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Abstract

A sustainability assessment tool can help decision and policy-makerstotakeappropriateactions

for making society more equitable. Sustainability assessment involves various tiers of

infonnation such as performance objectives, assessmenlcriteria,indices, indicators and variables.

Quantitative measurement and assessment of sustainability have always been a challenge. Several

approachcsorconceptual frameworks have been proposed in various disciplines ranging from

engineering to business and policy-making. A critical literature review of sustainability

assessment frameworks revealed that existing frameworks have limited capability to deal

comprehensively with difTerent issues of sustainability. These also lack nexibilitytobeadapted

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

integrate information at all levels and guide long-term actions directedatreducingenvironmental

health threats using causality relationships. Comparison of various linkage-based frameworks

shows that the driving force-state-exposure-efTect-action (DPSEEA) framework can be used to

achieve sustained health benefits and environmental protection in 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

A quantitative model based on the DPSEEA framework is developed for sustainability

assessment of higher education institutions (HEls) based on environmental, socio-economic, and

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

sustainability indicators under each dimension is selected to assess sustainability using a

surrogate measure called sustainability index (SI). This causality based model is called QPSEEA-

~ustainabilitylndexModel(D-SiM).ASpublicinstitutionsandparticularlyHElsarefacingthe

challengesofbringingsustainability 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 0 fthatinstitution. InD-SiM,SI is

an outcomeofa multitude of nonlinear effects of sustainability indicators in various stages of



DPSEEA. An empirical model based on 2k full factorial analysis indicates that economic

development, social equity, and education are the major drivers for achieving sustainability in

Assustainability is generally regarded as a qualit3tive and elusiveconcept, it is proposed to use

fuzzy multi-criteria decision-making in D-SiM for the quantitative assessment of sustainability.

This uncertainly based D-SiM is referred as J!ncertainty-based QPSEEA-~ustainability jndex

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

forcesforachievingsustainabilityinHEls. These are followed by financial and economic growth

rate, social equity, energy requirements rate, and institutional enhancement. The resultsofuD-

SiM are found to be more realistic than its deterministic counterpartD-SiM.

AfterthedevelopmentofuD-SiM,themodelisusedforrankingselected Canadian universities.

A comparison of universities based on sustainability indicators related to environmental,

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

considered and evaluated using uD-SiM are the University of British Columbia (UBC),

University of Torol1to (UoT), University of Alberta (UoA), McGill, and Memorial University

(MUN). The final ranking results are compared with the green report card ranking for 2010

through SI. It is found that the overall rankings of the UBC, UoA, and McGill by uD-SiM were

quite similar to the Green report card's ranking. ThedifTerence between uD-SiM ranking and

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

approaches. In Green report card, water use and education in sustainabilityare nOlconsidered

whereas these two indicators playa significant role in the uD-SiM model. The application of

various control actions and strategies forimprovingsustainability in HEls at difTerent stages of

the framework are also discussed.
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Chapter 1: Introduction

Sustainability aims to meet human needs while preserving the natural environment so that these

needs can be met in lhe present and also in the fUIUrc. In the aftennath of the Brundtland Report

in 1987, sustainable development has offered the world a new perspective on intra- and inter-

generations parity. The Brundtland Commission, named after fonner orwegian Prime Minister

Harlem Brundtland,originallyproposed the most oft-used definition ofsustainability that states

development llral meets the needs of the present without compromising the ability of fUiure

generalionslo meel lheirown needs (WCED, 1987).

The above definition provides the basis for the sus/ainability paradigm in various economies and

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

vital ecosystem services. This widely accepted concept has permeatedintovariousdisciplinesand

is now widely adopted and encouraged by many organizations (e.g., Kenway el 01., 2007).

Jabareen (2008) has identified seven key concepts to synthesize and assemble the theoretical

framework forsustainabledevelopmenL These seven kcyconcepts include equity, natural capital

stock,utopia,eco-form, integrative management, global agenda,and ethical paradoxes.

Sahelyelal.(2005)andBecker(1997)arguedthatsustainabledcvelopmentisaboutachievinga

balance among three objectives or dimensions - environmental, economic and social - over

time and in spatial horizons. Sustainable development deals wi thenviro-socio-economicissuesof

inter- and intra-generations in a holistic way and should not be considered as an add-on to

existing management systems of organizations (Kenway el al., 2007). Therefore, if we focus on

any single objective or dimension alone in minimizing impact's; otherefTects not considered can



grow unchecked. As a result, burdens can merely shift from one area to another instead of

decreasing overall

Sustainabilityparadigm requires multidisciplinary actions and involvement of all stakeholders in

the decision making process (Loucks el 01., 2000; Maragerum, 1999). Sustainability implies

capturing an overall comprehensive picture of events and actions as far as they can be envisioned.

This is also referred to as environmenlalaccounling. This kind of accounting assumes that all

aspects ofa system can be measured and audited. Environmental accounting can be a limited

biological interpretation as in the case ofecologicalfoolprinl analysis, or may include social

factors as in the case of triple botlom line (TBL) analysis. TheTBLanalysis is about identifying

improvement in the environment, social, and economic perfonnance due to 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, f1ora, and fauna); economy relates to the impacts on

financial sustainability, and society relates to impact on the community as a whole (e.g. public

health and safety, social equity, culture).

Sustainability is a vague concept, therefore its quantitative measurement and assessment has

alwaysbeenachallenge.Sustainabilityassessmentrequiresvarious tiers of information that may

include perfonnance objectives, assessment criteria, indices, indicators and variables. 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 can be expressed asTBL, that is, as environment,

social,and economic perfonnance. Assessment criteria (indices or indicators) provide yardsticks

against which sustainability objectives are measured (McLaren and Simollovic, 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, economic development, social equity,

environmental quality, ecology, and technical feasibility can be major assessment criteria.



Perfonnanceindicatorsorindicesarederived from variables as they measure the efTectivenessof

a decision in satisfying the objectives. They can refer to the context, conditions, means, activities,

orperfonnance.lndicatorsareuseful for monitoring and measuring the state of environment by

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

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

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

data. Aggregation is required to combine performance variables and derive indicators using

multi-criteria decision-making techniques, such as weighted averaging, analytic hierarchy process

(AHP), and ordered weighted averaging (OWA) (Sadiq and Tesfamariam, 2007). The intent of

aggregation is to simplify the presentation and provide realistic interpretation ofa large number

ofperfonnancevariablesinanetTectivemanner.

Assessment criteria (or perfonnance indices or indicators) provide yardsticks against which

sustainabilityobjectivesaremeasured,andthesecanbesingle valued or composite (McLaren and

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

assessment and efficient performance monitoring for a system.

Since sustainable development became a catchphrase in the international arena, several

approaches and conceptual frameworks have been proposed and developedinvariousdisciplines

ranging from engineering to business and policy making. Sustainability assessment frameworks

help to focus and clarify what to measure, what to expect from the measurement, and what kind

ofindicatorstouse.Theseframeworkslackthecapabilityandnexibility 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



development, the inter-linkages between these dimensions, the way they group the issues to be

measured,and the concepts by which theyjustify the selection and aggregation of indicators.

A growing numbcrofcommunities, businesses, and other organizations are publicly pledging

their commitment to sustainability. Public institutions and particularly higher education

institutions (HEls) like universities all over the world are also committingand taking initiatives to

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

this thesis. The main general objectives of all HEls arc to educate students based on certain

general educational goals; to 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 to avoid the costs of

deterioratingsocial,environmentalandeconomic indicators but also to create new opportunities

to improve the rate and extent of human development. These institutions are facing serious

challenges in integratingsustainability in their strategic pianninganddevelopingqualitativeand

quantitativeassessmentmodelsformeasuringsustainability.

Assessing and quantifying sustainability is a challenge. Several approaches and conceptual

frameworks have been proposed in various disciplines, but their applicability is limited because

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

The main goal of this research istodevelopaquantitativesustainabilityassessment framework

that can be applied to any institution. Jnthisresearch,itisappJied to higher education

The specific objectives of the proposed research are listed below:



• Conduct a comprehensive review of existing sustainability assessment frameworks in

various disciplines, and identify a suitable framework for quantitative assessment of

sustainability,

• Develop a model for quantitative assessment of sustainability ini tiatives in universities and

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

• Investigate uncertainties amongsustainability indicators and their impact on sustainability

index (SI),and

• Apply the developed model for studying the impacts of various decision actions (risk

management strategies) on the improvementofsustainabilityindex for selected Canadian

In order to achieve the objectives of the research to be carried out, the following models and

approaches are developed:

• Development of QPSEEA .§.ustainability jndex Model (D-SiM) for the sustainability

assessment of higher education institutions,

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

incorporate uncertainties in thesustainability indicators and propagate them throughout the

• Application ofuD-SiM to identify and develop risk management and decision-making

strategies for selected Canadian universities.

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

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



following paragraphs. The majordeliverables of this research are graphically represented by

Figure!.!.

Chapter 2 provides a detailed review of the literature 10 understand the frameworks and

approaches taken by other researchers, to provide a basis for the choice of the most appropriatc

set of frameworks inOuencing factors, and to discuss the selection of HE Is for possible inclusion

in the subsequently developed model. Ajoumal paper (Waheed etal., 2009) has been published

inSustainability.

Figure t.l: Major research dclivcrables

Chapter 3 describes the selected framework DPSEEA, various multi-criteria making tools and

challenges faced by highereduC3tion institutions. This chapter proposesadetemlinisticmodelD-SiM

forslistainabilityassessment of HEIs. A conference papcr(Waheed e/ al.,2010) has been published

in CSCEAunualCon!erenceProceedings. Anotherjoumalarticle(Waheed elal., 201 la) is accepted

and wiJl be published in Issue 12 volume 4 of the InlernalionalJournalojSuslainabililyin Higlter



Chapter 4 improves earlier proposed deterministic D-SiM model by introducing fuzzy-based

concepts and presents an uncertainty-basedmodel,called, uD-SiM. A journal paper(Waheedel

al.,2011b)hasbeenpublishedintheJoumalojCleanerProduClion

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. Ajollmal paper (Waheed elal., 2011c) is under review for

possiblepllblicationintheStochaslicEnvironmenlalResearch&RiskAssessment.

Chapter 6 summarizes the conclusions and also describes the contribution of this research.

Recommendations for the future research direction are also provided.

The novelty of the present research can be viewed from the followingperspectives:

• In this research an innovative use of linkage-based framework,D PSEEA,has been explored

for developing a cause-efTectmodel for quantitative sustainabilityassessment, which has

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

linkages, eause-elTeet relationships and feedbaek (aetions) at any stage of DPSEEA

frameworkandre-evaluatessustainability.

• 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 (e.g., hospitals,

schools, libraries, etc.) provided that the continuum (as cause-efTects) of relevant

performance indicators are available.

• The developed models provide an efTective quantitative approach for ranking universities

based on sustainability index insteadofa point scoring system and are comparable to the

existing ranking systems. such as Green Report Card.



Chapter 2: Literature Review I

The main objective of this chapter is to discuss difTcrent approaches,identifychallenges,

and to select a framework fordeliveringefTcctivesustainabilityassessments. 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 to business and to policy making. The

chapter focuses mainly on various linkage-based frameworks and demonstrates that the

driving force-state-exposure-efTect-action (DPSEEA) framework can be used to achieve

suslainedhealthbenefirsandenvironmentalproteclioninaccordancewithlheprinciplesof

sustainable development, especially because of its resemblance 10 the environmental risk

assessment and management paradigms. The comparison of linkage-based frameworks is



2.U.Defillitioll

The main objective of this chapter is to provide an overviewofdi fferentapproaches, identify

challenges, and to select a framework for delivering effective sustainability assessments.

Sustainable development aims to meet human needs while preserving the natural environment so

thattheseneedscanbemetnotonlyinthepresentbutalsoindefinitely in the future. Since the

aftermath of the Brundtland report in 1987,sustainabledevelopmcllthasofTeredtheworidanew

perspective on how to protect environmental systems far the present as well as far the future

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

Harlem Brundtland,originally proposed the most oft-used detinition ofsustainabilitythatstates

development that meets the needs of the present without compromising the ability of future

generations to meet their own needs (WCED, 1987).

The above definition provides the basis for the "sustainabledevelopment"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 various disciplines and is widely adopted and (or) encouraged by many

organizations (e.g., KenwayeJ al., 2007). MliCh has been written about principles or concepts of

sustainability (Kenway et 01., 2007; Becker. 1997; Gibson, 2000), however. the seven key

concepts identified by Jabareen (2008)tosynthesizeandassemblethetheoretical framework for

sllstainabledevelopmentarepresentedhere. These seven concepts incilideequity, natural capital

stock. utopia, eco-fonn, integrative management, global agenda, and ethical paradoxes. Each

concept represents distinctive meanings that provide thetheoreticalfoundationsofsustainability



Equity represents the social aspect of sustainable development. The most common types of

equityareinter·andintra-generational.lntra-generationalequity refers to fairness inalJocation

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 categories: non-renewable resources, such as mineral

resources; the finite capacity of the natural system to produce ,rencwable resourccs' such as food

crops and water supplies; and the capacity of natural systems to absorb the emissions and

pollutants that arise from human actions without suffering from side effects which imply heavy

costs to be passed onto future generations. The condition ofconstantnaturalcapitalisnonnally

tenned 'strongsustainability'.Thisconcept is discussed later

The concept of Utopianism represents a perfect society, where there is harmony between humans

and nature, justice prevails, people are perfectly happy and content, life moves along smoothly

w;thoutshortages

The concept of Eco-form is one of the major contributors in bringing the global discourse on

sustainability,anditdealswithecologicaldesignandfonnofhuman habitats such as the

ecologically desired spatial fonnofcities, villages, and neighborhoods.

Inlegraliveandholislicmanagemem represents a holistic view of social development, economic

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

sustainable integrity, integrative and holistic management is essential.

GJobalpoJilicaJdiscourse means that political agenda has become one of the main drivers of

sustainabilityasall major policies and programs around the globe are inspired bysustainability



Elhical paradoxes in sustainable development mean I) characteristics ofa 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 central focus of sustainability is to provide a long-term pcrformance.Allaboveconceptsaim

to increase the quality of life for humans and other ecological entities, enhance economic

activities, and reduce the impacts on ecological systems with special emphasis on major global

problems like climate change, depletion of fossil fuels, emerging technologies, genetically

modified food, and spread of diseases (Becker, 1997; Sahelyel al., 2005; CEC, 2006). These

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

environmental impacts; therefore all possible alternatives must be considered comprehensively.

2./.2.Sustaillab/eDevelopmellt

It has been argued by Becker (J997) and Sahelyelal. (2005)that"sustainable development"is

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

and social- over time and spatial horizons. However, it is emphasized by Kenway el a/. (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 considcredasanadd-ontothe

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 from one efTect to another efTect, instead of an overall desirable decrease of burdens.

Sustainabilityparadigm requires multidisciplinary actions and involvements of all stakeholders

in the decision making process (Loucks el al. 2000). Sustainabilityimplies paying anent ion to



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

is known as"environmental accounting", This kind ofaccounlingassumes that all aspectsofa

system can be measured and audited. Environmental accounting can be a limited biological

inlerpretation as the case for"ecological footprint analysis' '.ormayincludesocialfactorsasin

the case of Triple Bottom Line (TBL) analysis. TBL isaboul identifying improvement in the

environment, social, and economic performance as a result of short- and long-term policy

The concept of sustainability can be defined as "weak" or ··strong·'. In case of weak

sustainability, it isassumedlhat we can replace (or duplicate) naturalmaterialsandserviceswith

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 overtime (Pearce and Turner, 1990) as mentioned

earlier in the natural capital stock concept in the previollssection. Strongsustainability 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

One way is to assign a monetary value to all trees by assuming that they are turned into furniture

or paper. However, the forest provides a home for wildlife that proyidesfoodforhunters.1talso

proyidesa place for hikers to enjoy the natural environment. These intangible benefits are not

possible to be duplicated by any monetary value, Contrarily, theconcept of strong sustainability

emphasizes on functions that only nature (environment) can perform and cannot be duplicated by



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 sustainability? The following section explains

these questions in more detail.

2.2. Sustainability Metrics

Quantitative measurement and assessment of sustainability has always been a challenge.

Sustainabilityassessmentsmayrequirevarioustiersofinfonnation that may include objectives,

assessment criteria, indices, indicators, and perfonnance data/variables/parameters (Table 2.1).

The objeclives describe the broad goals set by lhedecision-makers and by the public or by the

user of the service. Major sustainabilityobjectives are generally setbyTBL i.e., environment,

social, and economic performance. Assessment criteria. sometimes also referred to as "indices"

or "indicators" provide principles to establish that specified objectives have been met.

Assessment criteria provide yardsticks against which sustainability objectives are measured.

Various assessment criteria can be identified, depending on the context and the level of the

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

equity,environmentalquality,ecology,andtechnicalfeasibilityean be majorassessmenl criteria.

There are two approaches to define performance assessmenlcriteria, i.e., a bottom-up approach

and a lop-down approach (Gibson, 2000). In the botlom-upapproach, lheobjec.ivesaredefined

in relation to the baseline conditions. In other words, criteria aregcnerated by assuming that the

state of suslainability can be defined by environmental, social, and economic objectives and

proposedcritcriaaredcvelopedunderlhesec3tegories.Forexample,environmentisacategory

and resource utilization is a proposed criteria. Triple bottom line is considered a bottom-up



approach. On the other hand,a top-down approach assumes sustainabilityasa state to which

society aspires, and then moves on to define this state in terms of sustainability criteria. Top-

down approach is also called principles-based approach in which assessment criteria are derived

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

principle of biodiversity and ecological integrity criteria, it should improve biodiversity and

ecological integrity and builds life support. It is argued by Gibson (2000) and Popee/al.(2004)

that the top-down or principles-based approach outweighs the bonom-up orTBL approach as it

emphasizes interconnections and interdependencies between thesustainabilitydimensionsrather

than promoting conflicts and trade-ofTs, besides avoiding some of the inherent limitations of the

TBL approach to sustainability. However, literature review shows that extensive research has

been done using both approaches (e.g., urban infrastructure systems (Sahelye/al., 2005) and

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

Table2.1: Sustainabilitymatrices-anexample in terms ofTBL objectives

l:l
:is
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Perfonnance indicalorsor indices are derived from variablcsasthey measure the efTectiveness of

a decision in satisfying the assessmenl criteria. They can refertothecontext,conditions, means,

activities or perfonnance. Indicators are useful for monitoring and measuring the state of

environment by considering a manageable number of variables or characteristics. Perfonnance

indicators can be single valued (Le.,derived from one variable) or composite (i.e .. obtained by

the aggregation of two or more variables). Indicators can also be based on quantitative or

qualitativeperfonnancedata.lndicators,especiallyenvironmentaI, 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 dc Groot, 2008)

Aggregation is 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) to obtain an index. The intention of

aggregation is to simplify the presentation and provide realist ic interpretationofa large number

of performance variables in an effective manner

Alegre (1999) listed the basiccharacteristicsofperfonnancei ndicatorsas:

• encompassing all relevant aspects of sustainability performance

• non-overlapping (Le., mutually exclusive)

• easy to understand and interpret

• as few in numbers as possible

• defined for a given time period, and

• universal enough to be measured in diverse conditions.



analyses and conclusions. Extensive lists of indicators for sustainability measurement have been

provided in several studies related to the planning and management at urban, regional, and

national levels (e.g., (Foxon el ai, 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: I) 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 fullyapplicable.

In the last decade, several attempts have been made to create aggregate measures for various

aspects of sustainability by using indices to convey better infonnationoncountriesandcorporate

perfonnanceinfieldssuchasenvironment,economy,societY,orfor 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

Environmental Performance Index (EPI) of the World Economic Forum (WEF). Singh el 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

categories 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 ofsuSlainabilily indices (modified after Singh e/aI..2009)

Innovative, knowledge and
tM:hnologyindi<'es

-Health

-Knowledge

-GDPpercapita
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-Technical
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-Ecosystem
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-Environmentalsystems

-Slresses

-Humanvutnerabilily

-Societalandinstilulionalcapacily

-Globalstewardship

-Ecosyslemquality

-Resources,mineralsandfossilfuels

2.3. Sustainability Assessment Frameworks

Since sustainable development became a catchphrase in the international arena, several

approaches and conceptual frameworks have been proposed and developed in various

disciplines, ranging from engineering to business and to policy making. Each of these

frameworks has limited capability to deal with different issues of sustainability comprehensively

and lack Oexibilityto be used in various disciplines with a unifiedinterpretation.Theschemesto

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

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

(Sahelyelll/.,2005;Loucksetll/.,2000;JeonandAmekudzi,2005), sustainabilityassessment is

generally viewed as a multi-objective optimization or multi-criteria decision-making problem.

Based on detailed literature search (e.g., Kenway et lI/., 2007; Jeon and Amekudzi, 2005; Guio-
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