regarding the accuracy of some aspects of it
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Furthermore, some information in the feasibility report complied with the standards and
regulations and could be used by the experts to evaluate the project taking a standardised
approach. But some data was not quantified, and the subjectivity of the qualitative data
would influence the results, most notably in identifying the impacts on social improvement.
Therefore, one Academic professor suggested that in addition to statistics and feasibility
reports, first-hand information from the field investigation would improve the reliability of
the sustainability assessment.

‘The field investigation provides a scientific method for direct observation and collection
of data, it will tell how the highway achieves the expectation of the people’ (Academic
professor).

As Bryman (1988) argued, the research results may be influenced by participants’
perceptions of research aims, their responses may be influenced by their characteristics,
race, age, gender and other factors, field investigation will help to address the potential
subjectivity of data collected from stakeholders (Webb et al., 1966, cited in Bryman, 1988,
pll12).

In this research, the field investigation required permission from relevant organisations and
agreement from the key stakeholders responsible for the sites. Due to time and cost
constraints, field investigation by experts was not undertaken for this case study and this

could influence the assessment score.

8.7 Conclusion

This chapter, through interviews with academic professionals, government officers and
construction engineers refined the sustainability assessment model for highway
infrastructure projects developed in the previous chapter. The responses of the interviews
revealed problems of the model but also reflected the current situation of sustainability
assessment of highway infrastructure projects in Yunnan Province. The imbalanced
transportation network makes Yunnan’s economy less developed than other regions. Over
the last 5 years the province has built more new roads than most provinces in China which

have contributed to economic growth and social development, but the highway system
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expansion also raises concerns in many studies by various government departments about
sustainability. Sustainability assessment is an important tool for promoting sustainable
highways, but its implementation faces challenges in Yunnan, and it would be more
effective if the various government bodies involved in the process or responsible for
formulating regulations for sustainability assessment of highway infrastructure projects

enforced existing requirements more effectively.

According to the responses, there was general agreement that the indicator systems and
evaluation process can be used to promote sustainable highways. Most of the indicators did
indeed reflect the core issues of sustainable highways. Furthermore, this chapter tested
public participation based on the responses of the experts that the sustainability assessment
needed to integrate the views of all interested parties. The results indicated that the level of
public involvement in sustainability assessment of highway infrastructure projects in
Yunnan is low. Sustainable development and sustainability assessment are new concepts
for local people, and it is necessary to increase the public’s awareness of environmental and

sustainability issues.

Finally, this chapter applied the model to an actual case study in Yunnan to test its practical
application. The results of the assessment showed near compliance with the current
situation and the tendency for highway infrastructure project development in Yunnan.
However, whilst the application of the model to the case study showed that the assessment
model is practicable, the process also demonstrated that for future use, additional data and
information is required from government departments, developers and construction
companies, and field investigation can increase the accuracy of assessment result. Figure
8.9 shows the role of experts and stakeholders at different stages of the model development

process.
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Figure 8.9 Role of experts and stakeholders during model development process

Model development stages Role of experts and stakeholders
Initialized
indicators

i 100 professionals from academia, government

and construction industry undertook
Developed the model by | .......{ questionnaire survey. The aim was to collect
determiningand - more objective and quantified data to rank the
weighting indicators significance of indicators.

12 experts participated in the semi-structured
interview survey. The experts provided in-depth
----; information about the sustainability assessment
\ 4 i |issues of highway infrastructure projects in
Yunnan to validate the model.

Refined the model
i |20 stakeholders of an under-construction highway
i | project participated the public test. The feedback
from the stakeholders helped to examine if the
model includes publics’ requirements.
\ 4
/ N

To further examine the rationality the model was
applied to a case study in Yunnan. 6 experts were
invited to use the model to assess sustainability of

\ / the case.
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CHAPTER 9 - CONCLUSIONS

9.1 Introduction

This chapter will interpret the main finding of the research and present the conclusions and

recommendations and recommend further study relating to the research results.

9.2 Research process

Highway infrastructure expansion is a key part of the government’s plan for Yunnan, and
it will bring significant benefits to the province, not only for economic growth but also for
social development. The sustainable development concept is now widely accepted, and
much more attention is paid to the impacts of highway construction on the environment and
society. It also requires further studies on reducing damage to the environment whilst at the
same time, supporting economic and social development through highway construction.

Based on previous studies, this research examined the importance of sustainability in
highway infrastructure construction, assessed sustainability assessment, and analysed the
experiences from existing systems and methods in order to develop an evaluation model to
support sustainable development in highway infrastructure projects in Yunnan. This study

set out to achieve the following objectives:

1)  Critically evaluate sustainability issues relating to highway infrastructure based on

the principles of sustainable development theories and practices.

2)  Determine the status of existing assessment models and compare them to current

sustainability initiatives in Yunnan.

3)  Develop a suitable sustainability assessment model to be used at the feasibility stage

by construction professionals involved in highway infrastructure.

4)  Test and refine the model by obtaining and comparing experts’ opinions from a variety

of professional groups.
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The research was conducted in three steps. The first step of the study was the literature
review where the concept of sustainability was applied to highway infrastructure projects
(objective 1), existing assessment systems, models and methods were evaluated, and the
sustainability practice in the local context of Yunnan Province was explored (objective 2).
This step identified the key factors of sustainability assessment for highway infrastructure

projects in Yunnan which laid a foundation to build the model in the second step.

The second step was to develop an indicator system for sustainability assessment (objective
3). In this step, the experts in highway infrastructure projects were invited to participate in
a questionnaire survey for building the evaluation indicator system. The score of indicator
significance was used to determine and weight the indicators.

For the final step, a qualitative approach involving 12 open-ended interviews was employed

to refine the model (objective 4).

9.3 Conclusion of the study

This research examined the key concepts of sustainability in highway infrastructure projects,
reviewed the current sustainability assessment systems and methods for highway
infrastructure projects, and developed a sustainability assessment model for highway
infrastructure projects in consideration of the local conditions in Yunnan. The key findings

from the research are presented in the following sections.

9.3.1 Concept of sustainability in highway infrastructure projects

This study examined the current situation and development trends of highway infrastructure
projects in Yunnan, and how the sustainable development concept can be applied in a local
context. The construction of highway infrastructure projects is one of the most harmful
construction activities for the natural environment, it is also one of the greatest consumers
of energy and resources. Highway infrastructure projects are large construction projects
with significant investment, long construction periods and long-term impacts. They can
increase the pace of economic development, promote other industrial development

requiring building materials, communication equipment, transportation etc. They can also
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better serve as China’s trade hub linking south and southeast Asian countries. Finally,
highway project construction is a labour-intensive industry which brings employment
opportunities to the region. For these reasons, highway infrastructure projects have become

one of the priorities for the development of Yunnan.

At the same time, the major effects on the environment from highway construction have
been widely recognised worldwide, and the notion of sustainable highway infrastructure
project has been raised in the field of construction. Previous studies suggest that sustainable
highway infrastructure is a multidisciplinary concept in nature and includes areas such as
economics, the environment, construction, engineering, city planning and designing, and so

on.

Under the triple bottom line principles (economic, social, and environment) of sustainable
development, WCED (1987) defined sustainable development as ‘development that meets
the needs of the present without compromising the ability of future generations to meet their
own needs.” According to this definition, sustainable highway infrastructure projects will
not cause long-term damage to the environment, and must meet the needs of local
community and people living with it. There is a great reliance on technology to achieve the
economic, social, and environmental development of the local area and nationally. In
addition, project governance plays a significant role in sustainable construction by creating
appropriate incentives for building a project in a sustainable way. Therefore, development
principles of highway infrastructure project sustainability consist of economic, social,

environmental, technological and governance sustainability.

However, the highway infrastructure project is complex with many different stages, each
stage associated with various activities and constraints. There are many studies that
combine project lifecycle theory with the concept of sustainable highway infrastructure,
using sustainable development principles to guide project construction activities during the
project lifecycle (planning and designing, construction, operation and disposal stages),
maximising energy saving, reducing costs, increasing resource utilisation rate, reducing

waste, minimising the damage to society and the environment.
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9.3.2 Conditions of sustainability assessment of highway infrastructure projects

The purpose of sustainability assessment is to ensure highway infrastructure projects are
built in a sustainable way, and to resolve problems arising from highway construction. The
result is to achieve sustainability throughout the lifecycle of the project. The aim of the
whole process is to have minimum negative impacts on the ecological environment, and
bring economic, social and environmental benefits. The first step is to establish the

assessment indicator system, standard, method and application model.

A highway infrastructure project is complex, the sustainability of the project includes
ecological and environmental protection, resource and energy utilisation, social and
economic development and many other aspects. The application of the assessment must
have operability, thus, should obey the following principles: straightforward and easy
evaluate, based on the current situation and understanding of the key of principles of

sustainable development.

A set of complete and valid parameters is needed to accurately describe the real conditions
of highway infrastructure projects. This is the basis for building an indicator system for the
sustainability assessment model. The assessment indicator system should put emphasis on
individual project attributes but also consider some common characteristics of various
projects, such as their large-scale, and involvement of numerous stakeholders. All types of

construction project should be based on the principles of sustainable development.

Sustainable development has temporal characteristics where the requirements vary at
different stages of the project, the understanding of sustainability is from an environmental
orientation to the direction of balance on economic, social development and environmental
protection. It also has a spatial characteristic which means it has a different focus in the
various regions and nations. As a result, the sustainability assessment standards are strongly

related to the local social, economic, environmental and cultural circumstances.

9.3.3 Current sustainability assessment system

At present, different sustainability assessment frameworks and systems for highway
infrastructure projects have been or are being developed worldwide, including
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Environmental Impact Assessment, Lifecycle Assessment and various rating and
certification tools (e.g. LEED and BREEAM).

China has made progress in promoting sustainability assessment in highway infrastructure
projects, the government has not only improved policies and regulations for sustainable
construction and environmental protection but also developed the necessary evaluation
systems such as economic and financial assessment, environmental impact assessment and
social impact assessment. The government has issued requirements and standards for
engineering and highway infrastructure projects, including the Specifications for
Environmental Impact Assessment of Highways (2006), Construction Project Economic
Evaluation Approaches and Parameters (2006), Evaluation Standard for Green Building
(2014), and so on. These standards, codes and requirements provide standardised criteria
and methods for the sustainability assessment of new and existing construction and highway
infrastructure projects. Under the requirements of the various standards and codes, many
sustainability assessment systems have been established across China. These systems can
be grouped into decision-support tools (Cost-Benefit Analysis, Multi-Criteria Decision
Analysis amongst others), rating systems and techniques for assessing environmental or
social impacts (Environment Impacts Assessment and Social Impacts Assessment). These
sustainability assessment systems provide significant theoretical and practical approaches
to reduce impacts of highway infrastructure projects on the environment and society. But
these existing methods are criticised as being more focussed on environmental assessment
or one particular aspect of sustainable development and failing to properly evaluate the

economic and social aspects, and specific regional circumstances are not covered.

As a frontier province, Yunnan differs greatly in geographic conditions, natural resources,
and historical backgrounds when compare to other parts of China, but also in respect of
economic development. Historically, the development of Yunnan has lagged most other
provinces in China and while sustainability assessment in highway infrastructure has
become more widely accepted in recent years, local government in this region has not

introduced a comprehensive assessment system to reflect the specific local context.

Highway infrastructure projects have a close relationship with national, local and industrial
development, they also have different characteristics, inconsistent focus and direction.

Along with the rapid expansion of highway infrastructure in Yunnan, establishment of a
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suitable assessment system and evaluation model is required to strengthen the sustainable

development of highway infrastructure projects in Yunnan

9.4 Contribution of this research

The contribution made by this study is divided into two main parts: theory and methodology.

The theory finding contributes to an understanding of sustainable development and
sustainability assessment of highway infrastructure projects. It also contributes to an
understanding of the sustainability of highway infrastructure projects in the context of
Yunnan. In addition, the research not only provides an assessment process for highway

construction, it also provides a reference for other infrastructure projects.

The main methodology contribution of the study has been the combination quantitative and
qualitative methods. The questionnaire survey considered the subjective nature of
qualitative research and explored if the indicators are suitable for Yunnan. The interviews
experts were used to refine the developed model, this method resolved the problem of the
scarcity of data dealing with sustainability assessment in Yunnan. The mixed method
improves understanding of the gap between sustainability assessment theories and practice,
and provided experience for other studies on determining indicators of sustainability in the

context of developing countries.

9.5 Recommendation for the sustainability assessment model

Highway infrastructure are complex projects involving many different activities and
stakeholders which has led to various assessment methods. This study strives to develop a
comprehensive indicator-based assessment model, but it has not proved possible to build a
system which meets the requirements of all highway infrastructure projects. The research
findings revealed that although there are many frameworks, systems and methods of
sustainability assessment of highway and other infrastructure projects, a standard method
does not exist. There are many recommendations for enhancing the sustainability

assessment model and these can be summarised as follows:
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Firstly, the study method can be improved. The study used questionnaires to determine the
indicator selection. This approach helped to obtain significant data as the response rate was
88%, and 67% of the responses were valid. There are a number of reasons for this response
including the distribution methods. 80% of the questionnaires were sent by a group - its
subsequent administration and the respondents background in sustainability of highway
projects was not well identified. Different distribution methods could be used to further
improve the response rate and the validity of the responses. furthermore, a qualitative
approach, such as the Delphi method, could be used in the indicator selection process to

support assessment indicators determination.

Secondly, the model would be improved by optimising data and information on the
evaluation process. In the study, the information was mainly from the project feasibility
report and some information was not available, such as the demographic data of residents
along the highway project. Field research can improve the effectiveness of the assessment
result. Besides, the determination of indicator weighting by AHP is dependent on experts’
judgement and experiences which results in a high level of subjectivity. Objective methods
can be introduced such as entropy, based on objective data, information and documents

from government departments, developers and construction companies.

Finally, regulations and rules can guarantee sustainability assessment implementation. The
organisation and government should build a set of rules to determine the purpose of the
sustainability assessment of the highway infrastructure project. Currently, there are many
standards and guidance, but there is not a systemic and uniform standard for sustainability
assessment. There should be standardisation of sustainability and sustainability assessment

within highway infrastructure project construction.

However, it is essential to have experienced and skilled experts with sustainability
knowledge and familiarity with highway construction standards and techniques to assess

the project sustainability.

9.6 Recommendation for the further study
The following areas should be considered for further study:
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1) The research defined the factors influencing sustainability assessment implementation,
but it was not entirely resolved, so further study should be undertaken to investigate how to

overcome the barriers, such as political, awareness, governance and financial barriers.

2) Assessment indicators should reflect the requirements of different stakeholders, and
further study should investigate how to deal with public participation in selecting indicators

of sustainability assessment.

3) China is building the world’s largest high-speed rail network, and Yunnan is an important
part of the network. Further study should explore the sustainability assessment issues for

high speed rail in Yunnan.

4) Yunnan is a mainly mountainous and hilly land, further development of a specific
sustainability assessment model for this type of topography would be beneficial for other

regions.
5) The economic benefits of the highway infrastructure project were the priority; a more

effective financing model could be developed in the future taking into account the

requirements for developing a sustainable highway infrastructure project.
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APPENDIX |

Questionnaire related to the research of Build the Sustainability Assessment Model

for the Highway Infrastructure Projects

in Yunnan, China

RTHRZEE REA BRI B T REETEN REK RS HE

This questionnaire helps to identify a set of the most important factors for assessing

sustainability in the highway construction project, the information will be valuable to study

on sustainable highway project, and will benefit the project planning. | would very much

appreciate your participation in this research.

Notes: All personal information will be kept anonymous.

A1) 26 R B B TR DAL 2 B B H RS AR R E R, o AR

XTI TT
T AR PLAE A 7 AT

Part one: This part provides your background information

B—HS: PAERER

Q1. What is your profession? Please ( V')
QL MEHINLATIR? 15 O BT«

Academic profession () Government decision-maker ()
PRI O BURFESTT O

Construction engineer ()
BHEITEM O

Q2. How many years have you worked on a highway project? Please ( V)

Q2. %?%ﬁ&ﬁ%@&ﬁgiﬁzﬂzﬁa? "L%E%E () HIT”
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3-5years() 5-10years () 10 years and more ( )
3-54 () 5-104F O 10U E O

Q3. Have you ever involved in a part of a specific sustainability elements of highway
project? Please (V)

Q3. BRLZ 5T Hmm A A RS SR TAE? Please (V)

Yes() No()

z O /O

Part two :

T35

Part two provides the chart on below which lists the | 0 = Not relevant
optional sustainability assessment indicators | 0 = A AHR

emphasised by various institutions and studies. | 1 = Low significance
Please complete the chart, adding score for those | 1 = J:Ackg %

indicators using the scale on the right: 3 = Average significance

3=HHE

ARG R G009 91D F MR, O oo oo
T 3 RS R B TSSO | ¢ _ o

PRI LT AR BRT 22 7 = Very high significance
7= HE
Aspects Indicators Score
FERER 7N o
Lifecycle cost = i ¥ A<

Project budget 3 H i %

Project financing channel i H fift %5 42 1&

Project investment planning 3 H #% % it %Il

Lifecycle profit 2 iy Uk 25

Economical aspect

ZHFER

Financial risk 1445 X%

Return on Investment (ROI) $#5 AU (ROI)

Net present Value (NPV) 153t (NPV)

Payoff period [a] i

Internal rate of return (IRR) P38 25 % (IRR)

Cost/benefit ratio A/ FliE L
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Aspects
FERER

Indicators

=07

Score

i

Contribution to local economy X 31 [X 25 5% 1] 52

Contribution to improvement of people's income and
living standards 5§ #1 X A YA FIA 1E 7K (1) 52
i

Social aspect

HaER

Providing job opportunities #2 gt k14>

Improvement on public health £53 /% $t g B

Effects on development of local education X 243 #
B KI5

Protection of cultural and natural heritage which
related to the project 51 H & =K 34k B SR 157
PR

Resettlement work #% [& 22 8 T AE

Suitable to different stakeholders i& T4~ [ F) 25
PN

Coordination on various organisations 5 ¢ 2H 21

B 1

Serviceability i& F 1%

Environmental
aspect

HEER

Effects on land (e.g. Land consumption and land
pollution) X - Hh fry 52 1A

Effects on ecological environment (changes on
climate and local geology) ¥ AF 25 ¥ 55 [ 52 1l

Effects on air quality %45 520

Effects on water quality (produced waste water,
consumption of water resource, potential
contamination) X 7K ¥ I it 52 M

Noise pollution M35 52w

Waste disposal &k} kb7

Use of green energy sources &3 & gEJ5 1158

Energy saving i fE & Il

Effects on natural landscape and historical sites %} 5
SR LAy 5 35 328 FR 5 i)

Technological
aspect

5 ZNFSE 3

Advantage of project technologies 3z A4t

Coordination with other transportation projects 5
"B A 8 TRt PR P R
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Aspects
FERER

Indicators

=07

Score

i

Improvement on road network efficiency X i ¥l

(S

s el

n

Maintainability #] 3%

Extendibility 7] 4" J& P

Disaster prevention capability [j % N & ¢ /)

Governance aspect

HFHERAR

Rationality of project design and planning

Sk > aaNibEsLitia

Rationality of organisational structure design
A S R ) A B

Sound governance systems R4 1EH R4

If you have correction or additions for the indicators, please give your comments here:

IS F BN TR, IS A A IR IR L
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APPENDIX 11

Interview Survey Related to the Research of Build the Sustainability Assessment
Model for the Highway Infrastructure Project

in Yunnan Province, China

RTHREFEEREARI B WREEPIRR N TR IEE
Purpose

The purpose of this interview is to obtain the individual’s ideas of sustainable highway
infrastructure project in Yunnan Province of China, through that aid the building and

improvement of a sustainability assessment model for highway infrastructure.

Listed below are the open-ended questions about the sustainability in highway
infrastructure project development in Yunnan province of China, and the developed
sustainability assessment model. The questions are designed to extend the scope of
explaining the main sustainability criteria which will help to refine the model. The
participants will take 45 minutes to give answers through personal interviews or telephone

surveys, during the research their participations are anonymous.

ZEELE

AUTRIE KRN T RAGR T 2 4 il A B 0 H W] RSO R RAE S, il
IV R T W e 35 R ST i 23 B ] R EEPE PPN A

A T 2 R B A AR T R R R IR, H S A I R KRR
ANZE 58 5%F 24 iRy 2 B 0 H (AT R A R 3, DL S ST PP A AR SR
AL 4R 4 STV R ) AR A B A N I )RR R bR IR AT R R AT S
AR5 A] B IE L TR B R T e R, A4S Bl BT 2 55 15 B
e B A4 1 o

247



Questions
et R«

Part one: General information about the participant and highway infrastructure

construction in Yunnan.
F—r: RTHHBENZHEREARBRIEALER

1. What is your job? what are the main duties of your job?
TR HRNY 2 EENFR) AR TR ?

2. What experiences do you have on the highway project sustainability? Have you ever
made suggestion that was implemented in this field?

A R L B TP SRR R T A AT AR 2 8 2
ORI T5 T B TAR S i ?

3. Please introduce the situation and the achievement in the highway infrastructure
construction in Yunnan.

T — 1 20 23 B A e O B B ) 0 AT L B ) St

Part two: Information of how the participant understands the sustainability in

highway infrastructure.
B RTREABRIE HEENEE

4. How do you define the term of ‘sustainability’, and how do you assess or gauge
progress toward sustainability?

EAE S “FIHFERIE” A YA TR SR A R R 2

5. What are the benefits of sustainability in highway projects?
BRI H P RREEE (AP AL R AT A7

6. Would you give a phrase or sentence to define sustainable highway?
Vi 8 AT 22 AT HF B2 ) R 2 1 2

7. Please list a number, preferably between five and ten, of the most important priority
factors that must be addressed to contribute to the achievement of sustainability in
highway infrastructure.

55125 5 ] 10 A5 i B B 5C T iy 8 B TP AR R R IR A 3
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8. Please describe the key factors that support the advancement of sustainability issues on
highway in Yunnan? What factors do you think account for resistance to or lack of
responsiveness to these concerns?

THHEA — T LI B8 = A R I B E N . R AR RS 1 Rl fF
Bk sl ?

9. Based on your experience what would be the key use of sustainability assessment
highway project?
ARl 18 B 22 56 v i O % T 5 SR R e A A BRI PN 5 202

Part three: comments on the developed sustainability assessment model.

=R RTERVARR PR

10. To what extent did you understand the purpose/function of the highway sustainability
assessment model?

T E AR T R o i AT RSP AR X 2

11. If there was anything would like to add about the assessment model?

Xt TR PR AT 4 P R g

12. Were any alternative sustainable assessment methods or tools considered?

e A e P A i %

13. Were there any significant gaps in the knowledge of the assessment model during in
using it?

RS O MR Z WA B A %R

14. Were there any significant communication difficulties for using the model?
XA V38 AV 1] R

15. What extent could be working practices have been improved the sustainability after
using the model?

XA 10 AT RS AT i A

16. How would you like to suggest a potential user wishing to use this model?

S T AR AL I A B AT A ARE R ?

17. Any other comments on the model?
A HE R TR = 2
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APPENDIX 111

LIKERT SCALE FOR SUSTAINABILITY ASSESSMENT OF KQ NO.4
PROJECT

*xF KQ No.4 A& HER

Please rate the sustainable performance of the project based on the project feasibility

report provided.

TEIRGEFTR GL R B AT MR S AR AT AT IT 20

Part one: This part provides your background information

FBHa: PAERFR

Q1. What is your profession? Please ( V')
QL. ML ? 1HE O BHiTv”

Academic profession ()  Government decision-maker () Construction engineer ()
TR O BUFERTT O P TR O

Q2. How many years have you worked on a highway project? Please ( V)

Q2. KT ARSI TAREEIR? H1E O ATV

3-5years() 5-10years () 10 years and more ( )
3-54 OO 5-104 O 104ERLE O
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Part two: According to the right scale evaluate | 1= Weak
the sustainability of the KQ No.4 project. 1=55
B - ERERBA MR TESPREX KQ | 3 = Pass
No.4 31 B KA e AT 20 o 3=HHk
5= Moderate
5= %%
7= Good
7=t
9 = Excellent
9= 1R%f
Aspects Indicators Score
FERER =20 o
Economical Lifecycle cost A= e A<
aspect

ZHFRR

Project budget 3 H 1%L

Project investment planning i H # %1%l

Financial risk 4 4% X%

Return on Investment (ROI) # ¥ [B] Y5 % (ROI)

Net present Value (NPV) {#I1{E (NPV)

Payoff period [a] i3

Internal rate of return (IRR) PJ #5745 Z (IRR)

Cost/benefit ratio 54/ it

Contribution to local economy X 31 [X 25 5% 1) 5 i

Contribution to improvement of people's income and

living standards i #[X A\ BRSO A 3 7K - R R

Social aspect
#HERER

Providing job opportunities #& it kA1 4:

Improvement on public health £53% /3 $t g B

Effects on development of local education % 24 162k & ()
EAl

Protection of cultural and natural heritage which related to
the project 5-35T H A % I 3C 4k H AR B FR47

Resettlement work #% (&% & T/E

Suitable to different stakeholders & H T/~ [F F) 25 A0 ¢ A

=
Al

Serviceability i FH P

Environmental

aspect

HERR

Effects on land (e.g. Land consumption and land
pollution) X -t 1) 5 1

Effects on ecological environment (changes on climate
and local geology) X A 253835 ) 52
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Aspects
FERR

Indicators

=12y

Score

¥

Effects on air quality X255 I 52

Effects on water quality (produced waste water,
consumption of water resource, potential contamination)

X 7K BE R R

Noise pollution 83 540

Waste disposal J&#} 4bFE

Use of green energy sources 4% AE 5 1) {8

Energy saving 5 it & 31

Effects on natural landscape and historical sites X} F 4R
R Susulivf- Al

Technological

Advantage of project technologies £ AR 34

?_;J;E = Coordination with other transportation projects 5 & %8
] Ve VL N
A 3 5t P P U
Improvement on road network efficiency X i M 5 ik %
Maintainability 7] 434
Extendibility 7] 4 g
Disaster prevention capability [ % 5. 2 GE /1
Governance Rationality of project design and planning I H % i1 &
aspect PR
EHRERER

Rationality of organisational structure design ‘& ¥ 2H 2 4%
R )& PR

Sound governance systems R 41 HEH R 4

Please give your comments here: 15 35 75 25 R A Uk A 488 1 75 UL
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