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ABSTRACT
The AI-driven Fashion Information Tool for Sustainability (FITS) aims to enhance sustainable consumption in the textile indus-
try by providing sustainability information during the purchase decision. In order to make FITS as sustainable as possible, we
conducted a comprehensive screening at an early stage in the development process to identify any potential negative impacts
or blind spots. For this purpose, we developed a four-step, SDG-based sustainability assessment methodology comprising a set
of 217 criteria, including the 169 SDG targets and 48 AI-specific indicators. Using a Delphi process involving four independent
experts, we identified 56 impacts on sustainable development and marked 41 AI indicators as relevant for FITS. FITS therefore
has an impact on all 17 SDGs except SDG 11. Based on this, we derived 69 recommendations for action to improve FITS’ sustain-
ability impact addressing four different stakeholders: FITS development team, management team, deploying organization and
policy makers in the EU. These recommendations provide practical advice on adapting the AI innovation FITS (technological
level), changing the associated organizational processes, and making political changes. This study highlights the importance of
early-stage sustainability assessments in AI innovations, providing an impact assessment approach that can be adapted to other
AI-based solutions.

1 | Introduction

As a reaction to the negative environmental impact of the tex-
tile industry, the EU developed a Sustainable and Circular Tex-
tiles Strategy. A key aspect of this strategy is that clear, structured
and accessible information should empower consumers to make
more sustainable choices (European Commission 2022). To sup-
port this ambition, the AI-driven Fashion Information Tool for
Sustainability (FITS) enables consumers to access sustainability
information on different fashion brands, supporting them in their
purchasing decisions. The information provided can be used to
make more informed consumer choices and thus enable more
sustainable consumption choices.1
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FITS inherently aims to contribute positively to sustainable devel-
opment through sustainable innovation. In academic contexts,
sustainable innovation is defined as ‘the development of new
products, processes, services and technologies that contribute to
the development and well-being of human needs and institutions
while respecting natural resources and regeneration capacities’
(Afeltra et al. 2023; Tello and Yoon 2008). Consequently, FITS
should be assessed regarding its full range of impacts on sus-
tainable development, enabling the reduction of negative effects
and strengthening positive ones, while at the same time iden-
tifying blind spots and potentially biased perceptions of FITS’
impacts on sustainable development. Extracting this knowl-
edge at an early development stage (low Technology Readiness
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level—TRL) enables the organizations involved in FITS develop-
ment to further improve FITS’ impacts on sustainable develop-
ment (Wisthoff and DuPont 2016).2 Thus, the first two research
questions of this work arise from a practical/societal necessity:

Which potential impacts on sustainable development does FITS
have (1) and how can it be improved regarding these impacts on
sustainable development (2)?

Since this sustainable AI innovation has not been assessed to
date, answering these questions fills a notable and practically rel-
evant knowledge gap. However, questions (1) and (2) lead to a
third question of a more general and theoretical nature:

How can the impacts of an AI innovation be scientifically assessed
to derive improvement recommendations in order to optimize
the innovation regarding its contributions to sustainable develop-
ment (3)?

While the necessity to assess the sustainability impacts of AI
innovations has been emphasized by several authors (Gupta
et al. 2021; Sætra 2021; Vinuesa et al. 2020; WBGU 2019), a
methodology for these assessments is still under discussion and
development. Therefore, this work aims to support the current
methodological development as a case study including a novel
assessment approach which combines current achievements of
several research communities with additional elements. We will
summarize existing approaches and frameworks in Section 2
before we describe our methodological choices in Section 3. After
presenting the assessment results in Section 4, we will discuss the
benefits and shortcomings of the assessment results as well as the
strengths and weaknesses of the assessment approach developed
within this work in comparison to approaches described in the
literature. The conclusion (Section 6) will summarize our main
practical and theoretical implications.

2 | Literature Review: Approaches
for Assessing the Impacts of AI Innovations
on Sustainable Development

AI innovations offer great potential for addressing major sustain-
ability issues, for enabling and facilitating environmental gover-
nance (Nishant et al. 2020) or advancing healthcare (Talati 2023;
Wojtara et al. 2023). At the same time, various issues regarding AI
innovations are being discussed, such as the immense resource
consumption (Bashir et al. 2024), manipulation and misinforma-
tion (Olanipekun 2025) or click working (Viana Braz et al. 2023).
This wide range of potential sustainability impacts underscores
the need for a detailed investigation of AI innovations (Vin-
uesa et al. 2020) and an individual assessment per AI innovation
(Gupta et al. 2021).

The sustainability science community views the Sustainable
Development Goals (SDGs) as universal guidelines for sustain-
able development. Therefore, since their establishment in 2015,
sustainability scientists have attempted to utilize the SDGs in sus-
tainability assessments, mainly due to their holistic definition of
sustainable development (Eberling and Langkau 2024). In a pre-
vious paper, we conducted a systematic literature search through

which we identified the relevant approaches and investigated
30 different papers in detail (Eberling and Langkau 2024). One
third of the articles only subsequently assigned their sustainabil-
ity assessment results to the SDGs. However, most articles altered
their sustainability assessment procedure to integrate the SDGs
into the sustainability assessment. In doing so, some adapted
existing sustainability assessment procedures, such as Life Cycle
Sustainability Assessment (LCSA), and others developed a new
SDG-based methodology. In most cases, the SDGs were inte-
grated as assessment criteria using the overarching 17 Goals or
the 169 targets.

However, due to their overarching character, the SDGs do not
fully cover the technology-specific sustainability aspects of AI
innovations. Thus, research communities focusing on ethical and
responsible AI development add valuable perspectives in their
specific frameworks to assess societal and environmental impacts
of AI. In particular, a large number of Ethical AI frameworks
emerged. Several authors have already reviewed existing frame-
works like (Hagendorff 2020) or (Jobin et al. 2019). (Prem 2023)
concludes that most frameworks agree on the main identified
ethical issues but vary in how they structure them. A prominent
example is the assessment list for trustworthy AI, conceptualized
by the High-Level Expert Group on Artificial Intelligence, set up
by the European Commission (Independent High-Level Expert
Group on Artificial Intelligence 2019). However, many existing
frameworks are too abstract with a focus on principles and are
therefore not suitable for translating them into concrete design
instructions for AI systems (Prem 2023). There are a few frame-
works that explicitly investigate the impact of AI innovations
on the environment (OECD 2022) or sustainable development
(Rohde et al. 2021).

Consequently, a variety of options from different research com-
munities is available for assessing the sustainability impacts of an
AI innovation, each option having its particular strengths. What
is lacking is an approach that combines the different perspec-
tives to provide a sustainability assessment of an AI innovation
that is as holistic as possible based on the state of the art. This
work addresses this research gap by combining the assessment
criteria of SDG-focused and AI-focused assessment approaches
within one assessment. Thereby, it implicitly addresses the theo-
retical research question of whether such indicators from differ-
ent research communities can be combined despite their concep-
tional differences.

3 | Methods

In the following we describe our method to identify FITS poten-
tial impacts on sustainable development and how to improve
them. We used a four-step approach, which we call SDG-based
Sustainability Assessment Methodology Build for AI innovations
(SAMBA).

Before describing the four steps of SAMBA in Section 3.2, we
briefly elaborate on the selection process of assessment crite-
ria in Section 3.1, because the combination of criteria from
SDG-focused assessment approaches and AI-focused assessment
approaches is an essential improvement of our approach and

2 Sustainable Development, 2026

 10991719, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sd.71205 by Fraunhofer ISI, W

iley O
nline L

ibrary on [26/05/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



48 AI indicators169 targets

operationalise 17 SDGs as  holistic 
definition of sustainable 

development

select specific AI indicators from 5 
existing frameworks

1. match indicators thematically

2. stepwise complexity reduction

3. rearrange in new overall categories

4. formulate as binary statements

5. assign to SDGs based on content

FIGURE 1 | Selection of assessment criteria for the SDG-based sustainability assessment methodology for AI innovations (SAMBA).

the selected criteria can be used for the assessment of other AI
innovations.

3.1 | Assessment Criteria

In order to bring together the relevant aspects identified by differ-
ent research communities (cf. Section 2), we aimed to combine
the 17 SDGs and specific AI indicators into one set of assessment
criteria. Figure 1 summarizes the selection process of assess-
ment criteria. Integrating the 169 targets of the SDGs ensures
the use of an internationally recognized, precise and particu-
larly holistic definition of sustainable development (Eberling and
Langkau 2024). However, the SDGs (with their broad and general
focus) do not address the specific disruptive-transformative prop-
erties of AI innovations such as FITS and may therefore be insuf-
ficient to identify all impacts of FITS on sustainable development.
Therefore, we added specific AI indicators from five existing sus-
tainability related AI frameworks.

We chose these five frameworks for the following reasons:3

• (Rohde et al. 2021) and (OECD 2022) as two of the few exist-
ing frameworks explicitly covering sustainability and envi-
ronmental impacts of AI innovations

• (Independent High-Level Expert Group on Artificial Intelli-
gence 2019) as a prominent approach representing an Ethi-
cal AI framework based on shared European views

• (Poretschkin et al. 2021) and (Artificial Intelligence Ethics
Impact Group 2020) comparatively concrete Ethical AI
frameworks

Overall, we aimed at deriving AI indicators, which are manage-
able with some AI knowledge without being an AI expert. The
distillation of AI indicators was performed as follows: First, we
matched the indicators from all five frameworks thematically. We
then reduced their complexity stepwise and rearranged them into
new overall categories. Next, we formulated them as binary state-
ments to simplify the assessment. Finally, we assigned them to

the 17 SDGs to end up with one framework of assessment crite-
ria based on similarity of content. Initially, we tried to align the
AI indicators more closely with the targets. However, due to their
different characteristics, this was not feasible from a conceptual
standpoint.

Thus, our final set of assessment criteria consists of the 169 tar-
gets of the SDGs as well as 48 AI indicators. The resulting 217
screening criteria are provided in Supporting Information 3.

3.2 | A 4-Step Approach for an SDG-Based
Sustainability Assessment Methodology for AI
Innovations (SAMBA)

Based on our review of existing methods for incorporating the
17 SDGs into sustainability assessments, we recommend the fol-
lowing utilization strategy, which we also apply in the SAMBA:
initially consider all 17 SDGs and utilize the 169 targets of the
SDG framework as assessment criteria or as a selection guide for
indicators (Eberling and Langkau 2024). We used the Screening
SDG assessment methodology for projects proposed by (Laurent
et al. 2020) as a starting point for the SAMBA. We provide a short
summary of their approach and a description of our modifica-
tions in Supporting Information 1, Section 1.1.

Our approach to the SAMBA consists of four iterative phases,
which are displayed in Figure 2. We describe these steps in detail
in the following subsections.

3.2.1 | Phase 1—Defining Motivation and AI
Innovation

In phase 1 we defined the motivation for performing the SAMBA
and briefly described FITS. To do this we carried out the following
tasks:

1. Define which question(s) shall be answered with the results
of the SAMBA

Sustainable Development, 2026 3
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phase 1 defining motivation and AI innovation

phase 2 scoping the assessment

phase 3 conducting the assessment

phase 4 transferring the results

FIGURE 2 | Overview of the four phases of the SDG-based sustain-
ability assessment methodology for AI innovations (SAMBA). The curved
arrows illustrate iterations, which are typically necessary from each phase
to every other phase.

2. Describe FITS briefly by answering the following questions:
∘ What is the main function of FITS?
∘ How is this main function achieved?
∘ Who are the main stakeholders involved with FITS?

3.2.2 | Phase 2—Scoping the Assessment

During phase 2 we aimed to define the system boundaries of
SAMBA. We therefore answered the question: What shall be part
of our assessment and what are the boundaries?

We defined the reference value, the temporal and the geographi-
cal dimension of the SAMBA. In addition, we selected stakehold-
ers for participation in the screening (based on the identification
in phase 1). To be able to screen for possible impacts of FITS
on sustainable development, we described the system changes
induced by FITS.4 We took a life cycle perspective for describing
these system changes. Thus, two different systems were defined:
the baseline (1), representing the status quo, i.e., an online pur-
chase decision without the AI innovation FITS, and the new sys-
tem (2) in which the online purchase decision is performed with
the help of FITS.

We involved the developers of FITS in this phase to ensure an
accurate representation of the AI innovation analysed.

3.2.3 | Phase 3—Conducting the Assessment

We aimed to identify all relevant sustainability impact potentials
of FITS by rating the relevance of the 217 SAMBA assessment
criteria (cf. Section 3.1) for FITS.

We conducted a Delphi5 survey with two rounds to rate the rel-
evance of the assessment criteria. We selected four experts who
covered four different areas of expertise relevant for FITS:

• sustainable consumption

• sustainable fashion

• sustainable AI

• trustworthy AI

We decided to conduct the Delphi with independent experts only,
instead of including the technology experts, i.e., the development

team. We thus prioritized the external perspective over internal
knowledge as we thought the functionality of FITS was suffi-
ciently understandable.

In the following we briefly describe the tasks of the experts in the
two Delphi rounds. The detailed task descriptions handed out to
the experts can be found in Supporting Information 1, Section
1.3. The excel file to conduct the Delphi is provided as Supporting
Information 4.

3.2.3.1 | Round 1. Using the new system as a reference and
comparing it to the baseline, the expert indicated for every assess-
ment criterion with regard to every SDG whether the specific
assessment criterion is affected by the new system.

3.2.3.1.1 | SDG Targets. The expert considered whether
FITS or any of the stakeholders involved might affect any of the
targets (a qualitative assessment). In doing so, the expert distin-
guished between two types of impacts:

• Potential environmental, social and economic impacts along
the entire life cycle of FITS (data acquisition, development,
operation and end of product life), in short: life cycle impacts

• potential environmental, social and economic impacts of the
use of the service provided by FITS, in short service impacts

The expert further marked the potential direction of the impact

• impact supports achieving the specific target (+)

• impact hinders achieving the specific target (−)

• impact direction on the specific target is unknown (?)

3.2.3.1.2 | AI Indicators. As the AI indicators are binary,
the expert decided for every AI indicator to ascertain if FITS
should adhere to this indicator or not. The expert added a short
explanation for his decision.

3.2.3.2 | Round 2. We created one consolidated version con-
taining the results of all experts in round 1, thereby summarizing
similar impacts/explanations regarding the relevance of the tar-
gets or the AI indicators for FITS.

Every expert got the consolidated version and went with regard
to each SDG through every assessment criterion a second time,
this time answering the following questions:

3.2.3.2.1 | Targets.

• Do the added impacts of other experts change their view on
the collected impacts?

• Which of the impacts should stay?

• Which of the impacts should be deleted?

3.2.3.2.2 | AI Indicators.

• Do the added explanations of the other experts change their
view on relevant AI indicators?

4 Sustainable Development, 2026
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• Which of the AI indicators should remain marked as
relevant?

• Which of the AI indicators should be marked as irrelevant?

The experts suggested deleting or adding certain impacts on tar-
gets and certain relevant AI indicators, each with a brief expla-
nation. In the end, we created a final list containing all relevant
targets, including their impacts and their direction, as well as
all relevant AI indicators. If expert opinions differed, we made
the final decision based on the expert comments and our own
knowledge. We describe our procedure in detail in Supporting
Information 1, Section 1.1.

3.2.4 | Phase 4—Transferring the Results

Phase 4 aimed at organizing the potential sustainability impacts
of FITS, i.e., the relevant SAMBA assessment criteria identified
by the experts, so that they could be transferred to the responsible
actors for implementation.

Thus, we noted in the final list of phase 3 regarding the relevant
assessment criterion

• which actor(s) should act

• proposed action(s) addressing the assessment criterion

We selected the actors responsible from the following set of
actors: Firstly, the FITS development team, they are responsi-
ble for actions which specifically address only the AI innovation
FITS. Secondly, the management is responsible for actions that
are relevant not only to FITS, but also to other AI innovations
developed in this company or organization. As the members of
the FITS development team are from two different organizations,
management denotes the actors at the management level in both
organizations. As FITS is further developed, a few actions must
be addressed by another organization applying FITS. Finally, pol-
icy makers should address actions that are not the responsibil-
ity of management and that are relevant at a societal and eco-
nomic level. Here, we focused only on policy makers in the EU.
Sometimes two actors must address one action together, see for
example action 4.

We carefully thought about suitable actions for each assess-
ment criterion. In particular, we formulated recommendations
for actors on three different action levels as described above. The
recommendations were provided for each target and AI indicator
and were later aggregated to improve clarity and support practical
implementation.

4 | Results

In Sections 4.1–4.4 we present the results of our SDG-based
screening of FITS for each phase. The results for phases 1 and
2 are described briefly here; a detailed description can be found
in Supporting Information 1, Section 2.1 and 2.2.

4.1 | Phase 1—Defining Motivation and AI
Innovation

1. Defining motivation. The main research question to be
answered was defined as: How can FITS be improved
regarding its impacts on sustainable development?

2. Defining FITS. Mainly FITS enables consumers to gain sus-
tainability information for a specific textile brand on a
specific sustainability issue. The information gained can
be used to make more informed consumer choices and
thus enable more sustainable consumption choices. Cur-
rently the main stakeholders involved are the developing
organizations, primarily the German Research Center for
Artificial Intelligence performing the algorithmic develop-
ment in cooperation with the Fraunhofer Institute for Sys-
tems and Innovations Research providing domain knowl-
edge regarding the sustainability of textiles. In addition,
consumers as potential end users need to be considered.
Their perspectives were obtained during two focus group
interviews.

4.2 | Phase 2—Scoping the Assessment

Figure 3 displays the relevant life cycle phases and activities in
the baseline and the new system.

4.3 | Phase 3—Conducting the Assessment

The final output list of phase 3 contains 56 impacts which were
identified, affecting 52 SDG targets, as well as 41 AI indica-
tors identified as relevant for FITS. It is displayed in Supporting
Information 2. As some targets are affected by several of the 56
impacts, we counted 86 ‘hits’ on 52 targets. Regarding the impact
direction, the experts identified 46 positive impacts and 11 nega-
tive impacts of FITS on sustainable development.

In the following we summarize the main results of phase 3 by
illustrating FITS overall impact on the 17 SDGs (Section 4.3.1)
and further categorizing the 56 impacts identified and 41 relevant
AI indicators (Section 4.3.2).

4.3.1 | FITS Overall Impact on the 17 SDGs

Accordingly, FITS overall impact on the 17 SDGs is illustrated
in Figure 4: FITS impacts every SDG except SDG 11 (Sustain-
able Cities and Communities). This indicates a wide range of
influences on sustainable development. In the following, we
distinguish three categories: impacts of the FITS itself during
its life cycle (life-cycle impacts), impacts of the service pro-
vided by FITS (service impacts) and relevant AI indicators. FITS
life-cycle impacts concentrate on four different SDGs: Clean
Water and Sanitation (SDG 6), Affordable and Clean Energy
(SDG 7), Decent Work and Economic Growth (SDG8) and Indus-
try, Innovation and Infrastructure (SDG 9), also the share of nega-
tively affected SDGs is high (4 vs. 2). Thus, the broad influence of

Sustainable Development, 2026 5
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FIGURE 3 | System boundaries of the base line and the new system (including the Fashion Information Tool for Sustainability (FITS)). *more
sustainable conditions.

life-cycle impacts

+

-
service impacts

+

-

relevant AI indicators

Overview on SDGs affected by FITS

FIGURE 4 | Overview of SDGs affected by FITS in the three categories life-cycle impacts, service impacts and relevant AI indicators.

FITS is mainly due to the service FITS provides. Here, only SDG
10 and 11 are not affected. In contrast to the life cycle impacts,
the share of positively affected SDGs is much higher for the ser-
vice impacts (15 vs. 7) which is in line with the general idea of
the application and therefore expected: expenditure and in part

negative impacts due to the technology required are needed to
attain positive impacts on the service level. The AI indicators
selected cover all potential SDGs with allocated AI indicators.
The gray squares indicate the SDGs that have no assigned AI indi-
cators (see Section 3.1).

6 Sustainable Development, 2026
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FIGURE 5 | Categorization of impacts and relevant AI indicators for FITS.

4.3.2 | Categorization of Impacts and Relevant AI
Indicators for FITS

Figure 5 further categorizes the 56 impacts and 41 AI indicators
found relevant by the experts. They identified 7 impacts along the
life cycle of FITS, which can be categorized into three different
topics: resource consumption of FITS (topic 1), e.g., water con-
sumption; FITS design (topic 2), e.g., efficient training of FITS
during development; and cooperation in development (topic 3),
e.g., lacking cooperation with developing countries in the devel-
opment of FITS.

We assigned the 49 impacts owing to the use of the service pro-
vided by FITS to five overarching impact chains. The impact
chains differ in length from one item up to three items and build
on each other. Each impact chain contains transparency as the
first item, leading to behavioral changes further down. In the fol-
lowing, we illustrate each impact chain with an example.

Firstly, FITS provides sustainability information on textile
brands, e.g., on the climate impact of a textile and thus makes
the issue transparent for consumers (impact chain 1). Secondly,
sustainability information made transparent by FITS could lead
to behavioral changes in consumers, for example, informed con-
sumers could boycott manufacturers offering poor working con-
ditions (impact chain 2). Thirdly, transparency due to FITS could
motivate manufacturers to use less chemicals and save water
in producing textiles (impact chain 3). Fourthly, informed con-
sumers could prefer products from countries with fair working
conditions, incentivizing companies to relocate production to
countries where working conditions are already better (impact

chain 4). Finally, transparency due to FITS could lead to con-
sumers campaigning for more fairness and thus drive political
change (impact chain 5).

The 41 relevant AI indicators cover all eight predefined cate-
gories; thus, no category is irrelevant in the case of FITS. We
illustrate the three categories with the most relevant indicators by
describing an example indicator in each category. The category
‘fairness/justice’ (category 2) includes for example an indicator
ensuring that FITS is accessible for all potential users (e.g., end
users, smaller firms, etc.). The following AI indicators are part
of the category ‘accountability’ (category 5): The responsibility of
the results produced should be documented, e.g., among the insti-
tutions involved to ensure clarity if liability issues arise. Finally,
the category ‘transparency’ contains an AI indicator ensuring
that the data used, how the AI model works and how results are
obtained is prepared in a way that end users can understand (cat-
egory 4).

4.4 | Phase 4—Transferring the Results

In phase 4, we developed stakeholder-specific action recommen-
dations based on the impacts identified and relevant AI indicators
(phase 3) to achieve improvements regarding FITS sustainability
impacts, which is the central objective of the screening.

The outcome of phase 4 is a set of 69 action recommendations
assigned as tasks to responsible actors to improve FITS impacts
on sustainable development. The table in Supporting Informa-
tion 2 shows the set of actions we suggest in detail. We identified

Sustainable Development, 2026 7
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FIGURE 6 | Overview of action recommendations and required actors for improving FITS’ impact on sustainable development.

actions required from the following actors: development team of
FITS, management team of FITS, deploying organization and pol-
icy makers in the EU as the target region of FITS. Figure 6 displays
the number of suggested actions in the three categories life cycle
impacts (7 actions), service impacts (21 actions) and AI indicators
(41 actions). Development and management teams are respon-
sible for actions in all three categories. Policy makers are only
required to act on service impacts, and the deploying organiza-
tion is only required for the relevant AI indicators.

4.4.1 | Life Cycle Impacts

Regarding the impacts along the whole life cycle of FITS (impact
category 1), we identified seven actions. These address the topics
minimal resource consumption, risk of insufficient cybersecurity
and cooperation with small and medium-sized enterprises espe-
cially in developing countries. For example, we recommend that
the management level of the organizations involved in the devel-
opment of FITS prioritize and support cooperation with small
enterprises in general, particularly those in developing countries.
The development team should put this into practice by involving
small enterprises from developing countries in the ongoing devel-
opment of FITS, for example when selecting which sustainability
issues should be presented to FITS consumers as sustainability
information.

4.4.2 | Service Impacts

We proposed 21 different actions addressing the impacts associ-
ated with the use of the service provided by FITS (impact cate-
gory 2). These actions should mainly be addressed by the FITS
development team and policy makers in the EU. Only one action
should be jointly addressed by the FITS development team and
the management team. We begin with actions which should be
addressed by the FITS development team. We identified eight dif-
ferent topics, which should be included as sustainability issues in
FITS, as greater transparency for consumers might lead to more
sustainable conditions and practices in the textile life cycle. The
topics are wages, labor conditions, social security, health care, use
of chemicals, water consumption and pollution, waste manage-
ment and child labor.

Regarding the issue of child labor, we also recommend that the
FITS development team approach the issue of child labor care-
fully. For example, they should highlight companies that actively
address child labor and, ideally, provide additional information
on the complexity of the issue of child labor to enhance customer
understanding. In addition, the development team should discuss
whether the share of renewable energy in energy consumption
should be displayed in FITS as well. Additionally, the develop-
ment team should discuss in what way sustainability informa-
tion regarding climate change is displayed in FITS as the cur-
rent interest in climate impact might interest more possible users.
Furthermore, the use of FITS by customers could motivate com-
panies to produce more sustainably and offer information for
example in the form of reports. Thus, the FITS development team
should explore the options for assessing and qualifying sustain-
ability information provided by manufacturers before integrating
it into FITS. Finally, the development team should consult with
the management whether manufacturers listed in FITS should be
informed about their inclusion.

We recommend that policy makers focus on six possible nega-
tive impacts arising from to the service provided by FITS. We
name three important ones here: Policy makers should support
companies in the fashion industry who are willing to improve
the working conditions in their current supply chain to prevent
relocating production sites to countries with better working con-
ditions as this would not lead to change in countries with poor
working conditions. Policy makers should also be sensitive to
the possibility of a rise in child labor, if wages rise. They should
thus inform and support companies to strengthen their efforts
to prevent child labor.6 Closely linked to this is the possibility
that customers might boycott brands associated with child labor.
However, this could further worsen the situation of the affected
families as the boycott does not tackle the root causes of child
labor, such as extreme poverty (Basu and Zarghamee 2009).

Policy makers are in addition able to enhance possible positive
impacts of FITS: They should further support companies provid-
ing and reporting sustainability information with adequate mea-
sures. They should also support the introduction of regulations
regarding the use of chemicals in the textile life cycle in coun-
tries with poor standards. In addition, they should support and
fund sustainability information regarding the impact of textiles
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on the climate because of the current momentum regarding this
topic.7

4.4.3 | Relevant AI Indicators

The recommendations regarding the relevant AI indicators dif-
fer from the recommendations derived for addressing the impacts
above. Instead of providing the actors with concrete recommen-
dations, the development team and management should discuss
and reflect upon the 41 relevant AI indicators as part of the con-
tinued development process. This means, they need to go through
each relevant AI indicator and discuss whether they sufficiently
meet this indicator.

The responsibilities are roughly equally distributed between the
development team and management, five AI indicators are also
relevant for the deploying organization. We added more specific
instructions for 18 AI indicators, of which we describe a few
below. The management should reflect on the working condi-
tions of workers involved along the FITS value chain, especially in
the provision and disposal of the hardware and software required.
To prevent discrimination, displayed sustainability information
must be credible and checked for quality, no fashion brand should
be favored (FITS development team). In addition, manipulating
human behavior by FITS must be prevented by the FITS develop-
ment team. The management and the development team should
assess the risk of a liability case and take adequate measures,
for example by including forms for financial compensation. The
management team should discuss the values and norms they
want to adhere to when developing AI innovations, ideally, they
would write a code of conduct. In addition, the management team
should provide education in biases for the development team.
Management and the deploying organization of FITS should dis-
cuss if a backup system is necessary. The management also eval-
uates if cybersecurity certification is necessary, also mentioned as
one topic in the life cycle impacts.

5 | Discussion

In the following, we briefly reflect on the strengths and limita-
tions regarding our assessment results (Section 5.1). Afterwards,
we discuss the strengths and weaknesses of the developed assess-
ment approach in comparison with the approaches described in
the literature (Section 5.2).

5.1 | Assessment Results

Our central results are the 69 recommendations aimed at the
development team, management team, deploying organization
and policy makers. These recommendations offer practical advice
on how to improve the sustainability impact of FITS. They
address not only how to adapt the AI innovation FITS itself
(technology level), but also how to adjust the associated pro-
cesses in the organizations involved (organizational level) and
influence change at the political level. Therefore, implement-
ing recommendations at organizational and political levels could
deliver benefits beyond the AI innovation FITS. Our results may

also enhance the development teams’ and management team’s
understanding of the impact that FITS and related organizational
processes have on sustainable development.

We did not prioritize the 69 recommendations for action.
Nevertheless, political actors should pay special attention to
the four recommendations regarding the potential negative
impacts in the areas of child labor, product boycott and relo-
cating production sites as these impacts could cause significant
damage.

5.2 | Assessment Approach

We start by comparing our sustainability assessment framework
to the five existing frameworks, which we used to distil the AI
indicators in Section 3.1. Afterwards we discuss specific strengths
and weaknesses of our approach.

(Rohde et al. 2021) developed so called sustainability criteria for
AI innovations. In parallel to the development of our assessment
approach, they have further developed these criteria resulting
in the SCAIS framework (Sustainability criteria and indicators
for artificial intelligence systems framework) (Rohde et al. 2024).
This assessment framework also aims to provide a holistic per-
spective on AI innovations. The thematic composition of their
19-criteria catalog is similar to our set of 48 AI indicators, rein-
forcing the comprehensiveness of our set. We also cover the topic
security in our indicator set, which is not part of the SCAIS
framework.

The assessment framework of (Independent High-Level Expert
Group on Artificial Intelligence 2019) provides questions for
self-assessment by organizations organized in seven categories.
These categories cover the same topics as our AI-indicator
set and the SCAIS framework by (Rohde et al. 2024). How-
ever, environmental and social impacts are addressed to a
lesser extent. In contrast to the assessment framework pro-
posed by (Independent High-Level Expert Group on Artificial
Intelligence 2019), our methodological approach requires the
involvement of an assessor. The assessor provides an exter-
nal, more independent perspective and ensuring the methodol-
ogy is applied correctly and expertly. But an assessor may also
increase the demands for conducting such an assessment, as
it can require additional financial resources and organizational
effort.

(OECD 2022) provides a collection of quantitative indicators to
measure the environmental impacts of AI innovations, hereby
distinguishing impacts associated with the life cycle of AI inno-
vations and impacts associated with the use of AI innovations,
this is similar to our distinction in life-cycle impacts and service
impacts. We integrated selected indicators of their collection as
binary indicators to reduce effort and feasibility during the assess-
ment. However, our approach does not allow us to quantify the
magnitude of different environmental impacts as suggested in
(OECD 2022). Nonetheless, we recommend quantifying selected
environmental indicators, such as energy consumption or green-
house gas emissions generated during the development and oper-
ation of the AI innovation.
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The assessment frameworks of (Poretschkin et al. 2021) and (Arti-
ficial Intelligence Ethics Impact Group 2020) both aim to provide
concrete guidance for implementing trustworthy AI innovations
for AI developers. In addition (Poretschkin et al. 2021) provide
technical documentation that demonstrates how the AI innova-
tion meets specific trustworthy AI criteria, serving as evidence
of compliance with legally required technical quality criteria. To
achieve this goal, these frameworks are much more complex and
detailed than our approach.

What distinguishes our approach from existing AI assessment
frameworks is that none of them integrates the SDGs into the
assessment procedure. However, we argue that this integration
enables a holistic sustainability assessment. Consequently com-
bining 169 targets and 48 AI indicators resulted in a long list
of screening criteria. Nevertheless, we maintain that important
sustainability impacts would have been overlooked by neglecting
either targets or AI indicators. For example, the broad range of
service impacts would have been missed by leaving out the tar-
gets and for example the topic transparency by leaving out the AI
indicators. At the same time, some topics are identified via tar-
gets and AI indicators, suggesting areas of overlap, for example,
cybersecurity. Such overlap is likely unavoidable and may empha-
size the significance of these topics. Despite the broad range of
screening criteria, the experts identified environmental impacts
related to the resource consumption of FITS hardware yet over-
looked the potential social impacts linked to its production. This
limitation could be mitigated by involving a larger and more care-
fully selected group of experts.

However, the Delphi is cognitively challenging for the experts and
requires careful preparation by the assessors. The complexity of
the task may lead to misunderstandings which could affect the
results. Conversely, without the experts the quantity and variety
of the impacts identified and AI indicators including the com-
ments would have been considerably reduced. During the Del-
phi we dealt with differing opinions among the experts. More
than half of the impacts and AI indicators were controversial,
for which we, the assessors, had to make the final decision,
thereby influencing the Delphi result to a certain extent. But
this high number of controversies also highlights the difficulty
of the task, which demands creativity and out of the box thinking
and further supports the inclusion of the Delphi method for the
screening process. Nevertheless, simplifying the Delphi proce-
dure could be an objective for further refining the methodology in
the future.

So far, we mainly discussed methodological choices regarding
phase 3, conducting the assessment, because the design of the
criteria set as well as the identification process of sustainability
impacts significantly influence the assessment results. The con-
figuration of phase 1 and 2 strongly align with the established pro-
cedure for performing LCAs (Hauschild et al. 2018; International
Organization for Standardization 2006a, 2006b; Klöpffer 2014).
Our main addition to phase 2 is the proposal of an AI innovation’s
life cycle structure for defining the system boundaries. The aim of
phase 4, deriving and transferring action recommendations to the
relevant stakeholders, corresponds to the purpose of sustainabil-
ity assessment and LCAs in general (Andes et al. 2019; Hauschild
et al. 2018; International Organization for Standardization 2006a,
2006b; Klöpffer 2014).

6 | Conclusions

We conducted an SDG-based sustainability assessment of the
AI-driven Fashion Information Tool for Sustainability (FITS) to
identify its potential impacts on sustainable development and
derive recommendations for improvement. For this purpose, we
applied a novel methodological approach, which combines the
169 targets of the SDGs and 48 AI indicators as assessment crite-
ria. This approach makes it possible to capture a broad range of
potential impacts on sustainable development.

We recommend 69 actions which offer practical advice on how
to improve the sustainability impact of FITS. Not only do we pro-
vide recommendations on how to adapt the AI innovation FITS
(technology level), but we also offer guidance on how to adapt the
relevant processes within the participating organizations (organi-
zational level) and at the political level.

6.1 | Theoretical Implications

This work demonstrates how advances from two previously sep-
arate research communities, i.e., the sustainable science com-
munity and the responsible and ethical AI community, have
been integrated into one assessment approach for assessing the
impacts of AI innovations, thereby contributing to a more com-
prehensive theoretical basis for AI impact assessment. As a result,
advances have been made regarding the theoretical research
question of how to assess the sustainability impacts of AI innova-
tions holistically. While the indicators of the responsible and eth-
ical AI frameworks could be assigned to several SDGs, a deeper
integration with the specific SDG targets proved difficult due to
conceptual misalignments between the frameworks. Neverthe-
less, the analysis demonstrates that combining indicators from
both communities is feasible and beneficial, as the inclusion of
multiple perspectives enhances the comprehensiveness of the
assessment and reduces the risks of blind spots (Heinrichs and
Michelsen 2014). Therefore, continued exchange between the
two research communities regarding the aims and theoretical
nature of their assessment frameworks is recommended.

6.2 | Practical Implications

Based on the assessment, 69 actions are recommended for opti-
mizing the impacts of FITS on sustainable development, directed
toward development teams, management teams, and policy mak-
ers. Given that FITS is intentionally designed as a sustainable
innovation, meaning that obvious optimization potentials were
already addressed before the assessment, this large number of
improvement potentials shows the complexity of optimizing
innovations regarding their impacts on sustainable development.
On the one hand, this implies that holistic sustainability assess-
ments are beneficial or even necessary in innovation processes
to ensure that all relevant impacts on sustainable development
are considered and blind spots are avoided. On the other hand,
the workload implied by the 69 recommendations also highlights
the practical challenge of meeting the high ambitions of sustain-
able development with constraints of limited time and resources.
However, there is an opportunity to bridge this practical discrep-
ancy, as many of the recommendations might be similar for other
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AI innovations. Consequently, broader improvements in develop-
ment and management practices can address many of the identi-
fied issues.

6.3 | Research Implications and Limitations

To date, the robustness of the SDG-based sustainability assess-
ment methodology for AI innovations is limited by its single
application. Furthermore, one of the authors of this article was
also part of the FITS development team, which may have intro-
duced bias into the screening process. This potential bias was
mitigated through the involvement of independent experts in the
Delphi process, and the author made every effort to adopt an
external perspective.

As the sustainability assessment methodology developed here
is in its early stages, it requires repeated application to gen-
erate further insights regarding its strengths and weaknesses
as a basis for further refinement. An initial opportunity for
improvement could be to simplify the cognitively challenging and
time-consuming Delphi method. Another modification could be
to involve technology experts more closely in the sustainabil-
ity assessment process of the respective AI innovation. There-
fore, future research that applies, varies, and further improves
the developed assessment approach is necessary. This will not
only lead to an enhanced theoretical understanding of how to
assess the sustainability impacts of AI innovations but also pro-
vide more practical guidance on how to improve such AI innova-
tions for sustainable development.
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Endnotes
1FITS was developed as a prototype during the research project ZuSINa
in cooperation with the German Center for Artificial Intelligence. The
functionality of FITS is described in detail here (Theodorakopoulos
et al. (2025)). The research project was funded by the Federal Ministry

for the Environment, Climate Action, Nature Conservation and Nuclear
Safety of Germany. German readers can find the project page here:
ZuSiNa—Online Guide.

2One of the authors is part of the project consortium and the screening is
part of the development process.

3We researched existing sustainability-related frameworks for AI inno-
vations in 2023, thus frameworks published later are not included. We
decided that five frameworks as a source for indicators are sufficient, as
Prem (2023) already stated most Ethical AI frameworks cover the same
main principles. We provide some more information on each of the five
frameworks in the Supporting Information 2, Section 1.1.

4This step is very important and was proposed by Laurent et al. (2020),
see Supporting Information.

5A Delphi denotes a structured expert survey in two or more rounds,
in which the results of the previous rounds are presented in the sec-
ond or subsequent rounds, thereby enabling that experts can influence
each other but avoiding biases arising from direct discussions. Expert
participation in sustainability assessments allows for the integration
of specific knowledge from different perspectives, thus preventing the
omission of important aspects and overemphasizing single perspectives
Cuhls (2019).

6The relationship between wage level and child labor is complex and
country specific (Ray (2000)).

7For 30 small positive potential impacts of FITS no specific recommenda-
tions were developed.
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