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Abstract: Companies are increasingly focusing on sustainable business practices. Internal and external
stakeholders’ expectations manifest in legal requirements, national and international standards, and market
and customer expectations, among other things, must be considered. In addition to profit maximization as the
usual target for corporate management, management must consider environmental sustainability aspects such
as resource efficiency, greenhouse gas intensity, and a company's emissions behavior. In addition, social
aspects relating to the company's employees, the immediate urban environment, the situation in the supply
chain, and effects on the market environment must increasingly be considered. Specifically, companies are
faced with the challenge of dealing with conflicting objectives regarding the various aspects of sustainability
and, if necessary, weighing them up against each other. These trade-offs must be made against the company's
socio-economic and ecological environment, corporate strategy, and sustainability goals. This paper provides
an overview of current approaches and research gaps on this topic through a literature review. It shows a lack
of methods and frameworks to specifically deal with trade-offs and conflicts of goals.
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production

1. Introduction

Sustainability is becoming increasingly important for companies to consider as part of their
strategies. When implementing measures to improve a company’s sustainability in all its dimensions,
it is likely that management will encounter interactions between different aspects of sustainability
and conflicts of goals [1-3] that must be considered and managed. Ideally, it would be desirable to
synergetically resolve conflicts of goals among the different aspects of sustainability. While many
frameworks postulate this goal [4-6], practical tools and guidelines for achieving this are scarce or
missing altogether [7-10].

Against this backdrop, this paper provides an extensive literature review of methods and
approaches to deal with interactions and conflicts of goals among aspects of sustainability in order
to answer the research questions:

RQ1: What methods exist to address conflicting sustainability goals in companies
systematically?

RQ2: What are the strengths and weaknesses of the existing methods?

It is shown that none of the methods fulfill the desired set of criteria necessary for a method to
be successfully used in companies. How can the interactions, interdependencies and conflicts of goals
among the different pillars of sustainability within the manufacturing company be identified and
dealt with to synergetically resolve them. How should they be prioritized if synergies cannot be
achieved? This remains an open question for future research.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Literature and Methodology

The research questions are to be examined based on the existing literature in order to identify
research gaps and potential for further research. The "Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA)" [11] method is used. The method aims to provide a
“transparent, complete and accurate” [11] reporting of the review procedure so that the results are
comprehensible and understandable.

Based on the research questions, a research matrix was developed in order to formulate a search
string that covers the different aspects of the research questions. The research matrix was carefully
spelled out to cover the research topic thoroughly while at the same time not limiting the results to a
too narrow selection. The research questions thus determine the search matrix and, therefore, the
primary search results. [12]

The search string derived from the research matrix was used in two databases, Scopus and Web
of Science, since it is advised not to limit the search to a single database [13]. Scopus and Web of
Science were chosen for this research since they have been proven comprehensive sources for
scientific literature [14].

The goal is to find papers that deal with the analysis of and coping with the interaction and
interdependencies among the different pillars of sustainability within the factory. Therefore, the
research matrix depicted in Table 1 was used to find appropriate literature. The entries in the
respective columns of the table were concatenated using the logical operator “OR” and the respective
expressions concatenated using the logical operator “AND”. Asterisks were used for some
expressions as placeholders for various endings for some search keys. English was chosen as search
language in order to find results globally. To ensure adequate quality, it was required that the papers
be peer-reviewed or works published by renowned publishers.

Table 1. Research matrix.

Analysis and Interaction and Pillars of Within the
coping interdependencies sustainability factory
analy* conflict* Sustainab* Compan*

evaluat* interact* environm* Manufacturing*
assess* interdependenc* ecolo* Factory
cope synerg* soci* Production*
coping goal*
deal
dealing

Using the search string from Table 1, Scopus and Web of Science were used to find potential
publications that could answer the research question. Scopus yielded 43.287 search results and Web
of Science 45.975 search results. From the total (89.262), double entries, empty entries, and
proceedings were removed, which led to a reduction of the search results by 18.325 to 70.937. The
remaining entries were selected for screening using ASReview.

ASReview is an artificial intelligence (Al) tool provided by the University of Utrecht that
supports literature review. In order to use it, the search results, including the abstracts of the entries
selected for review, have to be uploaded to the Al system and a number of relevant and irrelevant
publications have to be identified. Based on the selection, the Al system learns which publications
are relevant to the research question and sorts all entries according to relevance. The respective most
likely candidate for the next relevant publication is then presented to the user who can decide (based
on the abstract or review of the entire paper) whether it is in fact relevant. After each decision,
ASReview reevaluates the current prioritization of the publication list, presents the next best option
to the user, and so forth. Certain settings have to be specified for the active learning model. It consists
of a feature extraction technique, a classifier, a query strategy, and a balance strategy. The default
settings were used for this review (TF-IDF, Naive Bayes, Maximum, Dynamic resampling), which,
according to the provider of ASReview, show “overall [...] fast and excellent performance.”
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For this investigation, it was arbitrarily decided that the review of papers would stop after both
1,5% of the total number of papers (i.e., 1064 publications ) would be reviewed and 0,15% of the total
number of publications (i.e., 106 publications) would be deemed irrelevant after the last relevant
entry to answer the research question. Further review was stopped after 1064 reviews, which yielded
63 potentially relevant papers for detailed review. Of those 63 results, 60 publications could be
procured. One of the 60 was in a foreign language and could not be translated; 16 were deemed
irrelevant after reading. Thus 43 papers were included in this review. The evaluation history and
number of identified relevant records are shown in Figures 1 and 2.
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Figure 1. Evaluation history in ASReview (Source: ASReview)
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Figure 2. Number of relevant records identified using ASReview (Source: ASReview).

In addition, three doctoral theses [15-17] were read, one publication by a fellow scientist [18],
one publication from independent library research [19], and four publications from the citation list of
the review [20-23]. Those four were deemed not relevant for this research.

Therefore, the total number of publications considered for this review is 48. The flow diagram
of the research method is depicted in Figure 3.
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Figure 3. PRISMA 2020 flow diagram for this review [11].
3. Results

3.1. Requirements for a Method

The goal is to find papers that present methods or frameworks and approaches that deal with
the analysis of and coping with the interaction and interdependencies among the different pillars of
sustainability within the factory. To be useful for the analysis and coping with the interactions and
interdependencies among different aspects of sustainability, a method needs to fulfill certain
requirements.

To be practical for the use in a business setting, the first step needs to be to identify the
sustainability goals of the respective company. These goals can be derived in particular from
considering demands from stakeholders as well as the regulatory environment [24]. Ultimately, they
need to find their way into the company’s overall strategy where they should be reflected and used
to derive concrete operative targets. The second step is to define how each strategic sustainability
target is to be prioritized within the company. The prioritization of strategic targets among each other
will be important in later steps, when it may not be possible to synergetically resolve trade-offs and
conflicts of goals among various targets. Third, the scope needs to be defined, i.e., the system
boundary for which the sustainability targets and optimizations shall be considered.

After these prerequisites are identified, the next set of requirements pertains to the method’s
properties. A method needs to be practical in the sense that it needs to be easy to use [25] and quick
to implement [26,27]. It needs to be relevant [28,29] to the individual company and consider each
companies peculiarities. It cannot be assumed that there is a one-size-fits-all solution [7]; hence the
method needs to be company-specific. Since sustainability consists of at least three pillars (economic,
environmental, and social), a method needs to be at least potentially comprehensive and capable of
considering all aspects of sustainability. Finally, a method for coping with interactions and
interdependencies among different aspects of sustainability needs to be stable. That means it needs
to be able to deal with potentially inaccurate and incomplete data [27] and to ensure that the results
it yields are comprehensible.
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As a result, a useful method needs to provide specific deliverables. To make sustainability or
aspects of it measurable and assessable, KPIs need to be identified that can serve as indicators for the
impact on sustainability that relevant measures may have [28]. Next, interactions and
interdependencies between different aspects of sustainability need to be made transparent and
assessed. Regarding outright conflicts of goals between the sustainability impact of measures a
method for coping with interactions and interdependencies among different aspects of sustainability
has to provide guidance on how to resolve such conflicts: how to synergetically solve them and if this
cannot be achieved, how to come to a prioritization that is in accordance with the overall strategic
goals. Lastly, it needs to support decision-making through some kind of recommendation.

The literature identified in Section 2 has been screened regarding the aspects described above.
None of the reviewed publications fulfills all requirements that have been identified as necessary. For
each publication, it was determined whether the respective aspect was not fulfilled (0%), partially
fulfilled (50%), or completely fulfilled (100%). A mean degree of fulfillment was calculated for each
publication by computing the arithmetic mean of all individual evaluations. To provide an overview,
the 48 publications have been clustered into eight groups based on commonalities between the
methods.

e  weighting approaches (13 publications)

e financial and utility-calculation-based approaches (9 publications
e system dynamics approaches (8 publications)

e  graphical approaches (6 publications)

¢  mathematical optimizations (5 publications)

e management-systems (4 publications)

e  single-index approaches (2 publications)

e time-variant models (1 publication)

In the subsequent sections, the evaluation results regarding each of the criteria described above
will be discussed for each group. For methods described in the publications that have individually
received an arithmetic mean rating of more than 50%, an individual discussion of these methods will
follow at the end of each subsection.

3.2. Weighting Approaches

Weighting approaches refer to approaches where criteria are weighed and thus prioritized.
[8,25,27,30-39].

3.2.1. Prerequisites

e Identification of sustainability goals: Most weighting approaches (11 out of 13) do not identify
the company’s sustainability goals. Only [8] and [39] do so as part of their method.

e  Prioritization of goals: The average score for “prioritization of goals” is 58% among the
weighting approaches. That means that most approaches do perform at least some sort of
prioritization. Only methods [31-33,38] do not prioritize the sustainability goals as part of their
methods.

e  Definition of system boundaries: System boundaries are not considered an explicit step of the
method for most authors. Only [34] and [39] define the system boundary as part of their method,
[38] implicitly considers the system boundary since the method focuses not so much on the
assessment of interdependencies and conflicts of goals but on data acquisition.

3.2.2. Properties of the Method

e  Practicality: Most of the methods investigated are at least somewhat practical. [25,27,34,37] lack
practicality in their approaches either because the methods are highly mathematical and
complicated or because the selection of the method is left up to the user [25].

¢  Company specificity: All but two methods consider at least some aspect of company specifics.
Which leads to an average score of 85% regarding company specificity for the weighting
approaches. Only [33] and [32] do not include any company-specific aspects in their method.
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e  (potential) Comprehensiveness: Except [34], all authors at least potentially offer consideration
of all aspects of sustainability. [34] require all KPIs to be quantifiable and comparable, which is
not possible with the social dimension of sustainability.

e  Stability: Most methods are not stable in the sense that they specifically deal with potentially
inaccurate or incomplete data. Only [25] includes a sensitivity analysis that investigates and
addresses potentially inadequate data.

3.2.3. Deliverables

e Identification of KPIs: Most methods contain a step to identify the KPIs for consideration. This
yields an average of 69% for this aspect. Only three methods do not consider the selection of
KPIs. In two publications [35,36] the KPI selection is a prerequisite for the application of their
method. Some authors [30] do select some criteria, but this step is not part of their method for
general application.

e Assessment of interactions: None of the methods explicitly assess the interactions between
multiple aspects of sustainability.

¢  Coping with conflicts of goals: There is no systematic way to synergetically resolve conflicts of
goals in any of the methods. Only three publications [27,34,37] somewhat consider this step by
prioritizing some aspects based on weights assigned to criteria.

e  Decision support: Most methods offer some sort of decision support. The average score for this
aspect is 58%. Five publications [30,32,33,38,39] do not offer any decision support since this is
not the aim of these methods.

Among the weighting methods, two publications [8,39] score an average of 50% or higher. They
are individually discussed in more detail below.

Trade-Off Navigation Framework (TONF) [8]:

The authors develop a process model for dealing with conflicting objectives when implementing
the circular economy in manufacturing. The focus is on product development. The method first
selects KPIs for relevant sustainability parameters and defines acceptance criteria for each
characteristic. In addition, a distinction is made between negotiable and non-negotiable features. The
relevant characteristics of the alternatives under discussion are presented in a matrix. The non-
negotiable characteristics are evaluated and then the negotiable characteristics are weighed against
each other. Finally, the decision is reflected again. The strengths of this approach lie in the
visualization, which makes the conflicting objectives transparent, the distinction between negotiable
and non-negotiable objectives, and the reflection at the end. In particular, it can be considered here
whether other measures can compensate negative effects of the selected alternative. However, no
assessment of interactions between aspects of sustainability and no systematic attempt to
synergetically resolve conflicts of interest among aspects of sustainability is made. Furthermore, the
prioritization of the consideration of the individual target dimensions only takes place during the
evaluation. As a result, there is a risk of decision-making under the impression of the result.

Novel Approach towards Sustainability Assessment [39]:

The focus of the proposed method is on the identification and involvement of relevant
stakeholders (internal/external), whereby the stakeholders are categorized on the basis of
"stakeholder impact”, defined as the stakeholder expectations multiplied by the stakeholder
influence. Furthermore, a selection of indicators is made, followed by prioritization and weighting.
Company specifics are taken into account as a sustainability charter is required from company
management with a corresponding strategic objective ("The first step includes a formal write-up of a
sustainability charter by senior management, including an outline of objectives"). There is no analysis
of interactions and conflicting objectives, only an identification of the need for action in relation to
activities or KPIs. No systematic attempt to synergetically resolve conflicts of interest among aspects
of sustainability is made and no decision support is provided. The method scores high among the
prerequisites and the properties but low among the deliverables.
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3.3. Financial and Utility Approaches

Financial and utility approaches refer to approaches where a utility or financial equivalent is
calculated for each sustainability aspect, and the utility or financial gain is maximized.
[2,15,16,24,26,40-43]

3.3.1. Prerequisites

e Identification of sustainability goals: None of the financial and utility approaches identify the
sustainability goals as part of the respective method.

e  Prioritization of goals: Only one publication [42] prioritizes sustainability goals through
weighting factors.

¢  Definition of system boundaries: For most of the methods, there is at least an implicit definition
of the system boundaries through the formulation of the utility function. Three publications
[15,41,43] do not define the system boundaries.

3.3.2. Properties of the Method

e  Practicality: Only two methods are practical [2,40] since they are understandable and the amount
of modelling and data is limited. This comes at the cost of being limited in their scope.

e  Company specificity: Four methods are company specific [2,16,40,42]. The others are not, either
since it is not part of the method [24,43] or the focus is on the product [26], absolute sustainability
impact [15] or assumes a market mechanism to foster sustainability as a whole [41].

e  (potential) Comprehensiveness: Only two methods are potentially comprehensive [42,43]. Four
publications would require social aspects to be quantifiable in monetary terms to be
comprehensive [15,16,26,41].

e  Stability: Most of the methods are not stable regarding inaccurate or incomplete data since they
are purely quantitative and rely on accurate input information. Some authors [2] compare
decision alternatives based on the same data. Therefore, some impact of inaccuracies is mitigated
if the expected impact of decisions on the aspects of sustainability is directionally correct.

3.3.3. Deliverables

e Identification of KPIs: Only three publications [15,42,43] consider the selection of KPIs part of
the described methods. Six out of nine publications do not.

e  Assessment of interactions: None of the financial and utility approaches assess the interactions
between aspects of sustainability.

e Coping with conflicts of goals: None of the financial and utility approaches systematically
syergetically address conflicts between sustainability goals as part of the respective method.

¢  Decision support: Decision support is provided by four out of nine methods [2,16,26,40] through
financial or utility analysis of decision options. Five out of nine methods do not since the focus
of the work is different, e.g., one publication [15] aims to determine an absolute measure of
sustainability, some authors [24] focus on reporting, and some authors [42] aim to aid company
valuations for external stakeholders.

None of the financial and utility approaches score an average of more than 50%; hence, none is
individually considered for further analysis.

3.4. System Dynamics
System Dynamics approaches refer to approaches, where the system under consideration is
modelled as a whole in order to be analyzed and optimized. [7,18,44-49]

3.4.1. Prerequisites

e Identification of sustainability goals: Out of a total of eight publications, three identify the
sustainability goals of the company under investigation as part of their method [7,48,49]. The
remaining five publications do not consider this step part of the method.

e  Prioritization of goals: None of the publications prioritize the sustainability goals.
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e  Definition of system boundaries: Inherently, the system boundary is defined since the system
dynamics model has to be set up and thus specifies the system boundaries. However, one
publication [48] does not consider the system dynamics within a company but between the
sustainable development goals (SDG). In that sense, no system boundary is identified in this
publication.

3.4.2. Properties of the Method

e  Practicality: All but one approach are not practical since creating a system dynamics model is
inherently complicated and difficult. It requires knowledge of all interactions and the ability to
quantify them accurately. The one exception [46] focuses on chemical processes, and the
approach may be practical for this particular subset of applications.

¢ Company specificity: Since the system dynamics models are set up to investigate company
interactions they are inherently company-specific. An exception applies to one publication [48]
since the focus is on interactions between SDGs.

e  (potential) Comprehensiveness: All aspects that can be quantified and mathematically described
can potentially be considered in a system dynamics approach. Hence, this applies, at least to
some degree, to all methods that were analyzed.

e  Stability: Most methods are not stable in the sense that they specifically deal with potentially
inaccurate or incomplete data. However, one group of authors provide a sensitivity analysis to
address potentially inaccurate or incomplete data [46], and one group investigates and discusses
potential uncertainties in the data [49]. One publication [48] considers the data on a more
strategic level. General directions of interactions are more important than accuracy.

3.4.3. Deliverables

e Identification of KPIs: For most investigated publications, the identification and selection of KPIs
is not an integral part of the method. Only three papers [7,46,49] consider this part of their
procedure.

e  Assessment of interactions: In system dynamics, the model considers the interactions. However,
only three papers [18,44,45] perform an actual assessment of the interactions.

¢  Coping with conflicts of goals: There is no systematic way to synergetically resolve conflicts of
goals in any of the methods.

e  Decision support: Three methods [46,47,49] offer explicit decision support while the others do
not.

Among the system dynamics approaches, only one [49] scores an average of more than 50%.
Therefore, this publication is individually discussed in more detail below.

A decision-guidance framework for sustainability performance analysis [49]:

The authors develop a method for optimizing the process control of manufacturing processes.
The sustainability goals are identified, and the manufacturing process is modelled and quantified.
Thus, it can be simulated and optimized. Implicitly, this also constitutes the definition of the system
boundaries. In particular, the externalities are also modeled, whereby the overall environmental
impact is determined by weighting the externalities. However, the detailed modelling is complicated
and mathematically challenging while being company-specific and at least potentially
comprehensive. The model fundamentally relies on complete and accurate data but the uncertainties
in the data are analyzed and interpreted. KPIs are selected as part of the method, but no assessment
of interactions between aspects of sustainability and no systematic attempt is made to synergetically
resolve conflicts of interest among aspects of sustainability. The result of the optimization provides
decision support.

3.5. Graphic Approaches

Graphic approaches refer to approaches that use graphical methods to perform the assessment
and optimization of the system under consideration. [28,50-54]
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3.5.1. Prerequisites

e  Identification of sustainability goals: Only one publication [50]considers the identification of the
company’s sustainability goals as part of the process.

e  Prioritization of goals: None of the graphical approaches contain a step within the method to
prioritize the sustainability goals of the company.

e  Definition of system boundaries: All but one [28] methods define system boundaries as part of
the process.

3.5.2. Properties of the Method

e  Practicality: Most of the methods (4 out of 6) can be considered very practical. They rely on
workshops and established graphical tools such as value stream mapping for visualization. Two
of the methods [53,54] require elaborate computations and interpretation of the results prior to
visualization and are not practical.

¢  Company specificity: Two of the methods [51,53] are company-specific. Other methods consider
company specifics but focus on intra-company comparisons [50] or consider the company
specifics implicitly by selecting KPIs and reference values for the KPIs in workshops with
management [28]. Two of the methods are not company-specific [52,54].

e  (potential) Comprehensiveness: Half of the publications describe methods that are potentially
comprehensive [28,52,53].

e  Stability: All but one of the methods are stable due to their graphical qualitative nature,
consideration of fuzzy approaches or the involvement of multiple experts to assess the data and
results. One publication [50] is not stable regarding incomplete or inaccurate data but analyzes
the impact of such data on the results.

3.5.3. Deliverables

¢  Identification of KPIs: Identification of KPIs is part of the method for 4 out of 6 methods, for two
more KPIs are selected but in one case only by literature review and only regarding ergonomics
[51] and in one case only by literature review for the publication and not as part of the method
[53].

e  Assessment of interactions: Interactions are not assessed in any of the publications. [53] identify
interactions but do not assess them.

e  Coping with conflicts of goals: None of the graphical approaches contain a step to synergetically
resolve conflicts of goals among aspects of sustainability.

e  Decision support: There is no decision support, i.e., recommendation in any of the graphical
methods.

None of the individual graphical methods score an average of more than 50%; hence, none is
individually considered for further analysis.

3.6. Mathematical Optimization Approaches

Mathematical optimization approaches refer to approaches that focus on mathematical
optimization algorithms to come to an optimal solution. [17,55-58]

3.6.1. Prerequisites

e Identification of sustainability goals: None of the mathematical optimization approaches
determine sustainability goals as part of the method.

e  Prioritization of goals: None of the mathematical optimization approaches determine the
priority of sustainability goals for the company as part of the method.

e  Definition of system boundaries: Definition is mostly not considered for the mathematical
optimization approaches. In one publication, there is an implicit definition by formulation of a
utility function [55], two more publications [17,57] formulate a system boundary, but the focus
is not an individual company.
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3.6.2. Properties of the Method

e  Practicality: Most of the approaches are mathematically very challenging and therefore not
practical to implement. One approach [56] is practical by the combination of comparatively
simple mathematics and graphical analysis,

¢  Company specificity: Two of the considered methods are company-specific [55,56]. The other
three are not. Among them, [57] point out that “decision-makers may define their own criterion.”

e  (potential) Comprehensiveness: Generally speaking, the mathematical optimization approaches
are not comprehensive. If the utility function can be expressed in commensurable terms for all
KPIs, one of the methods [55] may be considered comprehensive.

e  Stability: One of the methods [55] systematically considers variance and scatter in the data. The
others do not.

3.6.3. Deliverables

e  Identification of KPIs: Identification of KPIs is part of the approach in the method described in
one publication [56], one publication [17] identifies KPIs from the literature but not as part of the
method per se. The others do not consider the identification of KPIs.

e Assessment of interactions: None of the mathematical optimization approaches assess
interactions between different aspects of sustainability.

e  Coping with conflicts of goals: None of the mathematical optimization approaches attempt to
synergetically resolve conflicts of goals among aspects of sustainability.

e  Decision support: All methods offer some sort of decision support. But only one [55] offers a
clear recommendation. Two approaches [17,56] provide transparency but no recommendation,
two approaches [57,58] provide pareto-optima, but they are not based on all dimensions of
sustainability.

None of the individual mathematical optimization approaches score an average of more than
50%; hence, none is individually considered for further analysis.

3.7. Management Systems

Management Systems refer to sustainability methods that constitute new or build upon existing
management systems. [9,19,59,60]

3.7.1. Prerequisites

e Identification of sustainability goals: Half (i.e., 2) of the management systems [9,60] consider the
identification of sustainability goals as part of the method.

e  Prioritization of goals: Half (i.e., 2) of the management systems do not prioritize the goals. [59]
prioritize implicitly by weighting factors, [60] describe an explicit prioritization step as part of
the method.

¢  Definition of system boundaries: System boundaries are not defined in any of the management
systems.

3.7.2. Properties of the Method

e  Practicality: Three of the management systems are not practical for various reasons. [60] builds
upon well-known management systems and is, therefore, very practical.

e Company specificity: All but one [19] management system are company-specific. The one
exception [19] is primarily aimed at political decision-makers and does not focus on company
specifics.

e  (potential) Comprehensiveness: All management systems are potentially comprehensive, i.e.,
they at least potentially consider all aspects of sustainability.

e  Stability: None of the management systems specifically address the issue of incomplete or
inaccurate data. However, one publication [19] discusses “future worlds”, which is inherently a
very inaccurate undertaking, so inaccuracies in the data are less important than generally
possible long-term developments.
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3.7.3. Deliverables

e Identification of KPIs: All management systems identify KPIs. One publication [60] proposes a
KPI selection from the literature but does not identify KPIs as part of the management system.

e Assessment of interactions: The management systems do not asses interactions between
different aspects of sustainability.

¢  Coping with conflicts of goals: There is no systematic way to synergetically resolve conflicts of
goals in any of the management systems.

e  Decision support: None of the management systems offer decision support.

None of the individual management system approaches score an average of more than 50%;
hence, none is individually considered for further analysis.

3.8. Single Index Approaches

Single index approaches refer to methods where all sustainability information is aggregated into
a single figure to assess the total sustainability of the entity of interest. Two publications are in this
category. [5,61]

3.8.1. Prerequisites

e Identification of sustainability goals: Identification of the sustainability goals is not part of either
of the methods.

e  Prioritization of goals: For both methods, prioritization is done by weighting factors for each
aspect.

e  Definition of system boundaries: The system boundaries are defined in both methods.

3.8.2. Properties of the Method

e  Practicality: One of the approaches [5] is practical to implement.

¢  Company specificity: Both methods consider company specifics.

e  (potential) Comprehensiveness: One method [61] is not comprehensive, while one [5] may
potentially be comprehensive, though in the example given in the study, a KPI for social aspects
of sustainability is introduced and then ignored.

e  Stability: Both methods do not address the issue of potentially inaccurate or incomplete data.

3.8.3. Deliverables

e Identification of KPIs: In one publication [61], the KPIs are introduced without a selection step.
There is a selection step in the other publication [5], but the selection does not follow a systematic
approach.

e  Assessment of interactions: Interactions are not discussed in either of the publications.

¢ Coping with conflicts of goals: Only one of the publications [5] considers conflicts of goals.
However, there is no attempt to synergetically resolve them. They are dealt with merely on a
weighting factor basis.

e  Decision support: Only one publication [5] offers support of decision makers in companies as a
result of the method.

Among the single index-related publications, one method [5] scores an average of more than
50%. Therefore, this publication is discussed in more detail individually below.

A Case Study for Sustainable Routing [5]:

The publication examines the sustainability of process sequencing in production processes that
allow different sequences. The sustainability goals are not explicitly identified as part of the method.
Weighting factors are used to prioritize. The method considers “gate-to-gate” as a system boundary.
The method is easy, practical, considers company specifics, and is potentially comprehensive.
However, it is reliant on complete and accurate data. KPIs are selected but not as part of a systematic
and structured selection process. No assessment of interactions between aspects of sustainability and
no systematic attempt to synergetically resolve conflicts of interest among aspects of sustainability is
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made beyond using simple weighting factors to prioritize. The method does provide a decision
recommendation.

3.9. Time-Variant Approaches

One publication does not fit either of the aforementioned categories. It is introduced as a time-
variant approach. It pertains to an approach where a sustainability vector of the system is calculated
for multiple points in time, and an optimum path for sustainability measure implementation is
derived. [62]

3.9.1. Prerequisites

e Identification of sustainability goals: The method does not contain a step to identify
sustainability goals, but it is acknowledged that this would be a necessary step to perform the
analysis.

e  Prioritization of goals: The method does not contain a step to prioritize goals. But it is
acknowledged that this would be a necessary step to perform the analysis.

e  Definition of system boundaries: The method does not contain a step to identify the system
boundaries. But again, it is acknowledged that this would be a necessary step to perform the
analysis.

3.9.2. Properties of the Method

e  Practicality: The method is not practical, it is very complicated mathematically and involves
assumptions about the future state of the system.

e  Company specificity: The publication only describes the mathematical part of the method; it
would be possible to consider company specifics.

e  (potential) Comprehensiveness: The method does consider all aspects of sustainability and is,
therefore, comprehensive.

e  Stability: The method relies heavily on numerical input for its analysis but does not contain any
steps or precautions to deal with inaccurate or incomplete data.

3.9.3. Deliverables

¢  Identification of KPIs: The method does not identify KPIs. However, it is indicated that this is a
necessary step.

e Assessment of interactions: Interactions among various aspects of sustainability are not
analyzed.

e  Coping with conflicts of goals: Coping systematically with conflicts of goals to synergetically
resolve them is not part of the method.

e  Decision support: The method offers decision support or, rather, decision options since the result
is a set of pareto-optimal decision options that are presented to the decision-maker.

The method only scores 27%.

3.10. Summary of Section 3

The preceding sections have shown that there is currently no method available that fulfills all
required properties and features set out in Section 3.1 for analysis and coping with the interactions
and interdependencies among different aspects of sustainability. Figure 4 shows how the different
approaches fulfill the requirements, as discussed and explained in Section 3.1. Many methods lack
the crucial step of identifying the sustainability goals of the company and subsequently prioritizing
the goals. System boundaries are more commonly defined among the methods. Regarding the
properties, many methods lack practicality, be it by being too mathematically complicated or
requiring a priori knowledge of all interactions among the aspects in question. Especially the
quantitative methods that heavily rely on data often do not account for inaccuracies or incomplete
data. Most methods lack an assessment of interactions between the different aspects of sustainability.
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None of the methods provide a thorough and systematic approach to synergetically resolve conflicts
of goals among the aspects of sustainability.
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Figure 4. Method assessment overview.

While some of the methods described in the publications analyzed for this review fulfill some of
the requirements fully, none fulfills all requirements satisfactorily.

4. Discussion and Future Directions

The sustainability of companies and manufacturing businesses is an imminent challenge for the
science community and management against the backdrop of ever- increasing regulatory challenges
and public pressure. This literature review set out to answer two research questions:

RQ1: What methods exist to address conflicting sustainability goals in companies
systematically?

RQ2: What are the strengths and weaknesses of the existing methods?

To answer these questions, comprehensive literature research was performed according to the
PRISMA method, and 48 publications were analyzed in detail. Various approaches exist that address
RQ1 were found.

They can be grouped into eight categories and have their individual advantages and
disadvantages, which addresses RQ2: While weighting approaches show some strengths in almost
all aspects of investigation, assessing interdependencies and coping with conflicts of goals remain
open questions. Financial and utility approaches show strengths in defining the system boundaries
and are generally more likely to be practical, company-specific, and potentially comprehensive. They
also lack the assessment of interdependencies and means to cope with conflicts of goals. Systems
dynamics approaches are mostly not very practical since the definition of the system dynamics model
requires detailed a priori knowledge of the interactions between the aspects of sustainability under
consideration and are often mathematically complex. The graphical methods were found to be mostly
practical and stable, and they mostly defined the system boundaries and identified KPIs. At the same
time, they lacked a step to identify sustainability goals and priorities and did not provide decision
support. Again, systematic assessment of interactions and coping with conflicts of goals
systematically is a major weakness. The mathematical optimization approaches place no priority on
identifying the sustainability goals and prioritizing them. Formulating the challenge as a
mathematical optimization problem generally requires the formulation of system boundaries and
yields some degree of company specificity. The solution of the optimization problem also yields a
result that serves as a decision guideline. The management systems focus on the identification of
goals and priorities and are usually company-specific. They are at least potentially comprehensive
and stable since, in general, they do not rely on detailed, accurate data. They also emphasize the
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definition of KPIs while not defining system boundaries. However, their weakness is in the remaining
deliverables, namely assessment of interactions, systematically coping with conflicts of goals between
the aspects of sustainability, and providing clear decision guidance. The single index approaches
focus on prioritizing goals, defining system boundaries, and being company-specific. They also lack
steps for assessing interactions and systematically coping with conflicts of goals between the aspects
of sustainability. The last group (time-variant models), which only comprises one publication, does
not fulfill any of the requirements aside from being company specific, since the assessment can be
done for an individual company, and being potentially comprehensive. It also produces a result for
decision guidance.

While methods exist that address the issue of conflicting goals among aspects of sustainability
in some aspect or another, none of the methods fulfill a desired set of criteria necessary for a method
to be successfully used by practitioners. The identification and analysis of interactions and
interdependencies among the different aspects of sustainability, and a systematic approach to
synergetically resolve arising conflicts of goals and prioritize them where synergetically resolving
them proofs impossible or uneconomical, remains an open topic for future research.
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