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Abstract. This paper investigates the current tools and frameworks for
sustainability development assessments in industrial sectors and aims to find
out the gaps between theory and practice toward sustainability assessments. An
analysis of existing literature in the area of sustainability assessment tools has
been complemented by interviews with experts in the area of sustainability and
energy efficiency. Based on the body of knowledge and the practitioner
feedback, time required and specificity are key challenges in sustainability
development analysis. The paper opens the room for ideas concerning future
research initiatives to overcome those drawbacks and challenges.
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1 Introduction

In recent years, sustainable development became more important for policy makers
in industrial sectors. Associations such as The World Business Council [1] or the
Global Reporting Initiatives [2] have paved the way towards the implementation of
sustainability in business and industry. The development of standards and measures
[3] are initiations for reporting on the triple bottom line.

As of today there have been remarkable efforts to investigate and establish
methods, frameworks and techniques concerning sustainability assessment. This
paper discusses the evolution of manufacturing paradigms and systems towards
sustainability. Figure 1 shows evolutionary and remarkable steps in the development
of the manufacturing function over time.

The necessity of information analysis in order to make efficient decisions high-
lights the importance of assessment tools for decision makers. A large amount of
sustainability assessment tools exist and each one according to its characteristics
provides different information and analysis. Therefore it is able to fulfill a specific
purpose, thus choosing the proper assessment tool is a critical decision to be made.
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Figure 1: Evolution of manufacturing systems toward sustainable manufacturing

For instance assessment tools for making short-term decisions may be different
from those being used for making long-term decisions.

OECD sustainability studies divided assessment tools in three types: analytical
tools and methods, participative tools and methods, and managerial assessment
frameworks [4]. Analytical tools try to bring sustainability assessments into
communications for instance national income or genuine savings. Participative tools
are one of the key tools in integrated assessments and they are based on sharing data,
knowledge, views and ideas of different participants such as researchers, policy
makers, social organizations, etc. Assessment frameworks are used to investigate
different aspects of sustainability and try to find the linkage between them.

Quick assessments and consequently simple policy processes as well as long term
and complicated processes follow a four-generic-step procedure according to OECD
sustainability development which has published a table that summarizes the
theoretical framework used for selection of specific tool. Table 1 shows how each
type of tools follow these generic set of steps consisting of four phases, in integrated
assessment approaches and consequently helps in decisions regarding selection of
proper tool [4].

This paper analyzes the current state of the art concerning existing assessment
methods and investigates how comprehensive these tools are taking the triple bottom
line [5] into consideration. The paper is organized as follows: the theoretical
background on sustainability frameworks for assessments precedes the
methodological chapter and the subsequent review. Finally, the identified gaps are
presented and discussed.
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Phase | Phase I1 Phase II1 Phase IV
Problem Analysis Finding Options Analysis Follow-up

Problem ! Supporting Providing the | Evaluating the
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Cost-benefit Providing the Supporting | Full analytical Ex-post
analysis (CBA) analytical basis |  objective  : characterization ! assessments
and Cost-effective for problem ! settings : ofoptionsto
| analysis (CEA) framing : g enable
Accounting tools : : comparison
Model tools

Table 1: The Role of Tools in Sustainability Assessment Adopted from OECD (2004)

2 Theoretical Background

Warhurst states that sustainability development can be measured through a two-
step approach [6]. In the first step the progress of sustainability development will be
measured by the help of Sustainability Development Indicators (SDIs) in a number of
selective individual fields. In the second step overall progress toward sustainable
development will be found by assessing these individual fields considering their
relation together. Lancker and Nijkamp postulate that an indicator has no correlation
and causality with sustainability improvement measurement unless there is a
reference threshold for it [7]. This proposition directly talks about benchmarking the
indicators and their assessment. So it highlights the need for developing a set of
comprehensive indicators, which enables benchmarking in both domestic and
international levels.

The Pressure-State-Response framework has been developed by OECD and is
widely used as a reference framework [8]. Pressure indicators explain how the
pressure of human activities and the way they use natural resources is influencing
environment. While the framework is well suited for assessing environmental aspects,
it has limitations in performance assessments of the remaining two pillars.

Lundin describes two different approaches that can be used in order to create a
framework and indicators. These two typical approaches are distinguished as:

e Top-Down Approach: experts and researchers develop the framework and then
they set the appropriate Sustainability Indicators (SIs) for the framework.

e Bottom-up Approach: This approach is based on corporation and synergy.
Participants and stakeholders try to share ideas and develop a framework and its
required indicators. Examples of this approach can be Sustainable Seattle, Bellagio
Principles and Picabue [9].
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The LCSP framework was introduced in order to organize the existing indicators
and to develop new indicators. The framework suggests starting from easy and simple
performance indicators to measure sustainability developments and move toward
complex ones. The LCSP framework mainly focuses on environmental, safety and
health aspects of sustainable development [10].

One of the popular and famous frameworks toward sustainability development is
founded in 1997 by non-profit organizations named Environmentally Responsible
Economies (CERES) and the Tellus Institute in Boston. In early 1990s a framework
was pioneered for environmental reporting and after implementing more
developments on this framework it came up with the framework of Global Reporting
Initiative (GRI). GRI came along with the motive to “do more than environment”,
hence the scope of the framework was broadened to cover social, economic and
governance issues. GRIs guidance became a sustainability-reporting framework, with
reporting guidelines at its heart. GRI uses a hierarchy principle covering all the
aspects of sustainability including social, economic and environmental aspects. [11]

3  Research Methodology

As this paper is a review on the current literature of sustainability assessment tools,
so the methodology applied to carry out this review consists of five consecutive steps.
First a web-based search has been carried out to collect all the related documents.
After collecting all related materials a short review of each one resulted in a
classification scheme according to the level in which they are related to the subject.
Following, an analysis of the related material has been carried out to be able to do a
gap analysis by integrating and comparing the results coming from the literature
review and collected facts from the forth step in which interviews with experts in
sustainability have been carried out. The goal of the gap analysis was to find out the
differences between what exists in the literature and what is currently in practice, so it
can be used as a body of knowledge for future researches.

A Deep z
Web based Categorizing : Interview i
: Analysis ol Gap Analysis
> search >> material P with experts

Figure 2: Methodology

4  State of Research

This section will focus on the main goal of this paper that is evaluating
sustainability assessment tools that are currently in use. The context of this section
comes from the both literature review and interviews.
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4.1 Indicators

Indicators and indices assemble the first part of sustainability assessment tools.
Main characteristics of indicators are being efficient and easy to use. Mainly they are
quantitative indicators although also qualitative indicators are applicable. Indicators
are able to represent economic, social and environmental aspects of sustainability in
defined criteria. Harger and Meyer stated that indicators should be as simple as
possible while at the same time they should be able to be specific or comprehensive
depending to the objective of usage. Indicators and indices should allow to
identification of trends through time horizons [12].

4.2 Product-based assessment tools

The difference of these tools with indicators is the fact that in this category, tools
intend to evaluate various flows between products and consumptions. These tools are
trying to find out the impacts of using resourcing to satisfy the demands on
environment. These assessments can be performed through evaluation of production
line and their impact on sustainability aspects or through products life cycle
assessment from the moment they are intended to produce till their burial. Although
life cycle costing assessment includes also economic aspects but these tools mainly
are focused on environmental dimensions.

Life Cycle Assessment: The most used tool in the category of product-based
assessment tools is Life Cycle Assessment (LCA). This tool is among the oldest and
well-developed tools for sustainability assessments. It is considered as a
comprehensive tool for assessing environmental impacts because it analyzes actual
and potential impacts that a product may has on the environment during raw material
acquisition, production process, use, and disposal of the product [13].

Life Cycle Costing: Life Cycle Cost analysis is an economic method that considers
all the costs over the entire life cycle. This method calculates all the possible costs
related to a product, activity or a process over its lifetime [14]. The main goal of life
cycle cost analysis is to highlight the impact of operation costs during the life time
compared to the investment costs.

Material Flow Analysis: MFA is defined as systematic accounting of the flows and
stocks of materials within a system defined in space and time. It connects the sources,
the pathways, and the intermediate and final sinks of a material. Because of the law of
conservation of matter, the results of an MFA can be control by a simple material
balance comparing all inputs, stocks, and outputs of a process [15].

Life Cycle Energy Analysis: Life cycle energy analysis measures the required
energy to produce a product or providing a service [16].

4.3  Integrated Assessment

The third category includes integrated assessment tools. These tools help decision
makers in decisions regarding a policy or project. Project related tools are used for
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local scale assessments, whereas the policy related focus on local to global scale
assessments [17]. Integrated assessment is usually based on forecasts than actual
results. Many of these tools are based on integration of society and environment
dimensions. Integrated assessment tools are useful tools for understanding complex
problems [18].

Conceptual modeling: Conceptual Modeling is a useful qualitative tool that can help
to simplify complex situations. With the help of flowcharts, diagrams, and charts it is
possible to visualize the problem and find out the flows, their relationships, points of
weakness and strength. By applying conceptual modeling we can start the initial part
of computer modeling and as a result achieve precise solutions.

System Dynamics: Although systems dynamics tools have similarities with
conceptual modeling in terms of simplifying complex problems to understand them
better there are significant differences between them. In system dynamics computer
models of complex situations are built and then they will be examined over time to
study the behavior of model over time [19].

Multi-criteria Analysis: Multi-criteria Analysis (MCA) is one the most useful and
practical tools in helping decision making processes when we have a complex
situation which is necessary to choose between alternatives that are competing
together. Above all, this tool is very useful in sustainability assessments where we are
in need to analyze complex and inter-connected alternatives in environmental, social
and economic dimensions. This method can be used in both qualitative and
quantitative analysis.

Risk Analysis and Uncertainty Analysis: Rotmansdefines risk as a “possibility of
damage or loss that may happen because of an event or series of events” [20]. Risk
analysis tries to find out theses possible damages by identifying the risks and their
probability of happening and help decision makers to take proper actions in order to
diminish them or make appropriate mitigation actions.

Vulnerability Analysis: Vulnerability Analysis intends to find out the level of
sensitiveness and resistant of the system toward changes and how capable are to cope
with these changes. If vulnerability analysis proves that the system is vulnerable, then
risk analysis will be executed [21].

Cost Benefit Analysis: Cost Benefit Analysis (CBA), has been used for the first time
in order to help decision makers to make trade-off between the costs and benefits of
the proposed investments by weighting the costs against the expected benefits [22]. In
the area of sustainability this tool can be used in order to make the trade-offs for
example, between the environmental benefits of an alternative comparing to its social
costs [23]. The remarkable point in CBA is that using monetary units for expressing
the expected benefits and similar issues can sometimes be a problem [24][25].

Impact Assessment: Impact assessment has been increasingly used for helping

policy makers and legislations toward sustainability. This method has been increased
for improving regulations in terms of effectiveness and efficiency [26].
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Figure 3: Sustainability assessment tools and their focus area

5  Gap Analysis

From what is discussed in the literature and interviews, there are number of
existing gaps that have the potential of being future research topics toward
sustainability development. Reducing the existing gaps will improve sustainability to
a new era. The existing gaps are mainly related to sustainability development
assessments and their applications.

One of the existing gaps between scholars and practices is that sustainability
assessments are significantly time consuming to be implemented. There are varieties
of reasons for this issue. The lack of a set of comprehensive indicators for
sustainability development assessment might be supporting this gap. Availability of
comprehensive indicators can enable assessment tools to consider all pillars of the
triple bottom line concept in the measurements and consequently reducing the need
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for executing different tools for measuring sustainability considering different aspects
and then complementary tools, frameworks or methods to aggregate and compile the
results of all measurements so it is possible to announce a unique set of conclusions to
support decision makers regarding to sustainability decisions.

The second gap is that existing tools, methods and processes of sustainability
development assessments are mostly specific ones which focus on special criteria,
sector or sustainability aspect. This can be a challenge in different sectors or criteria
because it may require time to find out about the most proper tool that serves the best
for the intended purpose of sustainability measurements and evaluations. Although
there have been efforts for finding proper solutions to bridge this gap but still this
issue has not been eliminated completely. Another reason in this issue is the level of
complexity of decisions vary from simple ones to very complex ones depending on
how big a project or a company is and also how many variables are involved in
assessments so the necessity of using different types of frameworks or tools can be an
extra weight for making the assessments more complex.

6 Conclusion

Since sustainability has gained lots of attention as a result sustainability
development assessments also became an important issue for companies and
industrial sectors. There is large number of methods, regulations, frameworks and
tools to reach this purpose.

Here in this paper the effort was to build a body of knowledge of the current
methods and tools which are being used with the purpose of sustainability
assessments in order to provide managers and policy makers in the industrial sectors
clear information about the level of sustainability in which they are operating and
hence helping them in the process of decision making. By investigating some gaps
making comparisons between what is in the literature and what is in practice carrying
interviews with experts in the area some research questions for future works are
defined as below:

e Developing indicators for a comprehensive Rapid Sustainability Assessment Tool

e Introducing energy efficiency as a key enabler for sustainability assessments

e Integrating energy efficiency with manufacturing processes and sustainability
developments

® Developing methods toward continuous energy efficient assessments
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