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Abstract: Manufacturers are failing to maximise the benefits from their own sustain-
ability ambitions. Their decision-making methods and tools have not evolved to allow
the non-financial dimensions of sustainability to be accounted for. Non-financial in-
formation is not systematically used in decision making as manufacturers do not yet
know how to value qualitative benefits, opportunities and challenges. This paper re-
views current challenges and the literature on decision-making for sustainability in
manufacturing. The paper presents the need for a decision-making framework for
sustainability and a research agenda for developing such a framework and delivering
a supporting tool.
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1 Background and Problem Statement

It is argued that manufacturers are missing sustainability improvement opportunities
because it is not fully understood how decisions are made outside the traditional value
system based on short-term financial value purely [1,2]. Manufacturers find it difficult
to consider the medium- and long-term benefits for short-term decision-making for
immediate actions, because they seek to monetize all the benefits in developing busi-
ness cases focused on short-term profit. Additionally, even when there are financial
benefits, sustainability activities are not necessarily undertaken [3].

Many manufacturers will already have a sustainability vision and strategy, yet they
struggle to bring these into their day-to-day operational decisions [4,5]. Decision-
making for sustainability is a growing research area as it has been recognised as a
vital ingredient for success in modern businesses [6]. Decisions can be of different
scale and frequency, e.g. new factory location vs. cleaning process sequence. Some
successes have been achieved when the social and environmental dimensions have
been monetized [7]. The traditional view of manufacturing companies’ value capture
regards the profit which is made when the goods and services are sold in relation to
the cost of producing and delivering them, thus decisions are made purely based on
financial profit (Fig. 1).

However the value created and potentially captured is not necessarily in the form
of financial benefits. Industry is calling for more “useful” information for sustainabil-
ity decision-making. Useful information can be defined as information that widens
and specifies options to enable better results from implementation and to achieve



desired objectives. The challenge manufacturers are facing is to monetize the benefits
of long-term innovative sustainable solutions, such as organisational learning, knowl-
edge exchange across disciplines and sectors, collaborative business models, closed-
loop and resilient industrial systems, or first mover advantage, even when useful in-
formation about these solutions are available.
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Fig. 1. Decision-making system for short-term financial benefits

In the context of today’s increasing interconnectedness, complexity and multidi-
mensionality of business operations and management, it is reasonable to assume that
the benefits would become more interdependent and multifaceted as well. To reflect
this multidimensionality, organisational decisions around sustainability have been
depicted using the triple bottom line of people-planet-profit [8]; each dimension con-
sidered separately by experts and later on brought together. The difficulty is to com-
bine these three dimensions for making final decisions [9]. As a result, decision-
making is still dominated by a single index based on financial metrics and short-term
thinking which do not adequately account for qualitative benefits. In other words, we
have under-performing decision-making systems when it comes to industrial sustain-
ability improvements.

There have been many efforts and initiatives to value ecosystem services [10], to
link CSR and firm value [11], to develop a three-dimensional framework assessment
[12] based on the triple bottom line [8]. There are also numerous tools like SWOT
(Strengths-Weaknesses-Opportunities-Threats) [13], Environmental Impact Analysis
(EIA), Strategic Environmental Analysis (SEA) and Cost-Benefit Analysis (CBA)
[14] which are well-established and widely used for analysis, but the non-financial
(yet useful) information is not systematically used in decision-making because we do
not know how to value qualitative benefits, opportunities and challenges [15].

There is a gap in knowledge and a need in business practice to make the transition
from the traditional decision-making thinking (Fig. 1) to a more holistic approach
(Fig. 2) which (1) integrates the multiple dimensions of sustainability into business
decision-making in a more balanced manner, (2) considers the benefits and implica-



tions of today’s actions on the long-term, and (3) expands the scope of decision-
making to include the wider society and the natural environment.
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Fig. 2. Decision-making system for sustainability

This paper identifies and scopes the research problem around decision-making for
sustainability, presents a set of research questions and proposes a research agenda to
address the identified deficiencies.

2 Research Questions and Deliverables

We propose a research project that will help to develop the competencies manufactur-
ers need as they move towards sustainability, for purposes of decision-making as well
as value non-financial benefits, building resilience and organisational learning. The
research aim is to better integrate sustainability into decision-making. This project
will deliver a tool to support top-management in doing so: decision-making tool for
sustainability (DMT4S).

We will address the following four research questions (RQ):

RQ1. What are the specific challenges when bringing sustainability into manu-
facturing decision-making?

RQ2. What dimensions should form part of sustainability decision-making in
manufacturing?

RQ3. How to integrate these dimensions into sustainability decision-making
tool?

RQ4. What happens when the DMTA4S is used?



The principal deliverables of this research are:

e A better understanding of sustainability decision-making in manufacturing.

o A theoretical framework that will identify a set of key themes and dimensions
for sustainability decision-making. This will make a contribution to the scholarly
literature on industrial sustainability strategy and decision-making.

e A decision-making tool for sustainability, or DMT4S. The tool will support the
inclusion of sustainability considerations for better decision-making.

e Evidence of performance from multiple applications.

e A user guide to support companies in using the DMT4S. The tool will be pro-
fessionally packaged to ensure user-friendliness.

e Workshops throughout the project as well as after its completion.

3 Methodology and Project Plan

The project will deliver a tool to support sustainability decision-making. The objec-
tives are to better understand complex organisational problems in order to address the
real-world problem of the integrating sustainability into decision-making, and to ac-
cess superior opportunities and maximise performance, competitiveness and learning
while accounting for the cost and risk involved.

Given the old dichotomy of theory and practice, a wider and deeper form of en-
gagement between researchers and practitioners is needed in the co-production of
knowledge [16]. Therefore we will adopt a strategy of engaged scholarship [17,18] as
a means of knowledge production and collaborative inquiry between scholars and
practitioners. Exploratory expert interviews will be conducted during the first year in
phase 1. More intensive engagement will occur at key points such as phases 2 and 4
which will require extensive testing planning and analysis as well as exploitation
planning. The core team will also meet bi-annually with the industrial collaborators
for phases 2 and 3. This will be done in workshops to be chaired by the principal in-
vestigators to gain industry guidance. This participative form of research will obtain
the perspectives of key stakeholders (researchers, users and practitioners) to under-
stand a problem of decision-making [18] and make research relevant to practitioners
by bridging the gap between theory and practice [19]. Linkages to other relevant
teams will be strongly maintained. We will share our findings at an early stage and
update them regularly as empirical research proceeds to ensure that any assistance
needed by other teams is provided.

The following sub-sections outline the work plan for the three research phases, de-
liverables and tasks allocation.

3.1 Explore and plan

This first phase aims at understanding current decision making for sustainability to
address RQ1 and RQ2. We will review the literature and existing tools for decision-



making in industrial sustainability at three levels to identify the strengths and weak-
nesses of decision-making at these different levels: best practice (eco-efficiency),
technology solution (eco-factory), and business model. A vast body of management
literature exists that provides a number of decision support tools but very little in
support of sustainable industrial systems. There is a clear gap in knowledge about
decision-making for sustainability. We will draw on the well-established stream lit-
erature on decision-making in organisations [20,21] to strengthen the theoretical
foundation of our work. We will identify concepts and constructs from this estab-
lished literature and apply them to an emerging body of knowledge on decision-
making for sustainability. In addition, we will conduct expert interviews with thought
leaders in the area of industrial sustainability. Working closely with industry will
allow us to strengthen and validate the theoretical framework and address an industry
problem [18].

Tasks:

e Background review: Primarily review industrial sustainability and organisa-
tional decision-making literature. Review other relevant fields of research
such as organisational learning, risk management, supply chain resilience,
and corporate social responsibility.

e  Existing tool review: Review existing tool in use by companies as well as
tool recently developed for supporting sustainable business practices.

e Translate initial findings into specific questions and guidelines for structured
interviews with industrial collaborators to learn from best practice.

e  Theory building: Establish a theoretical framework for the decision-making
tool.

3.2  Develop and learn

In this second phase, we will develop a prototype tool for sustainability decision-
making, identify and overcome weaknesses of the proposed tool through targeted
testing (fast prototyping) to address RQ2 and RQ3. Through the use of fast proto-
types, we will test the framework and tool from early stages of development to con-
tinuously test and refine the tool. Each fast prototype will focus on specific elements
of the tool to insure their validity. We will use lessons learnt from these prototype
applications to develop and refine the final DMTA4S.

Tasks:

o Define tool specifications based on the theoretical framework and interview
results from phase 1.
Develop the initial tool and use targeted testing (fast prototypes).
Continuously test and refine the framework and tool using data captured dur-
ing phases 2 and 3.



e Use lessons learned from the fast prototype applications to inform the
DMT4S development.

3.3  Useand prove

In this third phase, we will test the prototype tool and final DMTA4S to deliver results
and evidence of performance to address RQ3 and RQ4. We will first test the fast pro-
totypes to validate various elements of the prototype tool before approaching indus-
trial collaborators through our established network. Central to engaged scholarship is
building relationships between academics and practitioners through the creation of
joint forums, researcher/practitioner gatherings and focus groups that consider issues
of concern to both academics and practitioners [22]. We will use workshops to test the
usability of the tool and create a user guide. Finally we will package the tool (e.g.
website, software development, user guide printing, etc.) to facilitate the dissemina-
tion of our findings through the use of the tool.

Tasks:

e  Use fast prototype applications to review the validity of the framework.
e  Use fast prototype applications to test the performance of the tool.

e Analyse tool use and synthesise users’ feedback to refine the tool.

e Finalise the DMT4S and user guide based on lesson learnt from use.

e  Assess the overall performance and quality of the tool.

e Package and distribute the DMT4S.

4 Project Outcomes and Implications

Globalisation of manufacturing has resulted in an increasing number of emerging
economies competing for a limited pool of resources. In order to remain competitive,
manufacturers will need to improve their resource efficiency and improve the resil-
ience of their supply chain against disruptions. Although there is ample knowledge
about these issues, manufacturers are still struggling to concretely address them and
integrate them into their decision-making. Industry and the environment have long
been opposed: industrial improvements for the environment are considered as a cost,
although it is not necessarily the case [1].

Manufacturers are often reluctant to take action because they fear it will be at too
high a cost in the short-term and result in uncertain generalised benefits in the distant
future. To develop more sustainable industrial systems, industrialists and policy mak-
ers need to better understand and take decisions on how to respond to environmental,
social and economic challenges and transform industrial behaviour accordingly lever-
aging appropriate investment and implementation of new tools and approaches. Im-
portant issues and opportunities around sustainable manufacturing can be addressed
by improving decision-making.



We propose a research project that will explore a concrete issue in the manufactur-
ing industry: decision-making for the sustainability transition towards resource effi-
ciency, circular economy, resilience, and organisational learning. The work will pro-
vide a better understanding of the multi-dimensionality of corporate decision-making
for sustainability and advance the academic fields of industrial sustainability and or-
ganisational decision-making. It will also contribute to knowledge in the areas of
corporate social responsibility, strategic planning, resilience, uncertainty and risk
management. The tool developed will support the sustainability transformation of
manufacturing companies in a novel manner and provide a contribution to academic
literature, disseminated via journal papers and conference presentations.

This project fits with the need to strengthen the manufacturing sector in a forward-
looking and sustainable manner. A greater focus on long-term impact of decision-
making will help firms increase resilience and reduce costs. For sustainability im-
provements to take place, constant efforts are needed in resource efficiency and inno-
vation. Organisations making these efforts will be rewarded with strong performance
improvements. This project will involve best practice leaders with high visibility aim-
ing to encourage the rest of the manufacturing industry to follow their lead.
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