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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Govindan Kannan Since the 17 Sustainable Development Goals (SDGs) were established in 2015, scientists have attempted to utilize
them for sustainability assessments. This paper aims to synthesize the existing approaches in order to make
Keywords: recommendations for future utilization. A systematic literature review was conducted, focusing on innovations as
Su“aﬁnabﬂity assessment the assessment object and including scientific papers as well as gray literature. Of the initially identified 603
:BSGt:mable development goals documents, 30 articles contained precise descriptions of approaches utilizing the SDGs for the sustainability
Utilization assessment of innovations. These approaches were analyzed in three sequential steps: categorization of the
Integration operational choices of SDG-based sustainability assessments, discussion of the advantages and disadvantages of
these operational choices, and finally deriving recommendations for future utilization. We identified two main
approaches: (1) integrating the SDGs into the sustainability assessment methodology or (2) subsequently
assigning the assessment results to the SDGs. For the first approach, the SDGs were most frequently used as
assessment criteria, but were also used to derive benchmarks or select indicators. In the second approach,
assessment results were linked to goals, targets or indicators. The majority but not all articles clearly stated that
all 17 SDGs were considered. The most frequently mentioned motivation for SDG utilization was to provide a
holistic definition of sustainable development, followed by providing a precise description of sustainable
development and international recognition. Only the integration of all 17 SDGs into the sustainability assessment
conveys all three of these motivations. Hence, this approach is recommended for maximizing the utilization of
SDGs when assessing the sustainability of an innovation. Subsequently assigning the assessment results to the
SDGs is suggested as an alternative approach if the scientist’s time and resources are limited. Since this approach
predefines the SDGs that can be linked through the sustainability assessment methodology utilized, the holistic
character of the SDGs is forfeited. More generally, the diversity of approaches found in the literature can be
explained by several individual limitations and prerequisites. It is therefore recommended that authors document
their research motivation transparently and justify the operational choices they made to fulfil it. This study
contributes to the scientific community by (a) providing an overview of possible approaches for utilizing the
SDGs in sustainability assessments of innovations and (b) providing recommendations for utilization based on a
discussion of the advantages and disadvantages.

1. Introduction supporting decision-making on sustainable development measures
(Andes et al., 2019; Morrison-Saunders et al., 2015; Pope, 2006; Sala
Sustainability assessment methodologies are important tools for et al., 2015). However, they comprise a broad variety of different
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methodologies and no standard procedure has yet been defined (Andes
et al., 2019; Pintér et al., 2012; Sala et al., 2015). Sustainable devel-
opment itself is seen as a “concept that has many different dimensions
and perceptions” (Sala et al., 2015), which makes it difficult to assess the
progress that has been made. As such, selecting a definition of sustain-
able development to serve as the guiding vision for a specific sustain-
ability assessment methodology is a challenge but also one of the eight
Bellagio STAMP' principles (Pintér et al., 2012). Since their establish-
ment in 2015, the 17 SDGs” have been acknowledged by all UN member
states as representing the mutual understanding of what sustainable
development means (United Nations, without year).> As such they
should be used as the underlying definition of sustainable development
in sustainability assessment methodologies.

It is necessary to tailor the sustainability assessment methodologies
to a specific type of assessment object and the wide range of potential
assessment objects has led to a large variety of sustainability assessment
methods. For instance, the sustainability assessment of companies fol-
lows specific guidelines, such as those specified by the Global Reporting
Initiative (Heinrichs and Michelsen, 2014), while the sustainability
assessment of products and services is subject to its own independent
guidelines, which can be found, for example, in the international stan-
dards for LCA (Klopffer, 2014).

This study focuses on the sustainability assessment of innovations
which are seen by the wider scientific community as prerequisites for the
transition toward more sustainable systems of production and con-
sumption (Kohler et al., 2019). A prevalent example is the imple-
mentation of innovative technologies for renewable energy production
which is a key global strategy for reducing GHG emissions in the energy
sector.

Innovations can be defined as ‘practical implementations of ideas
that result in the introduction of new goods or services or improvement
in offering goods or services’ (OECD/Eurostat, 2018; Schumpeter,
1934). However, innovations do not automatically contribute to sus-
tainable development. Instead, their potential impact on different as-
pects of sustainability need to be analyzed to determine whether they
are suitable for enabling sustainability transitions, and this is the task of
the sustainability assessment of innovations.

Since the SDGs were established in 2015, there has been discussion
about how they could be integrated into sustainability assessments
(Alejandrino et al., 2021). Therefore, at this stage, a critical overview of
the existing approaches is required to derive recommendations for the
continued utilization of SDGs in sustainability assessments. With this

! The Bellagio principles were developed in 1997 by a global group of mea-
surement and assessment experts in order to provide guidance and best practice
for measuring progress toward sustainable development. Pintér et al. (2012)
revisited the existing principles, resulting in the so-called Bellagio Sustain-
ability Assessment and Measurement Principles (BellagioSTAMP). These
comprise the following eight principles: (1) Guiding vision; (2) Essential con-
siderations; (3) Adequate scope; (4) Framework and indicators; (5) Trans-
parency; (6) Effective communications; (7) Broad participation; and (8)
Continuity and capacity.

2 Abbreviations: AHP, Analytical Hierarchy Process; GHG, Greenhouse gas;
LCA, Life Cycle Assessment; LCSA, Life Cycle Sustainability Assessment; MRIO,
Multi-Regional-Input-Output-(Analysis); MCDA, Multi-Critiria-Decision-
Analysis; MILP, Multicriteria Mixed-Integer Linear Programming; SDGs, Sus-
tainable Development Goals; sLCA, social Life Cycle Assessment; SMART,
Specific Measurable Achievable/Attributable Relevant Timely; S-PSE, Sustain-
able Process Systems Engineering.

3 The 17 SDGs describe the most important goals for achieving sustainable
development worldwide. They range from reducing poverty (goal 1), estab-
lishing good health and well-being (goal 3), reducing inequalities (goal 10) to
responsible consumption and production patterns (goal 12), protecting life
below water (goal 14) and ensuring peace, justice and strong institutions (goal
16). The 17 overarching goals are accompanied by 169 targets and 233 in-
dicators to provide benchmarks and measure the degree of progress achieved.
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overarching aim in mind, this study seeks to answer three research
questions that build on one another:

I) What are the different existing approaches for utilizing the SDGs
in sustainability assessments of innovations?
II) What are the benefits and drawbacks of these approaches?
III) What recommendations for utilizing the SDGs in sustainability
assessments of innovations can be derived?

A systematic literature review was therefore carried out as part of
this study in order to provide a thorough overview of approaches uti-
lizing the SDGs for sustainability assessments of innovations and to
derive recommendations. In line with the above definition of in-
novations, approaches which address the sustainability assessment of
products and services are within the scope of this review, even if they are
not explicitly labelled as innovations in the original assessments (e.g.
because they were no longer ‘new’ at the time of the assessment). In
contrast, this review does not cover sustainability assessments of com-
panies, sectors, economies or governments, which should be addressed
separately. Social innovations, defined as intended new configurations
of social practices (Howaldt and Jacobsen, 2010), were not identified in
the literature as an assessment object. A large number of articles were
case studies in the area of energy production, such as photovoltaic
technologies or bio-diesel. In addition, wastewater treatment technolo-
gies, improved cooking stoves and the genome editing of fish, for
example, were investigated.

Section 2 describes the applied method in detail, i.e., the scope of the
review, the process of selecting articles and the subsequent detailed
analysis of the retrieved articles. Section 3 presents the main results,
structured as follows: general characteristics of the retrieved articles,
characteristics of the sustainability assessment methodologies, and
finally the identified utilization of SDGs in the sustainability assess-
ments. This study provides a short overview of the identified approaches
in terms of the general quality criteria of sustainability assessments
based on standard literature. It also describes in detail how the authors
utilized the SDGs and which motivations and challenges they stated. As
utilizing the SDGs in sustainability assessments is a relatively new
approach, there are no existing quality standards and different methods
may serve different purposes. Therefore, the different options for uti-
lizing the SDGs are discussed based on a detailed analysis of their ad-
vantages and drawbacks and recommendations for the future utilization
of SDGs in sustainability assessments are derived (section 4). Finally,
section 5 concludes with the main contributions. Throughout this paper,
“SDGs” is used as an umbrella term to refer not only to the 17 goals, but
also the associated 169 targets and 233 indicators.

2. Method
2.1. Review scope

As this study focuses on the currently existing approaches utilizing
SDGs for sustainability assessments of innovations, peer-reviewed
journal papers were included, as well as conference papers and gray
literature. Conceptual papers on sustainability assessments were
allowed as well as papers describing or examining the assessment and
review papers. The papers should include several to all SDGs (or
respectively the targets or indicators) in their sustainability assessment
procedure. Papers that only used the term SDGs or Sustainable Devel-
opment Goals to illustrate the relevance of their topic were excluded.
The object of investigation should be an innovation, i.e., a product,
service or technology (cf. introduction).

2.2. Selection of documents

Two different databases were consulted to retrieve the relevant
literature. The database Scopus was used to find peer-reviewed
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literature. The search engine Google was used to retrieve gray literature.
A more detailed illustration of the selection process based on the
PRISMA 2020 flow diagram (Page et al., 2021) can be found in the
appendix (Fig. Al).

2.2.1. Scopus

The Scopus search was conducted in June 2, 023." The following
search string was used: TITLE-ABS-KEY((“sustainability assessment”
AND sdg*) OR (“sustainability assessment” AND “sustainable develop-
ment goal*") OR (“assessment of sustainability” AND sdg*) OR
(“assessment of sustainability” AND “sustainable development goal*")).
Since the combination of SDGs and sustainability assessment is the main
focus of this review, mentioning the respective key words in the title, the
abstract or the keywords was required. The search resulted in N = 302
articles in Scopus. In order to focus on papers actually describing an
SDG-based sustainability assessment of innovations, papers were
excluded in which.

e no sustainability assessment was described or conducted,

e the SDGs were not used in the sustainability assessment process at
any point,

o the object of investigation was not an innovation or similar item.

Screening the abstracts already reduced the number of potentially
relevant papers to 40, reading the entire paper resulted in 22 relevant
papers for detailed analysis. In addition, the references of the pre-
liminary set were checked using the bread crumbing and pearl growing
methods (Fischer et al., 2017; Pohl et al., 2019). Twelve documents,
listed in the Scopus search as secondary documents, were also analyzed.
This additional effort resulted in five additional papers. Finally, out of
423 initially identified papers, the Scopus search found 27 that con-
tained relevant information on incorporating SDGs into sustainability
assessments of innovations.”

2.2.2. Google engine
The search for gray literature using the Google engine was conducted

2016 2017 2018 2019 2020 2021 2022 2023

year

number of docments
O = N W M UT OO N 0 O O

Fig. 1. Number of published documents per year.

4 The original search in Scopus was conducted in July 2021 and was updated
during the first review round. The separate results for both searches are shown
in Fig. A. 1.

5 Most papers were excluded due to (1) only using the term SDGs in the
abstract to embed the investigated topic in the context of sustainable devel-
opment (131) or (2) utilizing the SDGs in a sustainability assessment of other
objects, most frequently countries, cities, neighborhoods or universities (130).
61 papers were excluded due to not describing or conducting a sustainability
assessment.
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in June 2, 023.° The same keywords were used as for the Scopus search.
This search process was inspired by Ravn Boess et al. (2021). About 155
results were found (Google presents ten results per page, but reduces the
number of presented results due to their similarity, i.e., the exact
number of results cannot be reported).7 Within these search results, four
additional documents were found that fulfill the criterion of describing
an SDG-based sustainability assessment of innovations and which were
also included in the detailed analysis.

During the update, three documents were found that were very
similar to previously identified documents by the same authors. Laurent
et al. (2020b) and Henzler et al. (2022) were included as the new doc-
uments reported on the application of their methodology to other cases.
Eberle et al. (2022) was excluded, as this is the peer-reviewed version of
Eberle and Wenzig (2020) and does not differ substantially in content.
Therefore, the number of relevant documents was reduced to N = 30.

2.3. Detailed analysis

The detailed analysis of the relevant N = 30 documents included
three steps dedicated to:

1. General characteristics (publication year, journal name, document
type)

2. Sustainability assessment characteristics and fulfillment of quality
criteria (sustainability assessment type, impact model, approach
validation, transparency and traceability) and

3. SDG utilization (method of utilizing the SDGs, motives for the utili-
zation, advantages and drawbacks).

The first two steps mainly serve statistical-analytical purposes, i.e.,
they provide an overview of (1) the general development of scientific
work dedicated to SDG-based sustainability assessments of innovations
and (2) the general quality of this scientific work. The third step at-
tempts to summarize, organize and synthesize the knowledge produced
by this scientific work, i.e., the possibilities of utilizing SDGs in sus-
tainability assessments and the respective benefits (answering research
question I, cf. introduction).

In (2) sustainability assessment characteristics taken from standard
literature were analyzed:

e attributed sustainability assessment type (Morrison-Saunders et al.,
2015; Sala et al., 2015; Singh et al., 2012),

e chosen impact model, i.e., the type of effects considered in the in-
ventory analysis and the kind of impacts considered during the
impact assessment (Kaltschmitt and Schebek, 2015; Klopffer, 201 4),%

e approach validation (Klopffer, 2014; Sala et al., 2015) and

e transparency, in particular explaining the choices, assumptions and
uncertainties during the sustainability assessment (Pintér et al.,
2012).

6 The original search using the Google engine was conducted in December
2021 and was updated during the first review round.

7 The original Google search in December 2021 yielded in 180 results.
However, it is likely that both searches included a large number of duplicates.

8 Frequently used effect types include direct and indirect effects. Laurent
et al. (2020a) define them as following: “Effects can be direct changes from
implementing the application [the object] in society. In applied science pro-
jects, they are typically intended effects, reflecting the purpose of the project
and its application, and tend to be limited to the main products, technologies or
sectors targeted by the application. Effects can also be indirect and unintended,
being the consequences of the application implementation on other products,
technologies or systems than the systems targeted by the application” (Laurent
et al, 2020a). Another possibility is to distinguish between
substance-flow-related effects along the life cycle of the object, e.g., resource
use and related activities of companies along the life cycle, e.g., anti-corruption
activities (Eberle and Wenzig, 2020)).
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To analyze the type of sustainability assessment and the impact
model chosen, the terms as given by the authors were used in most cases.
Novel or less well known assessment types were grouped as “other”. In
the same way, if no type of effect or impact could be derived based on
the methodological information given in an article, this was grouped as
“not reported”. Validation of the approach was based on whether the
described methodology was applied in a case study or not, whether
further techniques were described to improve the methodology, e.g.,
stakeholder participation, and whether limitations were reported. The
approach was counted as validated if its applicability had been
demonstrated at least once. The transparency was evaluated based on
the description of the sustainability assessment methodology overall
including the supporting information. An article was rated transparent
if, after reading all the provided information several times, the essential
parts of the methodology were understood by the authors of this paper.

No standards exist for (3), as SDG utilization is relatively new. The
detailed analysis was conducted using the software MAXQDA to manage
the relevant information and group papers by characteristics.

3. Results

This chapter presents the main results for the three groups in terms of
general characteristics, sustainability assessment characteristics and
SDG utilization. Detailed information regarding the categorization of
every article can be found in the appendix (Table A.1-A.5).

3.1. General characteristics

As the SDGs were agreed on in 2015, the published articles date back
to 2016. From this year until 2020, there was a general increase in the
number of articles per year, as shown in Fig. 1. After 2020, the number
of articles was relatively constant until 2023.° The majority of articles
are peer-reviewed journal papers (22), with an additional five confer-
ence papers and three articles denoted as gray literature. The retrieved
articles were published in a variety of journals and conference series/
proceedings. More than one article was published in the Journal of In-
dustrial Ecology (5)10, Sustainability (3), Journal of Cleaner Production
(2) and Procedia CIRP (2).

Several articles are interrelated, i.e., methodological suggestions of
one paper are utilized by another. A graphical summary of these in-
terrelations can be found in the appendix (Fig. A.2).

3.2. Sustainability assessment characteristics

This section describes the main results for the sustainability assess-
ment characteristics.

Sustainability Assessment type. Fig. A.3 (in the appendix) shows the
different types of assessment methodologies found: Almost half of the
articles (47%) are inspired by life cycle thinking. Seven papers (23%)
did not specify the methodology used.

Impact model. Fig. A.4 (in the appendix) shows that the reviewed
documents did not feature a clearly preferred effect type, but the ma-
jority did report the type of effects considered (80%). Most articles
(80%) considered negative and positive impacts during the assessment
(see Fig. A.5 in the appendix). Eight articles even added further cate-
gories such as the impact is unknown, more knowledge is needed to
assess the impact or the impact is negligible (27%).

Validation. Almost every article tested the applicability of their
methodology in a case study (87%). Eleven articles reported additional
validation techniques to improve their methodology including

9 As the search took place in 2023, the number of articles in 2023 refers to the
first six months only, but is still higher than for the previous two years.
10 Interestingly, four out of five articles were all published in Volume 27, issue
3 in June 2023.
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sensitivity analyses, external assessors, Delphi studies and stakeholder
workshops. About three quarters of the articles discussed the limitations
of their methodology.

Transparency and traceability. 22 out of 30 (73%) articles presented
their methodology in a transparent and understandable manner ac-
cording to our own assessment based on the criteria mentioned in 2.3.

In sum, 15 articles adhere to the four quality criteria: reporting the
considered effect type, investigating positive and negative impacts,
testing applicability in a case study, and being transparent.

3.3. SDG utilization

3.3.1. Motivations and challenges for utilizing SDGs in sustainability
assessments

This chapter reports the main findings regarding the motivations and
challenges when utilizing SDGs in sustainability assessments of
innovations.

Motivations. Various motivations were referred to by the authors for
utilizing the SDGs in sustainability assessments. However, the most
frequent ones are shown below with the number of articles mentioning
this motivation in brackets:

o the SDGs provide a precise description of sustainable development
(10)

e the SDGs provide a holistic definition of sustainable development
(15)

o the SDGs are internationally recognized as a definition of sustainable
development (12).

Providing a precise description of sustainable development means
that the SDGs pinpoint the major challenges in sustainable development
(Eberle and Wenzig, 2020; Eberle et al., 2020; Henzler et al., 2020),!
that they specify what is meant by sustainable development (Blix and
Myhr, 2023; Laurent et al., 2020a) and that they provide a normative
basis and reference point for sustainable development (Dal Maso et al.,
2020). Providing a holistic definition of sustainable development means
including all three dimensions of sustainability (social, environmental
and economic) (Henzler et al., 2020; Kanchanamala Delanka-Pedige
et al., 2021; Kiihnen et al., 2019; Laurent et al., 2020a; Maier et al.,
2016; Molina-Maturano et al., 2020), interrelating and balancing them
(Dressler and Bucher, 2018; Wang et al., 2018) as well as including
institutional aspects (Castor et al., 2020). The SDGs thereby help to
capture the complex impacts an innovation might have on sustainable
development (Castor et al., 2020). Internationally recognized means
that there is a global consensus on the SDGs, which have been adopted
by almost every country in the world (Eberle and Wenzig, 2020; Eberle
et al., 2020; Hannouf et al., 2023; Kiihnen et al., 2019; Messmann et al.,
2023; Pankow et al., 2021). Utilizing the SDGs in sustainability assess-
ments thus enhances the relevance and reliability of the results (Wulf
et al., 2018). In addition, results can be communicated more easily, as
the SDGs are known to a broader public (Henzler et al., 2020).

Challenges. The described drawbacks or reasons hindering the utili-
zation of the SDGs all concern their formulation to a greater or lesser
extent. It was claimed that the SDGs in themselves contain the word
sustainable (Dressler and Bucher, 2018; Molina-Maturano et al., 2020).
It was also pointed out that they are too complex (Molina-Maturano
et al., 2020), encompass indistinct objectives (Blix and Myhr, 2023;
Maier et al., 2016), that one SDG often concerns more than one
dimension of sustainability (Dressler and Bucher, 2018; Molina-Matur-
ano et al., 2020) and that they are written in complicated language (Blix
and Myhr, 2023). It was emphasized that the different goals interact,
contradict or imply trade-offs with each other (Maier et al., 2016). For

11 Eberle and Wenzig (2020)) and Eberle et al. (2020) refer to the same
approach, they just split the reporting into two different documents.
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some authors, the 17 goals can be handled well, others consider this
number to be too many, even when neglecting the associated 169 targets
and 231 indicators (Molina-Maturano et al., 2020). A major drawback is
that the SDGs are usually conceptualized on a macro level, resulting in
indicators that do not match innovations as the objects of assessment
(Hannouf et al., 2023; Kiihnen et al., 2019; Maier et al., 2016; Messmann
et al., 2023; Wang et al., 2018; Wulf et al., 2018). Despite the holistic
nature of the SDGs, some topics are still not (sufficiently) included and
might need to be added, e.g., the long-term effectiveness of innovation
(Maier et al., 2016), biodiversity (Henzler et al., 2020) and animal
welfare (Blix and Myhr, 2023; Kiihnen et al., 2019). In contrast, Blix and
Myhr (2023) argue that the SDGs have been criticized (...) for top
prioritizing everything, leaving nothing as the main priority.

3.3.2. Options for utilization

Fig. 2 summarizes the main findings regarding SDG utilization in
sustainability assessments of innovations, i.e., products and services or
similar objects. During the analysis, two different main approaches were
observed:

1. Integrating the SDGs into the assessment, i.e., adapting the assess-
ment procedure accordingly (applied in 21 papers).

2. Assigning the assessment results to the SDGs after the assessment, i.
e., keeping the assessment procedure itself unaltered (applied in 10
papers).]2

In addition, for each approach utilized, it is indicated whether the
articles considered utilize all 17 SDGs from the outset (23 approaches)
and for which this could not be inferred (13 approaches).

Within the second group, almost all (eight) the articles suggest
linking the assessment results to the SDG goals (Barke et al., 2023;
Caldés and Rodriguez-Serrano, 2018; Faria et al., 2021; Humpenoder
et al., 2018; Martinez-Hernandez et al., 2022; Messmann et al., 2023;
Souza et al., 2022; Voss et al., 2023), one links them to the targets (Dal
Maso et al., 2020), one to the indicators (Wiebe et al., 2021), one to the
SDG goals and indicators (Barke et al., 2023) and two to the SDG goals,
targets and indicators (Messmann et al., 2023; Souza et al., 2022). Four
articles merely describe which results affect which of the SDG goals
(Caldés and Rodriguez-Serrano, 2018; Humpenoder et al., 2018; Mar-
tinez-Hernandez et al., 2022; Voss et al., 2023). All other documents
additionally report the impacts on the affected SDG goals, targets and
indicators using a calculated score per SDG goal (Barke et al., 2023;
Faria et al., 2021; Souza et al., 2022) or per target (Dal Maso et al.,
2020), a semi-quantitative score for SDG goals and targets (IMessmann
et al., 2023) or calculating the impact on SDG indicators (Wiebe et al.,
2021).

Within (1), SDGs were integrated in the following ways:

e (A) As criteria (applied in 17 articles),

e (B) As a selection guide for indicators (applied in 3 articles),
e (C) As indicators (applied in 4 articles),

e (D) As benchmarks, (applied in 2 articles).

The following sections explain in detail how the SDGs were inte-
grated in these four approaches.

(A) As assessment criteria

When utilizing the SDGs as assessment criteria, three groups were
identified:

Clustered. Seven articles regrouped the major aspects of the SDGs into
(meta)-topics. Maier et al. (2016) clustered the SDGs into nine so-called

12 Messmann et al. (2023) used both these approaches and is therefore
counted twice.

Journal of Cleaner Production 437 (2024) 140383

impact category groups. They added the impact category group
long-term effectiveness in order to evaluate the longevity of innovation.
Wang et al. (2018), Henzler et al. (2020, 2022) used the topic selection
of Maier et al. (2016) and adapted it slightly by adding the groups
abiotic resource depletion and municipal life cycle costs. Dressler and
Bucher (2018) condensed the SDGs into 13 aspects, which differ from
the topic selection by Henzler et al. (2020, 2022), Maier et al. (2016) and
Wang et al. (2018). Molina-Maturano et al. (2020) used the approach of
Dressler and Bucher (2018). Blix and Myhr (2023) grouped the SDGs
according to the so-called Wedding Cake Model (Folke et al., 2016) into
three levels of sustainability: biosphere, society and economy. One
major difference between the approaches is whether they clustered all
the SDGs or only the problem-relevant ones: Henzler et al. (2020, 2022)
state that they only clustered problem-relevant SDGs, whereas all the
others clustered all the SDGs (5 articles).

Directly. Ten articles directly utilied the SDGs as assessment criteria,
i.e., they did not change their wording or adjust them. Three articles
utilized the SDG goals, four utilized the targets, and three approaches
utilized the SDGs and the targets. Dressler and Bucher (2018), Eriksson
et al. (2020) and Molina-Maturano et al. (2020) decided in favor of a
simple approach by utilizing all 17 SDG goals as their assessment
criteria, and did not add any indicators. Castor et al. (2020) and Omer
and Noguchi (2020) selected the relevant targets based on the links to
their object of investigation discussed in the literature. Eberle and
Wenzig (2020) and Eberle et al. (2020) selected 59 targets from the
whole set of 169 targets as assessment criteria. These authors argued
that achieving those 59 targets might be supported by products and
services. Kanchanamala Delanka-Pedige et al. (2021) linked seven at-
tributes of wastewater treatment technology to the appropriate targets
and derived suitable indicators to measure these targets. In their
methodlogy, Laurent et al. (2020a) and Laurent et al. (2020b) suggest
selecting the SDGs and targets affected and evaluating them subse-
quently. In order to select the affected SDGs and targets, the authors
recommend using causal chain analysis and mention several other tools
that could be used for this purpose (Laurent et al., 2020a; Laurent et al.,
2020b). Zeug et al. (2022) selected the relevant SDG goals and targets to
assess the bioeconomy in Germany with the aid of stakeholder
participation.

Other. Delanka-Pedige et al. (2021) utilized the SDGs implicitly to
derive their assessment criteria. They report three targets of SDG 11,
which are directly linked to wastewater infrastructure and which they
evaluate with a set of attributes and indicators. However, this link to the
three targets is not further explored in their paper. Hannouf et al. (2023)
suggest utilizing the SDGs to select the assessment criteria, in this case to
select the relevant LCSA categories. For this selection, the authors pro-
vide a mapping of LCSA categories and SDG goals based on an extensive
literature search.

In sum, integrating all 17 SDGs was utilized in eight approaches and
selecting certain SDGs was utilized in nine approaches.

(B) As selection guide for indicators

Three articles utilized the SDGs (also) as a selection guide for in-
dicators. All three articles started with a set of indicators from which
they chose indicators based on the SDGs: Kiihnen et al. (2019) applied
the SMART indicator selection criteria in order to choose their in-
dicators. Specifically, they selected indicators that “clearly reflect
businesses’ potential influence on contributing to the SDGs” (Kiihnen
etal., 2019). Wulf et al. (2018) linked LCSA-indicators firstly to the SDG
goals and secondly to the SDG indicators. This process resulted in two
different sets of indicators, suggesting that SDG indicators and SDG goals
cover topics differently. Zeug et al. (2022) selected those indicators that
are relevant for assessing a bioeconomy from a broad set of
LCSA-indicators (already linked to SDG goals and targets). All three
articles used a subset of SDG goals, targets or SDG indicators.
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Fig. 2. Overview of observed operational choices for utilizing SDGs in sustainability assessments of innovations.

For (1) and (2), the number in {} refers to the number of articles choosing option (1) {21} or (2) {10}, Messmann et al., 2023 applied (1) and (2) and is therefore
counted twice. 3 articles in (2) assigned their results to goals, targets and/or indicators in parallel: Barke et al. (2023), Messmann et al. (2023) and Souza et al.
(2022). Therefore, summing up goals {8}, targets {3} and indicators {4} results in 15 instead of 10. In (1), some articles applied more than one approach, therefore
summing up approach A, B, C and D results in 26 approaches instead of just 21. As Dressler and Bucher (2018) and Molina-Maturano et al. (2020) both clustered and
directly integrated the SDGs as assessment criteria, summing up clustered {5}, directly {8} and other {1} results in 19 instead of 17. Finally, Laurent et al. (2020a),
Laurent et al. (2020b) and Zeug et al. (2022) directly used SDGs and targets, therefore summing up SDGs {6} and targets {7} results in 13 instead of 10. Overall, 23

articles considered all 17 SDGs from the outset and 13 left it unclear.
(C) As indicators

Four articles derived their indicators from the SDG indicators among
other sources (Eberle and Wenzig, 2020; Eberle et al., 2020; Maier et al.,
20165 Messmann et al., 2023; Pankow et al., 2021). All four approaches
selected specific SDG indicators, e.g., Messmann et al. (2023) used in-
dicator 6.4.2 to measure the water stress level in one of their social
objective functions for their optimization model.

(D) As benchmarks

Two articles used benchmarks and thresholds described in the SDG
targets to measure how much the object of investigation contributes to
these targets. Kiithnen et al. (2019) apply the fuzzy set theory approach
to capture an object’s impact (represented by an indicator) on a SDG
target. For every indicator, a fuzzy set function needs to be constructed,
which assigns the indicator to 0, 1 or something in between. For
example, Kiihnen et al. (2019) constructed a linear fuzzy set function to
measure the contribution of an object to target 1.1. They took the
benchmark described for extreme poverty of $1.25 a day from the target
and added an upper bound based on their own discussions. Eberle and
Wenzig (2020) and Eberle et al. (2020) used the method proposed by
Kiihnen et al. (2019) for targets containing quantitative goals. For tar-
gets with qualitative descriptions, they describe a procedure to derive
quantitative goals. However, for substance flow-related indicators, the
SDG targets do not provide any goals. To assess the contribution here, it
would be necessary to define what maximum amount of resources, e.g.,
water, the object should consume. Instead, the authors suggest a general
rule of thumb. The less an indicator consumes, the better. Both articles
utilized a subset of SDG targets.

4. Discussion
In this section, the advantages and disadvantages of the different

operational choices (summarized in Fig. 2) are discussed (addressing
research question II) and, based on this, recommendations for utilizing

SDGs in sustainability assessments of innovations are derived
(addressing research question III).

4.1. Advantages and disadvantages of operational choices

The mere frequency with which an operational choice was made (as
given in Fig. 2) is not used as an indicator of the eligibility of this
operational choice, because a variety of factors may lead to its fre-
quency. While it is reasonable to assume that all authors chose an
approach that they considered to be the best or most suitable choice in
terms of their motivation (cf. section 3.3.1), their choice might be
implicitly or explicitly influenced by practical limitations and individual
preconditions (as explained by the scientific concept of bounded ratio-
nality (Camerer, 1998) and well known as influential factors in sus-
tainability assessments (Klopffer, 2014)). First, authors’ choices depend
on their resources in terms of the time and effort that can be invested.
Consequently, approaches that require less effort might be chosen more
frequently than would be the case on the basis of their expediency.
Second, without a scientific overview of the various approaches
possible, the authors can only choose on the basis of their own ideas,
which do not necessarily cover the whole range of possibilities. There-
fore, obvious approaches might be selected more frequently than would
be the case on the basis of the benefits for motivation. Third, choices
might be made due to the specific requirements of a research problem, e.
g., a focus on specific SDGs might be customary in a specific industrial
sector or research field. Fourth, authors’ choices depend to some extent
on their individual preferences, which in turn depend on personal atti-
tudes and experiences. Within these individual requirements and pref-
erences, the motivation for the utilization of the SDGs in the
sustainability assessment itself varies between different authors.

In order to derive practically relevant recommendations, all four
factors which influence the practitioners’ choices need to be taken into
consideration as well as the general aim of fulfilling the research moti-
vation in the best possible way. With regard to the knowledge limita-
tions, the results of our literature review as presented in Fig. 2 are
intended to reduce these limitations as much as possible, so that further
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discussion seems unnecessary. Although it is important to bear in mind
the individual requirements of each specific assessment object and the
personal preferences of the practitioner, these cannot be addressed in a
general discussion of the literature review. However, since three of the
main motivations for utilizing the SDGs for sustainability assessments of
innovations were identified in section 3.3.1 and the fulfilment of the
research motivation should have a high priority for choosing an
approach, the benefits of different operational choices for these three
motivations will be included in the discussion. Likewise, demands on the
practitioners’ time and effort need to be considered when deriving
practically relevant recommendations.

Two criteria will therefore be take into account when discussing the
advantages and disadvantages of the different operational choices:

(i) To what extent does the operational choice meet the needs of the
most frequently occurring motivations (as given in section
3.3.1)?

(ii) How great are the demands of the operational choice on the
assessment practitioners time and effort required?

In the following, the operational choices identified in this literature
review (Fig. 2) are compared with each other with regard to these two
criteria. Authors’ opinions and insights from experiences contained in
the reviewed articles were included wherever appropriate.

4.1.1. Initially considering all 17 SDGs

(i) With regard to the most frequently mentioned motivations (sec-
tion 3.3.1), the consideration of all 17 SDGs at the outset can be
seen as a prerequisite for the transfer of the holistic definition of
sustainable development. Even if their holistic character is lost if
not all 17 goals are considered at the outset, a precise description
of challenges and reference points can still be utilized to a certain
extent by considering some SDGs. It is also not absolutely
essential to consider all 17 SDGs at the outset in order to connect
the assessment results to the global challenge of sustainable
development.

(ii) In terms of the resources available to practitioners, considering
all 17 SDGs requires more effort than considering only a few
SDGs.

4.1.2. Subsequent assignment vs. integration

(i) The subsequent assignment of SDGs does not convey the holistic
definition of sustainable development to the sustainability
assessment, as any positive or negative contributions of the
assessment object to the SDGs will be overlooked if they are not
already included in the initial assessment framework. On the
other hand, integrating the SDGs into the assessment enables
their holistic definition of sustainable development to be
conveyed to the assessment, as they are used as a guideline for the
aspects to be assessed. In this way, the SDGs can help to overcome
biases and blind spots (considering all 17 SDGs is also essential
for this, cf. previous paragraph). Similarly, the precise description
of what should be assessed is only conveyed to the assessment
through integration. However, the subsequent assignment of the
assessment results to the SDGs can capitalize on the international
recognition of the SDGs, thereby strengthening the link between
the assessment results and the overall debate. In this regard, it can
be argued that the precision with which the assessment results are
linked to the overall sustainable development goal is increased by
the subsequent assignment of the results to the SDGs. Nonethe-
less, this does not mean that the precise sustainability description
is conveyed to the assessment itself, as explained above.

(ii) The subsequent assignment of the results to the SDGs does not
require any adjustment of the sustainability assessment
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methodology, which is the case for an integration of the SDGs into
the assessment. Therefore, the latter demands more time and
effort from the assessment practitioners.

4.1.3. Options for integration

(i) The integration of the SDGs as criteria (option A) or using them as
a selection guide for indicators (option B) conveys the holistic,
precise sustainability description of the SDGs to the assessment,
as the SDGs are used to determine what will be assessed. How-
ever, clustering the SDGs into groups before utilizing them as
criteria might lead to a loss of precision. In contrast, the conveyed
precision can be further increased by using the 169 targets as
criteria (instead of the 17 goals). Likewise, integrating SDG in-
dicators into the assessment (option C) seems to be a way to
enhance the level of precision conveyed from the SDG framework
to the sustainability assessment, compared to integrating only the
17 SGDs. However, in all four articles in which assessment in-
dicators are derived from SDG indicators, it is noted that the SDG
indicators are not suitable for assessing innovations, products or
services, so that some adaptations are necessary (Eberle and
Wenzig, 2020; Eberle et al., 2020; Maier et al., 2016; Messmann
et al.,, 2023; Pankow et al., 2021). Therefore, this attempt to
conveye more detail does not seem to be a promising way of
increasing precision. Moreover, indicator-based approaches
generally resulted in selecting only a few of the 232 SDG in-
dicators, which introduces the risk of forfeiting the holistic
character of the SDGs. Finally, option D can be seen as another
attempt to increase the conveyed precision as it offers the inte-
gration of quantitative benchmarks from the SDG framework into
the sustainability assessment. Similar to option C, success is
limited by the fact that the respective benchmarks are not
initially geared towards innovations, products or services, so that
adaptations to the benchmarks are necessary. Furthermore, only
a few benchmarks were selected in the respective approaches,
which means that the holistic definition of the SDGs was not fully
conveyed. With regards to the motivation of linking the sustain-
ability assessment to the SDGs as an internationally recognized
standard, all four options are suitable.

(ii) Utilizing 17 SDGs as assessment criteria (option A) or as a se-
lection guide for indicators (option B) appears to involve less
effort than the utilization of 169 targets or 232 indicators. Clus-
tering the SDGs is an attempt to further reduce the effort involved
by reducing the complexity, as pointed out by the authors using
this approach (Dressler and Bucher, 2018; Maier et al., 2016;
Molina-Maturano et al., 2020). However, since the 17 SDGs have
been reduced to between 9 and 16 criteria, the potential for
simplification through clustering can be seen as limited. With
indicator-based approaches (option C), only a few indicators are
selected, which significantly reduces the effort involved for the
assessment. On the other hand, additional effort is required in
order to make the indicators suitable for the assessment of in-
novations. In the case of the utilization of benchmarks (option D),
making elaborate adaptations increases the effort required
substantially.

4.1.4. Options for subsequent assignment

(i) The accuracy of linking the assessment results to the overall
sustainable development goal can be further increased by linking
the results to the 169 targets or 232 indicators instead of the 17
goals. However, the indicators are unsuitable for the assessment
of innovations (see above). Additionally, including details of how
the assessment object affects the goals, targets or indicators of the
SDG framework significantly enhances the precision of this link.
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(ii) Assigning the sustainability assessment results to the different
SDG goals can be achieved with the least effort, since there are
only 17 possible links, whereas checking for potential links be-
tween the results and the 169 targets or 232 indicators increases
the effort accordingly. Adding details on how the assessment
object affects the goals, targets and indicators increases the effort
even further.

4.2. Derived recommendations

As illustrated in the above discussion (section 4.1), whether an
operational choice is advantageous strongly depends on the specific
motivation of the assessment practitioners and their available resources.
Furthermore, choices may depend on the individual requirements of the
research problems or personal preferences of the practitioners, which
could not be discussed in detail in section 4.1. Therefore, one single
approach cannot be recommended as the best solution overall. Instead,
assessment practitioners are encouraged to select the optimal approach
for their particular research problem, specific motivation and individual
situation based on the overview provided in Fig. 2, which represents all
the possible options known from the scientific literature. When doing so,
it is strongly recommended to precisely formulate the motivation for
utilizing the SDGs for the sustainability assessment and to document and
justify the selection transparently. Additionally, an approach to maxi-
mize the utilization and an approach to minimize the effort involved are
suggested in the following. These provide guidelines to follow in the
event of choosing either of the possible approaches. Practitioners may
utilize one of these approaches directly or adapt them to their individual
requirements. In this case, a precise description of the motivation and
transparent documentation of choices and underlying reasons is neces-
sary as well.

Although this was not the focus of the research article, an additional
recommendation is that an SDG-based sustainability assessment should
attempt to meet the general quality standards of sustainability assess-
ments, particularly with regard to reporting the decisions and assump-
tions taken, the types of effect considered and positive as well as
negative impacts.

4.2.1. An approach for maximized utilization

In order to maximize the utilization of SDGs, all decisions are made
according to Fig. 2 to ensure the greatest transfer of the SDGs’ benefits as
a precise and holistic definition of sustainable development that is
internationally recognized. To this end, it is recommended that all 17
SDGs are initially considered and integrated into the sustainability
assessment and that the 169 targets of the SDG framework are utilized as
assessment criteria or as a selection guide for indicators.

4.2.2. An approach for minimized effort

When all decisions have been made in order to reduce the effort
required, a subsequent assignment of the assessment results to the goals
of the SDG framework is carried out. Initially, this does not necessarily
take all the SDGs into account or present the effects of the assessment
object’s impacts on the goals in detail. This approach can only be rec-
ommended as a minimal solution in cases of strictly limited resources, as
it does not conveye the holistic and precise description of the SDG
framework to the sustainability assessment, but still allows the assess-
ment results to be linked to the international sustainability debate and in
so doing potentially enriching this debate.

5. Conclusions

This paper contributes the following benefits to the scientific com-
munity of sustainability assessment practitioners focusing on in-
novations as assessment objects:
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e (a) providing an overview of possible approaches for utilizing SDGs
in sustainability assessments of innovations, and
e (b) providing recommendations for this utilization.

As outlined in the discussion, the choice for an approach utilizing
SDGs in sustainability assessments is influenced by practical limitations
and individual prerequisites. The overview provided (a) in particular
reduces the knowledge gap regarding existing possibilities for utiliza-
tion, as it enhances an informed choice benefitting from swarm intelli-
gence. The informed choice also increases the probability of making the
best decision according to the three other influencing factors: available
time and effort involved, requirements of the specific research problem
(including the specific motivation for utilizing the SDGs for the assess-
ment) and the individual preferences of the practitioners.

With this high dependency on factors, which vary between different
assessments, the most important recommendation derived is to precisely
formulate the motivation for utilizing the SDGs for the sustainability
assessment and to document and justify the operational choices and
underlying reasons transparently. Furthermore, an approach for maxi-
mized utilization and an approach for minimized effort are suggested
based on the overview of different choices and their advantages and
disadvantages (b). Choosing the approach of maximized utilization is
recommended as it maximizes the transfer of the three main benefits of
the SDGs: their holistic character, a precise definition of sustainable
development and their function as an internationally recognized stan-
dard. If the available resources are limited, the approach of minimized
effort requires a minimum of time and effort but still allows the
assessment results to be linked to the international SDG standard. Both
suggested approaches are intended to serve as guidelines, i.e. deviations
based on individual requirements are welcome as long as the respective
motivation is transparently documented.

The results of this study are limited through the use of only one
scientific literature database and could be extended by using further
databases.

The future utilization of SDGs in research will therefore contribute to
the continued development of their utilization in the sustainability as-
sessments of innovations. Applying new methodological ideas to case
studies is an effective approach to improving the methodologies on SDG
utilization in the analyzed literature and should be continued, bearing in
mind the recommendations given in this review. Furthermore, the uti-
lization of SDGs in sustainability assessments could be analyzed for
other assessment objects, e.g., nations, cities or companies. This could
help to identify differences and similarities in the utilization of SDGs for
different assessment objects.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources
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Fig. A. 1. Display of the selection process based on the PRISMA 2020 flow diagram.
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Fig. A. 2. Summary of interrelations between different retrieved documents. An arrow originating in an entity signifies that this entity builds on the content of the
entity to which the arrow is pointing.
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Fig. A. 3. Number of assigned sustainability assessment types. The group “other” sums up the following sustainability assessment types: conceptual framework
(Omer and Noguchi, 2020); multi-regional partial equilibrium model (Humpenoder et al., 2018); Sustainable Process Systems Engineering (S-PSE) (Faria et al.,
2021); multicriteria mixed-integer linear programming (MILP) (Messmann et al., 2023); combination of LCA, sLCA, economic and community impact analysis
(Martinez-Hernandez et al., 2022); questions-based qualitative assessment (Castor et al., 2020) and questions-based qualitative combined with Wedding Cake Model

(Blix and Myhr, 2023).
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Fig. A. 4. Number of documents considering a certain type of effect in inventory. The group “other” sums up the following effect types: features of the object
(Molina-Maturano et al., 2020), substance-flow related effects and related activities of companies along the life cycle of the object (Eberle and Wenzig, 2020; Eberle
et al., 2020), effects along the lifecycle and of related innovations (Henzler et al., 2020), side-effects (Humpenoder et al., 2018), intended and unintended effects
(Maier et al., 2016), life cycle inventories in combination with capacity constraints (Messmann et al., 2023), bioenergy process model (Martinez-Hernandez et al.,
2022).
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Fig. A. 5. Number of documents considering a certain type of impact during the assessment. Articles considering positive, negative and other impacts, or positive and
other impacts used the following categories as others: no change (Maier et al., 2016); unknown (Omer and Noguchi, 2020; Zeug et al., 2022); no change or unknown
(Wang et al., 2018); no impact, more knowledge needed (Eriksson et al., 2020); negligible or unknown (Laurent et al., 2020a; Laurent et al., 2020b), no impact (Blix
and Myhr, 2023; Hannouf et al., 2023).

Tab. A. 1
Results for general characteristics displayed per articlel: category fulfilled, 0: category not fulfilled, —: category is not applicable.
ID  Article General characteristics
Document Journal name Type
type Main Other
1 Barke et al. (2023) peer-rev Journal of Industrial Ecology LCSA-based -
journal
2 Blix and Myhr (2023) peer-rev Aquaculture other questions-based and Wedding Cake Model
journal
3 Caldés and Rodriguez-Serrano conference AIP Conference Proceedings MRIO -
(2018)
4 Castor et al. (2020) peer-rev Energy Research & Social Science other questions-based
journal
5 Dal Maso et al. (2020) peer-rev Climate Policy impact -
journal assessment
6 Faria et al. (2021) peer-rev Journal of Environmental Management other Sustainable Process Systems Engineering
journal (S-PSE)
7 Delanka-Pedige et al. (2021) peer-rev International Journal of Sustainable Development &  impact -
journal World Ecology assessment

(continued on next page)
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Tab. A. 1 (continued)
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ID  Article General characteristics
Document Journal name Type
type Main Other
8 Dressler and Bucher (2018) peer-rev Business Strategy & Development AHP-based -
journal
9 Eberle and Wenzig (2020), Eberle gray lit - LCA-based -
et al. (2020)
10  Eriksson et al. (2020) gray lit - impact -
assessment
11 Hannouf et al. (2023) peer-rev Journal of Industrial Ecology LCSA-based -
journal
12 Henzler et al. (2020) peer-rev Sustainability LCSA-based -
journal
13 Henzler et al. (2022) conference E3S Web of Conferences LCSA-based -
14  Humpendder et al. (2018) peer-rev Environmental Research Letters other multi-regional partial equilibrium model
journal
15  Kanchanamala Delanka-Pedige peer-rev Journal of Cleaner Production MCDA -
et al. (2021) journal
16  Kiihnen et al. (2019) peer-rev NachhaltigkeitsManagementForum LCSA-based -
journal
17 Laurent et al. (2020a) conference Procedia CIRP LCA-based -
18  Laurent et al. (2020b) gray lit - LCA-based -
19  Maier et al. (2016) peer-rev Sustainability LCA-based -
journal
20  Martinez-Hernandez et al. (2022) peer-rev Clean Technologies and Environmental Policy other combination of LCA, sLCA, economic and
journal community impact analysis
21  Messmann et al. (2023) peer-rev Journal of Industrial Ecology other multicriteria mixed-integer linear
journal programming (MILP)
22 Molina-Maturano et al. (2020) peer-rev Journal of Cleaner Production AHP-based -
journal
23 Omer and Noguchi (2020) peer-rev Sustainable Cities and Society other conceptual framework
journal
24 Pankow et al. (2021) peer-rev Measuring and Understanding Complex Phenomena, = MCDA -
journal
25  Souza et al. (2022) peer-rev Journal of Industrial Ecology LCA-based -
journal
26 Voss et al. (2023) peer-rev Journal of Industrial Ecology LCSA-based -
journal
27  Wang et al. (2018) peer-rev Sustainability LCSA-based -
journal
28  Wiebe et al. (2021) conference Confidential Print of Conference Paper MRIO -
29  Wulf et al. (2018) conference Procedia CIRP LCSA-based -
30 Zeugetal. (2022) peer-rev The International Journal of Life Cycle Assessment LCSA-based -
journal
Tab. A. 2
Results for sustainability assessment characteristics displayed per article
1: category fulfilled, 0: category not fulfilled, —: category is not applicable
ID  Article Sustainability assessment characteristics
Impact model Validation Trans-
- parency/
Effect types Impact type Conduct Further techniques R.eport. traceability
X " case study limitations
main sub main other
1 Barke et al. (2023) life cycle - positive, - 1 sensitivity analysis 1 1
inventories negative
2 Blix and Myhr (2023) not reported - positive, no impact 0 interviews with 1 1
negative, stakeholders
other
3 Caldés and direct, direct, indirect, positive, - 1 0 0 0
Rodriguez-Serrano indirect induced negative
(2018)
4 Castor et al. (2020) not reported — positive, — 1 0 1 1
negative
5 Dal Maso et al. (2020) direct direct effect positive, - 1 0 1 1
negative
6 Faria et al. (2021) life cycle - positive, - 1 sensitivity analysis 1 1
inventories negative
7 Delanka-Pedige et al. not reported - positive, - 1 0 0 0
(2021) negative
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Tab. A. 2 (continued)

ID  Article Sustainability assessment characteristics
Impact model Validation Trans-
- parency/
Effect types Impact type Conduct Further techniques Report‘ traceability
X ) case study limitations
main sub main other
8 Dressler and Bucher direct direct effect, impact positive - 1 external assessors 1 1
(2018) of innovation in addition
features
9 Eberle and Wenzig other direct product positive, - not 0 0 1
(2020), Eberle et al. impacts, company negative reported
(2020) activities impacts
10 Eriksson et al. (2020) direct, direct, indirect positive, no impact, 0 0 1
indirect negative, more
other knowledge
needed
11 Hannouf et al. (2023) not reported - positive, no impact 0 0 1 1
other
12 Henzler et al. (2020) other field of urban positive, - 1 0 1 0
surface, innovations negative
in the field of urban
surfaces
13 Henzler et al. (2022) other field of urban positive, - 1 0 1 0
surface, innovations negative
in the field of urban
surfaces
14 Humpendder et al. other effect, side-effect positive, - 1 0 1 1
(2018) negative
15  Kanchanamala direct, explicitly, positive, - 1 sensitivity analysis 0 0
Delanka-Pedige et al. indirect inferentially negative
(2021)
16  Kiihnen et al. (2019) not reported - positive - 1 sensitivity analysis, 1 1
Delphi study, stake-
holder workshops
17  Laurent et al. (2020a) direct, direct (intended), positive, negligible or 1 sensitivity analysis, 1 1
indirect indirect negative, unknown applied several
(unintended) other times
18  Laurent et al. (2020b) direct, direct (intended), positive, negligible or 1 sensitivity analysis, 1 1
indirect indirect negative, unknown applied several
(unintended) other times
19 Maier et al. (2016) other intended, positive, no change 1 0 1 1
unintended negative,
other
20  Martinez-Hernandez other bioenergy process positive - 1 0 0 0
et al. (2022) model inputs
21 Messmann et al. (2023) other life cycle inventories positive, - 1 0 1 1
+ capacity negative
constraints
22 Molina-Maturano et al. other potential or actual positive - 1 external assessors 1 1
(2020) impact, features of in addition
innovation
23 Omer and Noguchi direct, direct, indirect positive, unknown 1 0 0 1
(2020) indirect negative,
other
24 Pankow et al. (2021) not reported - not - 1 stakeholder 1 0
reported workshop
25 Souza et al. (2022) life cycle — positive, - 1 0 1 1
inventories negative
26  Voss et al. (2023) life cycle - positive, - 1 0 1 1
inventories negative
27  Wang et al. (2018) direct direct linkages positive, no change or 1 0 1 1
negative, unknown
other
28  Wiebe et al. (2021) direct, direct, indirect, positive, - 1 0 1 0
indirect interlinked negative
29 Wulf et al. (2018) not reported — positive, — 1 0 1 1
negative
30 Zeugetal. (2022) life cycle - positive, unknown 1 stakeholder 1 1
inventories negative, workshop
other
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Tab. A. 3
Results for motivations per article
1: category fulfilled, 0: category not fulfilled, —: category is not applicable

D Article Motivation
Precise description Holistic definition Internationally recognized
1 Barke et al. (2023) 1 1 0
2 Blix and Myhr (2023) 1 0 0
3 Caldés and Rodriguez-Serrano (2018) 0 0 0
4 Castor et al. (2020) 0 1 0
5 Dal Maso et al. (2020) 1 0 0
6 Faria et al. (2021) 0 0 0
7 Delanka-Pedige et al. (2021) 0 0 0
8 Dressler and Bucher (2018) 0 1 1
9 Eberle and Wenzig (2020), Eberle et al. (2020) 0 0 1
10 Eriksson et al. (2020) 1 0 1
11 Hannouf et al. (2023) 0 0 1
12 Henzler et al. (2020) 1 1 0
13 Henzler et al. (2022) 1 1 0
14 Humpenoder et al. (2018) 0 0 0
15 Kanchanamala Delanka-Pedige et al. (2021) 0 1 0
16 Kiihnen et al. (2019) 0 1 1
17 Laurent et al. (2020a) 1 1 1
18 Laurent et al. (2020b) 1 1 1
19 Maier et al. (2016) 0 1 0
20 Martinez-Hernandez et al. (2022) 0 0 0
21 Messmann et al. (2023) 0 1 0
22 Molina-Maturano et al. (2020) 0 1 1
23 Omer and Noguchi (2020) 0 0 0
24 Pankow et al. (2021) 0 0 1
25 Souza et al. (2022) 0 1 0
26 Voss et al. (2023) 0 0 0
27 Wang et al. (2018) 1 1 1
28 Wiebe et al. (2021) 0 0 0
29 Wulf et al. (2018) 0 0 1
30 Zeug et al. (2022) 1 1 1
Tab. A. 4
Results for options for utilization per article
1: category fulfilled, 0: category not fulfilled, —: category is not applicable
D article options for utilization
subsequent assignment integration A: as criteria directly
SDGs  targets indicators  A:as B: as selection C: as D: as clustered  directly other SDGs  targets
criteria guide for indicators bench-
indicators marks
1 Barke et al. (2023) 1 0 1 - - - - - - -
2 Blix and Myhr (2023) - - - 1 0 0 0 1 0 0
3 Caldés and 1 0 0 - - - - - - - - -
Rodriguez-Serrano (2018)
4 Castor et al. (2020) - - - 1 0 0 0 0 1 0 0 1
5 Dal Maso et al. (2020) 0 1 0 - - — - — - — - —
6 Faria et al. (2021) 1 0 0 - - - - - - — - -
7 Delanka-Pedige et al. - - - 1 0 0 0 0 0 1 0 0
(2021)
8 Dressler and Bucher - - - 1 0 0 0 1 1 0 1 0
(2018)
9 Eberle and Wenzig (2020), - - — 1 0 1 1 0 1 0 0 1
Eberle et al. (2020)
10 Eriksson et al. (2020) - - - 1 0 0 0 0 1 0 1 0
11 Hannouf et al. (2023) - - - 1 0 0 0 0 0 1 0 0
12 Henzler et al. (2020) - — - 1 0 0 0 1 0 0 0 0
13 Henzler et al. (2022) - - - 1 0 0 0 1 0 0 0 0
14 Humpenoder et al. (2018) 1 0 0 - - - - - - - - -
15  Kanchanamala - - 1 0 0 0 0 1 0 0 1
Delanka-Pedige et al.
(2021)
16 Kiihnen et al. (2019) - - - 0 1 0 1 0 0 0 0 0
17 Laurent et al. (2020a) - — — 1 0 0 0 0 1 0 1 1
18 Laurent et al. (2020b) - - - 1 0 0 0 0 1 0 1 1
19 Maier et al. (2016) - - - 1 0 1 0 1 0 0 0 0
20  Martinez-Hernandez et al. 1 0 0 - - - - - - - - -
(2022)

(continued on next page)
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Tab. A. 4 (continued)

D article options for utilization
subsequent assignment integration A: as criteria directly
SDGs  targets indicators  A:as B: as selection C: as D: as clustered  directly other SDGs  targets
criteria guide for indicators bench-
indicators marks
21 Messmann et al. (2023) 1 1 1 0 0 1 0 0 0 0 0 0
22 Molina-Maturano et al. - - - 1 0 0 0 1 1 0 1 0
(2020)
23 Omer and Noguchi (2020) - - - 1 0 0 0 0 1 0 0 1
24 Pankow et al. (2021) - - - 0 0 1 0 0 0 0 0 0
25 Souza et al. (2022) 1 1 1 - — - — - — — —
26 Voss et al. (2023) 1 0 0 - - - - - - — - -
27  Wang et al. (2018) - - - 1 0 0 0 1 0 0 0 0
28 Wiebe et al. (2021) 0 0 1 - - — - — - — - —
29  Wulf et al. (2018) - - - 0 1 0 0 0 0 0 0 0
30 Zeug et al. (2022) - - - 1 1 0 0 0 1 0 1 1
Tab. A. 5

Results for considering all SDGs from the start and integrating all SDGs or selecting certain SDGs per article and approach
a: all SDGs, n: not deductible, s: selecting certain SDGs, —: not applicable; * depends on how a specific assessor applies the proposed methodology of Hannouf et al.
(2023).

ID Article Consider all SDGs from the start Integrate all SDGs or select certain SDGs
Subsequent Integration
assessment X -
A: as B: as selection C: as D: as A: as B: as selection C: as D: as
criteria guide for indicators bench- criteria guide for indicators bench-
indicators marks indicators marks
1 Barke et al. (2023) n - - - - - — _ _
2 Blix and Myhr (2023) - a - - - s - _ _
3 Caldés and a - - - - - - _ _

Rodriguez-Serrano (2018)

4 Castor et al. (2020) - a — — _ s _ _ _
5 Dal Maso et al. (2020) a - - - _ _ _ _
6 Faria et al. (2021) n - - - - - — _ _
7 Delanka-Pedige et al. (2021) — n — - - s — _ _
8 Dressler and Bucher (2018) - a - - - a — _ _
9 Eberle and Wenzig (2020), - a - n n s - s s
Eberle et al. (2020)
10 Eriksson et al. (2020) - a - - - a — _ _
11 Hannouf et al. (2023) - a - - - a* - _ _
12 Henzler et al. (2020) - a - - - s — _ _
13 Henzler et al. (2022) — a - - - s — _ _
14 Humpenoder et al. (2018) n - - - - — _ _ _
15 Kanchanamala - a - - - s — _ _

Delanka-Pedige et al. (2021)
16  Kiihnen et al. (2019) - - n - n - s - H

17 Laurent et al. (2020a) - a - - - a — _ _
18 Laurent et al. (2020b) — a - - - a — _ _
19  Maier et al. (2016) - a - n - a - s -
20  Martinez-Hernandez et al. n - - - - - - _ _
(2022)
21 Messmann et al. (2023) a — - n - - — s _
22 Molina-Maturano et al. - a - - - a — _ _
(2020)
23 Omer and Noguchi (2020) - a - - - s — — —
24 Pankow et al. (2021) - — - n _ _ _ s _
25 Souza et al. (2022) a - - - - _ _ _ _
26 Voss et al. (2023) n - - - - - — _ _
27 Wang et al. (2018) — a - — _ a _ _ _
28  Wiebe et al. (2021) a - - - - _ _ _ _
29 Waulf et al. (2018) - - a - - — s _ _
30 Zeug et al. (2022) — a a — - s s - —
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