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CHAPTER 2 - LITERATURE REVIEW 

2.1 Introduction 

A comprehensive literature survey was conducted in the area of Environment 

Perfom1ance (EP) Evaluation. The main purpose of carrying out the literature survey was 

to understand the existing methods of evaluating EP, there effectiveness and to get an 

idea about what arc the methods that others have adopted to develop environment 

performance indicators related to supply chain. Literature survey was mainly focused on 

studies conducted in relation to the supply chains of manufacturing organizations and 

l MCG businesses. The present systems available to measure EP analysing techniques 

such as Multi Criteria Decision Making (MCDM) methods were also evaluated critically. 

2.2 Analysing Environment Performance (EP) using indicators. 

lsoulfas & Pappis (2008) discussed about the environment performance analysis using 

indicators. According to them, ··it seems unlikely that there exists one single set of 

indicators that may cover all the aspects of all companies' functions, especially when they 

are defined in order to deal with sustainability issues. They rather trace sum aspects of the 

companies' functions, whose significance may change from sector to sector, company to 

company and time to time." 

'·Economic criteria often dominate the decision making processes, thus appropriate tools 

have been developed to help better understand economic choices. On the other hand, 

partly due to the lack of established indicators to measure environmental variables, 

environmental benefits and costs, which tend to be less tangible, are often inadequately 

accounted for in development work" (Jalal & Rogers ,2002) 

EP indicators are commonly included in sets of sustainability indicators and they are 

usually defined in such a way as to focus on the long-term effects of a policy in an area or 

country. Further more, they may refer to specific sectors of human activity. Niemeijer 
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(2002) presents a review of such a categorization of environment indicators. He provides 

a very good review and analysis of EP indicators that are used in business, which are 

mainly devoted to the descriptive analysis of existing practices. 

According to Jasch (2000), EP indicators may have the following purposes: 

• Comparison of EP overtime 

• Highlighting of optimization potentials 

• Derivation a pursuit of environmental targets 

e Identification ofmarket chnnccs and cost reduction potentinls 

• Evaluation of EP among firms 

• Communicational tool for environmental reports 

• Feedback instrument for information and motivation of the work force 

• Technical support for Environmental Management Systems . 

• 
Schaltergger ( 1996) identified four desired attributes of EP indicators. They should be 

• Understandable by nonscientists 

• Relevant to an organizotion's environmental and social objectives as well ClS 

the information needs of stakeholders 

• Reliable 

• Comparable across entities and against relevant benchmarks 

However, it is necessary to extend these characteristics in order for the indicators to be 

more coherent, when the case of supply chains is examined. Thus, EP indicators should 

be measurable, and thus verifiable. They should also enhance benchmarking and 

monitoring over time, since companies modify their practices from time to time. Last but 

not least, they should be combined with an overall evaluation of a company's operations, 

products and services and improve the decision making process. 

The use of EP indicators is faced with some problems that are difficult to overcome. The 

problems start at the very beginning, when the system has to be modeled and some 

assumptions have to be made. These assumptions may not only refer to the indicators 
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themselves, but also to the examined system. For example, it is easy to define an EP 

indicator, which would account for the quantity of a pollutant that is produce during a 

process. The difficult part is to define the boundaries of the system within which impacts 

are affected. A common problem is the collection of data, which may be a very 

complicated process, especially when large systems are examined. Another problem 

associated with the collection of data is its varying precision, which unavoidably leads to 

approximate results. Then, the calculation of indicators can include subjective judgments, 

\\hich may limit their value. Jn addition, academics and practitioners arc also faced with 

the quantification of qualitative data and the exact definition of the vague concepts. 

Tsoulfas & Pappis (2008) 

2.3 Developing Environment Principles/ Indicators applicable to Supply 
chain of a FMCG business. 

The environmental principles applicable to supply chain design can be classified into 6 

groups corresponding to respective company functions that relate directly to the 

material's ilows that typically happens within a supply chain such as storage, assembly, 

disposal, extraction ofvirgin material, etc. Tsoulfaf& pappis (2005) 

• Product, Process Design 

• Packaging 

• Transportation and collection 

• recycling and disposal 

• Greening the internal and external business environment 

• Other management issues 

According Putnam (2002), EPE is a relatively new tenn used to describe a fonnal process 

of measuring, analyzing, reporting, and communicating an organization's environmental 

performance against criteria set by its management. The process involves collecting 

infonnation and measuring how effectively an organization manages its environmental 

aspects on an ongoing basis. Certain concepts and components of EPE have been applied 

for more than a decade. 
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Adegoke Oak & Mark Long (2007) did a study in downstream logistic operation of a 

South African FMCG producer. The objective of this study was to investigate the logistic 

operation involved in the movement of goods between different facilities of a large South 

African FMCG manufacturer. They found out several means to increase the efficiency of 

the operation and reduce the cost whilst ensuring an increase in the environmental 

performance. 

Several frameworks are available in the world for environmental performance reporting 

and certifications such ISO. CiRL etc. In addition, various researchers have developed 

their own systems. Some of these initiatives are summarized in the balance part of this 

chapter. Most of these principles are applicable for FMCG businesses and their supply 

chains. 

Rhys Rowland-Jones, et al (2005) did a study to evaluate current environmental 

management systems as indicators of the environmental performance of an organization. 

- It considers, in particular, the development of current environmental management 

systems !3S EN ISO 11100 I: 1996 and the ceo-management audit scheme (EMAS). The 

key finding \\as currently, organizations implemcnti11g either BS EN ISO 14000: I 9% or 

EMAS do not need to comment on overall environmental performance. Environmental 

management is viewed as the control of all human activities that have significant impact 

on the environment. Neither standard comments on the degree of control exercised, the 

approach taken or the effectiveness of that control. 

2.3.1 The IS014031 Standard 

(Putnum, 2002) discussed how ISO 14031 standard helps to evaluate the Environmental 

Performance. ISO 1403 1 is an international standard that describes a process for 

measuring environmental performance. It is not a standard for certification, as is ISO 

14001. The EPE tool is designed to provide management with reliable and verifiable 

infom1ation on an ongoing basis to determine whether or not its organization's 

environmental performance is meeting criteria it has set for itself. It fits into the ISO 

14000 series of standards, and is intended to assist organizations obtain ISO 14001 
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certification. ISO 14031 is also being used by organizations of all sizes, types, locations 

and complexity, and provides benefits to organizations with and without environmental 

management systems in place. 

The process described in the standard is based on the Plan-Do-Check-Act (PCDA) 
business process improvement model (see Figure 2.1 ). 
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Figure 2.1 Plan- Do -Check -Act model 

In applying the standard, an organization with an environmental management system 111 

place should evaluate its performance against its environmental policy, objectives, targets 

and other criteria set established within the management system. Organizations without 

an environmental management system may use EPE to: identify its environmental 

aspects; determine which aspects it will consider significant; establish environmental 

performance criteria; and assess its performance against these criteria. 
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Planning (Plan) 

The focus of planning efforts is on the selection of indicators, which should be based on: 

significant environmental aspects; environmental performance criteria, including internal 

criteria as well as regulatory standards; and the views of interested parties. A review of 

environmental aspects should be undertaken whether the organization has an 

environmental management system in place or not. 

Another important element of planning is to obtain management input so that the scope 

and focus oC the EPF program Cits into the organization's overall businc:ss plan. Scope 

considerations may include answers to the following questions: 

e What information is needed to support the overall environmental policy and 

goals? 

• How can the data requirements be integrated with existing measuring and 

monitoring systems? 

• Should the program address the entire organization or be phased-in starting 

with selected activities or business units? 

e Which activities, products or services represent the largest cost s<wing and 

performance improvement opportunities? 

• How many performance indicators can be monitoring with the resources 

allocated to the program? 

Assessing Performance (Do) 

Assessing performance involves collecting data, converting the data into information, 

evaluating the information, and communicating the results. To calculate values for the 

selected performance indicators it is necessary for an organization to collect data on a 

routine basis. Much of the information required to support an EPE program can be 

obtained from existing data sources. These include: regulations; operating permits; EMS 

procedures and records; reports to government agencies; permits; production data; 

process monitoring data air and water quality); hazardous waste manifests; interviews 
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with employees and neighbours; operational system documents and drawings; 

environmental budgets; chemical inventories; storage tank records; and spill records. 

Data quality is an important consideration and a11 data should be co11ected and handled in 

a structured and systematic way. This wi11 ensure that interpretations based on the data 

will be reliable, verifiable and complete. All data should be reviewed and rated based on 

criteria for: accuracy, bias, age, verifiability, and completeness. 

Reviewing and Improving Performance (Check & Act) 

EPE results should be reviewed periodically to identify opportunities for improving 

environmental perfom1ance. Organizations with EMS programs certified to ISO 14001 

are interested in identifying improvements to the EMS that will demonstrate continuous 

improvement, and pollution prevention opportunities. Both are requirements for 

maintaining certification. Whether the organization is certified to ISO 14001 or not, the 

review of the EPE results should address: 

• The costs and benef1ts of the program; 

• Progress towards meeting environmental performance targets; 

• How appropriate are the environmental performance criteria; 

• How appropriate are the selected environmental perfom1ance indicators; and 

• Data quality and data collection methods. 

In reviewing these factors, improvement efforts may focus on improving data quality, 

enhancing analytical and evaluation capabilities, developing new or more useful 

performance indicators, changing the scope of the program, and providing additional, or 

reallocating resources. 

2.3.2 Global Reporting Initiative 

This framework sets out the principles and indicators that organizations can use to 

measure and report their economic, environmental, and social perfonnance. The Global 

Reporting Initiative (GRI) produces one of the world's most prevalent standards for 

sustainability reporting - also known as ecological footprint - guidelines. The GRI is a 

16 



network-based organization that has pioneered the development of the worlds most 

widely used sustainability reporting framework and is committed to its 

continuous improvement and application worldwide. 

Sustainability reporting is a form of value reporting where an organization publicly 

communicates their economic, environmental, and social performance. GRI seeks to 

make sustainability reporting by all organizations as routine as and comparable to 

financial reporting. The G3 are the so-called "Third Generation" of the GRI's 

Sustainability Reporting Guidelines and environmental Principles according to G3 Guide 

lines were also considered in developing EP indicators. 

In order to ensure the highest degree of technical quality, credibility, and relevance, the 

reporting framework is developed through a consensus-seeking process with participants 

drawn globally from business, civil society, labor, and professional institutions. 

The Aspects in the Environment Indicator set are structured to reflect the inputs, outputs, 

and modes of impact an organization has on the environment. Energy, 'Aatcr, and 

materials represent three standard types of inputs used by most organizations. These 

inputs result in outputs of environmental significance, which arc captured under the 

Aspects of Emissions, Effluents, and Waste. Biodiversity is also related to the concepts of 

inputs to the extent that it can be viewed as a natural resource. However, biodiversity is 

also directly impacted by outputs such as pollutants. The environmental aspects defined 

in G3 are as follows; 

• Materials 

• Energy 

• Water 

• Biodiversity 

• Emissions, Effluents and Waste 

• Products and Services 

• Compliance 

• Transport 

• Overall 
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GRI Guidelines are regarded to be widely used. As of January 2009, more than 1,500 

organizations from 60 countries use the Guidelines to produce their sustainability reports. 

(View the world's reporters at the GRI Reports database). GRI Guidelines apply to 

corporate businesses, public agencies, smaller enterprises, NGOs, industry groups and 

others. For municipal governments, they have generally been subsumed by similar 

guidelines from the UN ICLEI . 

2.3.3. Green Productivity index (GPJ) 

The purpose of' the paper was to illustrate an approach for developing a frame\\ ork of 

indicators for integrating environmental protection into corporate performance. This 

paper also highlights Green Productivity Index (GPI) of the Continuous Improvement 

(CI) performed in a foundry casting, which includes both economic and environmental 

performances. (Mohan Das Gandhi eta!, 2005) 

In their paper data were collected from a foundry and used for developing indicators and 

Green Productivity Index (GPI). Mass balance concept was used for quantification of 

environmental indicators. The paper finds the approach adopted will provide a clear 

guidance for developing indicator and GPI to various types of industries. A casting case 

indicates that the GPI can be used as an actionable feedback for leadership to make 

effective decisions. 

This research developed a framework of indicators for measuring direct environmental 

impact from the foundry, while indirect environmental impact due to electricity consumed 

has yet to be performed. Limited external validity of the indicator framework, as the 

analysis was performed in a single foundry. The limitation of the study was that the paper 

relies on a unique foundry data. Environmental indicators may vary, since the melting 

furnace used for melting metal and type of molding process used for making molds may 

vary from one foundry to another. 

The research is a holistic approach of combining theory and practical ideas to cover the 

scope of sustainable development. From a research perspective, it establishes a 

framework of indicators for the integration of environment into foundry and creates new 
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research and application opportunities to other pollution-intensive industries. From a 

practical perspective, the framework of indicators developed to this point provides a 

guideline of immediate applicability. The same principles can be adopted for a FMCG 

business and its supply chain. 

2.3.4 Green tick sustainability certification system 

Harris (2007) introduced an Environment performance analysis. The purpose of study is 

to describe a sustainability certification system and label based on an independent, full 

life cycle assessment of conventionally produced goods from "cradle to grave''. 

The design approach used comprised five phases: review of presently available third 

party environmental certification systems regarding their suitability for use as a 

sustainability certification tool for conventionally produced goods; identification of 

desirable scientific and consumer design criteria for a sustainability certification system 

and label; identification of key performance indicators for sustainability; description of an 

independent sustainability certification system based on the desirable design criteria, in 

particular an independent full life cycle assessment; and market trials ofthe sustainability 

label to test consumer reactions and commercial benefits of independent sustainability 

certification using two commercial case studies in Australia and New Zealand. 

None of the third party environmental certification systems reviewed was suitable for use 

as a sustainability certification tool. Desirable design criteria for a sustainability 

certification system, centred on an independent, full life cycle assessment of operations 

from "cradle to grave". A total of eight safety and 12 sustainability key performance 

indicators were proposed to specifically assess sustainability perfom1ance. An instantly 

recognizable logo comprising a "Green Tick" inside a circle, reminiscent of a government 

"stamp of approval", was used as a sustainability label. Market trials of certified 

household products and lamb meat in Australasia confirmed positive consumer reactions 

to the "Green Tick" label, and considerable commercial benefits for the companies that 

used it on their products 

"' J l''frt. .- .... 
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The "Green Tick™" sustainability certification system and label addresses an identified 

gap in the market by providing an easily recognizable, independent, life cycle based 

sustainability certification of consumer products. Market trials indicated that there was 

measurable consumer support for independent sustainability labelling, and significant 

commercial benefits for companies whose products qualified for sustainability labelling. 

The paper describes the world's first-ever independent sustainability certification system 

and label. It is based on third party, full life cycle assessment of products, in accordance 

with the European Commission's view that sustainability labelling should be based on 

independent, full life cycle assessments of products. Market trials of the label in the 

Australasian FMCG sector indicated that consumers responded positively to an easily 

recognizable, independent sustainability label, and that independent sustainability 

certification and labelling have significant commercial potential for manufacturers of 

genuinely sustainable products. 

2.3.5. Quaniitatin Pollution l\1anagcmcnt 

The aim of this research was to develop a model for environmental management from 

which quantifiable indication of overall environmental performance for an organization 

may be derived (Jones & Cresser, 2005). The links between environmental performance 

and financial performance are considered. Several research methods are described which 

consider pollution performance. However, it is clear that no single method wholly ret1ects 

quantitative pollution management (QPM). The initial model for QPM is derived, and the 

weightings that should be allocated for the individual and combined categories in 

achieving the indicator of pollution performance are established. 

The paper establishes a methodology for the derivation of a QPM indicator that provides 

a numeric variable, by using numerical values that have been obtained from a set of 

linguistic values evaluated against determinations of prescribed events. The robust nature 

of the developed QPM indicator is provided by means of a prescribed methodology where 

20 



the outcome indicator is constructed from the results of the audit and the inter

relationship of the individual components. This inter-relationship of numeric and 

linguistic variables encourages the use of modified set theory in which an individual 

could have a degree of membership ranged over a continuum of values. 

The development of a quantifiable pollution indicator enables customers/consumers to 

make a purchase decision that takes into account environmental concerns. These unique 

QPM indicators will assist in promoting a sustainable management strategy with 

preventative approaches to pollution. Under these circumstances. a QPM indicator would 

allow industrial and regulatory strategies to be implemented beyond the traditional 

boundaries of pollution control and waste management. It would give a broader 

perspective on performance, and encourage application of preventive technologies to 

reduce pollutant and waste loads, while also promoting environment-friendly products 

and services through openly available quantitative indicators. The derived indicator will 

be limited to the state of a particular process at a given point in time, and as such will 

need recalculation over given time intervals. This methodology enables the organization 

to demonstrate improvement, if applicable. Monitoring tools should in any case be an aid 

to strategy fonnulation, not a determinant of it 

This study will assist in allowing environmental performance to become a strategic factor 

in business planning. Direct comparisons may be made between the operational 

characteristics of organizations, and how those organizations impact on the environment 

via pollution, providing direct business benefits to organizations that manage their 

business and protect the environment. 

2.4 Analysing EP using a Multi criteria Decision making (MCDM) method. 

Evaluating Environment Perfom1ance includes comparing various parameters of different 

natures and it requires a mechanism to assess these aspects properly. MCDM is a 

discipline aimed at supporting decision makers who are faced with making numerous and 

conflicting evaluations. MCDM aims at highlighting these conflicts and deriving a way to 
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come to a compromise m a transparent process. Unlike methods that assume the 

availability of measurements, measurements in MCDM arc derived or interpreted 

subjectively as indicators of the strength of various preferences. Preferences differ from 

decision maker to decision maker, so the outcome depends on who is making the decision 

and \vhat their goals and preferences are. This process will be required in analyzing the 

supply chain environmental perfom1ance. In MCDM the following aspects are 

considered; 

There is no solution optimizing all the criteria same time and therefore the 

decision -maker has to find compromise solutions. 

The relations of preference and indifference are not enough in this approach, 

because when an action is better than another one for some criteria, it is 

usually worse for other ones, so that many pairs of actions remain 

incomparable with respect to dominance relation. 

Several issues regarding supply chain management have been dealt with MCDM 

appruaches. 

2.4.1 I he Analytic Hierarchy Process (AHP) 

AHI' is a popular MCDM method and it has been extensively used as a basis for 

environmental issues.The AHP is a stmctured technique for dealing with complex 

decJ:-,Jons. Rather than prescribing a "correct" decision, the AHP helps the decision 

mak,Ts find the one that best suits their needs and their understanding of the problem. 

The \nalytic Hierarchy Process Model was designed by Thomas L. Saaty in 1970s as a 

decJ:-,Jon making aid. AHP is especially suitable for complex decisions which involve the 

comparison of decision elements which are difficult to quantify. It is based on the 

assumption that when faced with a complex decision the natural human reaction is to 

clusll'r the decision elements according to their common characteristics. It involves 

bu1idmg a hierarchy of decision elements and then making comparisons between each 

po"~:hle pair in each cluster (as a matrix). This gives a weighting for each element within 
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a cluster (or level of the hierarchy) and also a consistency ratio (useful for checking the 

consistency ofthe data). 

Users of the AHP first decompose their decision problem into a hierarchy of more easily 

comprehended sub-problems, each ofwhich can be analyzed independently. The elements 

of the hierarchy can relate to any aspect of the decision problem--tangible or intangible, 

carefully measured or roughly estimated, well- or poorly-understood-anything at all that 

applies to the decision at hand. 

Once the hierarchy is built, the decision makers systematically evaluate its vanous 

elements by comparing them to one another two at a time. In making the comparisons, the 

decision makers can use concrete data about the elements, or they can use their judgments 

about the elements' relative meaning and importance. It is the essence of the AHP that 

human judgments, and not just the underlying information, can be used in performing the 

evaluations. (Saaty, 1980) 

The /d lP converts these evaluations to numerical values that can be processed and 

compared over the entire range of the problem. A numerical weight or priority is derived 

for each element of the hierarchy, allowing diverse and often incommensurable elements 

to he compared to one another in a rational and consistent way. This capability 

distmguishes the AHP from other decision making techniques. 

In the final step of the process, numerical priorities are calculated for each of the decision 

alternatives. These numbers represent the alternatives' relative ability to achieve the 

dec1sion goal, so they allow a straightforward consideration of the various courses of 

acti.m. 

Thl' AHP is now included in most operations research and management sctence 

te\thooks, and is taught in numerous universities; it is used extensively in organizations 

that have carefully investigated its theoretical underpinnings. While the general consensus 

is that it is both technically valid and practically useful, the method does have its critics 
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In the early 1990s a series of debates between critics and proponents of AHP was 

published in Management Science and The Journal of the Operational Research Society. 

These debates seem to have been settled in favor of AHP: (James, 2005) 

• An in-depth paper discussing and rebutting the academic criticisms of AHP was 

published in Operations Research in 2001. 

• A 2008 Management Science paper reviewing 15 years of progress in all areas of 

Multi criteria Decision Making showed that AHP publications have far 

outnumbered those in any other area, charactcr:zing their growth as "enormous." 

Also in 2008, the major international society for operations research and the 

management sciences forn1ally recognized AHP's broad impact on its fields 

Most of the criticisms involve a phenomenon called rank reversal, discussed in the 

follmving section. 

2.4.2 Rank reversal 

Dl, ,. Illll making involves ranking alternatives in terms of criteria or attributes of those 

all, i tl::livcs. It is an axiom of some decision theories (including AI IP's) that when new 

alternatives are added to a decision problem, the ranking of the old alternatives must not 

chcmgc - that "rank reversal" must not occur. 

The \ alidity of this assumption is disputed by some. Adding new alternatives can change 

the rank of the old ones. These rank reversals do not occur often, but the possibility of 

thct' occurrence has substantial logical implications about the methodology used to make 

deLt"ions, the underlying assumptions ofvarious decision theories, etc. 

Thl·rc are two schools of thought about rank reversal. One maintains that new alternatives 

tht~t introduce no additional attributes should not cause rank reversal under any 

ci" tmstances. The other maintains that there arc both situations in which rank reversal is 

JWt reasonable as well as situations where they are to be expected. The current version of 

tlw \HP can accommodate both these schools- its Ideal Mode preserves rank, while it's 

Dt~tributive Mode allows the ranks to change. Either mode is selected according to the 

p1, d~lem at hand. 
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2.4.3 Using AHP techniques to solve problems 

The AHP helps people cope with the intuitive, the rational and the irrational, and with 

risk and uncertainty in complex settings. It can be used to: predict likely outcomes, plan 

projected and desired futures, facilitate group decision making, exercise control over 

changes in the decision making system, allocate resources, select alternatives, do 

cost/benefit comparisons, evaluate employees and allocate wage increases. 

Saaty introduced the Expert Choice software to solve complex problems using AI IP 

technique. Expert Choice is intuitive, graphically based and structured in a user-friendly 

fashion so as to be valuable for conceptual and analytical thinkers, novices and category 

expcns. Because the criteria are presented in a hierarchical structure, decision makers are 

able to drill down to their level of expertise, and apply judgments to the objectives 

deemed important to achieving their goals. At the end ofthe process, decision makers are 

fully cognizant of how and why the decision was made, with results that are meaningful, 

easy to communicate, and actionable 

2.~ Summary 

Using EP indicators to evaluate the environment performance is becoming an increasing 

trend. It makes the life easier for the decision makers. The EP indicators needs to posses 

certain qualities in order to give the desired results and they should be understandable to 

the non- scientist as well. 

Several Frameworks such as ISO, GRI and Green tick arc available to assess the 

environmental impact of organizations. Most of these are applicable for FMCG 

businesses and many companies use them to asses the supply chain environmental 

performance. 

Ho\\ ever, any such framework needs to be adopted according to the nature of the 

business. Several researchers have developed their own methods to analyse the EP of 

supply chains. The model suggested by Tsoulfaf and Pappis discusses six environment 

pnnciples applicable to supply chain. 
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Multi Criteria Decision Making (MCDM) is a tool used to analyse the data collected 

under EP indicators developed. Analytic Hierarchy process is a common MCDM method 

used to solve EP related problems. 

AHP have several advantages in solving complex problems with several alternative 

solutions. It has weaknesses also such as rank reversal. Expert Choice is well established 

software which helps to analyse complex problems using the AHP method. 
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