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Abstract

A sustainabiliy assessment ool can help decision and policy-makers o take appropriate actions
for making society more equitable. Sustainability assessment involves various fiers of

information such jecti teria, indices, indicators and variables.

d assessment of sustainabili always been a challenge. Several

approaches or conceptual frameworks have been proposed in various

ines ranging from

engineering 10 business and policy-making. A critical literature review of sustainability
assessment frameworks revealed that existing frameworks have limited capabiliy to- deal
comprehensively with different issues of sustainability. These also lack flexibilty to be adapted

in various disciplines with a unified interpretation. However, linkage-based frameworks can

egrate information at all levels and guide long-term actions directed at reducing environmental
health threats using causality relationships. Comparison of various linkage-based frameworks
shows that the driving force-state-exposure-effect-action (DPSEEA) framework can be used to
achieve sustained health benefits and environmental protection i accordance with the principles
of sustainable development. Further, its similarity with ecological and human health risk
assessment and risk management paradigms sets it apart from the other linkage-based

frameworks.

A quantitative model based on the DPSEEA framework is developed for sustainability
assessment of higher education institutions (HEIs) based on environmenta, socio-economic, and

educational performance as viable dimensions of sustainability. A comprehensive list of

sustainability indi
e i (S1). This causality is called DPSEEA-

tors under each dimension is sclected to assess sustainability using a

Sustainability index Model (D-SiM). As public institutions and particularly HEISs are facing the
challenges of bringing sustainability in their strategic planning and development, a quantitative
assessment of sustainability can be very helpful. The D-SiM can be applied to any institution
provided the indicators are selected based on the performance of that institution. In D-SiM, SI is

an outcome of a multitude of nonlinear effects of sustainability indicators in various stages of



DPSEEA. An empirical model based on 2 full factorial analysis indicates that economic
development, social equity, and education are the major drivers for achieving sustainability in

HEIS.

As sustainability is generally regarded as a qualitative and elusive concept, it is proposed (o use
fuzzy multi-criteria decision-making in D-SiM for the quantitative assessment of sustainability.
“This uncertainly based D-SiM is referred as wncertainty-based DPSEEA-Sustainabiliy index
Model (uD-SiM), where each factor is defined using fuzzy numbers. Sensitivity analysis shows
that the education in sustainability and global and local research trends are the major driving
forces for achieving sustainabiliy in HEIs. These are followed by financial and economic growth

rate, social cquity, energy requirements rate, and institutional enhancement. The results of uD-

M are found to be more realistic than its deterministic counterpart D-SiM.

After the development of uD-SiM, the model is used for ranking sclected Canadian universities.
A comparison of universities based on sustainability indicators related to environmental,
‘anadian Universities
Columbia (UBC),

University of Toronto (UoT), University of Alberta (UoA), MeGill, and Memorial University

economic, social and educational aspects is also carried out. The five

considered and evaluated using uD-SIM are the University of Bri

(MUN). The final ranking results are compared with the green report card ranking for 2010
through SI. It s found that the overall rankings of the UBC, UoA, and McGill by uD-SiM were

quite similar o the Green report card’s ranking. The difference between ub-SiM ranking and

Green report card could be atributed to the difference in selection of indicators for the two

approaches. In Green report card, water use and education in sustainability are not considered

whereas these two indicators play a significant role in the uD-SIM model. The application of

various control actions and strategies for improving sust

bty in HEIs at different stages of

the framework are also discussed.
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Chapter 1: Introduction

L1 SUSTANABILITY

Sustainabi

ims to meet human needs while preserving the natural environment 5o that these
nceds can be met i the present and also in the future. In the aftermath of the Brundtland Report
in 1987, sustainable development has offered the world  new perspective on intra- and inter-

generations parity. The Brundtland Commission, named after former Norwegian Prime Minister

Harlem Brundiland, originally proposed the most oft-used definition of sustainability that states
development that meets the needs of the present without compromising the ability of future
generations (o meet their own needs (WCED, 1987),

“The above defini in various cconomies and

provides the basis for the sustainability paradigs

implicily argues for the rights of future generations to raw materials (natural resources) and to

“This widely into various di a
is now widely adopted and encouraged by many organizations (c.g., Kenway et al., 2007).
Jabarcen (2008) has identified seven key concepts (o synthesize and assemble the theoretical
framework for sustainable development. These seven key concepts include equity, natural captal

stock, utopia, eco-form, integrati Jobal agenda, and ethical parad

Sahely ef al. (2005) and Becker (1997) argued that sustainable development s about achieving a
balance among three objectives or dimensions — environmental, economic and social — over

time and in spatial hor i deals with enviro-soci issues of

inter- and intra-generations in a holistic way and should not be considered as an add-on o
existing management systems of organizations (Kenway ef al., 2007). Therefore, if we focus on

any single objective or dimension alone in minimizing impacts; other ffects not considered can



grow unchecked. As a result, burdens can merely shift from one area to another instead of
decreasing overall.
Sustainability paradigm requires multidisciplinary actions and involvement of all stakeholders in

the decision m:

& process (Loucks ef al. 2000; Maragerum, 1999). Sustainability implics

’ I picture of events and act faras

This is also referred to as environmental accounting. This Kind of accounting assumes that all

aspects of a system can be measured and audited. Environmental accounting can be a limited
biological interpretation as in the case of ecological foofprint analysis, or may include social
factors as in the case of riple bottom fine (TBL) analysis. The TBL analysis s about identifying
improvement in the environment, social, and economic performance due (o short- and long-term
policy decisions. In TBL analysis, environment relates to the impacts of policy decisions on the
natural environment (e.g. natural resources, flora, and fauna); economy relates to the impacts on
financial sustainabiliy, and society relates 1o impact on the community as a whole (e.g. public
health and safety, social equity, culture),

Sustainabiliy is a vague concept, therefore its quantitative measurement and assessment has
always been a challenge. Sustainability assessment requires various tiers of information that may
include performance objectives, assessment criteria, indices, indicators and variables. The

the broad goals set by isi ‘and by the public or by the user of

the service. Major sustainability objectives can be expressed as TBL, that i, as environment,
social, and economic performance. Assessment criteria (indices or indicators) provide yardsticks
against which sustainability objectives are measured (MeLaren and Simonovic, 1999). Various
assessment criteria can be identified depending on the context and the level of study. For

example, in any engineering project, health and safety, cconomic development, social cquity,

environmental qualiy, ecology, and technical feasibility can be major assessment




indi derived from

a decision i satsfyi They conditi it
or performance. Indicators are useful for monitoring and measuring the state of environment by

considering a manageable number of variables or characteristics. Performance indicators can be

single valued (i.c., derived from one variable) or composite (i.¢., obtained by the aggregation of

two or more variables). Indicators can also be based on quantitative or qualitative performance

data. Aggregation is req performance variables and derive indicators using

a0 weighed avcrag e -
(AHP), and ordered weighted averaging (OWA) (Sadiq and Tesfamariam, 2007). The intent of
aggregation is to simplify the presentation and provide realisic interpretation of a large number
of performance variables in an effective manner.

Assessment criteria (or performance indices or indicators) provide yardsticks ay

sustainability objectives are measured, and these can be single valued or composite (MeL.aren and

Simonovic, 1999). Selection of relevant indicators is essential for an effective sustainabili

assessment and efficient performance monitoring for a system.

1.2, PROBLEM STATEMENT

ince sustainable development became a catchphrase in the interational arena, several
approaches and conceptual frameworks have ben proposed and developed in various disciplines
ranging from engincering to business and policy making. Sustainability assessment frameworks
help to focus and clarify what o measure, what to expect from the measurement, and what kind
of indicators 1o use. These frameworks lack the capability and flexibiliy to comprehensively deal
with multiple issues for assessing sustainability in various disciplines and to provide a unified

interpretation. The main differences among frameworks are the way in which they conceptualize

the main dimensions or categories (such as environment, social, and economic) of sustainable

3



development, the inter-linkages between these dimensions, the way they group the issues to be
measured, and the concepts by which they justify the selection and aggregation of indicators.
A growing number of communities, businesses, and other organizations are publicly pledging

their commitment 1o sustainabilty. Public institutions and particularly higher education

the world ing and taking initiatives to

make their campuses sustainable. The terms HEIs and universities are used interchangeably in

‘general objectives of all HEIS are (o educate students based on certain
general educational goals; 1o preserve and refine existing knowledge while producing,
disseminating, and applying new knowledge; and to define and find solutions to the problems
facing society. The challenge now is that these objectives have to be achieved in a sustainable
manner. Sustainability for universities can be seen as a necessity not only (0 avoid the costs of
deteriorating social, environmental and cconomic indicators but also to create new opportunities
to improve the rate and extent of human development. These institutions are facing serious
challenges in integrating sustainability in their strategic planning and developing qualitative and
quanttative assessment models for measuring sustainabilty.

Assessing and quantifying sustainability is a challenge. Several approaches and conceptual
frameworks have been proposed in various disciplines, but their applicability is fimited because

of the lack of a quantitative assessment framework. This research aims to overcome these

1.3. RESEARCH OBJECTIVES AND SCOPE
The main goal of this research is to develop a quantitative sustainability assessment framework
that can be applied to any institution. In this research, it is applied to higher education
institutions.

the proposed h are listed below:




Conduct a comprehensive review of existing sustainabilty assessment frameworks. in
various disciplines, and identify a suitable framework for quantitative assessment of
sustainability,

+ Develop a model for quantitative assessment of sustainability initatives in universities and

propose an overall index of sustainability to monitor and improve their performance,

©  Investigate uncertainties among sustainability indicators and their impact on sustainability
index (S1), and

« Apply the developed model for studying the impacts of various decision actions (risk
‘management strategies) on the improvement of sustainability index for selected Canadian
universities

In order 10 achieve the objectives of the research 1o be carried out, the following models and

approaches are developed:

*  Development of DPSEEA Sustainability index Model (D-SiM) for the sustainability

assessment of higher education instittions,

* Development of uncertainty-based (probability or fuzzy-based) D-SiM (uD-SiM) that can

b

incorporate uncertainties in the sus y indicators and propagate them throughout the

model, and

Application of uD-SiM 1o identify and develop risk management and decision-making
strategies for selected Canadian universites.

1.4, STRUCTURE OF THESIS

“The remainder of this thesis has been structured in line with the general progression of the work

from literature review to model development and demonstration, which is described in the



L da i S

following paragraphs. The major deliverables of this research are graphically represented by
Figure 1.1
Chapter 2 provides a detailed review of the literature to understand the frameworks and

of the most appropriate:

approaches taken by other researchers, to provide  basis for the ch
st of frameworks influencing factors, and o discuss the selection of HEIs for possible nclusion

the subscquently developed model. A journal paper (Waheed ef al., 2009) has been published

in Sustainabiliy.

iajor research deliverables

framework

Sustainability assessment

riteria making tools and

Chapter 3 describes the selected framework DPSEEA, various mul

ic model D-SiM

hallenges faced by higher education institutions. This chapter proposes a determini

for sustainability assessment of HEIS. A conference paper (Waheed ef al, 2010) has been published
in CSCE Annual Conference Proceedings. Another journal article (Waheed et al, 201 1a) is accepted
and will be published in Issue 12 volume 4 of the /nternational Journal of Sustainability in Higher

Education.




Chapter 4 improves carlier proposed deterministic D-

M model by introducing fuzzy-based

concepts and presents an uncer

inty-based model, called, uD-SIM. A journal paper (Waheed ef
al., 20114) has been published in the Journal of Cleaner Production.

Chapter 5 validates the uD-SiM and demonstrates its application for selected Canadian
universities. Moreover, the impacts of decision actions and risk management strategies on

sustainability index are also discussed. A joumal paper (Waheed et al,

011¢) is under review for

he Stochastic. Research & Risk Assessmer

Chapter 6 summarizes the conclusions and also describes the contribution of this rescarch

for the future rescarch di

Iso provided.
15, STATEMENT OF ORIGINALITY

The novelty of the present rescarch can be viewed from the following perspectives:

© Inthis research an innovative use of linkage-based framework, DPSEEA, has been explored

for developing a cause-effect model for quantitative sustainability assessment, which has

not been done in the past. The proposed framework is capable of incorporating inter-

Kages, cause-effect relationships and feedback (actions) at any stage of DPSEEA
framework and re-valuates sustainability

« The developed models (D-SiM and uD-SiM) have been applied to HEI in this study,

however, the conceptual framework can be applied to any public institution (¢, hospitals,
schools, libraries, etc) provided that the continuum (as cause-effects) of relevant
performance indicators are available.

+ The developed models provide an effective quantitative approach for ranking universities
based on sustainability index instead of a point scoring system and are comparable (o the

existing ranking systems, such as Green Report Card.




Chapter 2: Literature Review'

 of this chapter is to discuss different approaches, identify challenges,
and o select a framework for delivering effective sustainability assessments. Sustainable
development is an idealized concept and its assessment has always been a challenge.
Several approaches, methodologies and conceptual frameworks have been developed in
various disciplines, ranging from engineering (o business and 1o policy making. The
chapter focuses mainly on various linkage-based frameworks and demonstrates that the
driving force-state-exposure-effect-action (DPSEEA) framework can be used (0 achicve

sustained health benefits and environmental protection in accordance with the principles of
sustainable development, especially because of its resemblance to the environmental risk
assessment and management paradigms. The comparison of linkage-based frameworks is

demonstrated through an example of sustainability in a higher educational institution.

TA part of this chapier s publihed and cited a5
" Wabeed, B, Khan, F., Veitch, B. 2009, Linkage-based Frameworks for Sustainability Assessment:

ing a Case for Driving
Sustainabiliy, 13), 441463 doi-10 33901030441



2.1 Introduction

2.L.1. Definition
‘The main objective of this chapter is to provide an overview of different approaches, identify
challenges, and o select a framework for delivering effective sustainability assessments.
Sustainable development aims to meet human needs while preserving the natural environment so
that these needs can be met not only in the present but also indefinitely in the future. Since the
aftermath of the Brundtland reportin 1987, sustainable development has offered the world a new
perspective on how o protect environmental systems for the present as well as for the future

generations. The Brundtland Commission, named after former Norwegian Prime Minister

Harlem Brundtland, originally proposed the most oft-used definition of sustainability that sttes
development that meets the needs of the present without compromising the abiliy of future
‘generations to meet their own needs (WCED, 1987).

The above definition provides the basis for the “sustainable development” paradigm in various
economies at various levels, and implicitly argues for the rights of future generations to raw
materials (natural resources) and to vital ecosystem services. This universally accepted concept

has permeated into v

i disciplines and is widely adopted and (or) encouraged by many
organizations (c.g.. Kenway ef al., 2007). Much has been written about principles or concepts of
sustainability (Kenway ef al., 2007; Becker, 1997; Gibson, 2000), however, the seven key
concepts identified by Jabareen (2008) to synthesize and assemble the theoretical framework for

sustainable development are presented here. These seven concepts include equity, natural capital

stock, wtopia, eco-form, integrative management, global agenda, and ethical paradoxes. Each
concep represents distinetive meanings that provide the theoretcal foundations of sustainabiliy

as follows:



Equity represents the social aspect of sustainable development. The most common types of
equity are inter- and intra-generational. Intra-generational equity refers to faimess in allocation
of resources between competing interests at the present time. Inter-generational equity refers to
the fairness in allocation of resources between current and future generations.

Natural capital stock represents the sustaining of natural material assets development where

natural capital stock consists of three catcgorics: non-renewable resources, such as mineral

resources; the finite capacity of the natural system 1o produce * such as food
crops and water supplies; and the capacity of natural systems 1o absorb the emissions and
pollutants that arise from human actions without suffering from side effects which imply heavy
osts 0 be passed onto future generations. The condition of constant natural capital is normally

termed *strong sustainabi concept i discussed latr.

where there is humans

and nature, justice prevails, people are perfectly happy and content, life moves along smoothly
without shortages.

“The concept of Eco-form is one of the major contributors in bringing the global discourse on
sustainability, and it deals with ecological design and form of human habitats such as the

ecologically desired spatial form of citie, villages, and neighborhoods.

Integrative and holistic: aholistic view of soci . economic

‘growth, and environmental protection. To preserve the natural capital stock for ecological and

sustainable integrity, integrative and holistic management is essent

Global politcal discourse means that politcal agenda has become one of the main drivers of

sustainability as all major policies and programs around the globe are inspired by sustainabi

since 19905



Ethical paradoves in sustainable development mean 1) characteristics of a state that can be
maintained forever and 2) development or environmental modifications that intervene with
nature and natural resources. The concept aims to mitigate and moderate the paradox between
the two.

‘The central focus of sustainability is o provide a long-term performance. All above concepts aim

to increase the quality of ife for humans and other ecological entities, enhance cconomic

activities, and reduce the impacts on ecological systems with special emphasis on major global
problems ke climate change, depletion of fossil fuels, emerging technologies, genctically
modified food, and spread of discases (Becker, 1997; Sahely ef al., 2005; CEC, 2006). These

concepts ensure that all developments must be undertaken with great sensitvity to minimize

impacts; therefore all possible l
2.1.2. Sustainable Development
1t has been argued by Becker (1997) and Sahely ef al. (2005) that “sustainable development” is

about achieving a balance among three objectives or dimensions — environmental, economic,

and social — over time and spat is emphasized by Kenway ef . (2007)
and Gibson (2000) that sustainable development deals with enviro-socio-economic issues of
inter- and intra-generations in a holistic way and should not be considered as an add-on o the
existing management systems of organizations as it requires stewardship of all resources. The

reason is if we focus on any single objective or dimension alone while deciding on least

burdening practices, it will allow all other effects to grow unchecked. As a result burdens can

merely shift effct, instead of Il desirable d burdens.

Sustainability paradigm requires multidisciplinary actions and involvements of all skeholders

in the decision making process (Loucks ef al. 2000). Sustainability implies paying attention to



comprehensive outcomes of events and actions as far as they can be anticipated at present. This

is known as “environmental accounting”. This kind of accounting assumes that all aspects of a
system can be measured and audited. Environmental accounting can be a limited biological
interpretation as the case for “ecological footprint analysis”, or may include social factors as in

the case of Triple Bottom Line (TBL) an

TBL is about identifying improvement in the
environment, social, and economic performance as a result of short- and long-term policy
decisions.

The concept of sustainability can be defined as “weak” or “strong”. In case of weak

sustainability, it is assumed that we can replace (or duplicate) natural materials and services with
manufactured goods and services. This is also known as substitutability paradigm, whereas in
case of strong sustainability it is assumed that the natural materials and services cannot be

duplicated or natural capital stays constant over time (Pearce and Turner, 1990) as mentioned

carlier in the natural capital stock coneept in the previous section. Strong sustainabilty is also
known as non-substitutability paradigm. The problem with the concept of weak sustainability is
that one can easily assign a monetary value to the manufactured goods; however, assigning a
monetary value to the natural materials and services can be very difficult or impossible.
Similarly, ozone layer, wetland, ocean fishery, and a river full of salmon are irreplaceable. To
further claborate consider a case where one has to determine the worth of a forest full of trees.
One way i to assign a monetary value to alltrees by assuming that they are tumed into fumiture
o paper. However, the forest provides a home for wildlife that provides food for hunters. It also
provides a place for hikers to enjoy the natural environment. These intangible benefits are not

possible to be duplicated by any monetary value. Contrarily, the concept of strong sustainability

[ that onl i perform and cannot



humans. The ozone layer is one example of an ecosystem service that is difficult for humans to
duplicate.
Sustainability assessment is an emerging concept and one of the typical questions raised by

sustainable assessment is that how do we measure sust

bility? The following section explains
these questions in more detail

22 Sustainability Metrics

Quantitative measurement and assessment of sustainability has always been a challenge.
Sustainability assessments may require various tiers of information that may include objectives,
assessment criteria, indices, indicators, and performance data/variables/parameters (Table 2.1).
“The objectives describe the broad goals set by the decision-makers and by the public or by the
user of the service. Major sustainability objectives are generally set by TBL i, environment,
social, and economic performance. Assessment critria, sometimes also referred to as “indices”
or “indicators” provide principles to establish that specified objectives have been met

Assessment criteria provide yardsticks against which sustainabili

objectives are measured.
Various assessment criteria can be identified, depending on the context and the level of the

study. For example, in any engincering project, health, safety, economic development, social

equity, environmental quality, ecology, and technical feasibilty can be major assessment crieri
‘There are two approaches (o define performance assessmen eriteria, i.c., a bottom-up approach
and a top-down approach (Gibson, 2000). I the bottom-up approach, the objectives are defined
in relation t0 the baseline conditions. In other words, crteria are generated by assuming that the
state of sustainability can be defined by environmental, social, and economic objectives and

proposed criteria are developed under these categories. For example, environment s a category

and resource wtilization is a proposed crite

Triple bottom line is considered a bottom-up



approach. On the other hand, a top-down approach assumes sustainability as a state o which
society aspires, and then moves on (o define this state in terms of sustainability criteria. Top-

‘down approach is als inc approach in which iteria are derived

from sustainability principles (Pearce and Tumer, 1990). For instance, under sustainability

principle of biodiversity and ccological integrity eriteria, it should improve ity and

ecological integrity and builds life support. It i argued by Gibson (2000) and Pope ef . (2004)

that the top-down or principles-based approach outweighs the bottom-up or TBL approach as it

sphasizes i the susainability dis rather
than promoting conlicts and trade-offs, besides avoiding some of the inherent limitations of the
‘TBL approach to sustainability. However, literature review shows that extensive rescarch has
been done using both approaches (e.g., urban infrastructure systems (Sahely et al., 2005) and

river basin management (Barrera-Roldan and Saldivar-Valdes, 2002).

Table2.1: ility matri i “TBL obj
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o indi derived from
a decision in satisfying the assessment criteria. They can refer to the context, conditions, means,
activities or performance. Indicators are useful for monitoring and measuring the state of
environment by considering a manageable number of variables or characteristies. Performance

derived from one var

ble) or composite (.., obtained by

icators can be single valued
the ageregation of two or more variables). Indicators can also be based on quantitative or
qualitative performance data. Indicators, especially environmental, could be (i) use-based (early
warning), subject- or issue-based (water quality, noise pollution). and position-based as in
linkage-based frameworks described later in this chapter (Niemeijer and de Groot, 2008)
Ageregation i required to combine performance variables and derive indicators using multi-
criteria_ decision-making techniques such as weighted averaging, AHP (analytic. hierarchy
process), and ordered weighted averaging (OWA) 10 obtain an index. The intention of
aggregation is to simplify the presentation and provide realistc interpretation of a large number

an effective manner.

of performance variables

Alegre (1999) listed the basic characteristics of performance indicators as:

. i inability performan
* nomoverlapping (i, mutually exclusive)
o casy to understand and interpret

asfew in numbers as possible

verifiable

defined for a given time period, and

*  universal enough to be measured in diverse conditions.




I the chosen indicators are not relevant and hard to measure or monitor, it leads to erroneous

analyses and conclusions. Extensive lists of indicators for sust

provided in several studies related 10 the planning and management at urban, regional, and
national levels (e.g.. (Foxon ef al, 2002; Maclaren, 1996; Alberti, 1996; WHO, 1996). Edwin
(2002) explored the challenge of choosing appropriate indicators to measure environmental
progress in the automotive industry. The author proposed two main challenges: 1) developing
and evaluating appropriate normalized and functionally related indicators, and (2) integrating

indicators into the design and decision process (using multi-objective approaches). The author

found that the use of multi-objective decision-making could be problematic in sustainability
assessment,if the indicators are not comparable or not fully applicable.
I the last decade, several attempts have been made to create aggregate measures for various

aspects of sustainability by using indi better i

performance in filds such as environment, economy, society, or for technological improvement.
‘Some of the most prominent attempts include: Human Development Index (HDI) of the United
Nations Development Programme (UNDP); Environmental Sustainability Index (ESI) and the

En

nmental Performance Index (EPI) of the World Economic Forum (WEF). Singh ef al.
(2009) have provided a detailed overview of various sustainability indices applied in policy
practice. A summarized version of their work indicating broad classification of indices and
categoris is presented in Table 2.2. However, many special categories of environmental indices

like air quality index and water quality index are not discussed here.




‘Table 2.2: Summary of sustain:

ity indices (modificd after Singh ef al 2009)

Innovative, Knowledge and | Summary innovation ndex.  Human resources
technology indices  Knowledge creation
 Transmission and appliation f new

« Innovation finance
< Healhy

* Knowledge

* GDP per capita
Tndex ofsustainable and economic welfire | + Economics

« Human Welfire

« Economics
« Environmentsat, pressure and
destrction

indices System of inegrated Environmental and
Economic Accounting (SEEA)

« Technial
« Ecological

Ecoindex methodology « Economics
o Life cycle impact daa
Living Planetindex « Biodiversity

« Ecosy

Ecological Footprint (EF) « Natural resources
o National consumption

performance indices for « Environment
Industries

G score method « Voluntary environment
* Health

o safity

T .

 Sustainable policies and
commitment

Product-based sustainabilty | Life Cycl Index (Liny) « Envinment

ndices




Soxi

io-political

policies, nations and regions o Stresies |
« Human vnerabilty
« Socitaland insiutional capacity
« Global sieward ship

Environmental Valncrability Index © Hazards ‘
* Resistance.
© Damage messurement

Environmenta indices for | Eeo-indicator 99 « Human health

industries

© Ecosystem quality
* Resources, minerals and fosslfuls

Green Pro-1 « Environmental
(Sadiq e al, 2005; Khan et af 2002) « Technological
« Economical

2.3, Sustainability Assessment Frameworks
Since sustainable development became acatchphrase in the intemational arena, several

approaches and conceptual frameworks have been proposed and developed in various

iplines, ranging from engineering to business and 1o policy making. Each of these

frameworks has limited capability to deal with different issues of sustainabi

comprehensively

and lack flexibilty to be used in various disciplines with a unified interpretation. The schemes to

classify various sustainability frameworks may also vary, e.g., based on application discipline,

methodology, mathematical techniques and tools, and the level of study. In enginecring literature

(Sahely ef al, 2005; Loucks ef al., 2000; Jeon and Amekudzi, 2005), sustainability assessment is
generally viewed as a multi-objective optimization or mult-criteria decision-making problem.

Based on detailed literature search (e.g., Kenway ef al., 2007; Jeon and Amekudzi, 2005; Guio-
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