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ABSTRACT

Challenges related to sustainable development require companies to align their strategies to meet
stakeholder interests systematically. The United Nations Sustainable Development Goals (SDGs) are
guiding objectives for sustainable development on an international level up to 2030. This article links
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the goals of the SDGs to a recognized strategic management tool: the sustainability balanced scorecard
(SBSC). So far, few approaches exist in this field. Consequently, this article presents a framework for
developing and applying an SBSC that takes an integrative view of the SDGs. For this purpose, the an-
alytic network process (ANP) and the technique for order preference by similarity to an ideal solution
are applied (TOPSIS). The article concludes that the solution approach presented has considerable
potential to support organizations in systematically integrating the SDGs into their strategy. Also, this
article proposes interesting future research directions.

© 2022 REPA. All rights reserved.

1. Introduction

Sustainable development seeks to meet the needs of cur-
rent generations while ensuring that future generations
can also meet their needs. This mission embodies the cen-
tral core principles of intergenerational and intragenera-
tional equity [1]. The United Nations Sustainable Develop-
ment Goals (SDGs) announcement is a milestone in the
cross-national alignment of economic, environmental, and
social development ambitions [2]. The United Nations
General Assembly views these three dimensions as an in-
tegrated, inseparable, and balanced set [3]. In this agree-
ment, the member states agree at the political level to re-
alize 17 SDGs and 169 associated targets by 2030 [2-4]. A
group of experts from the United Nations Statistical Com-
mission (UNSC) is responsible for developing the globally
relevant indicators. The development of the reference
framework started with a baseline of 300 indicators under
consideration, which the UNSC reduced through a consul-
tative process [5]. This process has resulted in currently
231 unique indicators, some of which can be used for dif-
ferent objectives and are being further developed at na-
tional and regional levels by the member states [6]. The
United Nations General Assembly agreed on these indica-
tors in a resolution [7]. Companies play a vital role in ful-
filling politically driven goals [8]. Issues of corporate strat-
egy, performance measurement, and corporate reporting
receive great attention in this regard [2]. Corporate strat-
egy, and systematic management approaches, e.g., the Bal-
anced Scorecard (BSC), performance measurement, and
corporate governance contribute to an integrative consid-
eration of the SDGs and ensure value creation from a long-
term perspective [9]. Companies must pay particular at-
tention to the interdependencies between the individual
SDGs and their respective influences on the overall goal
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achievement [2]. These highlighted subjects provide
promising research opportunities. The BSC emerged in
the 1990s when researchers questioned traditional finan-
cial performance measures. The four-perspective BSC
aims to consider short- and long-range goals, reflect finan-
cial and non-financial measures, integrate lagging and
leading indicators, and provide insights into internal and
external performance perspectives [10]. The BSC aims not
to view the company exclusively from a retrospective per-
spective but to prepare the company strategically for fu-
ture challenges and derive appropriate measures to create
future-oriented value and generate long-term competitive
advantages [10].

The BSC suits the corporate management of sustainable
development as it provides the capability to consider the
sustainability dimensions interactively. Also, the ap-
proach assists companies in improving their performance
within these sustainability dimensions. Another ad-
vantage of the BSC is that companies can consider non-fi-
nancial factors. Integrating sustainability dimensions into
traditional economic management is helpful in avoiding
environmental and social satellite systems in manage-
ment. This article deals with the Sustainability Balanced
Scorecard (SBSC) as an extended BSC form to create fu-
ture-oriented values and generate competitive ad-
vantages concerning the SDGs [11].

Few approaches exist that link the SDGs with an SBSC.
One approach is the combined model of integrated social
accounting and the SDGs, with the model having four per-
spectives inspired by BSC [12]. These perspectives ad-
dress the SDGs. Mook first officially refers to this model as
a BSC in a subsequent article [13]. Using existing
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frameworks for reporting and applying creativity tech-
niques may assist in identifying relevant indicators [13].
Pereira Ribeiro et al. analyze the BSC for sustainable food
production by combining the tool with the Water, Energy,
Food-Nexus approach [14]. Accordingly, the four tradi-
tional perspectives of the BSC are modified and combined
with the SDGs and Brazilian public policies [14].

Another approach combines corporate social responsi-
bility, the SDGs, and the BSC to support companies’ strate-
gic, sustainability-focused alignment and value creation
[15].

People find themselves making complex and challeng-
ing decisions [16,17]. This article is about deciding how a
BSC should be designed and evaluating alternative
courses of action. In recent decades, decision-making has
become increasingly important in research [16,17]. Deci-
sion aiding assists individuals in making decisions within
a process by suggesting behavioral recommendations for
specific problems [18].

Multicriteria approaches systematize the relevant and
suitable factors for decision-making, capture the interde-
pendencies between these factors, and allow for detailed
consideration, e.g., in the form of weightings, aspiration
levels, and differentiated assessments [18]. The existence
of vagueness and uncertainty in real decision-making sit-
uations, as well as the influence of organizational, peda-
gogical, and cultural factors on the decision-making pro-
cess, limit objectivity in decision-making [18]. A system-
atic approach to decision-making can reduce complexity
by modularizing decision problems and formalizing deci-
sion processes, thus contributing to better outcomes [19].

This article presents a detailed procedure for integrat-
ing the SDGs into the SBSC. Therefore, a process-oriented
model is defined to link the SDGs with the SBSC. This pro-
cess uses decision-making methods to develop an organi-
zation-specific Sustainable Development Goals Sustaina-
bility Balanced Scorecard (SDGSBSC). This goal leads to
the following research questions:

— How is a process designed to integrate the SDGs into
the SBSC for developing an SDGSBSC?

— Which decision-making methods support the process
of developing an SDGSBSC?

The remaining sections of this article are structured as fol-
lows. Section 2 outlines the theoretical foundations for de-
veloping the solution. In section 3, the process develop-
ment, a fictional illustrative example, and the discussion of
the results follow. Section 4 includes implications. Also,
this section recommends future research directions. Sec-
tion 5 concludes this article.

2. Theoretical foundations

This section covers the underlying theoretical founda-
tions. It introduces sustainability, subsequently the SBSC,
and relevant MCDM techniques.
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2.1. Sustainability

Sustainable development on a macro level is a “develop-
ment that meets the needs of the present without compro-
mising the ability of future generations to meet their own
needs” [1]. Critical voices note that operationalizing and
implementing this definition is challenging and question
how to assess decisions using this definition in corporate
contexts [20].

Dyllick and Hockerts apply the definition to the corpo-
rate level and postulate [21]. That corporate sustainability
is responsible for “meeting the needs of a firm'’s direct and
indirect stakeholders (such as shareholders, employees,
clients, pressure groups, communities, etc.), without com-
promising its ability to meet the needs of future stakehold-
ers” [21].

One approach to operationalization is to consider the
triple bottom line (TBL) with its economic, environmental,
and social dimensions [22]. An integrative view of the
three TBL dimensions becomes necessary [22]. Other au-
thors follow this operationalization approach [2,3,21,23].
It is feasible to add other dimensions, such as the cultural,
institutional, or technical dimensions [24,25]. Authors of
this article acknowledge the influence of the previously
mentioned cultural, institutional, and technical aspects on
sustainability. However, this article follows the reasoning
of Dalal-Clayton and Bass as well as Lozano, which states
that politics, peace and security aspects, cultural values,
technical factors, and institutional and administrative set-
tings have an impact on the three sustainability dimen-
sions but are not individual dimensions of their own
[26,27].

Dyllick and Hockerts propose a model that allows an in-
tegrative consideration of the TBL dimensions by con-
structing a triangle of economic, environmental, and social
effectiveness and linking these ends with eco-efficiency,
socio-efficiency, sufficiency, and ecological equity [21].
Figure 1 illustrates the interrelationships of the triangular
elements before this article outlines associated chal-
lenges.

The following describes the inherent challenges associ-
ated with these elements [28]:

— Environmental challenge: Due to the limited viability of
ecosystems, companies need to take measures that
have an effective impact on ecosystems (environmen-
tal effectiveness). Moreover, companies must demon-
strate ecologically fair behavior (ecological equity) to-
wards their stakeholders.

— Social challenge: Corporate activities must contribute
effectively to society (social effectiveness). This means
reducing impact factors that negatively affect the social
system and strengthening impact factors that posi-
tively affect the social system. Also, companies have to
recognize consumption as an essential factor. If the
eco-efficiency of products increases but the consump-
tion level simultaneously rises, this rise can nullify an
efficiency improvement.
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— Economic challenge: To remain competitive, compa-
nies need to consider their activities in terms of the in-
terplay between economic performance and the im-
pact on the environment (eco-efficiency) and society
(socio-efficiency). The purpose is to enhance value cre-
ation and mitigate the negative environmental and so

social impact.

Integration challenge: This challenge is twofold. First,
the TBL dimensions and the challenges mentioned
above must be dealt with jointly. Second, companies
must integrate environmental and social management
into classical economic-oriented management.

| economic effectiveness |

?

| economical |

eco-efficiency

integration

socio-efficiency

| environmental <

v

| environmental effectiveness

sufficiency

P social |

v

social effectiveness |

ecological
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Figure 1.

2.2. Sustainability balanced scorecard

The BSC aids business units in creating value for custom-
ers from a strategic perspective, improving business pro-
cesses, building essential capabilities, and enhancing com-
panies’ economic effectiveness and competitiveness [10].
The four perspectives of the traditional BSC can be delin-
eated as follows [10]:

The financial perspective addresses performance
measures to assess activities from an economic per-
spective. These measures reflect whether the corpo-
rate strategy, its deduction in objectives, and measures
contribute to improving companies’ economic success.
The customer perspective focuses on business units’
relevant customer and market segments. Measures
capture the objectives and assess the performance
within the target segments.

The internal-business-process perspective sheds light
on critical internal business processes. Business pro-
cesses are the foundations for providing tailored value
propositions to target segments and meeting share-
holder expectations.

The learning and growth perspective highlights the re-
quired infrastructure for long-term growth and contin-
uous improvement as capabilities and technologies to
achieve goals in the customer and internal-business-
process perspective.

Business units must first determine their vision and trans-
fer it into strategies to build the BSC. Then, they communi-
cate their strategic objectives and operationalize the
measures. Finally, the participants reflect on the activities
and derive their learnings [10]. Although there is no rule
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Challenges of corporate sustainability management adapted from [11,21].

prescribing several measures, too many measures may
compromise the focused strategy definition [29].

There are specific prescriptions to link the strategy with
the BSC perspectives [10]:

Cause-and-effect relationships: Each measure should
be part of cause-and-effect relationships.

Performance drivers: Each BSC contains adequate lag-
ging indicators and leading indicators.

Linkage to financials: The cause-effect relationships
link all measures to the financial perspective.

The traditional BSC perspectives provide guidance and
are not unchangeably predefined; thus, the perspectives
are adaptable depending on the specific business unit’s re-
quirements [10]. One possibility is to broaden the cus-
tomer perspective to include stakeholders. Following
Freeman and Reed, including a broader range of stake-
holders means considering “any identifiable group or in-
dividual who can affect the achievement of an organiza-
tion’s objectives or who is affected by the achievement of
an organization’s objectives” [30]. The benefit of incorpo-
rating a broad stakeholder spectrum is that business units
consider friendly and antagonistic positions in their strat-
egy design to generate competitive advantages [30]. Nor-
ton and Kaplan advocate including stakeholders in the
BSC if they influence the results of business units [10].

Many environmental and social challenges have a non-
financial character, so the BSC may support business units
in connecting long-term, non-financial challenges with
short-term financial results [31]. The selection and prior-
itization of environmental and social measures are con-
text-specific and depend on business units’ mission,
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cultural characteristics, and objectives [29]. A broad spec-
trum of research settings exists for SBSC, which has in-
creasingly expanded in recent years [31].

Integrating sustainability into the BSC creates an SBSC.
Three pathways to integration exist: (1) the four tradi-
tional BSC perspectives incorporate environmental and
social aspects, (2) another perspective is added to the tra-
ditional BSC that includes environmental and social as-
pects,and (3) a specific scorecard containing environmen-
tal and/or social aspects is created [11]. The first variant
ensures that the environmental and social aspects are di-
rectly considered in the cause-effect relationships of the
traditional BSC within a market perspective context. This
approach faces challenges when aspects are not aligned
with market mechanisms [11]. The second variant over-
comes this challenge of the first variant by introducing a
non-market perspective. This additional perspective inte-
grates strategically relevant environmental and social fac-
tors that are outside market mechanisms [11]. The third
variant builds as a second step on one of the two previous
alternatives. It derives an independent environmental
and/or social scorecard from enabling a more detailed dif-
ferentiation of the challenges. The other two variants with
the traditional BSC perspectives embed these scorecards
[11]. Since this article creates a framework for integrating
a first SDGSBSC, the remainder does not address this third
variant. The first two variants are not mutually exclusive,
so companies should not decide in favor of one variant in
advance but during the SBSC development. The addition
of a non-market perspective is permitted with two condi-
tions being fulfilled: (1) the aspects in question are envi-
ronmental or social aspects with strategic relevance, and
(2) it is impossible to integrate these aspects into the tra-
ditional BSC perspectives. The procedure of an SBSC de-
velopment relies on the original BSC development process
adding environmental and social aspects. The process in-
cludes the following development steps: (1) choose a stra-
tegic business unit, (2) identify environmental and social
exposure, (3) determine strategic relevance of environ-
mental and social aspects, and (4) specify each perspec-
tive [11].

2.3. Multiple Criteria Decision-Making (MCDM)

Multiple criteria decision-making (MCDM) comprises for-
mal approaches that support individuals or collectives in
deciding on alternatives under consideration of more than
one criterion [32,33]. Individuals or collectives that make
the decision form the decision-making unit (DM). Authors
in the literature distinguish MCDM methods mainly into
multi-attribute decision making (MADM) methods and
multi-objective decision making (MODM) methods
[17,34,35]. MADM methods aim at selecting a suitable al-
ternative from a specified list of discrete alternatives
[34,36]. In contrast, MODM methods are suitable for an in-
finite number of continuous alternatives determined im-
plicitly by constraints on decision variables [34,36,37].
Many MCDM methods are similar in some aspects they
share [32,33,35]:
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— Alternatives: They define the choices of action availa-
ble a DM has to prioritize.

— Multiple criteria: They provide the set of dimensions by
which the alternatives may be assessed. Criteria can be
represented without a hierarchy, within a hierarchy, or
network. If the criteria values are known and certain,
the MCDM problems are deterministic. Else they are
nondeterministic.

— Conflicting criteria: As different criteria reflect various
dimensions of given alternatives; these criteria can
conflict.

— Conflicting DM: Views within the DM may vary, leading
to conflicts in decision-making.

— Weighting: Different criteria may be weighted differ-
ently to reflect their relative importance.

— Incomparable units: Considering multiple measure-
ment units of different criteria increases the difficulty
in solving MCDM problems.

MCDM problems often do not have an optimal solution be-
cause conflicting criteria and objectives mean a DM cannot
simultaneously obtain an optimal solution for each objec-
tive function [34]. Consequently, an optimal solution can
often only be approximated [18].

Figure 2 depicts the main steps of the MCDM process.
The phases address problem identification and structur-
ing, model building and deployment, and action plan de-
velopment [32].

Formalized models help DM develop a shared under-
standing of a specific problem under discussion. This in-
cludes representing, structuring, and synthesizing values
and information to evaluate action choices. The MCDM
process leads to better reasoned, defensible and explaina-
ble decisions that can be transparently monitored through
the process [32]. This article draws on the analytic net-
work process (ANP) and the technique for order prefer-
ence by similarity to ideal solution (TOPSIS).

2.4. Analytic Network Process (ANP)

The analytic hierarchy process (AHP) or the ANP, a gen-
eralization of the AHP for feedback networks, is a method
for representing and modeling problems with hierarchical
or networked structures. The methods support pairwise
comparisons and illustrate relationships within these
structures [38]. The ANP extends the AHP's scope of ac-
tion by including the interactions and dependency of
higher-level elements on lower-level elements.

In contrast to a hierarchical top-down structure of the
AHP, the ANP links the existing clusters with cycles and
loops within the clusters. Decision problems, including
feedback loops, frequently appear in real-world situa-
tions. Here the challenge is prioritizing the network's ele-
ments and the decision alternatives. The ANP reflects the
given complexity of a real-world problem better than the
AHP. The AHP simplifies a problem artificially due to its
hierarchical structure, so the results and the resulting de-
cisions do not fully reflect the real problem [38].
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Figure 2. Figure 2: MCDM process adapted from [32].

ANP addresses network components' structural depend-
ence in several relative comparisons [39]. There are outer
dependencies between different components and inner
dependencies between elements within a component
[38].

The ANP steps are as follows: (1) describing the deci-
sion problem, (2) determining the control criteria and
sub-criteria, (3) specifying the most general network, (4)
identifying inner and outer dependencies, (5) selecting an
analysis approach, (6) constructing the super matrices,
(7) performing pairwise comparisons with elements, (8)
performing pairwise comparisons with clusters, (9) com-
puting the limit matrix and synthesizing results, (10) con-
ducting a sensitivity analysis [40]. This article follows
Saaty's approach and uses the recommended 9-point scale
to prioritize within the pairwise comparisons [38]. The
Super Decisions software has integrated ANP as function-
ality and has been used in various problems [41]. There-
fore, it supports the computational work to solve the prob-
lem in the context of this article. At this point, this article
recommends Blockus for a detailed discussion of method-
ological principles and the mathematical background of
the ANP [42].

2.5. Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS)

TOPSIS is an MCDM method introduced by Hwang and
Yoon in 1981. The aim of solving an MCDM problem is to
select the alternative with the shortest distance to the
ideal solution and the largest distance to the negative-
ideal solution. The method assumes a monotonic increase
or decrease of a criterion's utility. The (weighted) mini-
mum Euclidean distance represents a suitable distance
measure [34].

The TOPSIS algorithm is divided into the following six
steps: (1) constructing the normalized decision matrix, (2)
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constructing the weighted normalized decision matrix, (3)
calculating the ideal and negative-ideal solutions, (4) cal-
culating the separation measure, (5) calculating the rela-
tive closeness to the ideal solution, and (6) ranking the
preference order [34,43]. This article follows this original
approach in most respects. Although, the article carries
out an extension to determine the collective decision-
making group separation measures. This step follows the
calculation of the individual separation measures by using
the geometric mean to synthesize these measures [44].

3. Findings and discussion

This section first describes the general procedure for inte-
grating the SGDs into the SBSC to create an SDGSBSC. In a
second step, the section illustrates the procedure before
concluding with a discussion of the results.

3.1. Model development

As described in section 2.3, ANP and TOPSIS are employed
in this article to integrate the SDGs into the SBSC and de-
velop an SDGSBSC. Therefore, the following sections de-
scribe the general process model. The model consists of
three overarching steps: (1) problem identification and
problem structuring, (2) model building, (3) model appli-
cation, and (4) developing an action plan. Figure 3 shows
the steps involved in creating and using the SDGSBSC.

First, the organization defines the problem and analyzes
it. Therefore, the organization nominates an expert group
to deal with the development and evaluation process of
the SDGSBSC. They form the DM. The organization devel-
ops a vision, derives strategies based on it, and integrates
relevant stakeholders into its analysis. This article's stake-
holder perspective substitutes the traditional BSC's cus-
tomer perspective. The business unit then addresses goal
setting. Since this article develops an SDGSBSC, selecting
suitable SDGs follows based on the strategy.

www.repa.jp/journals/jso
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Figure 3. Process for developing the SDGSBSC.

In many cases, the officially proposed SDG indicators ap-
pear less suitable for application in a business context.
Consequently, they are not ideal as BSC indicators in a
business context. A selection of indicators appropriate for
business is necessary. Therefore, this approach involves
various reporting frameworks, e.g., the Global Reporting
Initiative (GRI) standards. Corporate sustainability re-
ports often use these frameworks. They include a range of
possible indicators for sustainability assessment, which is
why they guide BSC indicator selection. Due to their fre-
quent use, practitioner accepts these frameworks widely.

Nevertheless, it would also be possible to define com-
pany-specific indicator frameworks. For example, compa-
nies can conduct this creation process in workshops. To
the extent that various BSC indicators exist for an SDG, the
decision-makers must prefer one BSC indicator for each
SDG. This agreement simplifies the BSC evaluation pro-
cess since the DM needs to evaluate fewer indicators. This
results in a collection of fewer data as part of an assess-
ment. Then, the SDGs are assigned to the traditional BSC
perspectives if this is feasible. Otherwise, the DM adds a
non-market perspective (see section 2.2). Once set, cause-
and-effect relationships connect the selected SGDs. The in-
terconnection emphasizes that the indicators are not mu-
tually exclusive but impact each other and affect the

J Sustainability Outreach 2022, 3 (1): 1-18

objective achievement. At this point, the SDGSBSC is ready
for use. The SDGSBSC incorporates both the TBL dimen-
sions and the SDGs and supports addressing the environ-
mental, social, economic, and integration challenges (see
section 2.1). ANP develops the SDGSBSC network (see sec-
tion 2.3.1). Since many stakeholders are involved in the
decision-making process, the final weights of the individ-
ual SDGSBSC components in this article are determined by
the geometric mean to proceed with uniform weights.

Once the DM has determined the weightings of the indi-
vidual SDGs concerning the corporate vision, the evalua-
tion of alternative courses of action follows. Therefore, the
DM chooses a corresponding indicator from the reporting
frameworks and links it to each SDG. Subsequently, TOP-
SIS is employed to determine the ranking of the alterna-
tives (see section 2.3.2). The ranking forms the basis for
the subsequent decision in the narrower sense. This arti-
cle does not consider this decision step in more detail in
the narrower sense. Once the organization has selected an
alternative, the organization implements it. Therefore,
suitable monitoring must occur in parallel to react quickly
to changing conditions and generate a more extensive in-
formation base for future decisions. This step is not the
subject of a more in-depth examination in this article.

www.repa.jp/journals/jso
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3.2. An illustrative example of model application

A fictional organization performs the process of creating
the SDGSBSC using ANP and evaluating alternative
courses of action using TOPSIS. The organization estab-
lishes an expert group of two managers from different
business units to form the DM. The decision making pro-
cess follows the steps outlined previously.

The DMs specify that stakeholders should perceive the
organization as a good brand that contributes to safe-
guarding intra- and intergenerational equity in the future.
Consequently, the DMs want to comprehensively inte-
grate sustainability into the organizational vision (OV).
They see this as an opportunity to generate a competitive
advantage, as relevant stakeholders demand this from the
media, political institutions, and customers. This compet-
itive advantage should also deliver added value to share-
holders in financial terms.

The DMs decide to modify the four traditional perspec-
tives of the BSC. The financial perspective (P1), internal
business process perspective (P2), and learning and
growth perspective (P3) remain as in the traditional
scorecard. First, they replace the customer perspective
with the stakeholder perspective (P4). Moreover, the DMs
keep open the question of whether the expert group
should integrate a fifth non-market perspective (P5) into
the BSC. However, the DMs agree to use the non-market
perspective only if it is impossible to assign strategically
relevant objectives to any other views. Otherwise, the per-
spective is obsolete.

The DMs define three strategies to achieve the vision.
The DMs choose the following strategies:

— Consideration of economic consequences (S1) for al-
ternative actions.

—  Consideration of ecological consequences (S2) for al-
ternative actions.

—  Consideration of social consequences (S3) of alterna-
tive actions.

A special concern of the DM is to consider the three per-
spectives integrated. The DM chooses to comprehensively
consider the SDGs proposed by the United Nations to
achieve the organization's vision. The SDGs are as follows
[3]: (G1) No poverty, (G2) Zero hunger, (G3) Good health
and wellbeing, (G4) Quality education, (G5) Gender equal-
ity, (G6) Clean water and sanitation, (G7) Affordable and
clean energy, (G8) Decent work and economic growth,
(G9) Industry, innovation and infrastructure, (G10) Re-
duced inequalities, (G11) Sustainable cities and communi-
ties, (G12) Responsible consumption and production,
(G13) Climate action, (G14) Life below water, (G15) Life
onland, (G16) Peace, justice and strong institutions, (G17)
Partnership for the goals.

The DMs select one suitable BSC indicator per SDG us-
ing the SDG Compass database. It draws on existing indi-
cators from the business context and compares them with
SDGs. For example, the tool refers to the GRI standards
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[45]. These indicators are not the only way to operation-
alize SDGs. Companies can use these existing indicators as
an inspiring source and develop them further or create
their own indicators. The indicator nomenclature Ix.y de-
scribes the yt" indicator I by SDG x. The following exem-
plary indicators from the SDG Compass database repre-
sent the SDGs:

- I1.1:local minimum wage payment
- I2.1: infrastructure investments supported

— 13.1: days lost and absences due to occupational dis-
eases

— 14.1: average hours of training per year per person
— I5.1: gender pay gap by employee category

- 16.1: compliance with relevant water quality stand-
ards

— 17.1: GHG emissions
- 18.1: profit margin

— 19.1: investments in research and development pro-
jects

— 110.1: equal distribution of new hires concerning di-
versity guidelines

— 111.1: negative ecological impacts of the alternative
on the city and community

— I12.1: reductions in energy requirements of products
and services

— 113.1: investment in climate protection projects

— [14.1: the extent of water bodies and associated habi-
tats impacted by the organization's water supply and
wastewater disposal

— I15.1: number of operating sites in protected areas or
neighboring protected areas

- 116.1: confirmed incidents of violation against compli-
ance guidelines

— 117.1: stakeholder orientation

As already stated, the SDG Compass database provides
above mentioned illustrative indicators. If there are sev-
eral potential indicators for an SDG, a more detailed de-
scription of the selection process from the database would
be necessary to prioritize an indicator. Similarly, a method
for developing company-specific BSC indicators is not part
of this article. The following step presents a weighting be-
tween selected indicators.

The next step is to visualize the decision network. It
consists of the organizational vision (OV) as the overarch-
ing goal. Below this, the mandatory BSC perspectives (P1-
P4) and the optional BSC perspective (P5) follow. The de-
cision network considers the three strategic directions
(S1-S3) subsequently. The SDGs (G1-G17) connect to
them. An indicator (I1.1-117.1) represents each SDG. Fig-
ure 4 depicts the exemplary SDGSBSC network.

The BSC perspectives (P1-P4) derive from the vision (OV).
The BSC perspectives (P1-P4) are linked to the respective
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strategies (S1-S3) so that sustainability is viewed interac-
tively in organizational management. Because the

perspectives influence each other reciprocally, they are
also interconnected.

- = = ¥ Inner dependence
— Outer dependence

limitations, this node cluster is not shown.

*: Each G-node is connected to an I-node according to Table 3. Due to space

Figure 4. Exemplary SDGSBSC network.

Next, the organization performs pairwise comparisons.
This execution takes place at each level to obtain local pri-
orities and corresponding weights. Each DM expert com-
pares two elements concerning a higher-level criterion in
the control hierarchy using the scale presented earlier
(see section 2.3.1). Accordingly, DMs create a comparison
matrix for each higher-level criterion of the control hier-
archy. For each comparison matrix, the DMs determine
the eigenvector. The eigenvector w provides the local pri-
orities or weights of the elements. Another requirement
for pairwise comparisons is consistency. Niemira and
Saaty recommend that the practical level of inconsistency
should be less than 10%; otherwise, an assessment should
be repeated [46]. Details of

all pairwise comparisons are available in Appendix A. Af-
ter performing the pairwise comparisons, the local and
global weightings become apparent in the Super Decisions
software. The software performs the computational steps.
There is no distinction between the experts regarding
their importance in this example. Consequently, the pro-
cess includes weightings from the Super Decisions soft-
ware in the aggregated weightings in equal proportions.
The geometric mean is first calculated to obtain the com-
mon weight per indicator. Then normalization of the com-
puted values follows. Since DMs only selected one indica-
tor for each SDG, the weights of the SDG cluster and indi-
cator clusters' weights are equal. TOPSIS applies weights
shown in Table 1. More details are given in Appendix B.

Table 1: Weights per indicator.

indicator 1.1 12.1 13.1 14.1 5.1 16.1 7.1 18.1 19.1
weights 0.0700 0.0865 0.0641 0.0529 0.0305 0.0292 0.0331 0.0902 0.1909
indicator 110.1 1111 112.1 [13.1 [14.1 [15.1 [16.1 117.1 >
weights 0.0296 0.0200 0.0566 0.0697 0.0318 0.0290 0.0340 0.0818 1.0000

In this example, the experts decide whether to integrate
company 1 or company 2 into the organization. Integrat-
ing one of the companies is necessary to expand the or-
ganization's scope of action. The experts define I1.1,

J Sustainability Outreach 2022, 3 (1): 1-18

12.1,14.1,16.1,18.1,19.1 - 113.1, and 117.1 as benefit criteria
(B). The indicators 13.1, 15.1,17.1,111.1, 114.1 - [16.1 form
the group of cost criteria (C). Table 2 presents the
evaluation scheme.
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Table 2: Evaluation scheme for TOPSIS.
Indicators Degrees (values)
11.1,16.1 yes (2), no (1)

12.1-15.1,17.1-19.1,111.1 - high (3), medium (2), low (1)
117.1

110.1 balanced (4), rather balanced (3),
rather unbalanced (2), unbal-

anced (1)

Subsequently, the experts evaluate both companies
against the criteria using the evaluation scheme (see Table
2). The initial matrices are first normalized and then
weighted with the weights presented in Table 1. Then the
ideal and negative-ideal solutions are determined from
the point of view of the respective experte = 1,..., E. This
is followed by the calculation of the Euclidean distances
per expert and alternative as separation measures to the
ideal solution S7* and the negative-ideal solution §7~. The
TOPSIS approach yields the following separation
measures for the first expert: Sggm,,anyl = 0.0619 ,
Séompanyz = 0.0747 ,  Slompany1 = 0.0747 ,  and
Scl,;mpanyz = (0.0619. For the second expert the following
values result: SZmpany1 = 0.0645, SZmpany 2 = 0.1168,
Stympany1 = 0.1168, and 5%, 1ny» = 0.0645. Then, the
geometric mean values S; and S;” are calculated to deter-
mine the separation measures of the group. These are as
follows:  Siompany1 = 0.0632 ,  Slompany2 = 0.0934
company1 = 0.0934 , and S¢,pany 2 = 0.0632 . After-
wards the calculation of the relative closeness C; to the
ideal solution follows for each alternative. Based on this
relative closeness, the alternatives are ranked. In this fic-
tional case study, Ciompany1 = 0.5966 and Ciompany 2 =
0.4034, so company 1 is the preferred alternative and
company 2 is the second-ranked alternative. Appendix C
shows more details.

4. Discussion of the results

The presented model supports problem identification and
problem structuring in the decision-making process for
developing and using the SDGSBSC. The solution approach
considers the presence of different stakeholder groups
represented by experts. Selecting possible BSC indicators
for the SDGs is straightforward, as DM members have ac-
cess to a database on sustainable development reporting.
Moreover, DMs can expand this database flexibly as crea-
tive processes yield new indicators. As each expert ex-
presses a personal preference about the indicators, an ap-
propriate indicator weighting is possible. It is helpful to
consider the organization and the affected stakeholder
groups in terms of objectives and priorities during the de-
velopment process to achieve a balanced result in the in-
terest of all those who are affected by organizational deci-
sions and activities. The computer-aided application of the
MCDM processes results in short-time calculations. One
advantage of the applications used is their flexible adapt-
ability. One potential criticism is the relatively high effort
required to perform pairwise comparisons, which
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increases significantly as the number of elements to be
compared within the network increases. Furthermore,
there is a risk of inconsistent results. Therefore, a reason-
able clustering or aggregation of the elements is desirable
for minimizing effort and ensuring consistency.

5. Implications and future directions

This article has developed a procedural approach to cre-
ate an SDGSBSC and examined suitable decision-making
methods. The possible uses of the SDGSBSC within the or-
ganization are extensive due to the top-down approach of
the BSC. Cascading is possible from the top management
level to the executing entities. Despite the top-down ap-
proach, bottom-up feedback may be beneficial to make the
goals understandable, agreeable, and realistic for all
stakeholders. To answer RQ 1, the approach described
above is suitable for organizational sustainability manage-
ment and the strategic positioning of sustainability in or-
ganizations (see section 3.1). It supports organizations in
systematically aiming for the SDGs and monitoring the de-
gree of organizational goal achievement regarding these
goals. This approach considers the TBL dimensions inte-
gratively.

Consequently, the approach addresses the economic,
environmental, social, and integration challenges. Moreo-
ver, the approach supports organizations in creating
added value for stakeholders from a strategic perspective
by acting on the improvement of business processes and
developing relevant capabilities. This results in organiza-
tions leveraging the targeted potential that leads to com-
petitive advantage. Considering stakeholders creates a
strong foundation for this. Users can expand the BSC ap-
proach to include new perspectives if they desire. ANP and
TOPSIS are suitable decision-making methods; thus, RQ 2
is also answered. The chosen MCDM methods allow DM to
weigh different alternatives considering a variety of some-
times conflicting criteria and/or experts with different
preferences within a DM. The integration of ANP pro-
motes the development of a decision-making structure in
a network, which is necessary for connecting the BSC per-
spectives. Through this, DMs can analyze inner and outer
dependencies within the network. This leads to a more ac-
curate representation of real-world problems. The Super
Decisions software has provided adequate support for
flexible modeling and calculation. TOPSIS is suitable for
ranking the alternatives. This ranking is also possible if
several experts of a DM shows different preferences.

6. Limitations

Nevertheless, some limitations exist in this article. The ap-
proach is limited to SDGs and does not consider further
objectives. As soon as the United Nations builds a new con-
sensus within the international state community, re-
searchers and practitioners must examine an expansion of
the objectives. It would be interesting to compare the em-
ployed methods to other MCDM methods to model net-
work structures and rank alternatives. The modification
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of aggregation methods may be tested, e.g., by taking a
weighted average. In this way, there is the possibility of
attributing different importance to experts. For TOPSIS,
researchers can use other distance measures, e.g., Man-
hattan distance or Tchebycheff distance, or normalization
methods such as linear normalization to test for possible
changes in the results [44]. A criteria evaluation with lin-
guistic term sets leads to the fuzziness problem. An exten-
sion by fuzzy set theory may be helpful. This article high-
lights only a part of the MCDM process (see section 2.3)
due to the limited scope of this article. An in-depth elabo-
ration of all components could enrich the approach pre-
sented here. A fictional example has validated this ap-
proach. Case studies in a real-world context may provide
exciting insights.

7. Conclusion

This article proposes a procedure for developing an SDGS-
BSC using an ANP-TOPSIS methodology. The approach
supports organizations in systematically integrating sus-
tainable development objectives into their corporate
strategy and achieving these goals. Consequently, this
method supports the guiding principle of sustainable de-
velopment. It contributes to meeting the needs of present
and future generations by systematically deriving
measures for the objectives of the SDGs, which are tar-
geted by 2030. Furthermore, the procedure allows for
flexible adaptation.
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Appendix A

A1. Pairwise comparisons of the first expert

Node comparisons with respect to OV (cluster: perspec-
tives)

Table 3: Perspective weights given by the first expert with
respect to OV.

Name Normalized Idealized [nconsistency: 0.0172

P1 0.2879 0.6419

P2 0.1258 0.2804

P3 0.1377 0.3069

P4 0.4486 1.0000

Table 4: Comparison matrix of perspectives by the first ex-
pert with respect to OV.

P1 P2 P3 P4

P1 1.0000 3.0000 2.0000 0.5000

p2 0.3333 1.0000 1.0000 0.3333

P3 0.5000 1.0000 1.0000 0.3333

P4 2.0000 3.0000 3.0000 1.0000

Node comparisons with respect to P1 (cluster: perspec-
tives)

Table 5: Perspective weights given by the first expert with
respect to P1.

Name Normalized Idealized Inconsistency: 0.0176

P2 0.3874 0.8736

P3 0.1692 0.3816

P4 0.4434 1.0000

P4 0.4434 1.0000

Table 6: Comparison matrix of perspectives by the first ex-
pert with respect to P1.
P2 P3 P4

P2 1.0000 2.0000 1.0000

P3 0.5000 1.0000 0.3333

P4 1.0000 3.0000 1.0000

J Sustainability Outreach 2022, 3 (1): 1-18
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Node comparisons with respect to P1 (cluster: strategies)

Table 7: Strategy weights given by the first expert with re-
spect to P1.

Name Normalized Idealized Inconsistency: 0.0237

S1 0.6833 1.0000

S2 0.1998 0.2924

S3 0.1168 0.1710

Table 8: Comparison matrix of strategies by the first expert
with respect to P1.
S1 S2 S3

S1 1.0000 4.0000 5.0000

S2 0.2500 1.0000 2.0000

S3 0.2000 0.5000 1.0000

Node comparisons with respect to P2 (cluster: perspec-
tives)

Table 9: Perspective weights are given by the first expert
with respect to P2.

Name Normalized Idealized Inconsistency: 0.0516

P1 0.3325 0.6300

P3 0.5278 1.0000

P4 0.1396 0.2646

Table 10: Comparison matrix of perspectives by the first ex-
pert with respect to P2.

P1 P3 P4
P1 1.0000 0.5000 3.0000
P3 2.0000 1.0000 3.0000
P4 0.3333 0.3333 1.0000

Node comparisons with respect to P2 (cluster: strategies)

Table 11: Strategy weights given by the first expert with re-

spect to P2.
Name Normalized Idealized Inconsistency: 0.0176
S1 0.5584 1.0000
S2 0.3196 0.5724
S3 0.1220 0.2184

Table 12: Comparison matrix of strategies by the first expert
with respect to P2.

S1 S2 S3
S1 1.0000 2.0000 4.0000
S2 0.5000 1.0000 3.0000
S3 0.2500 0.3333 1.0000
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Node comparisons with respect to P3 (cluster: perspec-
tives)

Table 13: Perspective weights given by the first expert with
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Node comparisons with respect to P4 (cluster: strategies)

Table 19: Strategy weights given by the first expert with re-
spect to P4.

respect to P3. Name Normalized Idealized [Inconsistency: 0.0000
Name Normalized Idealized [nconsistency: 0.0089 S1 0.2000 0.5000
P1 0.5396 1.0000 S2 0.4000 1.0000
P2 0.2970 0.5503 S3 0.4000 1.0000
P4 0.1634 0.3029

Table 14: Comparison matrix of perspectives by the first ex-

Table 20: Comparison matrix of strategies by the first expert
with respect to P4.

pert with respect to P3. S1 S2 S3
P1 P2 P4 S1 1.0000 0.5000 0.5000
P1 1.0000 2.0000 3.0000 S2 2.0000 1.0000 1.0000
P2 0.5000 1.0000 2.0000 S3 2.0000 1.0000 1.0000
P4 0.3333 0.5000 1.0000 Node comparisons with respect to S1 (cluster: SDGs)

Node comparisons with respect to P3 (cluster: strategies)

Table 15: Strategy weights given by the first expert with re-

Table 21: SDG weights given by the first expert with respect to
S1.

spect to P3.

Name Normalized Idealized Inconsistency: 0.0516
S1 0.1958 0.3969
S2 0.3108 0.6300
S3 0.4934 1.0000

Name Normalized Idealized Inconsistency: 0.0442
G4 0.1818 0.3805
G8 0.2352 0.4922
G9 0.4778 1.0000

Table 22: Comparison matrix of SDGs by the first expert with
respect to S1.

Table 16: Comparison matrix of strategies by the first expert
with respect to P3.

S1 S2 S3
S1 1.0000 0.5000 0.5000
S2 2.0000 1.0000 0.5000
S3 2.0000 2.0000 1.0000

G4 G8 G9 G17
G4 1.0000 0.5000 0.5000 2.0000
G8 2.0000 1.0000 0.3333 2.0000
G9 2.0000 3.0000 1.0000 4.0000
G17 0.5000 0.5000 0.2500 1.0000

Node comparisons with respect to P4 (cluster: perspec-
tives)

Table 17: Perspective weights given by the first expert with
respect to P4.

Name Normalized Idealized Inconsistency: 0.0516
P1 0.1396 0.2646
P2 0.3325 0.6300
P3 0.5278 1.0000

Node comparisons with respect to S2 (cluster: SDGs)

Table 23: SDG weights given by the first expert with respect to
S2.

Name Normalized Idealized Inconsistency: 0.0487
G6 0.0619 0.1931
G7 0.1197 0.3737
G11 0.1395 0.4354
G12 0.3204 1.0000
G13 0.2091 0.6525
G14 0.0747 0.2332
G15 0.0747 0.2332

Table 18: Comparison matrix of perspectives by the first ex-
pert with respect to P4.

P1 P2 P3
P1 1.0000 0.3333 0.3333
P2 3.0000 1.0000 0.5000
P3 3.0000 2.0000 1.0000
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Table 24: Comparison matrix of SDGs by the first expert with
respect to S2.

G6 G7 G11 G12 G13 G14 G15
G6 1.0000 0.3333 0.5000 0.3333 0.5000 0.5000 0.5000
G7 3.0000 1.0000 0.5000 0.3333 0.5000 2.0000 2.0000
G11 2.0000 2.0000 1.0000 0.5000 0.3333 2.0000 2.0000
G12 3.0000 3.0000 2.0000 1.0000 3.0000 4.0000 4.0000
G13 2.0000 2.0000 3.0000 0.3333 1.0000 3.0000 3.0000
G14 2.0000 0.5000 0.5000 0.2500 0.3333 1.0000 1.0000
G15 2.0000 0.5000 0.5000 0.2500 0.3333 1.0000 1.0000
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Node comparisons with respect to S3 (cluster: SDGs)

Table 25: SDG weights given by the first expert with respect to

Table 30: Comparison matrix of perspectives by the second

expert with respect to P1.

S3.
Name Normalized Idealized Inconsistency: 0.0651
G1 0.2379 1.0000
G2 0.2379 1.0000
G3 0.1224 0.5147
G5 0.1264 0.5315
G10 0.1264 0.5315
Gl6 0.1489 0.6257

P2 P3 P4
P2 1.0000 4.0000 3.0000
P3 0.2500 1.0000 0.5000
P4 0.3333 2.0000 1.0000

Node comparisons with respect to P1 (cluster: strategies)

Table 31: Strategy weights given by the second expert with re-

Table 26: Comparison matrix of SDGs by the first expert with
respect to S3.

spect to P1.
Name Normalized Idealized Inconsistency: 0.0000
S1 0.7143 1.0000
S2 0.1429 0.2000
S3 0.1429 0.2000

G1 G2 G3 G5 G10 G16
Gl 1.0000 1.0000 2.0000 2.0000 2.0000 2.0000
G2 1.0000 1.0000 2.0000 2.0000 2.0000 2.0000
G3  0.5000 0.5000 1.0000 0.5000 0.5000 2.0000
G5 0.5000 0.5000 2.0000 1.0000 1.0000 0.5000
G10 0.5000 0.5000 2.0000 1.0000 1.0000 0.5000
G16 0.5000 0.5000 0.5000 2.0000 2.0000 1.0000

Table 32: Comparison matrix of strategies by the second ex-
pert with respect to P1.

S1 S2 S3
S1 1.0000 5.0000 5.0000
S2 0.2000 1.0000 1.0000
S3 0.2000 1.0000 1.0000

A2. Pairwise comparisons of the second expert
Node comparisons with respect to OV (cluster: perspec-
tives)

Table 27: Perspective weights given by the second expert with
respect to OV.

Node comparisons with respect to P2 (cluster: perspec-
tives)

Table 33: Perspective weights given by the second expert with
respect to P2.

Name Normalized Idealized Inconsistency: 0.0328
P1 0.4583 1.0000
P2 0.1733 0.3781
P3 0.0792 0.1729
P4 0.2891 0.6308

Name Normalized Idealized Inconsistency: 0.0089
P1 0.1634 0.3029
P3 0.5396 1.0000
P4 0.2970 0.5503

Table 28: Comparison matrix of perspectives by the second
expert with respect to OV.

P1 P2 P3 P4
P1 1.0000 3.0000 4.0000 2.0000
P2 0.3333 1.0000 3.0000 0.5000
P3 0.2500 0.3333 1.0000 0.2500
P4 0.5000 2.0000 4.0000 1.0000

Table 34: Comparison matrix of perspectives by the second

expert with respect to P2.

P1 P3 P4
P1 1.0000 0.3333 0.5000
P3 3.0000 1.0000 2.0000
P4 2.0000 0.5000 1.0000

Node comparisons with respect to P1 (cluster: perspec-
tives)

Node comparisons with respect to P2 (cluster: strategies)

Table 35: Strategy weights given by the second expert with re-

Table 29: Perspective weights given by the second expert with

respect to P1.

spect to P2.
Name Normalized Idealized [Inconsistency: 0.0000
S1 0.5000 1.0000
S2 0.2500 0.5000
S3 0.2500 0.5000

Name Normalized Idealized Inconsistency: 0.0176
P2 0.6250 1.0000
P3 0.1365 0.2184
P4 0.2385 0.3816

J Sustainability Outreach 2022, 3 (1): 1-18

Table 36: Comparison matrix of strategies by the second ex-
pert with respect to P2.

S1 S2 S3
S1 1.0000 2.0000 2.0000
S2 0.5000 1.0000 1.0000
S3 0.5000 1.0000 1.0000
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Node comparisons with respect to P3 (cluster: perspec-
tives)

Table 37: Perspective weights given by the second expert with
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Node comparisons with respect to P4 (cluster: strategies)

Table 43: Strategy weights given by the second expert with re-
spect to P4.

respect to P3. Name Normalized Idealized [Inconsistency: 0.0176
Name Normalized Idealized [nconsistency: 0.0089 S1 0.1220 0.2184
P1 0.2000 0.2752 S2 0.5584 1.0000
P2 0.7267 1.0000 S3 0.3196 0.5724
P4 0.0734 0.1010

Table 38: Comparison matrix of perspectives by the second

Table 44: Comparison matrix of strategies by the second ex-
pert with respect to P4.

expert with respect to P3. S1 S2 S3

P1 P2 P4 S1 1.0000 0.2500 0.3333
P1 1.0000 0.2500 3.0000 S2 4.0000 1.0000 2.0000
P2 4.0000 1.0000 9.0000 S3 3.0000 0.5000 1.0000
P4 0.3333 0.1111 1.0000

Node comparisons with respect to S1 (cluster: SDGs)

Node comparisons with respect to P3 (cluster: strategies)

Table 45: SDG weights given by the second expert with re-

Table 39: Strategy weights given by the second expert with re- spect to S1.
spect to P3. Name Normalized Idealized Inconsistency: 0.0941
Name Normalized Idealized Inconsistency: 0.0516 G4 0.0810 0.2015
S1 0.2081 0.3150 G8 0.1821 0.4531
S2 0.1311 0.1984 G9 0.4018 1.0000
S3 0.6608 1.0000 G17 0.3352 0.8342

Table 40: Table 40: Comparison matrix of strategies by the

second expert with respect to P3.

Table 46: Comparison matrix of SDGs by the second expert
with respect to S1.

S1 S2 S3 G4 G8 G9 G17
S1 1.0000 2.0000 0.2500 G4 1.0000 0.2500 0.3333 0.2500
S2 0.5000 1.0000 0.2500 G8 4.0000 1.0000 0.2500 0.5000
S3 4.0000 4.0000 1.0000 G9 3.0000 4.0000 1.0000 1.0000
G17 4.0000 2.0000 1.0000 1.0000

Node comparisons with respect to P4 (cluster: perspec-
tives)

Table 41: Perspective weights given by the second expert with
respect to P4.

Node comparisons with respect to S2 (cluster: SDGs)

Table 47: SDG weights given by the second expert with re-

spect to S2.

Name Normalized Idealized Inconsistency: 0.0825 Name Normalized Idealized [nconsistency: 0.1560
P1 0.6738 1.0000 G6 0.1641 0.5920
P2 0.1007 0.1494 G7 0.1094 0.3945
P3 0.2255 0.3347 G11 0.0342 0.1235
G12 0.1193 0.4305

Table 42: Comparison matrix of perspectives by the second G13 0.2772 1.0000

expert with respect to P4. Gl4 0.1611 0.5812

P1 P2 P3 G15 0.1346 0.4856
P1 1.0000 5.0000 4.0000
P2 0.2000 1.0000 0.3333 Table 48: Comparison matrix of SDGs by the second expert
P3 0.2500 3.0000 1.0000 with respect to S2.
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G6

G7

G11

G12

G13

G14

G15

G6

G7

G11
G12
G13
G14
G15

1.0000
0.3333
0.2500
3.0000
4.0000
0.3333
1.0000

3.0000
1.0000
0.3333
0.5000
1.0000
3.0000
2.0000

4.0000
3.0000
1.0000
3.0000
6.0000
4.0000
3.0000

0.3333
2.0000
0.3333
1.0000
4.0000
2.0000
2.0000

0.2500
1.0000
0.1667
0.2500
1.0000
1.0000
0.3333

3.0000
0.3333
0.2500
0.5000
1.0000
1.0000
1.0000

1.0000
0.5000
0.3333
0.5000
3.0000
1.0000
1.0000
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Table 52: Element weights given by each expert (continued).

First Expert

Second Expert

Table 49: SDG weights given by the second expert with re- Normalized Normalized
spect to S3. By Cluster  Limiting By Cluster  Limiting
Name Normalized Idealized Inconsistency: 0.0452 1.1 0.0669 0.0334 0.0656 0.0328
G1 0.1911 0.6132 121 0.0669 0.0334 0.1002 0.0501
G2 0.2920 0.9368 131 0.0344 0.0172 0.1070 0.0535
G3 03117 1.0000 41 0.0759 0.0379 0.0330 0.0165
G5 0.0684 0.2196 151 0.0356 0.0178 0.0235 0.0117
GI0  0.0645 0.2070 161 00187 0.0093 0.0409 0.0205
G16  0.0723 0.2320 171 0.0361 0.0180 0.0273 0.0136
181  0.0982 0.0491 0.0742 0.0371
191  0.1995 0.0997 0.1637 0.0819
Table 50: Comparison matrix of SDGs by the second expert 110.1 0.0356 0.0178 0.0221 0.0111
with respect to S3. 1111 0.0420 0.0210 0.0085 0.0043
G1 G2 G3 G5 Gl0  Gl6 1121 0.0966 0.0483 0.0298 0.0149
GI 10000 03333 0.5000 4.0000 3.0000 4.0000 1131 0.0630 0.0315 0.0691 0.0346
G2 3.0000 1.0000 0.5000 4.0000 5.0000 3.0000 1141  0.0225 0.0113 0.0402 0.0201
G3  2.0000 2.0000 1.0000 3.0000 4.0000 3.0000 1151  0.0225 0.0113 0.0336 0.0168
G5 02500 0.2500 0.3333 1.0000 1.0000 1.0000 1161  0.0419 0.0209 0.0248 0.0124
G10 03333 0.2000 02500 1.0000 1.0000 1.0000 1171 0.0439 0.0220 0.1366 0.0683
G16 02500 0.3333 0.3333 1.0000 1.0000 1.0000
Table 53: Element weights used for TOPSIS.

. Second ex- Geometric Geometric
Appendix B First expert pert Mean Mean
Table 51: Element weights given by each expert. g;%rfluzl;éfd g;%rfluzl;éfd Aggregated ﬁ%%gggﬁ;i%&

First Expert Second Expert 1.1 0.0669 0.0656 0.0662 0.0700

Normalized Normalized 12.1 0.0669 0.1002 0.0819 0.0865

By Cluster  Limiting By Cluster  Limiting 3.1 0.0344 0.1070 0.0607 0.0641
P1 0.2648 0.0331 0.2251 0.0281 41 0.0759 0.0330 0.0500 0.0529
P2 0.2529 0.0316 0.3443 0.0430 51 0.0356 0.0235 0.0289 0.0305
P3 0.2833 0.0354 0.2559 0.0320 161  0.0187 0.0409 0.0276 0.0292
P4 0.1990 0.0249 0.1747 0.0z18 171 0.0361 0.0273 0.0314 0.0331
51 0.4174 0.0522 0.4075 0.0509 181  0.0982 0.0742 0.0853 0.0902
52 0.3014 0.0377 0.2493 0.0312 194 01995 0.1637 0.1807 0.1909
53 0.2812 0.0351 0.3432 0.0429 110.1  0.0356 0.0221 0.0281 0.0296
G1 0.0669 0.0167 0.0656 0.0164 1111 0.0420 0.0085 0.0189 0.0200
G2 0.0669 0.0167 0.1002 0.0250 1121 0.0966 0.0298 0.0536 0.0566
G3 0.0344 0.0086 0.1070 0.0267 1131 0.0630 0.0691 0.0660 0.0697
G4 0.0759 0.0190 0.0330 0.0082 1141  0.0225 0.0402 0.0301 0.0318
G5 0.0356 0.0089 0.0235 0.0059 1151 0.0225 0.0336 0.0275 0.0290
G6 0.0187 0.0047 0.0403 0.0102 1161  0.0419 0.0248 0.0322 0.0340
G7 0.0361 0.0090 0.0273 0.0068 1171 0.0439 0.1366 0.0774 0.0818
G8 0.0982 0.0245 0.0742 0.0185 5 10000 10000 09466 10000
G9 0.1995 0.0499 0.1637 0.0409
GI0  0.0356 0.0089 0.0221 0.0055
GI1  0.0420 0.0105 0.0085 0.0021
G12  0.0966 0.0241 0.0298 0.0074
G13  0.0630 0.0158 0.0691 0.0173
Gl4 00225 0.0056 0.0402 0.0100
G15  0.0225 0.0056 0.0336 0.0084
Gl6  0.0419 0.0105 0.0248 0.0062
G17  0.0439 0.0110 0.1366 0.0341
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Appendix C C2. Normalized decision matrices
C1. Initial data for TOPSIS Table 55: Normalized decision matrices of the first expert and
second expert.
Table 54: Initial data of the first and second expert. 1st Ex- 2nd Ex-
st Fx- 2nd Ex pert Company 1 Company 2 pert Company 1 Company 2
pert Company 1 Company2 pert Company 1 Company 2 1.1 0.8944  0.4472 11.1 07071  0.7071
1.1 2.0000 1.0000 [1.1 2.0000  2.0000 121 08321 0.5547 121 09487 03162
121 3.0000 2.0000 121 3.0000 1.0000 3.1 0.3162 0.9487 3.1 04472 0.8944
3.1 1.0000  3.0000 3.1 1.0000 2.0000 141 07071  0.7071 141 09487 03162
141 2.0000 2.0000 141 3.0000 1.0000 151  0.5547 0.8321 151 0.5547 0.8321
[51 2.0000  3.0000 51 2.0000 3.0000 le.1 07071 0.7071 le.l1  0.7071 0.7071
161 2.0000  2.0000 161 2.0000  2.0000 171 05547  0.8321 [71  0.8944  0.4472
[71 2.0000  3.0000 171 2.0000 1.0000 181 03162  0.9487 181 03162 0.9487
181 1.0000  3.0000 18.1 1.0000 3.0000 191 07071 0.7071 191 08944 04472
191  3.0000 3.0000 19.1  2.0000 1.0000 [110.1 0.9487 0.3162 [10.1 0.8321 0.5547
110.1 3.0000 1.0000 110.1 3.0000 2.0000 [11.1 0.5547  0.8321 1111 0.7071 0.7071
111.1 2.0000 3.0000 111.1 2.0000 2.0000 [12.1 0.8944 0.4472 112.1 0.7071 0.7071
[12.1 2.0000 1.0000 [12.1 2.0000  2.0000 1131 0.8944  0.4472 [13.1 0.8944  0.4472
113.1 2.0000 1.0000 113.1 2.0000 1.0000 1141 07071 0.7071 [141 05547  0.8321
1141 2.0000  2.0000 [14.1 2.0000 3.0000 1151 0.8321  0.5547 1151 0.8944  0.4472
1151 3.0000  2.0000 115.1 2.0000 1.0000 1161 0.4472  0.8944 [16.1 0.4472 0.8944
116.1 1.0000 2.0000 [16.1 1.0000 2.0000 1171 0.5547  0.8321 117.1 0.5547 0.8321
117.1 2.0000  3.0000 [17.1 2.0000  3.0000

C3. Weighted normalized decision matrices

Table 56: Weighted normalized decision matrix of the first expert and second expert.

1st Expert weights Company 1 Company 2 2nd Expert weights Company 1 Company 2
11.1 0.0700 0.0626 0.0313 11.1 0.0700 0.0495 0.0495
12.1 0.0865 0.0720 0.0480 12.1 0.0865 0.0820 0.0273
13.1 0.0641 0.0203 0.0608 13.1 0.0641 0.0287 0.0573
14.1 0.0529 0.0374 0.0374 14.1 0.0529 0.0501 0.0167
5.1 0.0305 0.0169 0.0254 5.1 0.0305 0.0169 0.0254
16.1 0.0292 0.0206 0.0206 16.1 0.0292 0.0206 0.0206
17.1 0.0331 0.0184 0.0276 17.1 0.0331 0.0296 0.0148
18.1 0.0902 0.0285 0.0855 18.1 0.0902 0.0285 0.0855
19.1 0.1909 0.1350 0.1350 19.1 0.1909 0.1708 0.0854
110.1 0.0296 0.0281 0.0094 110.1 0.0296 0.0247 0.0164
1111 0.0200 0.0111 0.0166 1111 0.0200 0.0141 0.0141
112.1 0.0566 0.0507 0.0253 112.1 0.0566 0.0400 0.0400
113.1 0.0697 0.0624 0.0312 113.1 0.0697 0.0624 0.0312
114.1 0.0318 0.0225 0.0225 114.1 0.0318 0.0176 0.0264
115.1 0.0290 0.0242 0.0161 115.1 0.0290 0.0260 0.0130
116.1 0.0340 0.0152 0.0305 116.1 0.0340 0.0152 0.0305
117.1 0.0818 0.0454 0.0681 117.1 0.0818 0.0454 0.0681
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C5. Group separation measures
C4. Ideal and negative-ideal solutions and separation p sep

measures Table 59: Group separation measures.

Table 57: Ideal and negative-ideal solutions and separation Company1l S; Si_ Company2 S} Si
measures of the first expert. 1st Expert 0.0619 0.0747 111 0.0747 0.0619

1st Ex- 2nd Expert 0.0645 0.1168 12.1 0.1168 0.0645

pert B/C Companyl Company 2 vi Vi ST&S” 0.0632 0.0934 117.1 0.0934 0.0632

111 B 0.0626 0.0313 0.0626 0.0313 —

12.1 B 0.0720 0.0480 0.0720 0.0480

131 c 0.0203 0.0608 0.0203 0.0608 C6. Relative closeness to the ideal solution

14.1 B 0.0374 0.0374 0.0374 0.0374

51 C 0.0169 0.0254 0.0169 0.0254 Table 60: Relative closeness to the ideal solution.

61 B 00206 0.0206 0.0206 0.0206 5 T TSI 0 Rank

71 ¢ 00184 0.0276 0.01840.0276 Company 1 0.0632 0.0934 0.1566 05966 1

81 B 00285 0.0855 0.08550.0285 Company2 0.0934 00632 01566 04034 2

19.1 B 0.1350 0.1350 0.1350 0.1350

110.1 B 0.0281 0.0094 0.0281 0.0094

111.1 C 0.0111 0.0166 0.0111 0.0166

1121 B 0.0507 0.0253 0.0507 0.0253

113.1 B 0.0624 0.0312 0.0624 0.0312

1141 C 0.0225 0.0225 0.0225 0.0225

1151 C 0.0242 0.0161 0.0161 0.0242

1161 C 0.0152 0.0305 0.0152 0.0305

1171 B 0.0454 0.0681 0.0681 0.0454

S; - 0.0619 0.0747

S - 0.0747 0.0619

Table 58: Ideal and negative-ideal solutions and separation
measures of the second expert.

2nd Ex- . _
pert B/C  Company 1 Company 2 v; Vj
1.1 B 0.0495 0.0495 0.0495 0.0495
12.1 B 0.0820 0.0273 0.0820 0.0273
13.1 C 0.0287 0.0573 0.0287 0.0573
14.1 B 0.0501 0.0167 0.0501 0.0167
5.1 C 0.0169 0.0254 0.0169 0.0254
16.1 B 0.0206 0.0206 0.0206 0.0206
17.1 C 0.0296 0.0148 0.0148 0.0296
18.1 B 0.0285 0.0855 0.0855 0.0285
19.1 B 0.1708 0.0854 0.1708 0.0854
1101 B 0.0247 0.0164 0.0247 0.0164
I11.1 C 0.0141 0.0141 0.0141 0.0141
1121 B 0.0400 0.0400 0.0400 0.0400
1131 B 0.0624 0.0312 0.0624 0.0312
1141 C 0.0176 0.0264 0.0176 0.0264
1151 C 0.0260 0.0130 0.0130 0.0260
1161 C 0.0152 0.0305 0.0152 0.0305
1171 B 0.0454 0.0681 0.0681 0.0454
S; - 0.0645 0.1168

ST - 0.1168 0.0645
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