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The thesis is guided by the objective to create new knowledge on Al’s utility in promoting
sustainability, with a particular emphasis on its application in sustainable design. It explores the
process of effectively taking Al into utilization and the needed supporting competences. Thus, the
literature review creates a comprehensive view of Al, sustainability and safety, sustainability of
Al, Al for sustainability, design, and competences, and what they all mean in the realm of Al for
sustainability and Al in design for sustainability. These topics are further applied in the thesis.
Semi-structured interviews are conducted in the thesis to create a more comprehensive under-
standing of the turbulent and new topic of Al for sustainability. The interviews are conducted with
experts in Al and sustainability around Europe to get the newest insights from the topic.

The thesis creates a framework for transitioning from current state to the optimal future state
of Al for sustainability. It will detail competences, actions, and supporting resources, for reaching
the desired state of optimal utilization of Al for sustainability. The competences gathered from the
literature are complemented with competences found in the interviews for utilizing Al for sustain-
ability. These found competences include: Al understanding, subject matter understanding, com-
bining understanding of different fields of expertise, cooperation between specialists, prompting
skills, open mindedness, critical thinking, and Al design. The thesis operates on the macro-level,
thus, not giving any specific insight for an industry or type of organization.

The thesis has three interview questions with each having three sub-questions. The first ques-
tion tries to explore the current landscape of Al utilization in advancing sustainability by investi-
gating the current actions, important characteristics, and issues related to it by asking: “What is
the current landscape of Al for managing and improving sustainability?” The sub-questions try to
catch the nuances of current actions and related objectives and results, important characteristics,
and current issues. The second question tries to map out the future of Al use in advancing sus-
tainability by investigating the currently unutilized potential, future potential, and risks of Al for
sustainability by asking “What is the future potential and risks of Al for managing and improving
sustainability?” The sub-questions in the second question try to catch the nuance of current unu-
tilized potential, future potential with further development of Al, and related risks. The third ques-
tion tries to bridge the gap between the current use and the future potential, and more precisely
to explore what the optimal process is for taking Al into utilization for advancing sustainability, by
investigating the competences, support and resources, and steps needed for achieving optimal
Al use for sustainability. It asks: “How can Al be taken into utilization for managing and improving
sustainability?” The sub-questions in the third research question try to find details of what the
needed competences, actions, and support and resources are.

The thesis contribution to the existing research is its exploration of the topic of Al for sustain-
ability and needed competences and actions. It contributes to the topic of Al for sustainability by
bridging the gap between the two and creating a basis for future research and the most notable
results are the competence framework and general framework of Al for sustainability. Future re-
search topics that could be explored include studying Al for sustainability in a specific industry or
type of organization, for a specific Al tool, or the relationships and dynamics between Al and
sustainability. In the rapidly changing landscape of Al for sustainability, managers benefit greatly
from having a general framework and competence framework for Al for sustainability.
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Taman diplomitydn tavoitteena on luoda uutta tietoa tekodlyn hyddyntémisestd kestévan
kehityksen edistamiseksi, erityisesti kestavan suunnittelun osalta. Se tutkii tekoalyn kayttéon
ottamista kestavyyden edistamiseksi ja siihen tarvittavia kompetensseja. Kirjallisuuskatsaus luo
kattavan nakemyksen tekodlystd, kestavyydestd ja turvallisuudesta, tekodlyn kestavyydesta,
tekoalysta kestavyyden edistdmiseksi, suunnittelusta ja kompetensseista seka siitd, mitd nama
kaikki tarkoittavat tekoalyn hyddyntdmisessd kestavyyden edistamiseksi. Diplomityossa
suoritetaan puolistrukturoituja haastatteluja, jotta saataisiin kattavampi kasitys tekoalyn
hyddyntamisesta kestavyyden edistamiseksi, joka on uusi ja myllerryksessa oleva aihe.
Haastattelut tehdaan tekoalyn ja kestavyyden eri puolilta Eurooppaa tulevien asiantuntijoiden
kanssa, jotta saataisiin uusimmat nakemykset aiheesta.

Tyo luo viitekehyksen siirtymalle nykytilasta optimaaliseen tulevaisuuden tilaan tekoalyn
hyodyntadmisessa kestavyyden edistamiseksi. Se yksityiskohtaisesti kuvaa kompetenssit, toimet
ja tukiresurssit, jotka ovat tarpeen optimaalisen tekoalyn hyddyntadmisen saavuttamiseksi
kestdvyyden edistamiseksi. Kirjallisuudesta kerattyja kompetensseja tdydennetaan
haastatteluissa l6ydetyilla kompetensseilla tekoalyn hyddyntamiseksi kestavyyden edistamiseksi.
Naihin kompetensseihin kuuluvat: tekodlyn ymmartdminen, aihealueen ymmartaminen, eri
asiantuntija-alueiden ymmartadmisen yhdistdminen, yhteistyd asiantuntijoiden valilla,
promptaamistaidot, avoin mieli, kriittinen ajattelu ja tekoalyn suunnittelu. Tutkimus toimii
makrotasolla, eika siten anna erityisid nakemyksia tietylle toimialalle tai organisaatiotyypille.

Diplomity6ssa on kolme haastattelukysymysta, joista jokaisella on kolme alakysymysta.
Ensimmainen kysymys pyrkii tutkimaan tekoalyn hyddyntdmisen nykytilaa kestavyyden
edistdmisessa kysymalla: "Mika on tekoalyn nykytila kestavyydessa?" Alakysymykset pyrkivat
tavoittamaan nykyisten toimien ja niihin liittyvien tavoitteiden ja tulosten, tarkeiden
ominaisuuksien ja nykyisten ongelmien vivahteet. Toinen kysymys pyrkii kartoittamaan tekoalyn
kayton tulevaisuutta kestdvyyden edistdmisessa kysymalla: "Mika on tekoalyn potentiaali ja riskit
kestavyyden edistdmiseksi?" Toisen kysymyksen alakysymykset pyrkivat tavoittamaan nykyisen
hyédyntamattdman potentiaalin, tekodlyn jatkokehityksen myoéta tulevan potentiaalin ja siihen
liittyvat riskit. Kolmas kysymys pyrkii kuromaan umpeen nykyisen kayton ja tulevan potentiaalin
valista kuilua ja tarkemmin tutkimaan, mika on optimaalinen prosessi tekoalyn hyddyntamiseksi
kestavyyden edistamiseksi kysymalla: "Miten tekodly voidaan ottaa kayttdon kestavyyden
edistdmiseksi?" Kolmannen tutkimuskysymyksen alakysymykset pyrkivat [0ytdmaan
yksityiskohtia tarvittavista kompetensseista, toimista seka tuesta ja resursseista.

Taman diplomitydn kontribuutio olemassa olevaan tutkimukseen on sen kartoitus tekoalyn
hyddyntamisestd kestdvyyden edistamiseksi ja tarvittavista kompetensseista ja toimista. Se
edistda tekoalyn hyddyntamistd kestdvyyden edistdmiseksi kuromalla umpeen naiden kahden
valistd kuilua ja luomalla perustan tulevalle tutkimukselle. Huomionarvoisimmat tulokset ovat
kompetenssi- ja yleinen viitekehys tekoalyn hyédyntamiseksi kestdvyyden edistdmiseksi. Tulevia
tutkimusaiheita, joita voitaisiin tutkia, ovat esimerkiksi tekodlyn hyddyntdminen kestavyyden
edistamiseksi tietylla toimialalla tai organisaatiotyypissa, tietyn tekoalytyokalun hyddyntaminen
tai tekoalyn ja kestavyyden valisten suhteiden ja dynamiikan tutkiminen. Nopeasti muuttuvassa
tekoalyn hyodyntadmisen maisemassa kestavyyden edistamiseksi johtajat hyotyvat suuresti
yleisesta viitekehyksesta ja kompetenssiviitekehyksesta tekodlyn hyddyntadmiseksi kestavyyden
edistamiseksi.
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Al USE IN THE MASTER’S THESIS

The Al tools used and the purpose of their use in the thesis is described below:

ChatGPT (version: GPT-40 mini): ChatGPT has been used as a comparison with
Copilot answers of which the use is described below. The comparison has been used

to better format texts throughout the thesis.

Copilot (version: Copilot for Microsoft 365): Copilot has been used throughout the
thesis for reformatting long and complex sentences, reorganizing text parts for better
emphasis on the main topics of each part, and for proofreading. It has also been used
to work on the structure of the literature review and the whole thesis to find different
ways of composing the thesis to choose the best one. Copilot was also used to create
some text for the thesis to work from especially in the ideating phase. Additionally,

Copilot was used to do a first translation of the abstract to Finnish.

Perplexity Al (version: Perplexity Al v2.1.0): Perplexity Al has been used especially
in the literature review to provide a comparison for Scopus Al of which the use is
detailed below. Thus, the use of Perplexity Al has been to find research angles and
areas, that would be lost with only doing regular literature searches. Perplexity Al,
however, was used only a few times in the beginning, when utilizing Scopus Al, to
dig deeper into a research topic, and the comparison was not utilized much for the

final product of the literature review.

Scopus Al (version: May 2024 release and the Copilot extension release): Scopus
Al has been used in this thesis to find literature in conjunction with traditional literary
searches. It provides with so called foundational documents on topics, which are
highly cited to, which further provides possible new angles and foundational pieces
on the topic that could otherwise be left not found. Scopus Al was also used to find
some regular literature for the literature review and for the other parts that include
references. Scopus Al was also used to get a scientific first look into some topics.
Some of the articles found with the use of Scopus Al were also used to ideate search

sentences by looking into the key words of the provided articles.

| am aware that | am totally responsible for the entire content of the thesis, including
the parts generated by Al, and accept the responsibility for any violations of the eth-

ical standards of publications.
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1.INTRODUCTION

1.1 Background of the study

In the current era, change is evident everywhere we look. Climate crisis, the geopo-
litical turmoil and the further and further developing economic duality between speed-
ily growing emerging economies and stagnant developed economies (Singh 2023)
are only examples of how our world will never be the same again. The artificial intel-
ligence (Al) hype is also an example of a huge change in how the world is being
organized. The newly mainstream tool is an object of great hopes but also feelings
of threat especially in its stages that are yet to realize. This thesis dives into and
critically assesses the implications of the transformative potential of Al in fostering
sustainability and circularity and examines the process of organizations for effectively
taking Al into utilization for improving their contribution to sustainability and the com-

petences needed for doing so.

Al has a lot of potential for making the world fundamentally more sustainable with its
many capabilities unlike anything we have seen before. Al holds immense potential
to significantly enhance global sustainability with its unparalleled capabilities. It has
demonstrated remarkable promise in advancing sustainability across various sec-
tors. Al can contribute to 134 out of the 169 targets within the Sustainable Develop-
ment Goals (SDGs), making it a powerful tool for fostering sustainable practices. In
the renewable energy sector, Al has been effectively used to optimize energy man-
agement, detect faults, manage waste, and stabilize power grids. (Fan, Yan & Wen
2023) The capabilities highlight Al’'s unique potential to address complex sustaina-

bility challenges in ways previously unimaginable.

While Al offers numerous benefits, it also has significant pitfalls. One major concern
is its environmental impact. Training large Al models requires substantial computa-
tional power, leading to a considerable carbon footprint. For instance, generating a
single Al image can consume as much energy as fully charging a smartphone (Heik-
kilda 2023). Additionally, the water footprint of Al is often overlooked. Data centers,
which house the servers running Al models, require vast amounts of water for cooling
and electricity generation. Training a large language model (LLM) like GPT-3 can
use up to 700,000 liters of water, comparable to the annual water consumption of

several households (Wang 2024). These environmental costs highlight the need for



more sustainable Al practices. Another of the most pressing dangers is the potential
for Al to exacerbate existing biases and inequalities. For instance, automated deci-
sion-making systems can replicate and even magnify biases present in their training
data. Moreover, the swift advancement of Al technologies requires thorough regula-
tory oversight to maintain transparency, safety, and ethical standards. The misuse of
Al, such as in surveillance or autonomous weapons, poses further ethical and soci-
etal risks. (Fan et al. 2023) Therefore, while Al holds great promise, it is crucial to

address these pitfalls to harness its benefits responsibly.

Competences equip organizations with the necessary skills and knowledge (Sa-
vaneviciene, Stukaite & éilingiene 2008), in this case, to harness Al technologies
effectively and responsibly. Thus, it is essential for any organization aiming for effec-
tive and responsible deployment of Al to develop them. Competences in Al and ma-
chine learning, combined with domain-specific knowledge in sustainability, enable
organizations to understand and mitigate the environmental impacts of Al. A formal-
ized process is equally important as it provides a structured approach to integrating
Al into sustainability efforts, ensuring that Al applications are aligned with sustaina-
bility goals. Together, the needed competences and a formalized process bridge the

gap between the potential of Al and its practical, impactful application in sustainabil-

ity.

1.2 Research gap

While the literature on Al in sustainability is currently growing rapidly, the integration
of Al into sustainability frameworks is still lacking, and for example a research gap
exists in the applications of Al for predicting and counteracting climate change (Pri-
yadarshini, Dash & Priyadarshini 2024). The concept of “sustainable Al” is also lack-
ing in definition and actions (Bjgrlo, Moen & Pasquine 2021), which is why this study
also aims to contribute to those discrepancies. Additionally, the future potential of Al
in sustainability in a larger scale and how to get there is also something that needs
addressing. Especially the research should focus on more than just the economic
sustainability but namely the implications of Al use on cultural and social sustainabil-
ity (Di Vaio, Palladino, Hassan & Escobar 2020), which is why this study includes
both social and environmental sustainability. The literature on Al for sustainability
lacks exploration of the dynamic interconnections between various aspects of the
field (Di Vaio et al. 2020). For instance, the impact of water pollution (environmental
sustainability) on local communities (social sustainability) is underexamined, high-

lighting the need for a more comprehensive conceptual framework.



Al can significantly contribute to achieving sustainability goals, especially in sustain-
able production and consumption (Di Vaio et al. 2020). Given the existing research
gap in this area (Di Vaio et al. 2020), focusing research efforts here can yield sub-
stantial impact. Thus, this study focuses especially on the design of new materials
and products. Nishant et al (2020) also highlight the necessity of incorporating design
thinking, multilevel perspectives, systems dynamics, psychological and sociological
considerations, and economic value in future Al sustainability research. This study
specifically addresses design thinking, multilevel perspectives, and systems dynam-

ics, thereby contributing to these identified needs.

The competences and process for reaching a point at which Al can be used for sus-
tainability comprehensively and responsibly is something that needs addressing and
this thesis will do just that. As human activities pose the highest environmental sus-
tainability threats, the use of Al can help information generating systems for counter-
acting these threats, but only if research takes explores the ways to work around
limitations while conceptualizing new ways for the utilization of Al (Nishant et al.
2020). This study aims at providing a comprehensive conceptualization of the steps
for implementing Al and supporting competences for utilizing Al in meaningful ways

to serve the sustainability goals.

In conclusion, this thesis aims to contribute to bridging the gap between Al and sus-
tainable development by looking into current use of Al for sustainability, especially in
the realm of environmental and social sustainability, examining the future potential of
it and creating a competence framework and process for utilizing Al for safe and
sustainable design. By exploring the current applications of Al in sustainability, this
thesis will identify best practices and potential areas for improvement. It will also ex-
amine the future potential of Al to drive sustainable development, considering ad-
vancements in Al technologies and their implications for sustainability including the
negative effects of Al's use of resources such as energy. The goal is to develop a
comprehensive competence framework and process for integrating Al into sustaina-

ble and safe design and addressing the identified pitfalls of Al.

1.3 Research objective, questions, and limitations

For bridging the research gap identified before, a research objective was formed.
The research objective is to create new knowledge on Al’s utility in advancing sus-
tainability, in design, especially regarding the process of effectively taking Al into uti-
lization and the needed supporting competences. Three research questions support

achieving this objective. The three research questions each have three sub questions



that make the main research questions easier to answer by dividing them into pieces.
The whole research objective with the supporting research questions for bridging the
research gap are approached by conducting an exploratory inductive study by utiliz-
ing existing literature as background for creating a grounded theory supplemented
by semi-structured expert interviews. The scope of the research is also discussed in
this chapter. The research methodology will be described and discussed in more

detail in chapter 3.

The aim of the first research question is to explore the current landscape of Al utili-
zation in advancing sustainability by investigating the current actions, important char-
acteristics, and issues related to it. This question is addressed through a literature

review. The first research question thus is as follows:

RQ1. What is the current landscape of Al for managing and improving sus-

tainability?

The second research question aims to map out the future of Al use in advancing
sustainability by investigating the currently unutilized potential, future potential, and
risks of Al for sustainability. This question will be addressed through both a literature

review and expert interviews. The second research question is as follows:

RQ2. What is the future potential and what are the risks of Al for managing

and improving sustainability?

The third research question aims to bridge the gap between the current use and the
future potential, and more precisely to explore what the optimal process is for taking
Al into utilization for advancing sustainability and safety, by investigating the compe-
tences, support and resources, and steps needed for achieving optimal Al use for
sustainability. This question will be addressed through both a literature review and

expert interviews. The third research question is as follows:
RQ3. How can Al be taken into utilization for managing and improving sus-
tainability?

These three questions together with their sub questions address the landscape and
potential of Al for sustainability holistically on a macro level. The research questions

and sub questions, and their contribution to the topic is summarized in Figure 1.
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Figure 1: Structure of research objective and questions

As illustrated in Figure 1, the research objective directs the research questions to
generate the desired knowledge. The combination of a literature review and semi-

structured interviews facilitates the creation of this knowledge.

The limitations of the empirical part of this study will be discussed in more detail in
chapter 4.3 and the limitations of the literature will be discussed in 2.1. The limitations
of the scope of the study, related to the limited timeframe of six months and the lim-
ited capacity of having one researcher for the study, however, are outlined here.

Firstly, this study operates on the macro level, conceptualizing the process and com-
petence for utilizing Al for sustainability applicable to organizations on multiple levels
in society, not addressing a single group of organizations based on for example an
industry. The goal of the study is thus not to give any advice specific to some industry
or other group of organizations but to give general advice aiming at helping all or-

ganizations to some extent.

Secondly, this study is limited to the social and environmental aspects of sustaina-
bility and will be addressing economic sustainability only briefly. This is due to the
personal interests and prioritization of the researcher, although social and environ-
mental sustainability significantly support economic sustainability. The study is also
limited to design for sustainability to some extent. The focus of the study is design,
but the way of conceptualizing design is such that it can be applied to almost any-
thing. Design is therefore not a very limiting limitation in the scope of this study.



Additionally, even though the study focuses on the transition to Al for sustainability
by addressing the needed competences and actions for the transformation, the study
will exclude topics of technology transition and Al readiness literature due to time

constraints and for scoping the study to fit a thesis.

All'in all, the aim of the thesis is to present a balanced view of Al’s role in sustaina-
bility. This thesis will provide a nuanced perspective on the role of Al in sustainability,
acknowledging both its potential benefits and its challenges. By highlighting the cur-
rent state and identifying areas for improvement, as well as by finding the potential
and risks associated with the future of Al for sustainability, the thesis will offer prac-
tical recommendations for leveraging Al to achieve sustainable development goals
while mitigating associated negative effects. Creating a competence framework and
process for integrating Al into sustainability work, it will inform the imminent use of Al
for designing better materials, products, services, and even processes that are fun-
damentally sustainable. The ultimate aim is to contribute to the ongoing discourse on
Al and sustainability, fostering a more informed and balanced understanding of how

Al can be harnessed for the greater good.

1.4 Structure of the study

The study consists of two parts that complement and support each other to answer
the research question holistically: a theoretical and an empirical part. The structure

of the study, with its sections and their relations depicted, is illustrated in Figure 2.
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Figure 2: Structure of the thesis

As can be seen in Figure 2, the study starts with an introduction which creates an
understanding of the starting point of the study and what its objectives are. It illus-
trates, what in the current context demands studying the topic, what research gap it
is designed to fill, what the objective and research questions are and what limitations
it holds as well as outlining the structure of it. Then the literature review is explained
and the relevant literature on the topic is discussed. The literature review includes
the themes of the transformation of Al, sustainability, circularity, and safety, the sus-
tainability of Al, Al for sustainability, design for sustainability and safety, compe-
tences for adapting and harnessing novel technologies and standards and utilizing

Al in making design sustainable.



On the empirical side, research methodology is outlined and specifications for the
semi-structured interviews are created both for the data collection and its analysis.
The interview questions are based on the identified research gap and following re-
search questions as well as the synthesis of the literature. The objective of the inter-
views is to map out the potential and possible issues in utilizing Al for sustainability
especially from the design point of view. The results of the interviews are then pre-
sented starting with some background on the coding and how it affects how the re-
sults are presented. Then each main theme of the coding is presented, and all most
relevant subthemes are presented with quotes from the interviewees. The results

chapter ends with a synthesis of the results.

Then, a discussion on the key findings and theoretical contributions is presented. It
is structured based on the research questions and relevant literature and its results
are compared with the results of the interviews. Based on the literature and the in-
terview results, a competence framework for implementing Al in design for sustaina-

bility and safety, is created in chapter 5.

Lastly, conclusions summarize the key findings and present some criticism of the
study related to its quality and limitations. Implications for managers and implications
for future research are also presented in the chapter. All in all, this chapter concludes

the thesis and summarizes the most important and actionable parts of it.



2. LITERATURE REVIEW

2.1 Structuring the literature review

The literature review provides a comprehensive view of the current landscape for Al
for design for sustainability. It lays the groundwork for answering all the research
questions and creating a framework for utilizing Al for design for sustainability and
safety. It also creates a base for critical assessment of how the innate sustainability
of Al and the utility of Al for sustainability interact. The literature review precisely
answers Research Question 1 and supports answering Research Questions 2 and 3
by creating a theoretical jumping-off point for the interview questions and supports

the results of it.

The literature review starts with a chapter about understanding Al (chapter 2.2). This
chapter is the foundation for understanding the current state of Al. There it is exam-
ined what Al is, what use cases there are for it, and what kind of Al tools there cur-
rently are. The current regulatory landscape of Al with the first Al regulation emerging

and its effects on Al use is also looked into there.

Next, the current views on sustainability and safety are discussed in chapter 2.3
(Sustainability, circularity, and safety), which is essential for understanding the utility
of Al for sustainability and safety. The chapter takes a comprehensive look into the
vast literature published in the recent years about the topic and outlines the relations
between the two concepts also including circularity as an important aspect related to

safety.

Then, the literature review delves into the crucial yet less studied topic of the innate
sustainability of Al in chapter 2.4 (Sustainability of Al). This examination is funda-
mental for discussing Al's utility for sustainability and circularity to understand what

Al’s limitations regarding the topics are.

Chapter 2.5 (Al for sustainability) is the cornerstone for answering the research ques-
tions. The chapter outlines current literature on topics like Al for Sustainability, Green
Al and Al for Circularity. It explores the utility of Al for the United Nations’ Sustainable
Development Goals, doughnut economics and EU’s Green Deal etc. The chapter
also discusses real world applications of Al for sustainability by examining the case

studies conducted on the topic.
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In chapter 2.6 (Design for sustainability and safety), the different aspects of design
related to enhancing sustainability and safety are discussed and related regulatory
frameworks such as the EU Ecodesign directive and the novel Safe and Sustainable
by Design framework by the European Commission are touched upon. This part cre-
ates understanding about the impact and different aspects of design for sustainability

and safety.

Lastly, before concluding the literature review, the competences, that are needed in
order to harness Al in design for sustainability and safety, are discussed in chapter
2.7 (Competences for adapting to and harnessing novel technologies and stand-
ards). This is done by discussing the competences for Al, competences for design

and competences for sustainability and safety and their combinations.

The literature review was conducted by utilizing both snowballing and pearl growing
methods to find both the comprehensive list of articles on the topic as well as to find
more refined results based on previous results. The searches were conducted mainly
in the Scopus database to find peer reviewed sources. Some papers were found via
recommendations from fellow researchers. Validity and reliability were ensured
through careful selection of used databases, rigorous selection of generalizable pa-
pers and utilizing the JUFO Publication Forum classification by the Federation of

Finnish Learned Societies to only include high-level publications.

While the quality of the literature was ensured and systematic searches were made,
there are some key limitations for the literature review. Firstly, the human error is a
key limitation when manually searching for and going through hundreds of papers
and determining whether they are on topic for the literature review. The researcher
might miss papers with potential to contribute to the study and creating search sen-
tences for finding relevant papers. This limitation was addressed by keeping a re-
search diary for every search made and creating a comprehensive list of research
sentences and key results. Another way this limitation was worked around was by
doing searches with Scopus Al to find papers that otherwise might have not popped
up in the searches and looking at the key words of those to find new words for the

searches.

Utilizing the Al feature in Scopus also made it possible to find some highly cited pa-
pers, the so called “foundational documents” on the topic, which were evaluated by
the researcher for relevancy and utilized if deemed relevant. The Scopus Al being
quite well explainable with its description of each step explained before the search

results, helped the reliability of the method, but it is not without its criticism. Having
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the Copilot assisted search, the results of the Al had to be meticulously checked to
ensure that they were based on the actual search results and not on the associations

created by the large language model.

Another key limitation is the schedule of the study for finding the newest literature.
While doing same searches again after some time, it was noticed that the count of
hits for each search got up when time had passed. The timeline of the study limited
the searches to include at the newest, sources that could be found before 2025. By

doing new searches after that, more literature would have most likely been available.

2.2 The transformation of Al

The term artificial intelligence has multiple different definitions that have evolved over
time and have differed in broadness from systems capable of solving problems by
interpreting data, learning from it and using it (Haenlein & Kaplan 2019) to at least
partly autonomous machine-based systems capable of adaptiveness, sometimes
even after deployment (EU 2024a) to human intelligence mimicking systems (Seshia,
Sadigh & Sastry 2022; Menaga & Saravanan 2021; Mondal 2020). The multitude of
definitions stem from the ever-moving finish line of what machines may someday be

able to do.

Still, most of the definitions describe Al as possessing advanced computational abil-
ities to perform complex tasks such as problem-solving (Nishant et al. 2020) or as
being human intelligence mimicking machines (Seshia et al. 2022) able to perform
tasks such as decision making, vision, or speech recognition (Menaga & Saravanan
2021) by imitating human perception, analysis, understanding, and response (Mon-
dal 2020). Al is also said to be an evolving group of different technologies used for
various different means (Mukhamediev et al. 2022) which makes it crucial to under-
stand the core of Al. A well-known example of Al is the Turing Test which illustrates
the intelligence of machines in an imitation game essentially designed to see if a
human evaluator can distinguish between the work of another human and a machine.
While the test is not without its criticism (Hoffmann 2022) it illustrates the basic prin-
ciple spanning most Al definitions, which is a machine or a computerized program

mimicking a human in one way or another.

Currently, Al is at the stage of Weak Al, which means it can only perform specific
tasks it is programmed for. The next step, General Al, which still is only theoretical,
on the other hand, could choose between completely different tasks instead of spe-

cializing on one type of a task. For General Al, the potential of roles it could take are
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endless and with the yet more theoretical version of Al, though it is still unclear how
it could be realized in full force. Thus, the even more theoretical version of Super Al,
exceeding the limits of human intelligence, being realized is even more of a stretch.
(Fjelland 2020) These theoretical versions of Al also lend an opportunity for baseless

speculation of Al’s future risks and opportunities.

In recent years, however, Al has taken massive leaps especially in popularity due to
increase in data, computation capabilities and improved applications (Mondal 2020).
Especially Machine Learning has gained a lot of attention in many application areas
(Hoffmann 2022; Nishant et al. 2020) and even seen as the core of Al (Mukhamediev
et al. 2022). Tom M. Mitchell (1997: xv), a pioneer in the field of machine learning,
defines the term as being a study about constructing computer programs able to
automatically improve with experience. This definition highlights the core idea that
machine learning involves creating algorithms that enable computers to learn from
data and improve their performance over time without being explicitly programmed
for specific tasks. Nishant et al (2020) group Al capabilities into three categories: data
analysis and learning, human cognition and emotions and thinking. These capabili-

ties and their related research and technical themes are detailed in Table 1.

Table 1: Al capabilities. Adapted from Nishant et al. 2020

Al Capability Research Themes Technical Themes

Data analysis and learning Machine learning (ML) learning techniques, mod-
els and algorithms, natural
computing

Human cognition Computer vision (CV) feature extraction, object
identification and classifi-
cation, environment per-
ception

Natural language processing  speech recognition, speech
(NLP) understanding, text analy-
sis, speech generation

Al robotics human motions and ma-
nipulations based on CV,
NLP and emotions and
thinking

Emotions and thinking Affective computing recognizing, understand-
ing, and expressing human
feelings based on CV and
NLP
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Decision support fuzzy logic, expert systems

Self-learning strategic planning and se-
guential actions, self-
learning and self-improve-
ment, artificial general in-
telligence

As shown in Table 1, the capabilities of different kind of Al offer are manyfold. The
first one technically is about machine learning while the other two comprise of the
following research themes: computer vision, natural language processing, Al robot-
ics, affective computing and decision support (Nishant et al. 2020). The current Al
technologies offer three main benefits: automation of time-consuming repetitive
tasks, revealing insights hidden in big data of all formats, and integrating substantial

numbers of computers and other resources to solve problems (Nishant et al. 2020).

Despite significant advancements in the development of Al, it still faces several limi-
tations affecting its effectiveness and reliability. One important limitation is the so
called black box nature of many Al systems which makes it harder to evaluate the
decision-making processes of them and, thus, to trust and publicly accept them (Pa-
padouli 2023). Explainable Al is a type of Al that helps explain why a model arrived
at a particular output (Vishwarupe et al. 2022). While the explainable Al is still not
perfect, it is trying to work around the black box nature of Al and thus, mitigating the

limitation.

Another limitation is the incomplete regulation of Al, which struggles to fully address
its complexities and risks, potentially leading to moral hazards and security issues
(Lin & Liu 2021). Though, progress is being made with the EU Al Act being published
and other regulation can be expected to be on its way. However, this also creates an
uncertain context, where the future developments of Al and what kind of use will be
restricted are unknowns. Al systems can also exacerbate existing biases and ethical
dilemmas, with the data used being mostly historical, which can be especially chal-

lenging when it comes to for example healthcare (Chen et al. 2023; Papadouli 2023).

Other key limitations include for example barriers for information processing. Al sys-
tems struggle with the combinatorial challenges associated with processing vast
amounts of information. This complexity can lead to difficulties in implementation and
performance. (Walton 2018) Another important limitation is that Al is unable to fully

understand, formalize, and imitate biological processes which makes it not be able
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to mimic biological intelligence effectively (Tugui, Danciulescu & Subtirelu 2019). In-
ability to escape bias introduced by complex social contexts that affect the develop-
ment of Al is another important limitation (Hagendorff & Wezel 2020). Accuracy and
reliability of the interactions, inputs and outputs of Al needs qualified human oversight
which also limits its use currently in critical fields (Hurlburt & Reisman 2024). There
are also simple technical limitations such as solutions still having security difficulties,
lack of explainability, and data (Hagendorff & Wezel 2020). By understanding these
limitations, the challenges and opportunities presented by Al technology can better
be navigated, which ultimately helps to create a working process for finding the best

use cases and needed capabilities for Al.

Al has transformative potential and limitations, but the tool also comes with significant
potential adverse effects. These potential adverse effects of Al include human rights
violations regarding for example insurance, banking and, employment, creating more
economic inequality (Papadouli 2023; von Ulmenstein, Tretter, Ehrlich & Lauppert
von Peharnik 2022) and creating psychological harm to for example dignity (Mannes
2020). With the development of Al's integration in IoT, even physical harm can be
inflicted onto people creating anything from physical discomfort to injuries and even
death (Mannes 2020). Even threats to humanity are discussed as potential adverse
effects of the aforementioned general artificial intelligence that is yet to become re-
ality (Bucknall & Dori-Hacohen 2022; Lorenc 2015). Effective regulation, supervision

(Chen et al. 2023), and public engagement (Mannes 2020) can mitigate these risks.

As Al technology evolves, there is still much to learn. Safeguards for protection of
the people and the planet are needed in this stage of the development of Al (van
Wynsberghe 2021). The European Union’s new Al Act marks the first attempt to cre-
ate these safeguards as the first Al regulation in the world. This regulation classifies
Al systems based on risks of the different uses of Al for people and societies (EU
2024a) therefore leaving out the environmental effects of Al. The main points of the
regulation are prohibiting Al systems that pose and unacceptable risk, highly regu-
lating Al systems with high-risk and lightly regulating Al systems with limited risk while
minimal risk Al systems are left unregulated (EU 2024a). Addressing mostly high-risk
Al systems with the obligations of transparency and risk evaluation falling on provid-
ers of the systems (EU 2024a), the regulation still leaves most Al unregulated, thus
leaving the demand for especially sustainability of Al enhancing Al governance and
regulation such as proportionality of Al benefits with its carbon footprint (van

Wynsberghe 2021) unresolved. Al models are integral to modern technology, ena-
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bling applications like image recognition, NLP, and speech recognition. As Al contin-
ues to evolve, the emergence of even more sophisticated models can be expected,
and with getting closer and closer to General Al or even Super Al, new and potentially

unforeseen risks may also emerge.

2.3 Sustainability, circularity, and safety

Sustainability refers to the planet's ability to continue providing living conditions for
all. The United Nations defines sustainable development as “development that
meets the needs of the present without compromising the ability of future gener-
ations to meet their own needs” (United Nations General Assembly 1987). The well-
known three pillars or the so-called triple bottom line of sustainability are environ-
mental, social, and economic sustainability. A comprehensive definition based on
extensive literature describes sustainability as “the balanced integration of economic
performance, social inclusiveness, and environmental resilience, to the benefit of
current and future generations” (Geissdoerfer, Savaget, Bocken & Hultink 2017: 766)
including the three pillars of sustainability. Despite the widespread adoption of the
three-pillar concept, no theoretical basis for them has been identified (Purvis, Mao &
Robinson 2019).

Another widely used framework of sustainability is the 17 Sustainable Development
Goals (SDGs) by the United Nations (United Nations 2015). These are utilized in
many conceptualizations of sustainability and are detailed in Figure 3 below. The 17
goals consist of goals of which most could be categorized into one of the pillars quite
unambiguously. The Stockholm Resilience Centre (2016) has done exactly this in
the so-called Wedding Cake model. It separates the SDGs into layers of biosphere

(environmental), society (social) and economy as seen in Figure 3.
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Figure 3: The SDGs Wedding Cake. Azote for Stockholm Resilience Centre
2016, Stockholm University (CC BY-ND 3.0).

The Wedding Cake model illustrates the argument that the economy and society
should be understood as being embedded in the biosphere (Stockholm Resilience
Centre 2016) as can be seen in Figure 3. The model also illustrates the fact, that the
SDGs’ focus on the society with it having double as many goals as the other two
layers.

Another way of conceptualizing sustainability and its interlinkages is the doughnut
economics model by Kate Raworth (2017, 44). It focuses on the environmental and
social dimensions and uses the Nine Planetary Boundaries (Rockstrom et al. 2009)
and the social minimum standards from the United Nations’ 17 Sustainable Develop-
ment Goals (United Nations 2015) to create a visualization of the balance between
social justice and the limits of the planet (Raworth 2017). This is illustrated below in

Figure 4.
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Figure 4: Doughnut Economics Model. Adapted from Raworth 2017, 44.

In Figure 4, on the outer ring, the planetary boundaries create the ecological ceiling
and on the inner ring, the SDGs’ social minimum standards create the social founda-
tion. Between these, is the so called “safe operating space for humanity” that should
be stayed in. However, many of the planetary boundaries have already been crossed
and the social foundation remains shaken for most of the world, in part due to the

historical lack of responsibility of businesses including pollution and injustice at work.

Morelli (2011) implies that promoting environmental sustainability would contribute to
a sustainable socio-economic system as well. As the planet provides the resources
needed to build societies and economies, it makes sense to focus mostly on it. This
is why this study also focuses mostly on the environmental and least on the economic
aspects of sustainability. While focusing on the environmental pillar, it is essential to
understand the term and distinguish it from similar terms. According to Morelli (2011)
the term “environmental” is distinguished from “ecological” with “environmental” be-
ing associated with human impact on the nature and “ecological” being the interde-
pendence within a system. Thus, environmental sustainability is defined as “meeting
the resource and services needs of current and future generations without compro-
mising the health of the ecosystems that provide them” (Morelli 2011: 6) This defini-
tion also includes the needs of generations which implies also the social aspect being

embedded in the environmental sustainability.
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While sustainability as a concept is quite vague and interpreted in many ways, the
concept of circular economy and its practices are highly standardized. For example

the ISO standards in Table 2 are on circular economy:

Table 2: ISO standards for circular economy

Standard Name

ISO 59004:2024 Circular economy — Vocabulary, principles and guidance for im-
plementation

ISO 59010:2024 Circular economy — Guidance on the transition of business mod-
els and value networks

ISO 59020:2024 Circular economy — Measuring and assessing circularity perfor-
mance

These standards guide the transition towards circular economy by standardizing the
vocabulary, principles, transition steps and assessment of implemented circularity.
The standardization helps organizations on any level to implement circularity into

their way of operating thus making them more sustainable as well.

Circular economy applies sustainable development to materials’ and products’ entire
life cycle and value chain (Gottardo et al. 2021). It is defined as “a regenerative sys-
tem in which resource input and waste, emission, and energy leakage are minimised
by slowing, closing, and narrowing material and energy loops” (Geissdoerfer et al.
2017: 766) or as “an economic system that replaces the ‘end-of-life’ concept with
reducing, alternatively reusing, recycling and recovering materials in production/dis-
tribution and consumption processes” (Kirchherr, Reike & Hekkert 2017: 229). Con-
ceptually, its relation to sustainability varies in literature, by either being considered
a trade-off, a condition, or a beneficial relation for sustainability (Geissdoerfer et al.
2017). The circular economy operates on all levels from micro to macro trying to
“accomplish sustainable development, thus simultaneously creating environmental
quality, economic prosperity and social equity, to the benefit of current and future
generations” (Kirchherr et al. 2017: 229). The means by which circular economy can
be achieved are “long-lasting design, maintenance, repair, reuse, remanufacturing,

refurbishing, and recycling” (Geissdoerfer et al. 2017: 766).

Calisto Friant et al (2024) extend circular economy to human well-being alongside
planetary well-being. They identify seven interconnected socio-ecological cycles.

These cycles are illustrated in Figure 5.
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Biogeochemical cycles

Figure 5: The seven socio-ecological cycles. Adapted from Calisto Friant et al.
2024

In Figure 5, the outer grey and orange loops represent biophysical cycles and the
four wheels in the middle represent social cycles. All of the cycles intersect repre-
senting the interconnectedness of the system. (Calisto Friant et al. 2024) This repre-
sentation for understanding circular economy in a broader way also connects it with
the three pillars of sustainability more deeply. Though, comparing it with the United
Nations’ SDGs which are deemed to encompass social sustainability in the Stock-
holm Resilience Center’'s wedding cake model, some, such as zero hunger and clean
water access, are probably represented more so in the resource cycles instead of
being represented in the social cycles. This also illustrates the deep interconnected-
ness of the different pillars by visualizing the fact that separating the three pillars into
their own categories is not as unambiguous as the three-pillar model leads to believe.
Another important takeaway from the seven socio-ecological cycles is that “crises
can arise if any of these cycles are significantly altered or stop flowing in a sustaina-
ble and regenerative manner” (Calisto Friant et al. 2024: 30). This point by Calisto
Friant et al is emphasized by them stating that “excessive accumulation, unsustain-
able exploitation, lack of effective recovery, lack of sufficient redistribution, or simply
neglect can thereby lead to crucial sustainability problems and even a collapse of

planetary functions and societal structures” (Calisto Friant et al. 2024: 30).

The concept of safety is also fundamental to sustainability. It refers to the condition

of being protected from harm and other non-desirable outcomes and includes risk
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management as well as inherently safer design. Itis a critical aspect of various fields,
including engineering, construction, and chemical industries. (Rozhdestvenskaya &
Korotenko 2020; Rodriguez-Navas et al. 2015) Instead of concepts and definitions,
however, safety is more so the bare minimum which is mandated by laws and regu-
lation at a certain minimum in many countries and other public institutions. Ensuring
safety can also lead to more sustainable practices by for example preventing acci-
dents and reducing risks (Rozhdestvenskaya & Korotenko 2020; Nawaz, Linke & Kog¢
2019), and as an inverse, ignoring safety can have adverse consequences on sus-
tainability (Nawaz et al. 2019). Apel et al (2024) even model safety at the center of

sustainability dimensions, implying it is crucial for all aspects of sustainability.

2.4 Sustainability of Al

While Al has increased in visibility, interest, and tools in the recent years greatly, its
sustainability remains a topic of criticism. In addition to Al for sustainability, the realm
of Al and sustainability also is defined by the sustainability of Al which is equally as
important. The development and deployment of Al systems require substantial com-
putational resources, leading to high energy consumption and a substantial carbon
footprint (Dokic, in't Woud & Maass 2024) Al systems can lead also to otherwise
increased resource consumption. This necessitates a holistic approach to mitigate
these impacts (Dokic et al. 2024; Rohde et al. 2024). The lifecycle assessment (LCA)
of Al highlights the need to consider life cycle energy use, as well as the impacts of
data centers and hardware devices (Dokic et al. 2024). Especially, the part of Al
ethics that still needs to be addressed with more rigor and by a large group of people
including Al developers, policy makers, academics and the general public, however,
is the one that considers the environmental effects of Al argues van Wynsberghe
(2021). A comprehensive framework, such as SCAIS: the Sustainability Criteria and
Indicators for Artificial Intelligence Systems, is thus essential for evaluating the sus-
tainability of Al systems (Rohde et al. 2024). Utilizing these kinds of systems ensure,

that there is backing to sustainability claims of Al use.

One of the major discussions around the sustainability of Al is the relationship be-
tween computing power growth and the computing power needs of Al, and how much
of these computing power needs is the available computing power able to meet. The
growth of Al, that has been described as explosive, has been made possible by the
continuous growth of data and computing power (van Wynsberghe 2021). Already in
2018, OpenAl reported that the power needed for training the biggest Al models had
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grown exponentially since 2012 with doubling in less than four months while the tra-
ditional law illustrating computing power growth, Moore’s Law, had a doubling time
of years (Amodei & Hernandez 2018). In 2020, though, OpenAl reported that the
algorithmic efficiency has increased in such capacity since 2012, that training the
large Al models has lowered in compute needed significantly for similar models (Her-
nandez & Brown 2020). After this, though, there have not been any new research
articles from OpenAl exactly on the topic of computing power used for training mod-
els. A 2019 study by Strubell, Ganesh and MacCallum, however, evaluated the nat-
ural language processing Al models and found that the training of common natural
language processing Al models creates an estimated 626 000 pounds or 280 impe-
rial tons of carbon emissions (Strubell, Ganesh & McCallum 2019). For comparison,
the estimated carbon footprint of a Finnish person in 2023 in a year on average is
about 10 tons in carbon emissions (Kohl & Manchandia 2023) so training a single
natural language processing model creates the same carbon emissions than 28 av-

erage Finnish people create in a year.

Even though the training of common Al models have a hefty carbon footprint, there
are also initiatives for less resource intensive Al, with terms like Sustainable Al (Bjarlo
et al. 2021; van Wynsberghe 2021), Green Al (Bolon-Canedo, Moran-Fernandez,
Cancela & Alonso-Betanzos 2024; Verdecchia, Sallou & Cruz 2023; Schwartz,
Dodge, Smith & Etzioni 2020), and Al for Social Good (Steingard, Balduccini & Sinha
2023; Cowls, Tsamados, Taddeo & Floridi 2021; TomasSev et al. 2020). However, the
field of research is still new with for example the term “sustainable Al” being intro-
duced in 2021 in a paper by van Wynsberghe (2021) with the definition of being an
umbrella term for the concepts of sustainability of Al and Al for sustainability and in
a paper by Bjerlo et al. (2021: 7) with the working definition of being “the extent to
which Al technology is developed in a direction that meets the needs of the present
without compromising the ability of future generations to meet their own needs”
based on the seminal United Nations’ definition mentioned in a previous chapter.
Bjarlo et al (2021) also insisted for development of the concept transforming it from

theory to practice in empirical testing and operationalization.

In the paper by van Wynsberge (2021), it is also argued that before 2021 the area of
Al for sustainability has completely failed to include the environmental impact of Al.
The relatively new term of Sustainable Al and its sub term sustainability of Al is said
to be focused “on sustainable data sources, power supplies, and infrastructures as a
way of measuring and reducing the carbon footprint from training and/or tuning an

algorithm” (van Wynsberghe 2021: 214). Further, it is suggested that Sustainable Al
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should address the full life cycle of Al from design to training, from development to

validation, and from re-tuning to implementation and use (van Wynsberghe 2021).

Even though carbon emissions can lower for Al using different energy sources, the
use of energy remains the same. With limited energy resources, the ethical question
of where the limited resources are distributed prevails. Van Wynsberge (2021) gives
an example of equating the carbon emissions of research training Google’s AlphaGo
Zero chess playing Al to the carbon emissions of 23 American homes. Depending
on the energy mix of training the Al and of the homes, the comparable energy used
in these cases can differ, but the fact still remains that heating homes and other
necessary tasks for human survival need energy, and training Al takes up a huge

amount of the limited resources there are for it.

According to the International Energy Agency (IEA), data centers used up about two
percent of the global demand in electricity in 2022 and by 2026 it projects that the
energy consumed by data centers could be almost equivalent with the electricity con-
sumption of Japan (IEA Publications 2024). In Europe, for example for Ireland, in
2026 even a third of electricity demand would be caused by data centers. Al is a big
driver of the electricity demand of data centers and according to IEA search tools
could have ten times increase in energy demand if Al would become fully imple-
mented in them. Forecasting only the Al electricity demand based on dedicated Al
servers market demand, from 2023 with the 100 000 sold units with annually an av-
erage of 7,3 TWh of electricity used, to 2026 will be increased at least tenfold. The
forecasted at least 73 TWh is, thus, about seven percent of the total of over 1000

TWh forecasted electricity use for data centers in general. (IEA Publications 2024)

Given this information, a key consideration for the ultimate sustainability of the Al use
becomes, for what means the Al is used and what is the impact of that compared to
the negative effects of the Al during its life cycle. There have been a lot of Al models
created for means that have not really done anything for sustainability such as the
AlphaGo Zero Al playing chess with huge amounts of energy consumed for it to be
trained. This kind of Al use that necessitates creating large Al models taking up a lot
resources without generating virtually any value for the larger society or environment
cannot be sustainable even with only green energy used if the computational power
does not take never before seen leaps. The ethical dilemma of where the limited
available energy is distributed also prevails as a question that is highly important to
the heavy use of energy of Al. Thus, using Al for sustainability in a larger scale is the

only sustainable way to create and use Al.
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2.5 Al for sustainability

Artificial Intelligence for sustainability encompasses a broad range of applications
aimed at addressing environmental, economic, and social challenges. This concept
is distinct from the sustainability of Al itself, which focuses on the environmental im-
pact of developing and maintaining Al technologies. Between these concepts, Al for
sustainability is more developed, with initiatives like Al for SDGs (Singh, Kanauijia,
Singh & Vinuesa 2024; Gupta, Motlagh & Rhyner 2020), exploring how Al can help
achieve the United Nations Sustainable Development Goals (SDGs). Al has been
used in many ways to create impact on environmental and economic sustainability
and in fewer ways to create impact on social sustainability (Nishant et al. 2020).
However, Vinuesa et al’'s (2020) review shows that the development of Al may enable
79 percent of all targets related to the SDGs while possibly also inhibiting 35 percent

of the targets.

Vinuesa et al (2020) also divide the SDGs to the three pillars of sustainable develop-
ment, which allows to further investigate them separately. Though, a point worth
mentioning is that this division differs from the divisions in the wedding cake model
and the doughnut economic models discussed in chapter 2.3. Al use for environmen-
tal sustainability has been studied in various sectors, including energy, water,
transport and biodiversity. Al models have been for instance used to predict different
water systems’ attributes for biodiversity conservation and to optimize energy use,
production and distribution. (Nishant et al. 2020) These applications demonstrate the
potential of Al to address complex environmental challenges and, thus, to contribute
to sustainable development. The review article by Vinuesa et al (2020) considers the
environmental dimension of sustainability to consist of climate action (SDG 13), life
below water (SDG 14) and life on land (SDG 15). Across all these SDGs, Al is
deemed to act as an enabler for most targets, excluding only two. For the “life on
land” target Al even acts as an enable for every single target. As an inhibitor, it only
acts for one “climate action” target out of five, three “life below water” targets of ten,
and four “life on land” targets of twelve. (Vinuesa et al. 2020) This summary is quite

promising for Al potential for environmental sustainability.

Regarding social sustainability, Al and machine learning (ML) can be used to provide
affordable and clean energy (SDG 7), to give people access to clean water and san-
itation (SDG 6), to make cities and communities sustainable (SDG 11), to provide
quality education (SDG 4), and to even end poverty (SDG 1), with Al acting as an
enabler for all the different targets under these goals (Vinuesa et al. 2020). Being

able to help in sharing the water, food, energy and health services to the people, this
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application of Al can improve the quality of life for a significant portion of the global
population. Even for the society-related SDGs that were left unmentioned before, the
Al can act as an enabler for most of the targets. For zero hunger (SDG 2) Al acts as
an enabler for six of the eight targets, for good health and well-being the ratio is nine
to thirteen, for gender equality (SDG 5) the ratio is five to nine and for peace justice
and strong institutions (SDG 16) the ratio is seven to twelve which makes every SDG
across the social sphere have a positive impact from Al in more than half of the tar-
gets related to them. (Vinuesa et al. 2020) Thus, even though in research this dimen-
sion of sustainability is neglected compared to the other two, there is a huge potential

for Al to enable the related targets if the challenges are overcome.

The challenges, though, are vast withing the societal dimensions with Al acting as
an inhibitor for most of the targets in three of the SDGs: no poverty, quality education,
and clean water and sanitation, with each having Al act as an inhibitor in five or more
targets. For the rest of the societal SDG’s Al also acts as an inhibitor for two or three
targets which creates a lot of challenges for achieving the social sustainability. (Vi-
nuesa et al. 2020) Thus, it is important that the inhibitions are overcome, and the

possible positive impacts are realized.

For the economic dimension of sustainability, Vinuesa et al's (2020) review includes
five SDGs: SDGs 8 (decent work and economic growth), 9 (industry, innovation, and
infrastructure), 10 (reduced inequalities), 12 (responsible consumption and produc-
tion), and 17 (partnerships for the goals). Al acts as an enabler for all targets in SDG
9, while for other SDGs, it enables most targets except for SDG 17, where Al has
limited impact. In fact, for SDG 17, Al does not have a lot of impact on the positive or
negative side; out of the nineteen targets Al only enables four and inhibits two. For
SDGs 8, 9, and 12, Al acts as an inhibitor for a few targets, but for SDG 10, Al inhibits
seven out of ten targets, making it one of the most inhibited SDGs. (Vinuesa et al.

2020) Thus, Al can be both beneficial and detrimental, depending on its use.

Despite advancements, Al for sustainability faces several challenges. These include
the reliance on historical data, which may not accurately predict future scenarios,
especially when the model is generalized and fitted to new and dynamic contexts,
and the unpredictable nature of human behavior in response to Al interventions and
other unpredictable human variables. Additionally, the increased cybersecurity risks
and potential adverse impacts of Al applications must be carefully managed. (Nishant
et al. 2020) Furthermore, Al applications have bias towards issues of sustainability
that have more relevance in countries where most the Al researchers are from which

could lead to increased inequalities undermining the positives of it (Vinuesa et al.
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2020). While Al can significantly contribute to sustainability, it is crucial to address
these challenges to ensure that Al technologies are developed and deployed in a
manner that truly supports sustainable development goals, not to mention the previ-

ously discussed environmental impact of Al.

As previously discussed, the energy consumption required to train and refine Al mod-
els raises concerns about the sustainability of these technologies. The energy-inten-
sive nature of Al training and tuning also necessitates a careful consideration of the
trade-offs involved. Thus, Al must be made more sustainable by nature, but the ne-
cessity and impact of the use of it for sustainability must also be weighed with the
environmental impact of the Al’s lifecycle on the other side of the scale. To address
uncertainties related to Al models and their ability to predict future scenarios, Al can
create speculative results with different scenarios and calculated probabilities
(Nishant et al. 2020).

In conclusion, Al for sustainability is a dynamic and complex topic, that needs a deep
dive. The dynamic relationship between the different dimensions of sustainability
have not really been studied, though. Especially the social aspect of sustainability
has been widely neglected not to even mention the impact on the dynamic system of

all the aspects of sustainability.

2.6 Design for sustainability and safety

Design is a multifaceted process that integrates various objectives, including func-
tionality, aesthetics, and answering to user needs. More precisely engineering design
is characterized as “a systematic, intelligent process in which designers generate,
evaluate, and specify concepts for devices, systems, or processes whose form and
function achieve clients’ objectives or users’ needs while satisfying a specified set of
constraints” (Dym, Agogino, Eris, Frey & Leifer 2005: 104). It has been said to consist
of design thinking and design acting, of which the first one is a cognitive process that
designers use individually or collaboratively to solve problems and create new arti-
facts and the second one is a social and interactive dimension of design, involving
collaboration and communication with various stakeholders (Smulders & Subrahma-
nian 2010). Of these, design thinking is a highly established approach that is often
regarded as synonymous to design especially in engineering. It has also been de-
scribed as a skill in the highly (760 times in Scopus) cited paper by Shute and Raz-
zouk (2012).
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By the seminal definition outlined by Tim Brown (2008: 84) in Harvard Business Re-
view, design thinking is “a method of meeting people's needs and desires in a tech-
nologically feasible and strategically viable way”. Another more refined review article
definition of design thinking defines it based on the processes stages in the following
way as “an analytic and creative process that engages a person in opportunities to
experiment, create and prototype models, gather feedback, and redesign” (Razzouk
& Shute 2012: 330).

Characteristics of design thinking, that can be applied outside of only product design,
include situation-handling, which is the skill or action of utilizing different ways of
positioning the possibly ill-defined design problems to for example system- or princi-
ple-levels, working at different levels of abstraction simultaneously for different ele-
ments, which is the skill or action of shifting between designing elements of different
development level related to each other, and (des-)integration, which is the skill or
action of decomposing contexts to re-integrate them in a new way to fulfill the design
goal (Smulders & Subrahmanian 2010). More application-level design thinking char-
acteristics that are broadly discussed in literature include a human-centered ap-
proach, the so-called divergent-convergent thinking based abductive reasoning, uti-
lization of multi- and interdisciplinary collaboration, iterative prototyping, utilization of
visual techniques for ideation, exploring ill-structured and corrupt problems, and
problem-solving concepts application (Fleury, Stabile & Carvalho 2016). These con-

cepts are integral for innovating and creating change.

Though, design, the engineering design process, and the design thinking process all
have distinct definitions, design, as a whole, is also characterized as a natural prob-
lem solving activity present in all human activity (Braha & Maimon 1997). This makes
it central to solving pressing challenges like climate change. Thus, in the context of
safety and sustainability, design also plays a crucial role in ensuring that the new
artefacts, such as products, buildings, and systems, are not only effective but also
environmentally friendly and safe for users and the environment. The focus of sus-
tainability also brings success to designers and companies who adopt it for design
(Rosen & Kishawy 2012). The Ecodesign for Sustainable Products Regulation and
the Safe and Sustainable by Design framework are examples of institutional support

for sustainability-focused design.

Various frameworks, processes, and methodologies for design include sustainability
and safety at their core. Such concepts include for example the design for sustaina-
bility, sustainable product design, safe by design, and safe and sustainable by design

concepts. The concept of design for sustainability has evolved from design for the
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environment, ecodesign, and life cycle design by shifting from the product to more
systemic thinking and by including social drivers in addition to the environment, thus,
making design for sustainability a broadened version of its predecessors, notably
ecodesign (Rocha, Antunes & Partidario 2019). Design for sustainability is, thus, de-
fined as “a holistic design approach that enables to integrate and assess the sustain-
ability dimensions in different stages of the product or product-service development
process towards the required scale of incremental and/or radical innovations” (Rocha
et al. 2019: 1430).

Sustainable product design seems to be a similar term to design for sustainability in
the sense that it has developed upon the need to expand ecodesign and its tools
such as life cycle assessment to cover also social aspects as opposed to only the
environmental aspect (Ahmad, Wong, Tseng & Wong 2018). Based on a review by
Chiu and Chu (2012), though, the concept of sustainable product design encom-
passes aspects such as the importance of the decision-making of early stages in the
design process to reduce negative environmental impacts during the product’s life
cycle, life cycle assessment metrics -based approaches to inform the design process,
and product architecture as a key connector between design and life cycle activities
needing environmental decision-making. Challenges include data uncertainty in life
cycle assessment, integration of CAD and life cycle assessment, balancing product
development perspectives in different scopes (ecosystem, product, process, and
system), and the lack of studies for developing countries, and small and medium
enterprises (Chiu & Chu 2012).

Design can also significantly reduce risks and enhance long-term safety. Inherent
safe design aims to eliminate or reduce hazards in chemical processes, ensuring
safety throughout the life cycle of a product or system. Designers often rely on es-
tablished guidelines and norms to address safety issues, ensuring compliance with
safety standards and minimizing risks. Long-term safety requires careful planning

and design to withstand various stresses and environmental conditions.

The concept of safe and sustainable by design (SSbD) integrates safety, sustaina-
bility, and functionality throughout a product’s life cycle, identifying important sustain-
ability and risk factors early, in the innovation process (Abbate et al. 2024). Incorpo-
rating sustainability and safety into the early stages of process design can lead to
more resilient and reliable systems, balancing economic, environmental, and safety
considerations. It is integral to fulfill EU’s policy ambitions, but it is still in develop-
ment, thus, having open practical implications (Apel et al. 2024). For now, it is pri-

marily applied to chemicals due to its background in chemical safety regulation, but
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Apel et al (2024) argue that it is possible to extend to processes, materials, and prod-

ucts and services, too.

The SSbD framework is based on two phases, of which the first one is the (re)-design
phase with supporting design principles included for safety, and sustainability in all
its dimensions. The other phase is the assessment phase, which includes five steps:
intrinsic hazard assessment for physical, health and environmental hazards, two
occupational health and safety assessment steps with for example risk estimations,
environmental sustainability assessment for environmental footprint including also
the EU ecodesign criteria, and lastly socio-economic assessment, which is the most
exploratory of them all, for now. (Abbate et al. 2024; Apel et al. 2024) SSbD is also
said to complement the Safe by Design approach since especially chemicals need a
minimization of environmental footprint for biodiversity, ecosystems, climate change,

and resources use (Gottardo et al. 2021)

The Ecodesign for Sustainable Products Regulation targets circularity, durability, re-
cyclability, and energy performance of physical products on the EU market, excluding
food and medicine. It aims to improve product sustainability, support sustainable
business models, enhance EU’s economic resilience, and create new economic op-
portunities, such as remanufacturing, ultimately protecting of the planet. (EU 2024b)
All'in all, the regulation sets a standard for designing products for environmental sus-
tainability. The regulation requires life cycle information in a digital product passport,
enabling traceability of product properties affecting use and recycling (EU 2024b).
The development of digital product passports is ongoing, but their relevance is ex-

pected to grow.

Early assessment of safety and sustainability can prevent the development of harm-
ful alternatives and promote safer, more sustainable solutions. A holistic approach
that includes safety, sustainability, reliability, and resilience can provide meaningful
insights for optimal design. Effective planning and design strategies, along with the
use of green materials and technologies, are essential for achieving sustainable de-
velopment goals. By integrating these principles, designers can create products and
systems that are not only safe and functional but also sustainable, contributing to a

healthier environment and society.

2.7 Competences for novel technologies and standards

When applying Al in design for sustainability in the rapidly changing landscape of

technological advancements and evolving standards and regulation, the ability to
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adapt and harness novel technologies is paramount. Thus, a wide array of compe-
tences is required to navigate and leverage these changes effectively. This includes
competences for Al, competences for sustainability, competences for design and
competences for combining the different areas for impact and managing the change.
In her dissertation Sumter (2021: 81) presents that “having a robust overview of rel-
evant design roles and competencies is of foundational importance for the develop-
ment of circular design tools and methods” and the same can be expected to apply
to Al tools for design for sustainability, the competencies are the foundation to adapt-
ing to and harnessing these novel technologies and related standards. What compe-
tences in general and especially these competences then are, is a highly relevant
question to ask. Understanding the nature of competences and the specific compe-
tence needs of each piece in the puzzle of Al in design for sustainability as well as
the competence need combinatorics of the pieces is crucial for implementing the tool

in @ meaningful way to create change and impact.

Competences have various definitions. In Yang's (2015) strategic map of an enter-
prises’ long-term development model, competences are formed by the cultivation of
elements of a firm’s fundamental field and further create the core capabilities which
together with the competences drive the firms core competitiveness. In the paper by
Yang (2015) it is also discovered that good organization culture and management
are the most important supporters of core competence and capability implementa-
tion. The competences are looked at from a firm attribute perspective and for exam-
ple customers’ needs discovery and specialized technologies are seen as a firms
core competences. Capabilities, on the other hand, are seen more from the skill per-

spective including things total quality and product lifetime management. (Yang 2015)

In Teece, Pisano and Shuen’s (1997) foundational dynamic capabilities framework,
competences are seen also, as firm-specific internal or external assets to be ex-
ploited in changing environments to gain competitive advantage, hence the name
dynamic capabilities. The word capabilities, in the framework, frames competences
as a part of the adaptable, integrable, and reconfigurable organizational skills, re-
sources, and functional competences, found in the dynamic capabilities, with espe-

cially difficult-to-imitate competences being emphasized (Teece et al. 1997).

On the other hand, Eisenhardt and Martin (2000) argue in their paper about the re-
source based view, with the foundations laid by Wernerfelt (1984), that capabilities
are synonymous to the popular term of best practices, a set of organizational pro-
cesses, such as strategic decision-making and product development. An important

factor that Teece et al (1997) mention, however, is that these competences are



30

bounded by their historical trajectory in the firm and thus include some kind of com-
mitment that is quasi-irreversible which is supported by Eisenhardt and Martin
(2000). In fact, Teece et al argue (1997) that the distinctive firm competences and
capabilities cannot be acquired but must be built over years and even decades and
that some competences can even be protected by patents halting replication by a
competitor. This sentiment, however, is challenged by Eisenhardt and Martin (2000)
with them arguing that the dynamic capabilities are more substitutable, than previ-
ously argued with especially in moderately dynamic markets the dynamic capabilities

even resembling routines.

On another note, Teece et al (1997) argue that products are the manifestation of
competences and should not take focus instead of distinctive competences and ca-
pabilities, which can be used to mold different products. Though Teece et al’'s (1997)
paper’s analysis focuses wealth creation and capture sources and methods for pri-
vate enterprise firms in rapid technological change environments (Teece et al. 1997),
the dynamic capabilities framework and related literature is still looking at compe-
tences as an asset to be utilized, thus being relevant for the way competences are
being looked at today. An important note from the literature on dynamic capabilities,
capabilities and competences is that the terms have been used in many cases inter-
changeably and similar concepts have been described with any of these terms (Ei-
senhardt & Martin 2000). This makes it imperative to look at the meaning behind the

terms for each piece of literature separately.

This description of competences and capabilities by Teece et al (1997) and other
papers on the topic around the millennium, however, is very different from the more
current view of competences that sees competences as individual assets rather than
some abstract things residing in the firm’s organizational processes. The current
business management literature still heavily leans on these foundational definitions,
but many of the more current papers have shifted towards the individual compe-
tences with capabilities staying more similar in meaning to what was discussed be-
fore. Already a 2008 article states that “in today's world, the word "competence" is
widely used in human resource management” and that “individual's work results and
finally business success depend on his/her knowledge and skills i.e. competence”
(Savaneviciene et al. 2008: 81). The same article argues also that internal resources,
instead of the market environment should be the basis for a firm’s strategy (Sa-
vaneviCiene et al. 2008), which is also something that Grant (1991) had also brought

up, with the main difference between the two being that the newer article looks at
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competences as an individual’s, rather than a firms assets, with these individual as-

sets then contributing to the firm and further to its strategic directions.

SavaneviCiene et al (2008) also note the rise of the individual’s role in the organiza-
tion in the changing business management paradigm and defines thus competences
as “the entirety of knowledge, abilities, skills and attitudes, which are necessary for
an individual to work effectively in particular working environment” including possible
“professional, social and conceptual competences” (SavaneviCiene et al. 2008: 81).
They also note that professional competences are dynamic in nature looking at them

in long-term (Savaneviciene et al. 2008).

In more recent terms, Calhau, Almeida, Kokkula and Guizzardi (2024) aimed at mod-
elling competences in enterprise architecture with knowledge, skills and attitudes
creating organizational capabilities. In the paper, conceptual analysis also takes into
account the relationships between competences related to professional relationships
in the organizational structures (Calhau et al. 2024). This creates an interesting dis-
tinction between competencies and capabilities with competences being individual
assets and capabilities being assets of organizational structures of different levels,
created from the competence intertwinements created by the professional relation-
ships related to these organizational structures. This is also the distinction which will
be used also in this study when further analyzing the competences. Furthermore,
especially competences, instead of capabilities, are focused on due to the limited
ability to delve into some specific organization or industry for analyzing capabilities.
Additionally, with competences often preceding capabilities, and with Al for sustain-
ability being in a developmental phase, analyzing competences as the first emergent

attribute makes more sense.

The competences for Al are essential for detecting application opportunities and lim-
itations. When exploring Al developments and digital competencies, in their review
article, Santana and Diaz-Fernandez (2023: 1994) found that “the impact of Al on
organisational performance will only be effective if employees have the appropriate
digital competencies to achieve the fit between Al and organisational performance”.
Especially in case of finding opportunities that have transformative power over indus-
tries and serve global objectives, the development of relevant competences is es-
sential (Santana & Diaz-Fernandez 2023). Gupta and Jaiswal (2024: 1) argue that
“collaborative learning, problem-solving, and human-tool collaboration are key to en-

hancing Al proficiency and application”.
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Aysan et al (2024), on the other hand, say that data management abilities, technical
expertise and adaptability are needed skills to organizations working with Al technol-
ogies. In technical terms, understanding data analytics, Al algorithms, and machine
learning models is key and besides understanding the code, data management in-
cluding collecting, cleaning and creating actionable reports is another key (Aysan et
al. 2024). Aysan et al (2024) also highlight the importance of understanding the tech-
nical side of Al for ensuring ethical Al use in terms of fairness, transparency, bias
and data privacy and security and add that understanding on compliance is also par-
amount with the changing regulations around Al. Santana and Diaz-Fernandez
(2023) list that the needed competences consist of basic analytical skills including
problem solving, communication and research as well, creative and soft skills, and
technical competences including for example advanced mathematics and data visu-

alization. These competences are useful for sustainability, safety and design as well.

For sustainability competences, Annelin and Bostrom (2022) list out key compe-
tences: systems thinking, strategy thinking, futures thinking, values thinking, inter-
personal thinking, intrapersonal thinking, implementational thinking, and integrative
problem-solving. Systems thinking as a competence contributes to sustainability by
helping the individual to understand the complex dynamics of different dimensions of
sustainability on different levels and scales and includes “the ability to understand a
system’s challenges of cascading effects, inertia and other changing dynamics” (An-
nelin & Bostrom 2022: 57). Strategy thinking on the other hand is the ability to create
long term action plans for sustainability. Futures thinking competence includes being
able to consider multiple future scenarios in whole systems while values thinking, as
one of the major drives for sustainable transformation, helps reflect on principles and
goals for sustainability (Annelin & Bostrom 2022). Interpersonal thinking is a compe-
tence that helps one see themselves in relation to others translating to for example
communication and intrapersonal competence on the other hand helps one see
themselves in relation to themselves in a sort of self-awareness and resilience (An-
nelin & Bostrom 2022). Implementational thinking is a kind of action competence that
equips one to be able to take the transformational steps and has been discussed to
possibly be the most important competence of all for sustainability (Annelin & Bos-
trdm 2022). Lastly integrative problem-solving is a competence for applying all the
competences together to solve complex problems and Annelin and Bostréom (2022:
63) argue that it is the competence to ultimately “identify the values, the system,
collaborators and possible futures of the problem”, “formulate the strategy that can

solve the problem, and draw from the intrapersonal skills and act to mitigate and
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adapt to the problem for sustainability”. With UNESCO’s (2017) key competences for
sustainability defined as the following: systems thinking competency, anticipatory
competency, normative competency, strategic competency, collaboration compe-
tency, critical thinking, self-awareness competency, and integrated problem-solving
competency, they are highly similar to Annelin and Bostrom’s 2022 competences,

thus, the latter are highly likely based on the UNESCO 2017 competences.

For safety competences the professional competency scale, clustering competen-
cies by factor analysis and cluster analysis, include five competences: “recognizing

"

safety and health hazards”, “measuring, evaluating, and controlling safety and health

” o«

hazards”,

safety and health training and management”, “applying business manage-
ment principles and practices and measuring safety and health practices”, and “ap-
plying industrial safety and health laws and regulations” (Chang, Chen & Wu 2012:

349).

In competences for design the requirements Dym et al (2005: 104) in their seminal
design thinking piece, outline, that in design thinking, good designers have the com-
petences to “tolerate ambiguity that shows up in viewing design as inquiry or as an
iterative loop of divergent-convergent thinking, maintain sight of the big picture by
including systems thinking and systems design, handle uncertainty, make decisions,
think as part of a team in a social process, and think and communicate in the several
languages of design”. Yang, You and Chen (2005), on the other hand modelled de-
sign competencies and came to the conclusion, that design competencies consist of
professional 3D and 2D modelling software, creativity, technical knowledge in the
specific fields, aesthetic, ideation, trends, product planning, marketing and prototype
modelling, as well as communication abilities and coordination and organization skills
of which the most important by far is 3D modelling with communication and creativity
being the next most important ones (Yang et al. 2005). There is also a lot of literature
on design for X, with the “X” being for example sustainability. These will be discussed
more in the following section discussing the literature on combining these compe-

tences or competences for combining some of these fields.

The competences for combining Al, sustainability, safety and design and creating
change and impact with them are more complex and no literature combining all of
them could be found. On the topic of design for sustainability, a piece on circular
design outlines the competences for circular design to be the following: circular sys-
tems thinking, design for recovery, design for multiple use cycles, circular business

propositions, circular user engagement, circular materials and manufacturing, circu-
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lar economy collaboration, circular economy storytelling, and circular impact assess-
ment (Sumter 2021). To further develop a framework for competences for Al in de-
sign for sustainability, interviews will be conducted, and the results will be utilized for

such framework.
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3.RESEARCH METHODOLOGY

3.1 Research design

Having answered the two first research questions partly, the literature review still left
the last research question and a parts of the first research questions unanswered.
The empirical part of this research, thus, has the aim to add to the answers of the
literature review to the first two research questions and answer last research question
“How can Al be taken into utilization for managing and improving sustainability?”. By
combination of these answers, the empirical part also complements the literature to
achieve the research objective of creating new knowledge on Al’s utility in advancing
sustainability. Based on the literature review, safety is also included in the interviews
as a part of sustainability. For reaching the aim of answering the last research ques-

tion, a research design was created.

The design of the empirical part of the research starts from philosophical choices for
the research and goes via methodological choices to the more concrete techniques
used based on the layers in the so-called research onion by Saunders (2019: 130).
Deshpande and Magerko (2024) in their paper also suggest that utilizing a holistic
framework such as the research onion, is highly important, in research design that
considers the rapidly evolving topic of generative Al, to create a robust study relevant
to broader societal needs. The research methodology, including all the different lay-
ers of the research onion, is structured to fit the objective of uncovering competences
for the process of harnessing Al for sustainability. The Saunders’ research onion
consists of six different layers that represent the stages that the methodological de-
sign process passes through to create a well-defined research design. The complete

research design in the format of the research onion is illustrated in Figure 6.
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Strategy = Grounded theory with survey
Choices + Qualitative mono-method

Time horizon « Cross-sectional

. ¢ Data collection: Interviews
Techniques and procedures

e Data analysis: Thematicanalysis

Figure 6: The research design (adapted from Saunders et al. 2019, p. 130)

The research philosophy addresses the researcher’s personal relationship to the re-
search upon delving into it and thus the foundation of the study. In this study, reality
is assessed through the interpretivist paradigm which often is related to qualitative
studies and tries to understand the phenomena from the participants point of view.
This positioning together with the chosen interviewee group of Al and sustainability
experts in the research field yields for interesting insight into the experts view into the
combination of sustainability and Al. Even though the study does not operate in the
field of social sciences, and the positioning could as well be pragmatism or realism,
this positioning to interpretivism with experts as the participants, is, as far as is
known, a novel way of studying the topic and may provide a balancing element to the
very consultant heavy field of Al research. The combination of the two perspectives
of Al experts, sustainability experts and experts with some combination of the two,
hopefully creates a well-rounded dataset for creating holistic view on the topic and

yields fruitful for future research.

The research approach addresses the way theory is developed and tested in a study.
In this study, the inductive approach is used since it is more suited for exploratory
research than the more rigid deductive approach which relies on clear existing theo-
retical frameworks. For the topic at hand, no such clear and comprehensive theoret-
ical framework is available, so the inductive approach is the most reasonable one
even though it tends to be more time-consuming and less structured. The inductive
approach also allows the discovery of new patterns and theories (Deshpande &
Magerko 2024; Melnikovas 2018), which is the aim of this study.
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The research strategy involves a plan to achieve the research objectives. The re-
search strategies combined in this study to achieve the research objective of creating
new knowledge on Al’s utility in advancing sustainability, especially with design as a
tool and especially regarding the process of effectively taking Al into utilization and
the needed supporting competences are survey and grounded theory. The idea of
the survey strategy is to collect data from a large population using questionnaires or
interviews and it is ideal for descriptive and correlational studies. The grounded the-
ory strategy on the other hand develops theories based on data collected during the
research and it is ideal for generating new theories. This study blends these strate-
gies together with the literature study being supported by interviews representing the
experts in the field to create a theory of competences needed to support the process

of effectively taking Al into utilization for design for sustainability.

The research choices address the methodological choices for the data collection and
analysis. The method used in this study is a qualitative mono-method with the data
collection techniques limited to only interviews. Ideally the study would utilize mixed-
methods which is more ideal for comprehensive studies with a fuller picture as an
objective. However, due to limitations in resources, the mono-method was chosen,
thus, leaving the complementing quantitative research as well as other possible qual-
itative research techniques for further studies on the topic. The choice of interviewees
also tries to mitigate this limitation with the sample including different kind of experts

for a representative and balanced view.

The time horizon of the study is cross-sectional which includes studying the phenom-
enon in case at a particular point in time as opposed to the longitudinal study which
studies the phenomenon over time to include the changes and developments over
time as observations. The limitation of the cross-sectional study is that it only creates
a snapshot not being able to capture changes and developments in the same way a
longitudinal study could. Still, it is quick and cost-effective in comparison, which is
why it was chosen. With Al and even sustainability and design being rapidly changing
topics, the study tries to capture a bigger picture of them, not to have the limitations

of the cross-sectional study be accentuated.

The last and innermost layer of the Saunders research onion is techniques and pro-
cedures which addresses the specific methods used for data collection and analysis.
These techniques are of utmost importance in affecting the quality, validity and reli-
ability, and generalizability of the results. For the needs of this study based on the
previous methodological choices, semi-structured interviews were chosen for the

data collection technique. The exploratory nature of the questioning of this method is
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ideal for novel areas of research which suits this study well. The rich data can also
give insights into underlying connections between different concepts. The limitations
of time-consumingness and bias introduction are mitigated by choosing a moderate
sample size of 17 and a moderate interview time of one hour and discussing the

questions and ways of interviewing with four other researchers.

For the data analysis technique, thematic analysis was chosen since it is well-suited
for the rich, qualitative data generated by semi-structured interviews and often used,
when interviews are the data collection technique, to identify, analyze, and report
patterns within the data providing detailed insights flexibly. For the topic at hand, the
thematic analysis is able to complement the literature and the derived framework to
create a theory of the optimal process and supporting competences for utilizing Al
for design for sustainability and safety. The techniques limitations of subjective inter-
pretation and time-consumingness are mitigated by utilizing a software for qualitative

data analysis, called NVivo.

Each of the layers in the research onion builds upon the previous one creating a clear
and cohesive research design of which the different parts support each other and a
systematic research process which to follow with thoroughly considered steps. With
this approach, evaluating and explicitly expressing all the quality limitations in the
study is also easier, thus, enhancing the study’s reliability. However, it requires care-
ful consideration to balance this structured approach with the flexibility needed for

innovative research.

3.2 Data collection: Interviews

The interview design for data collection and the following analysis of the data gath-
ered during the interviews is at the core of the empirical part of this study. Thus, the
interview design has to be made rigorously to ensure validity and reliability of the
results. The rigorous development of the interview structure contributes to the objec-
tivity and trustworthiness of the study making the results more plausible (Kallio, Pie-
tila, Johnson & Kangasniemi 2016). The type of interview used in this study is a semi-
structured interview, which is flexible and allows for follow-up questions to be asked
based on responses as opposed to the pre-determined questions of the structured
interview or the open-ended discussion of the unstructured interview (Williamson
2018).

The interview design starts with expert selection, for ensuring a diverse and knowl-

edgeable panel. The chosen interviewees were domain experts from the fields of Al,
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sustainability, and safety, which ensures the comprehensive understanding of the
intersection between the domains. The interviewees were selected carefully based
on their expertise on the domain but also based on their accessibility. A total of 21
experts were contacted with the sample size at the end being 17 with some of the

contacted experts being unavailable.

Before conducting the analysis, the interviewees were classified based on both their
Al knowledge and sustainability and safety knowledge levels to basic, intermediate,
and advanced. This classification was created based on how the interviewees de-
scribed their background in general, regarding Al, and regarding sustainability and
safety. The classification was created by the researcher assessing all the answers
and comparing them after all the interviews had been conducted. However, some of
the interviewees, included some kind of self-assessment of their level of expertise on
the topics in their answers without specifically asking them to. Table 3 shows the
levels of expertise of each interviewee. The general backgrounds or other non-rele-
vant information of the interviewees is not included in the table to protect their ano-
nymity. However, it is important to note, that they all are researchers and/or experts
on the topics of Al and/or sustainability and work in companies and universities over

Europe doing research and/or development activities related to the topics.

Table 3: Interviewees' knowledge on Al and sustainability and safety topics

Interviewee Al knowledge Sustainability and safety knowledge
"1 Basic Advanced
12 Intermediate Intermediate

13 Intermediate Intermediate
14 Advanced Basic

15 Advanced Basic

16 Intermediate Intermediate
17 Intermediate Intermediate
18 Intermediate Advanced
19 Advanced Basic
110 Advanced Basic

11 Basic Intermediate
12 Advanced Advanced
13 Advanced Intermediate
114 Intermediate Intermediate
115 Basic Intermediate
116 Intermediate Advanced
17 Basic Intermediate

As can be seen from Table 3, some of the experts were more focused on one domain,

specifically Al or sustainability and safety, while some had multiple areas as their
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focus. Multiple experts focusing on either sustainability and safety, or Al were inter-
viewed as well as multiple multiple-domain experts. The level of expertise varied but
all of the interviewees had in common that they had worked in one way or another

with research on the topics.

The interview questions were chosen based on the objective of the study and based
on related literature. From the literature, some prominent themes were discovered
regarding Al and sustainability, and these themes were translated into interview
questions. These interview questions were then discussed with fellow researchers to
further develop them and to find out their level of importance leaving some questions
out. The interview questions left in had also a priority hierarchy between them to
account for the unpredictable nature of the semi-structured interviews and their tim-
ing. Therefore, some of the interview questions were valuated at priority and the oth-
ers were asked if there was time left at the end of the interview. The semi-structured
nature of the interviews also allowed diving deeper into some topics that the inter-
viewees had more insight into. The detailed research structure can be found in Ap-
pendix A. The interviews started with making acquaintance with the interviewees and
the first questions were related to the background of the interviewees. Then some
more general questions were asked about the topic as a kind of a warm-up. Then
some more warm-up-like questions were introduced if felt needed and after that the
most important questions were asked. Lastly, some overarching questions were
asked to get a kind of a summary or to build upon the previous questions and lastly

feedback was asked.

The interviews were conducted between and the tenth of September and the 24th of
October 2024. The interviews were scheduled for an hour, but two interviewees only
had 45 minutes of time in the end. One interview was conducted with two interview-
ees at the same time with 1,5 hours in total for the interview, due to time constraints
of the interviewees. The two interviewees undoubtedly affected each other’s an-
swers, but to mitigate this as much as possible, the interview was conducted in a way
that allowed for both interviewees to answer individually and this individuality was
also communicated before the interview to the interviewees. One of the interviews
was also conducted during the same day in two parts due to sudden changes in the
interviewees schedule. Apart from these special cases, the interviews lasted for one
hour each which for some was more than enough time and for some was almost too
little.

All the interviews were conducted online via video call to ensure accessibility, except

for one which was conducted in person in the same room but with a video call as
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well. The interviews were automatically transcribed on the Teams-platform and
backup recordings were created to possibly correct the transcriptions. Consent was
acquired for both of these activities. Beforehand, the interviewees were also told the

basic themes of the interview and the background of the study and the interviewer.

By conducting semi-structured interviews, uncovering competences and steps for
harnessing Al for sustainability and safety was made possible by allowing patrtici-
pants to pursue issues they feel are important, thus providing insights into what peo-
ple do and think in these domains (Longhurst 2009). This also made it possible to
create a prioritization of the competences and process steps by seeing what the ex-

perts focused on more.

The interviewees were from various different fields and cultural backgrounds which
provided more richness to the data but also could create challenges in the interviews.
This is mitigated by the vast intercultural understanding and cross-fields understand-
ing of the researcher. Trust building is also crucial for effective data gathering in in-
terviews especially in productive academia for example (Potter 2018). This was done
in the interviews by making acquaintance with the interviewee and explaining the
background of the study at the beginning of the interview as well as by asking warm-
up-type questions and ensuring the interviewee felt comfortable and confident about
their knowledge. This was especially important for the interview topic at hand be-
cause of its nature of combining different fields such as Al and sustainability and thus

none of the interviewees was fully deeply an expert in both.

3.3 Data analysis: Thematic analysis

The Nvivo qualitative data analysis software was used to analyze the interview data,
through thematic analysis, identifying key themes and patterns. This approach helps
in categorizing and understanding the competences required for leveraging Al in sus-
tainability and safety. These insights could be further validated through additional
expert feedback to ensure the robustness of the findings, but this remains a topic for

future studies.

The most commonly used framework for conducting thematic analysis involves six
steps: familiarization with the data, generating initial codes, searching for themes,
reviewing themes, defining and naming themes, and producing the report (Naeem,
Ozuem, Howell & Ranfagni 2023; Kiger & Varpio 2020). This structured approach

helps ensure a systematic and rigorous analysis and was also used in this study.
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Since the approach chosen for the study was inductive, the thematic analysis is data

driven instead of the deductive theory-driven approach.

The six steps in more detail start with the familiarization with the data by immersing
oneself in the data to understand its depth and breadth (Nolan-Cody, Phillips &
Scharp 2024; Scharp & Sanders 2019). This was done by conducting the interviews
and going back to watch the recordings and read the transcriptions. Then the initial
codes are created from the data by identifying features of the data that are interesting
and systematically coding them across the entire dataset (Nolan-Cody et al. 2024;
Scharp & Sanders 2019). This was done by identifying reoccurring points in the in-
terview data and writing them down. These reoccurring points were then coded into
the initial codes. Then the codes are grouped to search for potential themes and the
relevant coded data extracts are combined (Nolan-Cody et al. 2024; Scharp & Sand-
ers 2019). This was done by creating themes around the relevant characteristics of
the current landscape, current actions, issues, potential, risks, solutions, and needs.
Then the themes are refined by reviewing them to ensure they accurately represent
the data. This may involve merging, splitting, or discarding themes. (Nolan-Cody et
al. 2024; Scharp & Sanders 2019) This was done by merging the solutions theme to
the theme of needs, since it was discovered that they are virtually similar in content

and usefulness.

Then the themes are defined and named by identifying the fundamental nature of
each theme and determining what dimension of the data each theme captures (No-
lan-Cody et al. 2024; Scharp & Sanders 2019). This was done by naming them to
capture their essence as the following: characteristics, current actions, issues, po-
tential, risks, solutions, and needs. The named themes identified in the data are dis-
cussed in more detail in chapter 5. Due to the vast nature of the data, the some of
the themes were also further split into their own categories. Lastly, the final step is to
produce a report with a coherent and to-the-point account of the data utilizing illus-
trative examples to showcase the themes (Nolan-Cody et al. 2024; Scharp & Sand-
ers 2019). This was done in chapter 5. By following these steps, a rigorous and in-
sightful thematic analysis was conducted, ensuring that their findings are both credi-
ble and meaningful. Additionally verification procedures such as peer debriefing by
engaging colleagues and discussing the analysis created were applied to enhance
the credibility of the analysis as suggested by Scharp and Sanders (2019). Addition-
ally, the process of thematic analysis and related choices made were written down

during the process.
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In conclusion, semi-structured interviews and thematic analysis can be used to un-
cover competences for harnessing Al for sustainability and safety, but challenges
related to for instance cultural differences must be addressed. Best practices for an-
alyzing and interpreting data include trust building, rigor, and the use of a set struc-
ture for the interview. It is evident that qualitative interviews are a valuable and widely
used method in especially social sciences, providing rich and context-bound insights
from participants. However, it's important to note that the data collected from inter-

views may not be generalizable and may be time-consuming.
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4. RESULTS

4.1 Overview of the interview results

The results of the interviews are laid out in this chapter with as little interpretation as
possible while still being able to present the results in enough detail and structure.
However, some interpretation is introduced by utilizing the created coding- and
theme structure for presenting the results. To accurately represent what the inter-
viewees have said, in addition to the created codes, relevant quotes will be high-
lighted and discussed, as well. The results are presented by going through the high-
level themes that emerged from the interviews. The relevant interview questions will
be referenced in relation to each theme. The interview structure, again, is detailed in

Appendix A.

The initial coding of the interviews resulted in close to four hundred codes. Some of
these codes were renamed and the overlapping ones were combined to better rep-
resent all the coded text snippets. Then the main themes were identified from the
codes which ended up being 1) current action, 2) characteristic, 3) issue, 4) risk, 5)
need, 6) solution, and 8) potential. Lower-level themes were coded under these
themes and the resulting themes until the resulting code structure was simple but
detailed enough to skim through. Then the main themes were reviewed and simpli-
fied to only include three balanced themes: 1) current landscape, 2) future scenarios,
and 3) needs. The more detailed coding process is described in Appendix B. The
sunburst chart of the distribution of references and lower-level themes under these

main themes can be seen in Figure 7.
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Figure 7: Main themes compared by coding references sunburst chart

In the sunburst chart, the darkness of each sector represents the comparison be-
tween the other sectors number of coding references for that sector. The colors in
the middle are darker because each coding reference made for the lower-level theme
contributes to its higher-level theme as well. The inner sectors represent the higher
level codes and the outer sectors represent the corresponding lower level codes. The
more detailed coding and theme creation process can be found in Appendix B. The
codebook containing all codes on all levels and their respective numbers of coding
references can be found in Appendix C. In Table 4, however, the three highest level
codes can be seen with the two higher level codes bolded and the second level codes
italicized apart from competence needs, which is shown only partly due to space
constraints and the fact that the whole competence needs table is presented later in

the results section in Table 6.

Table 4: Themes of the three highest levels of the coding

Theme or code Interviewees References

current landscape 17 206



characteristics
Al characteristics
combined and relationship characteristics
sustainability characteristics
current actions
Al for sustainability current actions
educating on Al current action
sustainability of Al current actions
issues
Al energy use exaggerated compared to
other industries issue
Al environmental issues
Al trustworthiness issues
data access issues
lack of action issues
lack of Al's capabilities issues
lack of competence issues
guantum computing to solve Al sustaina-
bility issue low potential issue
resource issues
social issues
warped priorities issue
future scenarios
potential
changing individuals' thinking, attitudes
and behaviors
decision-making aid potential
enhancing capabilities of current tools po-
tential
preventing and preparing for (climate) ca-
tastrophes
reducing workload and increasing effi-
ciency in working potential
resource management potential
specific use case potential
systemic transformation potential
unlimited potential
risks
bad input risk
bad or ill-suited models risk
bad or incorrect use risk
data sensitivity and cybersecurity risk
environmental risks of Al
external risks
substitution and loss of human capabilities
unethical use risk
use for wasteful means risk
needs
action needs
diversity in design need
education and communication steps
fact checking Al need
inclusion and community steps
information sharing and trust building
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mindset shift needs 13 35
new requirements for Al step 8 17
planning for emergencies need 1 1
practical solutions for more sustainable in- 1 1

dustries need

restructuring entire societies need 2 2
small well-defined steps need 4 4
system for balancing environmental im- 16 49
pact to be positive step
competence needs 17 188
Al understanding competence need 13 19
combining understanding of different 8 15
fields of expertise need
cooperation between specialists compe- 8 15
tence need
subject matter understanding need 8 16
human in the loop need 3 6
support and resource needs 16 93
ethical principles for Al use need 2 3
human resource and team needs 3 6
knowledge creation and sharing need 9 17
open access to Al tools need 1 2
technical and data needs 14 48
time and financing resource need 7 17

As can be seen from Table 4, even the number of themes in the three first levels is
vast. With about four hundred codes, this is warranted. However, only the most men-

tioned codes and themes will thus be discussed in the results.

4.2 State of Al in sustainability: Current landscape

The current state of Al in design for sustainability and in general, is mostly discussed
in the literature review part of this thesis. However, the interviews gave some inter-
esting insight into the current characteristics, actions, and issues in Al for sustaina-
bility and safety. As can be seen from Figure 7, the share of coding references to
current landscape is about a fifth of all coding references created and it is the smallest
of the main themes. This is likely because there was no specific interview question
related to this, due to the fact that the first research question related to the current
landscape was to be answered solely by the literature review. Still, when answering
the background questions, and to preface their answers to some other questions, the
interviewees discussed the current landscape in such capacity, that a separate sec-
tion in the results for the current landscape was warranted. In Figure 8, the sunburst

chart of the division of this main theme can be seen.
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issue®

Figure 8: Current landscape themes compared by coding references sunburst
chart

As can be seen from Figure 8, current issues take the biggest share of this theme
while characteristics and current actions together take less than a half of it. This is
most likely due to the fact, that two questions, questions six and ten, could be an-
swered in a way that includes current issues. For the themes of characteristics, and
current actions, only background questions and question five could in some way con-

tribute to the themes. Let’s look at the issues in more detail in Figure 9.
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Figure 9: Current issues themes compared by coding references sunburst
chart

In Figure 9, it can be seen that the environmental issues as well as Al trustworthiness
issues are mentioned the most but also for example issues related to lack of Al's
capabilities, action, and competence, warped priorities, and social issues are men-
tioned multiple times. Looking more into Al environmental issues and Al trustworthi-
ness, the former one consists of ten themes of which at least three fourths consist of
the following three themes: energy consumption of Al, energy wasted with ease of
Al use and lack of visibility of the sustainability impact of Al energy use. Additionally
for example water use of Al, and mining for Al data centers are mentioned. However,
the energy use was deemed the most important issue in many of the interviews and

was a theme that most interviewees were criticizing to different extents. For example,
[14 said the following about the energy consumption of Al:

“The energy consumption [of Al] is probably the biggest issue and of course depend-

ing how well the energy in each its location is generated, it influences the other impact
categories.” [114]

Balancing the performance of the Al model and its energy use was an issue that

came up multiple times. On the issue between the quality of the Al model and its
energy 113 said the following:
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“Well, [a] limitation in a sense [is] that you if you want to build a good model, you will
need to have a lot of data collected from all around the world [to] train the model so
you will need extensive computer power [which requires] extensive use of energy.”
[113]

The retraining and iterations of Al and their energy use versus the significance of the

improvements was also touched upon. For example, 111 said the following:

“They use large language models and they're constantly chasing improvements in
performance, [that] might be miniscule, but the actual energy that it takes to get that

small gain is enormous.” [I11]

The issue of energy consumption in especially training and iterating the Al was not
the only issue that was heavily discussed in the interviews. Also the use of Al tools
and their energy consumption compared with traditional tools used instead, was a
theme that most of the interviewees discussed. The following was said about wasting

energy with thoughtless Al use by 17:

“Everybody likes to use simple tools, press the button, and get the answer, but now,”
[...] “because it became so easy to use these models and integrate them with every-

thing, we also wasted, and waste currently, a lot of energy.” [117]

The last big theme under Al energy use, the visibility of the sustainability of Al energy
use, is also related to this, and many of the interviewees uttered concerns of the
users not knowing about the negative impacts of Al when using it carelessly for any

miniscule task.

For the theme of Al trustworthiness, bias of Al and the quality of Al input data were
the biggest themes accounting together for almost two thirds of all the references.
Other themes in the category were for example the black box nature of Al, misinfor-
mation sharing with Al and Al robustness. The themes under Al trustworthiness were
thus very similar and partly overlapping. An interviewee operating especially in the
field of Al, 112, though, said the following about Al, instilling a little hope on the side

of the current issues:

“The methods are developing [and] lots of tools are becoming available to be smarter
about [Al robustness and trustworthiness].” [...] “Of course, some of the things are
probably a bit more challenging to solve fundamentally than others, so probably
some questions, in terms of biases and robustness, for example will be still really
difficult to handle.” [112]
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Al bias can be included in various stages in the model development, but bias is not
the only issue. Misinformation and fabricated information is also used for Al develop-
ment, making the Al less accurate and reliable, especially in the LLM department.

On the topic of the data that is used as input for Al, 12 said the following:

“[Al] can also be a spreader of something not scientifically true, because regarding
for example, the LLMs, | don't trust in every item of the material on which the training
was carried out, because it was carried out not only on the scientific, accepted and

peer reviewed papers, but on also on documents stating that the Earth is flat.” [I12]

For current landscape, not only issues are discussed, though. Characteristics is also
a big theme under that main theme. It consists of Al characteristics, sustainability

characteristics, and combined and relationship characteristics as seen in Figure 10.

Al characteristics

Figure 10: Characteristics themes compared by coding references sunburst
chart

Of these themes, the Al characteristics include mentions mostly of growing interest
and use of Al, and Al being in a disruptive phase which creates uncertainty. The
growing interest and use of Al theme includes mostly general mentions of the Al hype

and Al becoming more used and useful. An interesting mention in the theme, though,
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is that one Al expert, 19, expressed that Al will most likely move to more niche topics.
19 said the following:

“‘Now the papers that are gaining more attention are niche papers [on] graph like

”

models or like Al in the biology. So, I think the topic will move to more niche areas.
[19]

Sustainability characteristics, on the other hand, consist mostly of mentions of the
interconnectedness and support between different types of sustainability: the envi-
ronmental, social, and economic sustainability, and other areas of study. For exam-

ple, 112 said the following about sustainability:

“[One of the most important things is] holistically addressing the whole sustainability
problem and the fact that sustainability cannot live on its own in a sense that it needs
to interact with everything.” [112]

Lastly, the combined and relationship characteristics consist mostly of mentions of
the importance and growth of importance of Al for sustainability and sustainability of
Al, and the helpfulness of Al especially for broader scopes with a lot of complex data.
However, the mentions are quite vague and few and far between, so they will not be
discussed more here. Current actions theme is only a small fraction of the current
landscape theme. It includes subthemes of Al for sustainability, sustainability of Al,
and educating on Al in the corresponding order of number of references from most
to least. These current actions however are also such that there are only singular

mentions of them, which is why they will not be discussed in detail here.

4.3 Potential of Al in sustainability: Future scenarios

Of the three main themes, future scenarios is second largest with about a third of the
references relating to it, as can also be seen when looking back at Figure 7. This
main theme consists of two subthemes, potential and risks, which can be seen in

Figure 11.
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Figure 11: Future scenario themes compared by coding references sunburst
chart

As can also be seen from Figure 11, the theme of potential takes up more than three
fourths and the theme of risks takes up less than a fourth of the main theme of future
scenarios. For the future scenarios questions 4, 5, 7, 12 could be answered with
positive outlook (potential), and 4, 6, 7, 13 could be answered with negative outlook
(risks), thus, there being equal opportunity to discuss potential and risks. The inter-
viewees harnessing advanced or intermediate knowledge contributed significantly
more to the potentials than the interviewees with only basic knowledge in both
knowledge categories, but for risks, the distribution was more even between the in-

terviewees with different knowledge levels. This can be seen in Table 5.

Table 5: Interviewee knowledge and references to potential and risks crosstable

Potential Risks
Al knowledge Advanced 64 27
Intermediate 70 31
Basic 48 21

Advanced 71 26
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Sustainability Intermediate 77 34
knowledge Basic 34 19

Table 5 shows the number of references made by interviewees in each knowledge
category on each knowledge level. This tells us that, the risks are shaped by both
people who have more and less extensive knowledge in the related fields while the
potential is more so contributed to by people that have more extensive knowledge in
the areas. However, it is important to note, that under both potential and risks, there
are themes connected more to one or the other of Al and sustainability, thus making
the gap between knowledge and contribution not completely clear. Figure 12 shows

how the themes were coded under potential.



55

&
X
oy
&
<
&
5
&
T
9 Fa
% )
E) &
Q) s
-3 £
%, N
% ¥
= K
e S
> 3
% §
?o £
%, £
5, &
s 2 4 X
Pecific 5 > & -4 potent?
€ as NG a\d P
€ po to . n—ma\(\“
N, f]a / dec\s\o
32
X 9°te“{‘
2‘“6“ Qe‘) ] 040’
2% & & 7,
man ¥ (o
(e S | %
oV & 5] e
‘e‘-’ = %
& i %,
& B %,
& T (>
b@ J (G
& o) %
Qaw & %,
& 13 %
& = %,
4 S Cpe
& (s)
(&) — O
& L 5
£,
& o %
7 p g S
i 5 %,
o a 4
& ]
L e
$ a
5
g <l
§ :
& £
i g
>
&
a

Figure 12: Potential themes compared by coding references sunburst chart

As can be seen from from Figure 12, under potential, the most mentioned topics were
the potential of enhancing capabilities of current tools, changing individuals’ thinking,
attitudes, and behaviors, and specific use cases. Additionally reducing workload in a
way that frees up time for working more on increasing sustainability and safety, de-
cision-making aid, systemic transition, resource management and preventing and
preparing for catastrophes were mentioned in multiple interviews. Overall, all of these
themes had more than ten mentions with the most referenced theme of enhancing

current tools capabilities had 62 references and the two following ones had 42 each.

Starting with the biggest theme, enhancing current tools capabilities, it consists of
multiple codes, which have a contribution of one to five interviewees, thus, not being
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quite specific to the interviewees. The biggest theme having eight references from
five interviewees is modelling real world dynamic complexities with Al. 116 summa-

rized the sentiments quite well in the following quote:

“In my view, Al may help with making more accurate predictions of very complex

systems, human environmental systems.” [116]

To introduce a more detailed view, for example 12 expressed the following example

about modelling the nature:

“l think for example regarding the sustainability and the climate change in general,
that [Al] can be useful to build models, forward models of the atmosphere of the

oceans.” [I12]

This whole sentiment of utilizing Al to enhance current tools is also linked with for
example the sentiment of life cycle analysis being able to be improved by Al helping
to make choices between used values and included data and system boundaries. An
interviewee, 112, with advanced knowledge in both Al and sustainability said for ex-

ample the following:

“[Then] we can quite easily build surrogate models of LCA models, no problem there,
and then with these samples, we can study more complex interactions between the

disciplines than we can do with any of the single.” [112]

112 also follows up with further explanation of modelling these dynamic complexities

with Al. 112 explains it in the following way:

“If we consider that something is a bit more multi-objective or something, can we
identify from these quite multidimensional spaces then [the] conditions where, for
example, we would have something that is sustainable with respect to [a] set of met-
rics, but at the same time, for example, technically very well performing, and in addi-
tion to those, would it then be also something which is for example, on the other
hand, technically processable or manufacturable, and then we could also, at the
same time, link that rather effectively a more typical LCA analysis that we look at
things over the lifetime of a product or material. So these kinds of bundles were then
[possible] when you're doing it in a data-driven manner. Kind of like multi-dimensional
multi-objective optimization becomes [possible and the] optability of the scope is
quite different than the traditional LCA.” [112]

Bringing it further to design, 112 also describes the following:

‘Like 6-7 years, most likely, then you know within that time frame we should be able

to actually really optimize these things and discover novel new solutions which aren't
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obvious in the sense that you foresee that there's some new technology or some
improvement and then you just put a model on top of that and then it's an improve-
ment, but rather with the Al itself, we can actually come up with those new solutions
which are significant improvements. So, | would think that once we get to that [time]
frame we can actually design and optimize these processes so that the Al models

are kind of like complex enough to handle real world scenarios.” [112]

The other codes in enhancing current tools are manifold and it does not make sense
to discuss all of them in detail, since they have only been referenced by one to three
interviewees. Many of the codes, however, had to do with different processes related
to data: data creation, data enriching, data evaluation, data gathering, especially sus-
tainability data gathering, and handling big data for circular economy. Some of the
codes also had to do with design, for example enhancing the safe and sustainable
design or enhancing creative design concept creation process. An interesting code
also had to do with extrapolating current models to different fields with the help of Al.

However, as said before, these all had just a few interviewees referencing them.

For the next biggest theme seen in Figure 12, changing individuals thinking, attitudes,
and behaviors and specific use case potential stand out. The most prominent themes
in the first one with nine and six interviewees referencing them, are innovating with
Al, and helping people understand complex topics. About innovating with Al, 110 said

the following:

“I think that artificial intelligence could be crucial for scientific research for climate

change management finding a new solution to complex problems.” [I110]
Another interviewee, 116, said the following:

“Try new ideas, look [at] the same data from different angle. Learn different back-
ground subjects and see the same problem, the same data, via a different paradigm,

and therefore, the Al tools may provide a different view on the same problems.” [I16]

For the theme of helping people understand complex topics, the main sentiment was
to help people see the complex issues and structures and understand them and not
be stunted by the complexity. 111, for example, said the following, representing the

ideas of the interviewees:

“When you think about the environmental crisis, it's multiple crises all at once, so if
we could use Al to manage those things because it's really hard to even talk about it
because you've talked about one thing like climate change and then another thing
like the biodiversity collapse, and it's just the complexity there, so if Al can help us

unpack that complexity and find some solutions, that's a good thing.” [111]
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Going back to the sub-themes for potential, the specific use cases consists of tens
of specific use cases, of which many have only one reference and of which most
have only one interviewee pointing the use case out. However, one of the codes has
seven interviewees referencing it and three others have four interviewees referencing
them, so they will be gone through next. The one with seven interviewees referencing
it, is a use case for design. For example, 11 said the following about Al use case for

design:

“When you think about designing new products, there's so many unknown parame-
ters, and if you would have a way to sort of see into the future or some algorithm that
would calculate you, how, if you choose these parameters, the end result will look
like this, then the use phase of that product will look like this.” [I1]

The other specific use cases that were referenced more times, were using Al to re-
duce pollution, using Al for food production and farming, and using Al for alert sys-

tems for safety.

It can be concluded that there is vast potential for Al to be utilized for (design for)
sustainability and safety. The potential uses or scenarios the interviewees saw were
manifold and altogether 258 references were made to different types of potential.
With 17 interviews, this number is huge. The different kind of potential will be, thus,

further analyzed in the discussion portion of this study.

Moving on from potential to risks, the themes is divided into nine sub-themes of which

three are smaller ones, and six are bigger. This is depicted in Figure 13.
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Figure 13: Risk themes compared by coding references sunburst chart

As can be seen in Figure 13, the biggest theme for risks is unethical use with 11
interviewees referencing to it a total of 19 times. The rest of the themes, whose

names are visible in the chart, have between five and seven interviewees mentioning

them between seven and 15 times.

Looking first at the theme of unethical use, the vast majority of mentions are in the
code of monetary incentives taking over with seven interviewees referencing it twelve
times. The second category which takes up almost the rest of the mentions is general
mentions of malicious use of Al. Thus, addressing only the more specific theme of
monetary incentives taking over is necessary for this theme. The theme of monetary

incentives taking over is concisely summarized by 11, who says the following:
“Unfortunately, where [the] money goes that's kind of where resources also go.” [I1]

This sentiment highlights the worry that Al will only be used where it is monetarily
lucrative and thus might not be used for making businesses and society sustainable
and safe ultimately resulting in no positive change, negative change by exaggerated
energy use or even negative change by both exaggerated energy use and use of Al

for harmful means. 113 even says the following:

“The biggest threat is that somebody can use it [Al] for their own gain and make other

people suffer, because they want to earn more money or they can just use it for their
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personal gain or for earning more money or developing something that are not good

for the humanity because of the profit.” [113]

The other bigger themes in risks are bad or incorrect use, substitution and loss of
human capabilities, external risks such as skewed competition due to Al legislation,
data sensitivity and cybersecurity risk and environmental risks of Al. These risks

highlight the vast impacts Al can have if it is not used and legislated intentionally.

4.4 Reaching the full potential of Al for sustainability: Needs

The needs category encompasses the process and competences as well as support
needed for taking Al into utilization for sustainability and safety as efficiently and im-
pactfully as possible. Of the main themes, needs is the biggest theme, as seen in
Figure 7. The theme of needs is divided into subthemes in the following way, pre-

sented in Figure 14.

Figure 14: Needs themes compared by coding references sunburst chart

As can be seen from the figure above, competence needs and action needs are the
biggest themes, each taking up more than a third of the mentions of the themes.

Support and resources needs takes up about a fifth and the last small sector is a
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single code, named human in the loop need, which did not fit any of the other cate-

gories.

Competence needs consist of only codes and do not therefore have any themes
coded into it. This is to look at the competence needs separately to get a more com-
prehensive and detailed look at the individual competence needs. Figure 15 shows,
how the references are distributed between the codes with the most referenced com-

petence needs visible in text.
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Figure 15: Competence need themes compared by coding references sun-
burst chart

In Figure 15 it can be seen that especially three competence needs are highly refer-
enced in the interviews: Al understanding, subject matter understanding, combining
understanding of different fields of expertise, and cooperation between specialists.
For Al understanding, 19 summarizes their and most other interviewees’ sentiment in

the following way:
“Everyone has to have some understanding of what's Al.” [19]

This sentiment is also further emphasized in the interviewees’ comments about peo-

ple working with sustainability initiatives needing to know how they can apply Al for
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it and what data for example should be collected to be able to utilize the Al to its full
potential for sustainability. For subject matter understanding, 114 illustrated the point

shared by many of the interviewees by giving the following example:

“If you're, let's say, targeting improving the sustainability in pulp and paper industry,
you should have some kind of basic understanding what are the processes and prod-
ucts and how they are manufactured in the pulp and paper industry so that you un-
derstand what might be the pain points and why and so on. You may find this infor-

mation from the data sets, but | think it is important also to understand why.” [114]

This kind of understanding was said to be essential to be able to apply Al to the areas
where the most impact can be created. For combing understanding from different

fields, 112 summarized the sentiment of, again, many interviewees by stating that:

“[Experts working on Al for sustainability] just need to have good enough cross do-

main competences.” [I112]
I8 also gave a more detailed description that in implementing Al for sustainability:

“You need to find someone that is a hybrid between expert in the field can understand
the environmental and sustainable and healthy issues but can also know the right

questions to ask a developer.” [18]

This quote from 18 details well the need for experts to have understanding in different
fields to create cross-domain applications such as Al for sustainability. Lastly, for
cooperation between specialists from different fields, 110 summarized the theme by

making a distinction to having all the knowledge in one expert:

“So the first is the capability to see the big pictures and this is this mean a lot of
things. This means to have a technical competences, scientific competences, socio-

logical competences, not in the same person.” [110]
[16 also summarized the same sentiment from a different point of view by saying:

“The different humans, all trained in different disciplines working on similar problems,

they have to collaborate. You can't solve the problem individually.” [116]

To get a more detailed view of the competence needs discussed in the interviews,
looking just at the most referenced ones is not enough though. Thus, the following
table, Table 6, shows the details in an excerpt from the codebook in Appendix C,
containing all the codes under the competence needs theme with the codes with four

or more interviewees referencing them highlighted.
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Theme or code

Interviewees

References

Competence needs

17

188

adaptability for sustainability competence need

Al design competence need

Al substitutability evaluation competence need

Al understanding competence need

argumentation and reasoning competence need
awareness of the trade-offs regarding Al need

big picture seeing competence need

combining understanding of different fields of expertise
need

communication between people from different fields com-
petence need

comparing computational efforts of Al and traditional mod-
elling need

comparing different Al models competence need
computer science competence need

cooperation between specialists competence need
critical thinking competence need

data drivenness competence need

data gathering competence need

data knowledge need

data understanding and handling competence need
data visualization competence need

digital skills competence need

environmental competence need

experience with different types of modelling techniques
need

knowledge of the value chain need

LCA understanding competence need

learning by doing competence need

literacy and learning competence need

mathematics competence need

open mindedness competence need

operation principles understanding need

persons with understanding in different relevant fields need
prompting skills need

responsible use of Al competence need

scientific competences need

sensitivity of data understanding competence need
situational awareness competence need

social systems-thinking competence need

sociological competences need

statistical understanding need

subject matter understanding need

sustainability competence need

systems-thinking competence need

technical capabilities need

thinking processes linking Al and sustainability competence
need

transparency competence need

understanding Al bias competence need
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understanding complexity beneath the surface level simplic- 2 2
ity competence need
understanding which capability is invaluable competence 1 1

From Table 6, all the competence need codes can be seen. In addition to the before-
mentioned most referenced codes, open mindedness and prompting skills are high-
lighted in the sunburst chart shown before, but even there it can be seen that there
are more similarly sized codes not visible in Figure 15 as well. Namely, in addition to
these two, from Table 6 it can be seen that the other codes that have between four
and six interviewees mentioning them, are critical thinking, Al design, communication
between people from different fields, data understanding and handling, thinking pro-
cesses linking Al and sustainability, and understanding Al bias. Even in the other
codes, all of them are such that one or multiple interviewees prioritized in their an-
swers as the most important ones, so all of them are worth taking into consideration.
However, this was not done in this study, due to time constraints, and only the most

referenced ones are therefore featured in the competence framework in chapter 5.

For the theme of action needs many sub-themes emerged. The one of these themes,
that was by far the most mentioned, is the need for creating a system for balancing
Al’'s environmental impact to be positive. Of the total of 49 references, 22 had to do
with the code of balancing environmental impact of Al with the aimed environmental
impact of its use. The division of the themes related to the theme of action needs,

can be seen in Figure 16.
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Figure 16: Action need themes compared by coding references sunburst chart

On the sub-theme of balancing environmental impact of Al with the aimed environ-
mental impact of its use, interviewees had a lot to say, as can be seen from the

number of references related to it. 11, for example, said the following:

“I think obviously Al will really, really help us in terms of our understanding of sus-
tainability, [and] safety, as well, but we have to kind of balance that with the actual

environmental cost.” [I11]

Balance was a huge theme in action needs and for example 14 also mentioned utiliz-
ing Al for optimizing the sustainability of a system, the action of running the Al system

and its sustainability implications should always remain a key consideration:

“You just need to be certain that when you optimize the sustainability of a system
using Al system is that you're not like ruining the sustainability when you are running
the Al system.” [14]
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Additionally, 18 further mentioned, that the innate sustainability of Al will never be on
the positive side, and therefore, a positive sustainability impact, which is bigger than
the negative impacts of the Al in its bare form, should always be achieved, when

using Al:

“One aspect of Al and one of the requirements of Al is having a strong machinery
and big servers working in the background which are not very sustainable, so in terms

of sustainability, we would need to strike a balance.” [18]

Some other more mentioned topics for the theme had to do with utilizing green en-
ergy to make Al more sustainable, creating financial incentives to use Al more for
sustainability, and with shifting focus in gains from financial to social and environ-
mental impact. These topics were, however, mentioned way less, than the first theme
related to the creation of a system for balancing Al's environmental to be on the

positive side.

For the theme of action needs, other more mentioned sub-themes were mindset shift,
education and communication, information sharing and trust building, and creating
new requirements for Al. The most mentioned mindset shift need was utilizing Al for
big impact instead of using it for small optimizations here and there in not so influen-
tial areas. All of the mindset shift need codes, however, had five or fewer mentions,
so they are not discussed in detail here. Actually, of any of the codes under the sub-
themes of action needs, only legislation for Al, in the theme of new requirements for
Al, was mentioned more than five times. This theme encompassed mentions of need
for legislation, regulation, and other guidelines for Al to have repercussions for or-
ganizations not trying to strike a balance for positive sustainability impact in their Al
use. The action needs overall require quite a huge transformation, in order to reach

Al for sustainability in its ultimate potential.

Support and resource needs encompass the needs that support the process to have
Al have a more positive impact on sustainability, but do not necessarily straight up
contribute to the objective. In this theme, sub-themes such as technical and data
needs, time and financing needs, knowledge creation and sharing needs, and human
resource and team needs. Of these, the biggest by far is technical and data needs
which takes up more than a half of the mentions in the theme with 48 out of 93 men-
tions being related to technical and data needs. This division can be seen in Figure
17.
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Figure 17: Support and resource need themes compared by coding references
sunburst chart

In technical and data needs, the biggest topics are tool needs and data need. Addi-
tionally, the need for creating smaller models using less computational power was
mentioned more than five times. Tool needs have a number of codes coded into it
and these codes encompass sentiments like the one that |1 had about utilizing Al for

supporting a design process for more sustainable outcomes:

“l think we would first need that sort of model that would support the design process
or some sort of database incorporated with that model to apply that in an organization

or company.” [11]

These mentions on tools for making Al more sustainable or making it easier to use
Al for sustainability or for balancing the two, are only singular, however, so they will
not be discussed in detail. The data need code, with ten references, highlighted the
importance of data in creating models for supporting sustainability. The importance
of data, whether it be the need of data on sustainability and different impact catego-
ries, having high quality data, and having a vast amount of data, was stressed by

many interviewees, or as 15 put it:

“Of course data is needed and if there is no data, then there's no cake.” [15]
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In knowledge sharing and creation, the topic mentioned the most and the only code
with more than five references is education on the use of Al need. This need is highly
related to the competence need of understanding Al, that was discussed before. In
the theme of time and resourcing, the two needs that have more than five mentions
are finances need and support for Al for sustainability work need with the second of
them being almost an umbrella term for the first one. 112 summarized the need in the

following way:

“I think ultimately there is the boring fact underneath, [that] someone should provide
an access to a quite a bit of resources, so ultimately funding and grants on a specific

topic, so that it actually moves forwards.” [112]

For support for the work in adopting Al for sustainability, in general, 12 also summa-

rized the interviewees’ sentiment of needed support as follows:

“Maybe the answer could be the support of a work with artificial intelligence based

work based on reaching sustainable objectives.” [I12]

Lastly, the theme of human resources and team needs was only mentioned six times,
but nevertheless, plays into the need for finances and support in general. The inter-
viewees all in one way or another saw that there are not enough resources as in
money, put into utilizing Al first of all in a sustainable manner, and secondly, for

transformationally sustainable means.
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5. DISCUSSION

5.1 Current state of Al for sustainability

In this section, the RQ1 “What is the current landscape of Al for managing and im-
proving sustainability?” will be discussed. In the interviews the theme of current land-
scape is closely related to it, but the literature review answered most of the question.
The main takeaway from the interviews and the literature for this question is that the
current state of Al for sustainability is grim but includes glimpses of hope. Especially
the relationship and balance between the sustainability of Al and the sustainability
improvements gained with Al is not achieved. In addition, careless use of Al for seem-
ingly useless means, such as games, with its high energy intensity, is an object of
worry. However, there are glimpses of hope with Al applied for considerable sustain-
ability efforts of improving energy efficiency, creating sustainable materials, and ef-

fective resource allocation, for instance. The sub questions of

RQ1a. “What are the current actions, objectives, and results?”,
RQ1b. “What are the important characteristics?”, and
RQ1c. “What are the current issues?”

are answered in the following sections.
Current actions, objectives, and results

The current state of Al for sustainability presents a mixed picture. While there are
significant challenges, such as high energy consumption and the risk of reinforcing
inequalities, there are also promising developments. Innovations in Al are leading to
more efficient energy use, better waste management, and improved environmental
monitoring. These glimpses of hope suggest that with the right policies and ethical
considerations, Al can play a crucial role in advancing sustainability. The actions al-

ready being taken are discussed in this section as an answer to RQ1a.

Current actions in Al for sustainability for one focus on the objective of reducing the
substantial computational resource demands and high energy consumption associ-
ated with Al systems. Initiatives like Green Al (Bolén-Canedo et al. 2024; Verdecchia
et al. 2023; Schwartz et al. 2020), Sustainable Al (Bjgrlo et al. 2021; van Wynsberghe
2021), and Al for Social Good (Steingard et al. 2023; Cowls et al. 2021; Tomasev et
al. 2020) aim to develop less resource-intensive Al and use Al for sustainability more

effectively. The objective of these initiatives is to create Al systems that are more
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energy-efficient, environmentally friendly, and socially just. Results from these efforts
include the development of frameworks like the Sustainability Criteria and Indicators
for Artificial Intelligence Systems, which help evaluate and improve the sustainability
of Al systems (Rohde et al. 2024). These actions have led to a better understanding
of the environmental impacts of Al and the implementation of strategies to mitigate

these effects.

Design integrates functionality, aesthetics, and user needs, with engineering design
being a systematic process to generate, evaluate, and specify concepts (Dym et al.
2005). Design thinking, involving a human-centered approach, iterative prototyping,
and multidisciplinary collaboration, is crucial for creating environmentally friendly and
safe artifacts (Razzouk & Shute 2012; Braha & Maimon 1997; Rosen & Kishawy
2012). Various frameworks and methodologies incorporate sustainability and safety
into design. Concepts like design for sustainability, sustainable product design, and
safe by design are essential. Design for sustainability has evolved from ecodesign,
integrating social drivers and systemic thinking (Rocha et al. 2019). Sustainable
product design emphasizes early decision-making and life cycle assessment (Chiu
& Chu 2012). The Safe and Sustainable by Design framework integrates safety, sus-
tainability, and functionality throughout a product’s life cycle, identifying environmen-

tal and toxicity hotspots early in the innovation process (Apel et al. 2024).

The Ecodesign for Sustainable Products Regulation targets the circularity, durability,
recyclability, and energy performance of products in the EU market, aiming to im-
prove sustainability and support business models (EU 2024b). Early assessment of
safety and sustainability can prevent harmful alternatives and promote safer, more
sustainable solutions. By integrating these principles, designers can create products
and systems that are safe, functional, and sustainable, contributing to a healthier

environment and society.

Despite advancements, Al for sustainability faces challenges, including reliance on
historical data and the unpredictable nature of human behavior (Nishant et al. 2020).
The current landscape of Al for sustainability also holds specific characteristics, that
impact its trajectory into the future. Addressing these challenges and characteristics

is crucial for developing Al technologies that truly support sustainable development.
Important characteristics

The important characteristics of Al for sustainability include mostly aspects discov-

ered in the interviews, which did not fit into current issues or actions, but were
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deemed to need their own section in the results. The important characteristics dis-
covered in the interviews, as mentioned in chapter 4, are divided to sustainability
characteristics, Al characteristics, and characteristics related to the combination of
Al and sustainability. The important characteristics described before are discussed

in this section as an answer to RQ1b.

For sustainability characteristics, the biggest theme that the interviewees took up,
was the interconnectedness of sustainability types: environmental, social, and eco-
nomic. This has been a topic that has been highlighted in literature as well with for
example Calisto Friant et al (2024) and Raworth (2017) talking about it from the
points of view of different interconnected cycles including cycles of wealth, care, and
biogeochemical cycles, and from the point of view of the doughnut model with the
social side and environmental side being competing for focus. The same point of
interconnectedness of the sustainability dimensions were raised by the interviewees,
but some counteracted the doughnut models view of sustainability being a balancing
act between the conflicting interests of social and environmental sustainability and
instead proposed, that environmental sustainability can support social sustainability

and vice versa. 113, for example, gave a simple summary of their point of view:
“If you want to be [socially] sustainable, you need to work with nature.” [113]

The interviewees also mentioned the fact that with climate change, more extreme
weather events occur which often affects local communities negatively. They also
mentioned creating better more accessible communication pathways can help envi-
ronmental causes by it being easier to communicate environmental topics that ask
for environmental action from the public. In this way, the support between different
sustainability dimensions is important, as opposed to the view of especially the social

and environmental sustainability just counteracting each other.

For both sustainability and Al characteristics, the fact that interest and importance is
growing, was mentioned, and having this kind of positive trajectory, can be helpful
for utilizing Al for sustainability, as well. However, for Al characteristic, an often-men-
tioned thing in the interviews, as well, was that the landscape for Al is highly uncertain
with it being in such a disruptive phase. During the Fall of 2024, when the interviews
were conducted, however, the use of Al based products, however, has become much
more mainstream, possibly changing the views of the interviewees as well. There-
fore, if the interviews had been conducted in the Winter between 2024 and 2025, this
point from the interviewees might have not surfaced as potently. The hype of Al was

also mentioned a lot, which during the end of the year 2024, may have slowed down
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a bit. Therefore, the interviewees’ views on the potential of Al might have been less
enthusiastic if the interviews were conducted later in the year or after the turn from
year 2024 to 2025. However, one of the Al experts mentioned that Al seems to be
moving to more niche topics, which could prove interesting for the application of Al

for sustainability.

Lastly, as presented in chapter 4, the mentions for combined and relationship char-
acteristics of Al and sustainability consider mostly the importance of Al and sustain-
ability, sustainability of Al, and the helpfulness of Al with more and more complex
data. The combination of characteristics of Al and sustainability highlight the im-
portance of system dynamics for both these themes in themselves but also for the
combination of them. There are a lot of moving parts impacting each other and
changing over time, that handling and understanding this kind of dynamic complexity
is imperative for effective implementation of Al for sustainability and safety. The re-
sults also highlight the great potential of Al for handling the dynamic complexity of

sustainability issues.
Current issues

Current issues of Al for sustainability have mostly to do with the energy intensity of
Al and related issues. The current issues are discussed in this section as an answer
to RQ1c.

First of all, the high energy consumption and the carbon footprint of Al are a major
issue for Al for sustainability. The development and deployment of Al systems require
substantial computational resources, leading to high energy consumption and a sig-
nificant carbon footprint (Dokic, in't Woud & Maass 2024). This is also highlighted in
the interviews with Al environmental issues being the biggest theme within the cur-
rent issues theme and with social issues also mentioned many times in the inter-
viewes. The LCA of Al highlights the need to life cycle energy use, as well as the
impacts of data centers and hardware devices (Dokic et al. 2024). Thus, a compre-
hensive framework like the Sustainability Criteria and Indicators for Al Systems is
essential for evaluating the sustainability of Al systems (Rohde et al. 2024) to be able

to compare it with the aimed positive sustainability impact.

The relationship between computing power growth and the computing power needed
for Al is also a significant discussion. The growth of Al has been made possible by
the continuous growth of data and computing power (van Wynsberghe 2021).
OpenAl reported exponential growth in the power needed for training Al models, with

a doubling time of less than four months (Amodei & Hernandez 2018). However,
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algorithmic efficiency has improved, reducing the compute needed for training large
Al models (Hernandez & Brown 2020). This point was not mentioned in the inter-
views, but one interviewee mentioned the use of Al for more niche uses to combat

the energy intensity.

The use of energy remains a critical issue, with ethical questions about the distribu-
tion of limited resources. For example, training Google's AlphaGo Zero Al, a game,
was equated to the carbon emissions of 23 American homes (van Wynsberghe
2021). Data centers, driven by Al, are projected to consume a significant portion of
global electricity demand (IEA Publications 2024). Al being used for not important
things was a worry amongst the interviewees, and the Alpha Go Zero case highlights
the issue of utilizing Al for so-called unnecessary activities which do not even try to
impact sustainability in a positive way. This is also highlighted in the interviews in the

theme of warped priorities.

The second biggest of the two especially noteworthy themes in the current issues
theme found in the interviews is Al trustworthiness issue. This issue, as described in
the results, includes issues like Al bias, which probably is the root cause to many of
the other Al trustworthiness issues. Nishant et al (2020) name “overreliance on his-
torical data in machine learning models, uncertain human behavioral responses to
Al-based interventions, increased cybersecurity risks, adverse impacts of Al applica-
tions, and difficulties in measuring effects of intervention strategies” to be the main
challenges for Al for sustainability based on literature. This is in line with the current
issues and risks identified in the interviews, but the adverse effects of Al get a more
detailed look in this study. Environmental issues such as water and energy, and ma-
terial use, as well as possible deepening social inequality are among these effects.
Some things that are highlighted in the results of this study, though, which are not in
Nishant et al’s list, are warped priorities, lack of capabilities for the transition and lack
of action. These are undoubtedly major challenges for Al for sustainability, which

have seemingly been neglected in literature.

These findings highlight the importance of addressing the environmental impact of
Al through comprehensive frameworks, improved efficiency, and ethical considera-
tions. Additionally, without setting priorities straight, accessing new capabilities and
competences for the transition and taking action, the issues continue to pose a bar-

rier for accessing the potential of Al for sustainability.
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5.2 Future scenarios of Al for sustainability

In this section, the RQ2 “What is the future potential and what are the risks of Al for
managing and improving sustainability?” will be discussed. In the interviews, the
theme of future scenarios is closely related to it. The main takeaway of the interviews
for this question is that there is huge potential but also significant risks in utilizing Al
for sustainability. However, the timing of the interviews was during a wave of Al hype,
which may have impacted both views on the potential, but also the risks by empha-

sizing both. The sub questions of

RQ2a. “What is the unutilized potential?”,
RQ2b. “What is the future potential?”, and
RQ2c. “What are the risks?”

are answered in the following sections.

For the sake of clarity and more easily being able to discuss the potential, the most
referenced potentials are presented in a table, divided to current and future potential
based on their characteristics and if they need a more universal Al that is not yet
accessible or if they need Al capable to do specific tasks in well more defined do-

mains. The table categorizing the themes of potential, Table 7, can be seen below.

Table 7: Current and future potential of Al for sustainability

Current potential Future potential
decision-making aid for more simple decision-making aid for more complex
tasks tasks
resource management for more simple resource management for more complex
domains domains
preventing and preparing for (climate) catas- preventing and preparing for (climate)
trophes resulting from more simple contexts catastrophes resulting from more com-
plex contexts
changing individuals thinking, attitudes and changing individuals thinking, attitudes
behaviors in more simple ways and behaviors in more complex ways
reducing workload and increasing efficiency systemic transformation

in working for environmental causes
enhancing capabilities of current tools

specific use case potential

As can be seen in Table 7, some of the themes of potential are mentioned in both
current and future potential. This is because there is both a more simplified version

and a more comprehensive and complex version of the potential, of which the first
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could be realized today and of which the second can only be realized with further
development of Al to handle more universal tasks. These specifications are italicized
in the table, to make it clearer, what are the actual themes and what are the specifi-
cations given to the themes to distinguish the short-term- and long-term potentials

from each other.
Unutilized potential of Al for sustainability

There is a lot of unutilized potential of Al in its current form. With Al being in a dis-
ruptive phase and with the emergence of especially the large language models and
their iterations to popularity, the use of it for sustainability has not had enough time
to catch up. Based on the interviews, new competences need to also be developed,
to utilize the current potential of Al for sustainability. The needs for reaching the po-
tential will be discussed later in chapter 4.4 but the unutilized potential of Al for sus-

tainability and safety is discussed in this section as an answer to RQ2a.

As was discovered in chapter 4.3 and seen from Table 7, the short-term current but
unutilized potential encompasses specifically potential related to reducing workload
and increasing efficiency in working for environmental causes, enhancing capabilities
of current tools, and different specific use cases. Additionally, simple versions of po-
tential related to utilizing Al as a decision-making aid, in resource management, in
preventing and preparing for (climate) catastrophes and in changing individuals think-
ing, attitudes and behaviors, were mentioned, as potentials available for realization

in short-term.

The ability of Al to reduce the workload for repetitive tasks, is discussed in literature
as well, with for example Nishant et al (2020) stating that this is one of the three main
benefits of Al. This ability to reduce workload from tasks that do not necessarily utilize
the potential of the worker should further free up capacity for said worker to focus on
more significant work instead, where their expertise can be utilized. By freeing up
most of this time, for example environmental, social, and safety experts could utilize
the time more for actually improving sustainability which is what Nishant et al (2020)
also argue for. Additionally, designers as well, with freed-up time, could utilize this
time to focus more on the sustainability of the designs. One interviewee also pointed

this out during the interviews.

The potential of Al to enhance the capabilities of current tools was the biggest theme
of the interviews in terms of Al's potential for sustainability. The interviewees high-
lighted the ability to utilize for example sustainability data for integrating it into the

current design tools and integrations of LCA and design to create more sustainable
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products, materials, services etcetera. With these kinds of integrations, sustainability
could already be improved in massive ways with the help of Al. The literature also
supports this with for example Vinuesa et al’s (2020) article highlighting Al’s role in
supporting many of the sustainable development goals. The different specific use
cases in some parts also are made possible by the potential of Al to enhance the
capabilities of current tools. Many of the use cases the interviewees mentioned had
to do with optimizing current systems with the help of Al to improve either social or

environmental sustainability.

A few interviewees also mentioned economic sustainability, but only briefly. This also
speaks to the sentiment that sustainability may be mostly prioritized or considered to
have to do with social and especially environmental development. However, many of
the specific use cases for for example water, agriculture, and energy management
also were related to the simple versions of potential related to the more abstract po-
tentials of utilizing Al as a decision-making aid and in resource management. Nishant
et al (2020) support the idea of Al helping current tools to get to the next level by
saying that Al’'s main benefits include revealing hidden insight from huge amounts of
data and that the integration of even thousands of computers and other resources
can help solving more complex problems. These abilities of Al can definitely help
with current tools, such as LCA, to analyze and prioritize more data and more com-
plexity to find more optimal solutions and more accurate and comprehensive infor-

mation.

Preventing and preparing for (climate) catastrophes was also mentioned for utilizing
Al for sustainability in the short term. For example, alert systems and making them
more accessible with Al, was mentioned for social sustainability and preparation, and
identifying areas prone to landslides in need of plants to prevent them was mentioned
for environmental sustainability and prevention. Of preventing and preparing for (cli-
mate) catastrophes, preventing was more discussed from the point of view of envi-
ronmental sustainability and preparing for was more discussed from the point of view
of social sustainability. However, many interviewees saw preventing environmentally
induced catastrophes as a more important action for social sustainability, noting still
that preparing should be done due to the fact that prevention had been done poorly
so far making complete prevention impossible. This kind of prevention and prepara-

tion was not really discussed in the literature found in the literature review.

Lastly, changing individuals’ thinking, attitudes and behaviors with Al was a bigger
theme for potential also in short term. The simple ways to change individuals’ think-

ing, attitudes, and behaviors, mentioned were for example creating Al for supporting
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citizens environmental action and creating Al for educating citizens on sustainability
and safety. This, however, was not broadly supported by the literature found in the

literature review.

As seen in Figure 11, the share of potential is three times bigger than the share of
risks, which indicates that the interviewees in general had more to say about the
positive possible contributions of Al to sustainability and safety. Many interviewees
also said out loud that, while recognizing the risks and current issues, they were more
positive or even highly positive about the potential of Al for sustainability. Under po-
tential a stand-alone theme was also created for a sentiment of unlimited potential,
which eight of the interviewees referenced to, which shows that about half of the
interviewees actually see almost endless potential in Al. This potential undoubtedly
contributes both to the unutilized potential of Al and to the future potential of Al with

new iterations and developments of it coming.
Future potential of Al for sustainability

With potential future iterations of Al to become capable to do more universal tasks,
the potential for it for sustainability also may become manifold. In the interviews, a
hope for Al with the ability to optimize resources for both social and environmental
sustainability to actually become reality was highlighted. The future potential of Al for

sustainability is discussed in this section as an answer to RQ2b.

Many of the currently unutilized potentials of Al for sustainability also have potential
to be realized in a more comprehensive way for more complex domains and areas
with possible developments of Al to handle these domains. For the themes of deci-
sion-making aid, resource management, preventing and preparing for (climate) ca-
tastrophes, and changing individuals’ thinking, attitudes, and behaviors, the inter-
viewees mentioned also more complicated application potential, that could be made
possible with further development of Al. The interviewees also saw Al capable of

creating even a systemic transformation, if developed further.

Nishant et al (2020) argues, that Al's true value will be in its facilitation and fostering
environmental governance instead of helping the society to reduce energy, water,
and land consumption and further say that Al can support creating organizational and
individual processes and practices that reduce the intensity of energy and natural
resource use of human activities (Nishant et al. 2020). This, however, does not in-
clude the importance of balancing the negative sustainability impacts of Al use with

the positive ones, which was a major theme in the results of this study.
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Risks in Al use

Al holds immense potential for driving sustainability, from optimizing supply chains
to enhancing climate modeling. However, this potential comes with risks, including
the possibility of exacerbating social inequalities and environmental degradation if
not managed properly. It is essential to balance the benefits of Al with its risks, im-
plementing safeguards and ethical guidelines to ensure that Al contributes positively
to sustainability. The risks of Al use in especially design for sustainability are dis-

cussed in this section as an answer to RQ2c.

Nishant et al's (2020) summary of main challenges for Al for sustainability: “overreli-
ance on historical data in machine learning models, uncertain human behavioral re-
sponses to Al-based interventions, increased cybersecurity risks, adverse impacts of
Al applications, and difficulties in measuring effects of intervention strategies”, men-
tioned also in the 5.1, is also highly relevant to the risks of Al for sustainability. These
challenges, that were discussed in the current issues sections, have hand in creating
the risks, that utilizing Al for sustainability, might create. The challenge of overreli-
ance of historical data, aligns with the risks related to Al bias, such as deepening
social inequalities, and other bad use when not understanding and taking into ac-
count the potential bias of the data, model, or interpretation of the model. The chal-
lenge of uncertain human behavioral responses to Al, on the other hand, contribute
to the risk of bad or incorrect use of Al, for example in overestimation of Al capabili-
ties, user using bad prompts, or Al being used for useless tasks, without any real

impact.

The challenge of increased cybersecurity risks is also mentioned in the interviews,
becoming one of the themes, but with only seven references, it remained a surpris-
ingly small theme. This can stem from the fact that the interviewees may not have
been very familiar with the topic of cybersecurity, for the most part. Adverse impacts
of Al applications is a broad challenge, that encompasses a wide range of impacts
that Al applications may have. In their paper, Nishant et al (2020), however, refer
specifically to the energy intensity of Al. This is also something that is highlighted in
the interviews with environmental risks being a big theme with the same focus. Lastly,
the last challenge that Nishant mentions, the difficulty of measuring the impact of
interventions, is not really mentioned in the interviews at all. On the other hand,
Nishant also misses some of the important risks that arise in the interviews. For ex-
ample, the risk of substitution and loss of human capabilities is not discussed. This
may be due to the fact, that for this risk, there may not be many scientific papers

published. Additionally, the theme of external risks of which distrust in Al was the
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most mentioned one, was not in Nishant et al’s list. This risk, however, as expressed
by the interviewees, is more so a barrier for Al maybe not being utilized for sustain-
ability in its full potential, than a risk related to the impacts of Al being utilized for

sustainability.

However, with all the risks and so called negative future scenarios in Al for sustain-
ability Vinuesa et al's (2020) review shows that the development of Al may enable
79 percent of all targets related to the SDGs while possibly inhibiting only 35 percent
of the targets. For the relation between the potential and the risks of Al, in the inter-
views, 76 percent of the mentions of future scenarios were positive and 24 percent
of the mentions were negative, thus aligning somewhat well with Vinuesa et al’s re-
view and the point that Al can more so affect sustainability positively, if positive action

is taken.

5.3 Needs for realizing the potential of Al for sustainability

In this section, the RQ3 “How can Al be taken into utilization for managing and im-
proving sustainability?” will be discussed. The theme of needs is closely related to it.
The main takeaway of the interviews for this question is that in the vast sea of needed
competences and actions, collaboration and understanding system dynamics are key

to utilizing Al in design for sustainability.

The sub questions of

RQ3a. “What competence is needed?”,
RQ3b. “What support and resources are needed?”, and
RQ3c. “What steps need to be taken?”

are answered in the following sections.
Competences for the transition

Competences are essential for making many of the actions for Al for sustainability
available. They equip the people and organizations with the needed skills to create
the solutions. The competences for the transition are discussed in this section as an

answer to RQ3a.

The competences for Al are essential for detecting application opportunities and lim-
itations. Effective organizational performance with Al requires employees to have the
appropriate digital competencies. Santana and Diaz-Fernandez (2023) emphasize

that for Al to have an effective impact on organizational performance appropriate
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digital competencies are needed. Key skills identified by Gupta and Jaiswal (2024)
include collaborative learning, problem-solving, and human-tool collaboration. Aysan
et al. (2024) highlight the importance of data management abilities, technical exper-
tise, and adaptability for organizations working with Al technologies. Understanding
data analytics, Al algorithms, and machine learning models is crucial, along with data
management tasks such as collecting, cleaning, and creating actionable reports. Eth-
ical Al use is also paramount, involving fairness, transparency, bias mitigation, data
privacy, security, and compliance with regulations (Aysan et al., 2024). General com-
petences such as problem-solving, communication, research, creative and soft skills,
advanced mathematics, and data visualization are also necessary (Santana & Diaz-
Fernandez, 2023).

For sustainability competences, Annelin and Bostrom (2022) list key areas such as
systems thinking, strategy thinking, futures thinking, values thinking, interpersonal
thinking, intrapersonal thinking, implementational thinking, and integrative problem-
solving. These competences help individuals understand the complex dynamics of
sustainability, create long-term action plans, consider multiple future scenarios, re-
flect on sustainability principles, and apply all competences together to solve com-
plex problems. UNESCO (2017) also identifies similar key competences for sustain-

ability.

Safety competences include recognizing hazards, measuring, evaluating, and con-
trolling them, providing training and management for them, applying business man-
agement principles, and adhering to relevant laws and regulations (Chang, Chen &
Wu, 2012). These competences ensure that safety is maintained in various organi-

zational contexts.

In the field of design, Dym et al. (2005) outline competences such as tolerating am-
biguity, maintaining sight of the big picture, handling uncertainty, making decisions,
teamwork, and communication. Yang, You, and Chen (2005) add that design com-
petences include professional 3D and 2D modeling software, creativity, technical
knowledge, aesthetics, ideation, trends, product planning, marketing, prototype mod-
eling, coordination, and organization skills. These competences are essential for ef-
fective design processes. For circular design, Sumter (2021) identifies competences
such as circular systems thinking, design for recovery, design for multiple use cycles,
circular business propositions, circular user engagement, circular materials and man-
ufacturing, circular economy collaboration, circular economy storytelling, and circular
impact assessment. These competences are crucial for promoting sustainability

through design.
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For Al, sustainability, safety, and design, no literature combining all of them was
found. However, in this area, the interviews provided some valuable insight. In addi-
tion to all the competencies for the specific areas detailed above, the combinatorial
competencies mentioned the most in the interviews and thus the most relevant ones,
are the following: Al understanding, subject matter understanding, combining under-
standing of different fields of expertise, cooperation between specialists, prompting
skills, open mindedness, critical thinking, and Al design. The full competence frame-

work with competencies for all fields and the combination of them, is presented in

Table 8.

Table 8: Competence framework for Al for sustainability

Competency Type

Specific Competencies

Sources

Technical
Competencies

Data Management

Ethical Al
Practices

General
Analytical

Digital
Competencies

Adaptability and
Learning

Collaborative
Skills

Sustainability
Competencies

Al algorithms, machine learning models, data ana-
lytics, mathematics, statistics, predictive analytics,
decision-making models, data visualization

Data collection, data cleaning, data analysis, data
privacy, data security

Fairness in algorithms, transparency, accountabil-
ity, compliance with regulations

Research, communication, problem-solving, criti-
cal thinking, teamwork, innovation, entrepreneur-
ship

Data science, firm performance, artificial intelli-
gence, future and innovation, self-efficacy, com-
petence, outcomes, analytics

Lifelong learning, adaptability, continuous learn-
ing

Collaborative learning, problem-solving, human-
tool collaboration

Systems thinking, strategy thinking, futures think-
ing, values thinking, interpersonal thinking, in-
trapersonal thinking, implementational thinking,
integrative problem-solving

Santana & Diaz-
Fernandez (2023),
Aysan et al. (2024)

Aysan et al. (2024)

Aysan et al. (2024)

Santana & Diaz-
Fernandez (2023)

Santana & Diaz-
Fernandez (2023)

Gupta & Jaiswal
(2024)

Gupta & Jaiswal
(2024)

Annelin &
Bostrom (2022),
UNESCO (2017)
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Recognizing safety and health hazards, measuring,

evaluating, and controlling safety and health haz-
Safety ards, safety and health training and management, Chang, Chen & Wu
Competencies applying business management principles and (2012)

practices, applying industrial safety and health

laws and regulations

Tolerating ambiguity, maintaining sight of the big
picture, handling uncertainty, making decisions,
thinking as part of a team, communicating in vari-
ous design languages, professional 3D and 2D
modeling software, creativity, technical
knowledge, aesthetics, ideation, trends, product
planning, marketing, prototype modeling, com-
munication abilities, coordination and organiza-
tion skills

Dym et al. (2005),
Yang et al. (2005)

Design
Competencies

Circular systems thinking, design for recovery, de-
sign for multiple use cycles, circular business

Circular Design propositions, circular user engagement, circular
Competencies ) . . Sumter (2021)
p materials and manufacturing, circular economy
collaboration, circular economy storytelling, circu-
lar impact assessment
Al understanding, subject matter understanding,
Al for Sustainable combining understanding of different fields of ex-
and Safe Design pertise, cooperation between specialists, prompt- the interviews
Competencies ing skills, open mindedness, critical thinking, Al
design

Effective application of Al for sustainability, thus, needs many competences. How-
ever, the competences are highly overlapping, thus, the different competency types
also supporting each other’s. An important thing apart from just listing the most im-
portant competencies is also prioritizing the competencies between themselves. This

however remains a topic for future studies.
Support and resources for the transition

Having support and resources that support the transition to Al for sustainability en-
sure and are necessary for a smooth transition and to be able to use the compe-
tences and take the action needed to expedite the transition. The support and re-

sources needed for the transition are discussed in this section as an answer to RQ3b.

The support and resources for the transition for a more sustainable Al and Al for
sustainability, that surfaced in the interviews, consist mostly of technical and data

needs but also of knowledge creation and sharing, time and financing and human
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resource and team needs. These kinds of support and resource needs have not re-
ally been discussed in literature broadly but only mentioned in passing while discuss-
ing Al for sustainability, as far as was noticed in this study. The technical and data
needs highlight the fact, that there is still a lot of development needed in the technical
realm of Al. It using vast amounts of data and computing power, creates new kind of
requirements for the data itself and handling the data as well as for energy and com-
puting power supply. Compatibility is also a factor that is important when utilizing Al

for enhancing already existing tools.

Knowledge creation and sharing addresses the fact that there are many people who
with some understanding of Al could leverage it for significant sustainability gains,
but don’t yet have the tools to even ask for it. This is highly linked with the compe-
tence need of Al understanding, sustainability understanding, and combined under-
standing. Knowledge creation and sharing is the way to get the competences that
are desperately needed for the transition towards Al for sustainability. Time and fi-
nancing and human resources and teams go hand in hand. Finances are needed to
access time of the needed human resources. This pipeline is also mentioned mostly
in passing in research but is of utmost importance when it comes to big changes. All
in all, for most if not all of the support and resources, financing is a prerequisite, and
thus, an important issue to address in supporting the work in utilizing the aforemen-
tioned competences for taking action for Al for sustainability and realizing the poten-

tial that lies in it.
Action steps for achieving Al for sustainability

Swift action is needed in order to get the full potential out of Al for sustainability. The
most important step highlighted in the interviews is creating a system for balancing
environmental impact to be net positive. This includes developing more environmen-
tally friendly Al, utilizing more green energy, and using Al for goals of which the pos-
itive sustainability impacts surpass the negative effects of its use. Additionally ethical
considerations for socially just and sustainable use of Al with bias mitigated, is a key
point. These action steps for achieving the most efficient and impactful use of Al for

sustainability are discussed in this section as an answer to RQ3c.

For the steps needed to be taken to reach the ultimate potential of Al for sustainabil-
ity, the interviews highlight in addition to creating a system for balancing environmen-
tal impact to be net positive, creating a mindset shift especially towards more focus

on the environmental and social sustainability in actions, education and communica-
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tion for accessing the competences that are still lacking, trust building, and new re-
quirements for Al are also among the most mentioned themes. These different
themes have many implications for steps that need to be taken in order to optimize

and take into utilization Al for sustainability.

With Al expected to affect environmental outcomes, equality and inclusion, and
global productivity (Vinuesa et al. 2020), to name a few impacts, actions need to be
designed so, that they take into account system dynamics. Effective utilization of Al
in design for sustainability requires collaboration across disciplines and sectors which
is something that comes up in multiple themes of the interviews. Understanding the
complex dynamics of socio-technical systems is crucial for integrating Al in a way
that supports sustainable outcomes many of the interviewees agree. Nishant et al
(2020) also highlight the complexity of phenomena related to environmental and so-
cial sustainability, and argue, that Al can help transform human activities by creating
more sustainable and resource smart processes. Collaborative efforts between Al
developers, policymakers, and stakeholders therefore can help achieve more holistic
and effective solutions, ensuring that Al technologies are designed and implemented
with sustainability in mind. Gupta et al. (2020) also highlight the importance of col-
laborative action in so called digitainability, which connects digitalization and sustain-

ability.

The ethical implications of Al are paramount in its development and deployment. Bias
in Al systems can emphasize existing inequalities if not properly addressed. This is
also stressed especially in the current issues theme of the interviews. Interviewees
highlight further that ensuring transparency in Al algorithms and utilizing them for
decision-making is fundamental for trust and accountability. Information sharing and
trust building is one key theme in the action needs theme and the new requirements
for Al theme also encompasses themes of trust and bias by including action for leg-
islating and regulating Al to not have risks from bias and to create more trust. Vinuesa
et al (2020) also list having ethicality, responsibility, and trustworthiness in ap-
proaches to Al development and use, but say it is a separate issue from Al for sus-
tainability. Nishant et al (2020) also argue that Al's long-term effectiveness will de-
pend on bridging the gap between science and policy to counteract the competition

of social and environmental action.

Al has the potential to significantly contribute to sustainability by, for example opti-
mizing resource use as the interviews revealed. However, it is essential to ensure

that these benefits do not come at the cost of increasing social inequalities, which is
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also highlighted in the interviews. Equitable access to Al technologies and their ben-
efits must be prioritized, ensuring that marginalized communities are not left behind
as stressed by multiple of the interviewees. The theme of actions on new require-
ments for Al highlights the need for policies and frameworks should be developed to
guide the ethical use of Al in sustainability, promoting inclusive growth and develop-
ment. This is a point that Vinuesa et al (2020) also stress by saying it is a first step

towards responsible and meaningful development of Al.

The key result from the interviews for action needs is that the decision to use Al for
sustainability should be based on a thorough assessment of its potential positive and
negative impacts throughout its lifecycle as is highlighted in the interviews. This in-
cludes considering the environmental footprint of Al development, deployment, and
disposal. Al should, thus, be employed when its benefits, such as improved efficiency
and reduced emissions, outweigh its negative impacts, such as energy consumption
and potential job displacement. This kind of weighing Al use is not really present in
literature so far, as far as the literature review goes. However, one article was found,
where van Wynsberghe (2021) represented a strong argument to evaluate the need
for Al use and its impacts and weighing it with the negative sustainability impacts of
it before applying it for anything. With this balance in mind, continuous monitoring
and evaluation are necessary to ensure that Al applications remain aligned with sus-

tainability goals.

5.4 A framework for Al in design for sustainability

The framework presented in this section offers a novel contribution to the literature
on the topic of Al in design for sustainability by going into detail on the potential of Al
and how to get to a point of utilizing it effectively. The framework is based on the in-
detail qualitative remarks derived from the interviews conducted in this study, as well
as on the literature review. It is the pinnacle of the results of this qualitative and in-
ductive study and incorporates the current state, future potential, and needs for Al

for sustainability in one framework.

The aim of the framework is to guide the development and deployment of Al technol-
ogies for sustainability, ensuring they contribute to sustainability goals without caus-
ing unintended harm or mitigating their own positive impact with negative impacts of
utilizing Al. Key elements of the framework are presented in the following figures,

starting with Figure 18 depicting the base of the framework.
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Figure 18: Base of the framework of Al for sustainability

The framework presents the themes that emerged from the interviews. Firstly, the
current state of Al is depicted in a circle containing three parts: current landscape,
current actions, and issues. Secondly, in the middle, a three-part arrow represents
the needs for getting from the current state to the potential of Al for sustainability.
The three parts of the arrow are competences, steps (or actions), and support. Third,
the circle on the left represents the future scenarios, where risks and potential lie.
The ultimate potential is on the right to represent, that with fulfilling all the needs, the
risks will not be realized but that only the potential prevails. This framework is some-
what idealistic but represents the interviewees’ views on the topic.

Next, the different actionable parts of the framework, represented by the arrow, are
detailed. In Figure 19, the competences for Al for sustainability are presented.

.‘ =@

Figure 19: Competences in the framework of Al for sustainability
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The competences are listed in Figure 19, as well as in the other framework figures,
in order of importance as described by the interviewees. These competences en-
compass the need of a combined understanding of different fields as well as collab-
oration, open mindedness and critical thinking as well as technical skills, in order to
account for the dynamic nature of the fields. In Figure 20, the steps (or actions) that
are essentially enabled by the competences, are illustrated.

Figure 20: Steps (or actions) in the framework of Al for sustainability

The steps (or actions) that need to be taken in order to fully utilize Al for sustainability,
include five main actions, which are listed in order of importance based on the inter-
views and how much the different topics were mentioned there. Creating a system
for balancing environmental impact to be net positive holds the highest position with
creating a mindset shift, education and communication, trust building and new re-
quirements for Al following. Lastly, in Figure 21 the needed support in order to utilize

the competences to take the steps detailed above, are illustrated.
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Figure 21: Support in the framework of Al for sustainability

The support includes four main points as can be seen in Figure 21. Tools, technical
improvements, and data support are the most important with knowledge creation and
sharing support, time and finances, and human resources and diverse teams follow-
ing. Together the competences, steps, and support create an actionable sequence,
that leads to the potential being realized. The potential as identified by the interview-

ees, to conclude, is summarized in Figure 22.
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Figure 22: Potential in the framework of Al for sustainability

The potential consists of eight distinct themes, of which the last, unlimited potential,
is emphasized due to the fact that it encompasses all the previous ones and high-
lights the fact that many of the interviewees saw the potential of Al almost as endless,
with future iterations of it realized. These potentials are also organized based on how
much they came up in the interviews. The top one is, as mentioned before, enhancing
capabilities of current tools. The framework summarizes the road from current state

to the optimal future state of Al for sustainability, and the ways to get there.
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6. CONCLUSIONS

6.1 Key findings’ general contribution

The results of the study showcase a lot of potential in Al for sustainability. In the
interviews the Al and sustainability and safety experts were mostly very positive
about what Al can do for sustainability and safety and many of them even deemed
the potential to know no to little bounds. The experts, however, found a lot of needs
for bridging the gap between the current landscape and what could be, and sug-
gested both competences and steps as well as supporting structures and tools to get
Al into full utilization for sustainability and safety with best results. The key findings
of the study, thus, are the competence framework detailed in Table 8 and the Al for
sustainability framework described in chapter 5.4. From these, the main takeaway is,
that by accessing the needed competences, taking the right action, and having the
correct support, Al can be leveraged for high sustainability gains even in its current
format. With possible future developments of Al, even more sustainability goals can

be achieved with Al, even going as far as utilizing the tool for systemic transformation.

With the vastness of needs to get Al on track for sustainability and safety, a compre-
hensive set of competences are needed to fuel the action towards sustainable Al use
for sustainability and safety. Even though the study and interview questions were
especially about Al in design for sustainability and safety, the results do not really
reflect that, due to the fact that not many of the interviewees were comfortable with
or knowledgeable enough to answer from that point of view. Thus, the results showed

more of a bigger picture for Al for safety and sustainability.

However, the results can be interpreted for design and thus contribute in a meaning-
ful way to the initial research objective and questions. In fact, combining as many
fields of study, as this thesis is, the results of a single set of interviews could probably
not represent all of the fields at once, unless a very special set of interviewees were
accessible. Therefore, building a new kind of cross scientific framework, this kind of

interpretation to a field is needed and the results support it well.

6.2 Quality and limitations of the study

Validity and reliability are well known measures of quality for scientific studies with

validity ensuring that the study measures what is intended to measure and measures
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the accuracy and credibility of research findings and reliability measuring the con-
sistency of the measurement and tells if the same results are gotten under consistent
conditions and, thus, if the research findings are reproduceable. In general, this study
is valid in that it creates new information on Al for sustainability and how to get there
and in that it finds key competences and actions and thus helps in the transition
towards Al for sustainability. For reliability, for example the inclusion of the interview
questions, the coding process, and the codebook in the appendixes tries to make the
results more reproducible. However, the results may never be exactly reproducible
due to the fact that the semi-structured interviews create the possibility for unex-
pected turns of conversation during the data collection. Still, reliability is ensured to
the best of ability. The different choice of options at each layer of the Saunders re-
search onion also significantly impact the quality of research outcomes and, thus, the
methodology will be gone through step by step, in more detail, to evaluate related

validity and reliability implications.

The research philosophy impacts the validity and reliability of the research only indi-
rectly via its influence on the other layers, so it will not be discussed. The research
approach affects hypothesis formulation and data analysis. The chosen inductive ap-
proach, however, impacts both validity and reliability. With choosing the inductive
approach, the validity of the results is enhanced by the fact that the findings are
emerging from the data without forcing a hypothesis, but challenges may have oc-

cured with reliability due to the more subjective nature of data interpretation.

The research strategies determine the scope and depth of the data which greatly
impact validity and reliability. Utilizing a blend of the survey strategy and the
grounded theory strategy is helpful for validity with it ensuring creating enough rich
data to create a good theory by utilizing many interviews, but the reliability may have
suffered a bit from choices made in sampling, question creation, the interview itself
and the data analysis, if these are not made objectively and with the larger population
in mind. However, in the population of Al and sustainability researchers, the sampling
was made carefully. By utilizing the strategy cautiously of bias, documenting all
choices meticulously, and having diverse reviewers for example for the interview

questions, bias and was mitigated for better reliability.

As research choices, utilizing a qualitative mono-method process, the choices may
have affected both the validity and the reliability of the study. Conducting a qualitative
study, reproducing the same results with the same methodology may prove difficult.
Conducting a mono-method study may also have affected the broadness of the data,

affecting the validity of the results. The cross-sectional time horizon of the study may
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have missed temporal dynamics, especially in the turbulent fields of Al and sustain-
ability, thus making it possible to have different results later on. This again is a factor
lowering the reliability of the study. Validity is not necessarily affected since by choos-
ing the cross-sectional study, a snapshot is chosen as the object of measurement

and that is what the study actually measures, as well.

The techniques and procedures, including the data collection and analysis methods,
are one of the most important factors affecting the validity and reliability of the study
since they directly affect the quality and relevance of the data and created infor-
mation. Utilizing semi-structured interviews as the data collection method and the-
matic analysis as the data analysis method are well suited together for optimal valid-
ity and reliability for the study in case but there are important variables related to
these methods that can negatively impact them. Namely, the interview design, the
interviewer and the performing of the thematic analysis as well as even the results
interpretation are huge factors impacting the validity and reliability of the results of

the study.

Firstly, in the interview design, bias can be implemented in choice of the questions
or by creating leading questions which undermines the reliability of the study. The
validity can also be undermined by choosing questions that do not align with the
research question and objective. However, the interview design was reviewed by
experienced researchers, adding to the quality of it. The interviewer can also intro-
duce bias to the data by not being objective in the interview itself and, especially in
the semi-structured interviews, leading the discussion too much outside of the inter-
view questions or the interviewees prompts undermining both the validity and relia-
bility of the data. In this study, these risks were avoided by careful planning and doc-
umentation of the interview structure, discussing the interview questions beforehand
with other researchers, and critically appraising the recordings of the interviews.
However, with the interviewer not having done years of interviews before, the lack of
experience may have affected the quality of the data collection. The same goes for

analyzing the data.

Some additional criticism that the thematic analysis has faced is that it lacks rigor
and structure and thus is limited in its credibility in academic research (Thompson
2022; Wiltshire & Ronkainen 2021). This can and have been mitigated by following
a clear structure of methodological principles. In the data analysis stage, a qualitative
research software, NVivo, and its algorithms were used to remove bias from handling
the data with the software introducing a more systematic way to analyzing the data

and creating visualizations as opposed to not utilizing a similar software. All the
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above-mentioned stages as well as the result interpretation were also made cau-
tiously of introducing any bias and with the awareness of these risks, validity and
reliability could be ensured. In the results interpretation, other researchers were also
consulted to ensure the correct interpretation. Even though these measures were
taken to ensure validity and reliability of the research, the process of coding and
creating themes probably did introduce some bias due to the inherently subjective

nature of the process.

Besides validity and reliability, ethical considerations are also important in quality
research. The interviews were conducted in a way that took the ethical considera-
tions to heart by obtaining informed consent from all participants prior to starting the
interviews and every participant’s data was handled confidentially, in a way that re-

spects the participants’ privacy and anonymity.

6.3 Implications for managers

Al is still in its disruptive phase where different tools and software’s are competing
for being the dominant design, thus, making it a very volatile area. Still, it is good to
have a way of working with it that is systematic and makes use of the most useful
parts of it. As sustainability is a very pressing issue for most organizations, and a
very complicated and multifaceted issue at its core, Al can greatly help tackling it.
There are many ways in which Al can be used for sustainability but as 80 percent of
the decisions for products are made in the design phase, it makes sense to focus the

utility of Al there as well. Thus, in this study, just that is done.

Managers can utilize the results of this study to create their strategies for utilizing Al
for sustainability and for prioritizing between different routes. With the right Al ma-
turity level, acquired competencies and action steps, powerful outcomes can be
achieved. The potential of Al for sustainability is vast, and different application op-
portunities work for different organizations, but from the Al for sustainability frame-
work detailed step by step in chapter 5.4 and the related competence framework
detailed in Table 8, managers can create their own, more detailed processes from
getting from their current situation, to the desired future. Especially useful the com-
petence framework and Al for sustainability frameworks are for incorporating Al for
design for sustainability and safety. Utilizing the framework should ensure utilizing
especially Al's strengths as a tool to achieve sustainability goals without undoing the
sustainability impacts by utilizing the highly energy intensive Al. This balance be-
tween (un)sustainability of Al and impacts of Al use for sustainability, are something

that managers need to strive to strike if they want to utilize Al for actual positive
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sustainability impact, not just something to report. More specifically, the balance be-
tween the negative impact of Al and the positive aim of Al for sustainability should
not be even, but way higher positive aim and significantly higher positive impact

should be achieved to actually have a noteworthy Al for sustainability utilization.

The especial strength managers should aim to utilize is the capability of Al to handle
large amounts of data. Managers should note, though, that for this, there also needs
to be some supporting technology in place, resources invested, and capabilities ac-
quired to take the needed steps to utilize Al for sustainability. Especially, in the realm
of design, managers should make sure that the Al is compatible with the existing
design process or invest in making them compatible. Optimizing is a specific capa-
bility of Al, that is useful for managers to utilize, if they have large amounts of data at
their disposal, to use for sustainability. Al can be also used for decision-making sup-
port in the realm of sustainability, but not for decision-making, as the study revealed

the need for a human to be in the loop to mitigate risks of bias distorting the decisions.

Managers need to also be aware of the regulatory landscape surrounding Al for sus-
tainability. Al and especially risky uses of it for example for identifying and evaluating
individuals and in specific high-risk fields such as security and banking, the EU Al
regulation applies. The future of regulation related to Al for sustainability, probably
also includes a multitude of developments for regulating especially Al but also for
sustainability more. Therefore, managers should create dynamic and flexible plans
for Al use for sustainability. Steps managers might want to take for creating and eval-

uating their Al for sustainability strategy are the following:
1. Assess if Al is needed for this task:
a. Are Al’s special strengths used in this task?
b. Are Al's special strengths needed in this task?

c. Is there some other tool that would complete the task as efficiently

with less computing power?
d. Does this task need to be completed?
e. s this task important enough to use Al in?

f. Is the sustainability impact gathered by completing this task with Al
positive enough to surpass the needed negative effects of used en-

ergy and computing power?

2. Evaluating the Al tools for the task:
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What Al tools are useful for this?
What Al tool gets the task done with least effort?

What is the scale of the largest possible impact of the task being com-

pleted? During its life cycle? What Al tool can get this done?

3. After evaluating the tools, does using Al still make sense?

4. Evaluating the data needs and haves:

a.

b.

What is the data needed to do this well with Al?
Can Al be used to get it or additional data? Should we?

Is there enough data available for Al to help?

. What (Al) tool should we use for gathering the data? Where should

we gather it from and to?

If we gather data with Al, is the sustainability gain still significant

enough that the added Al sustainability burden is surpassed?

Can the needed data to do the task be gathered in a sustainable man-

ner after all?

5. Evaluating the data:

a.

What does the available or gathered data represent? Does the data

suit our task?

Is the data biased or otherwise problematic and can we use Al to help

this? Should we?

What are the realistic limitations of the task with this data? \What are

its dimensions and what dimensions should be included?

What (Al) tool should we use to make the data better? Does it help

enough?

What (Al) tool should we use for analyzing etc the data? Why? Does
it complete the task at hand and especially the tasks ultimate goal and

reason for being?

If we process data with Al, is the sustainability gain still significant

enough that the added Al sustainability burden is surpassed?

Is it possible to sustainably make the data make sense for the task?
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6. How do we make sure the results are actually utilized to create the impact

our original task was designed for?
7. What lessons can we learn for the next task?
8. Should we take these tools in regular use or create our own tools?

Specifically, this study took the much-needed steps to establish novel connections
between sustainability and Al and related topics, to give a more comprehensive view
of the landscape. This can help managers navigating the complex realm. In the fu-
ture, the potential of Al seems to be growing, if the big Al development leaps are
achieved. Thus, also larger sustainability goals including systemic transition and re-
source reallocation might become possible for achieving fundamental sustainability

in organizations and in society.

6.4 Implications for future research

This study contributed to the field of research on Al and sustainability, adding the
factor of design into the mix as well. The study operated on the macro level, and
future studies should also incorporate micro level and system dynamic relationships
on the more detailed level for example focusing on a specific industry or type of or-
ganization. The study also was limited to the social and environmental part of sus-
tainability and, thus, more studies on the economic implications of Al for sustainability
would be warranted. Additionally, the relationships between economic and social and
economic and environmental sustainability in the realm of Al utilization could be stud-

ied in the future.

Even though the study focused somewhat on design for sustainability and safety, this
aspect should be studied in a more focused study in the future. The conceptualization
of design was also very broad in the study, which is why a narrower view could be
explored in future studies. Future studies could also incorporate topics of technology
transition and Al readiness in studying Al for sustainability. Prioritizations between
different competences, action steps, and outcomes could also be explored in future
studies. A more dynamic framework could also be created by studying the relation-
ships between the different factors more. Additionally, focusing on some specific Al
tools or discussing a multitude of Al tools and their utility for different sustainability

goals, would probably prove useful in future research.

All'in all, this was a more exploratory study in nature, which is why there are a lot of
different realms yet to study. However, this study achieved an exploratory look into

Al for sustainability and narrowed therefore the research gap identified in it helping



97

future studies to have more to work on. For exploring the topic more, also mixed

methods could be applied.
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APPENDIX A. THE INTERVIEW STRUCTURE

For starters information about the master’s thesis:

Making some acquaintance with the interviewee

Objectives of the thesis: to create a process and competence map for utilizing Al for

sustainability (including circularity) and safety especially from the design point of

view

Objectives of the interviews: to map out the potential and possible issues in utilizing

Al for sustainability and safety especially from the design point of view

Defining Al, sustainability, and related key concepts

e For design, Al, sustainability and safety the broadest definitions are used

e The used definitions are thus based on the interviewees knowledge and point
of view

e Interviewee can answer to the parts that they are the most comfortable with
and regard as the most important

You as the interviewee will remain anonymous and the answers will be only handled

by the interviewer before anonymization to the advancement of the thesis project

Asking for consent for transcription and a backup recording of the discussion

Background questions:

Could you briefly describe your background?

Have you had any prior experience with Al tools or technologies? If so, can you
share your experiences? How would you briefly describe your knowledge related to
Al?

Have you had any prior experience in working with sustainability and/or safety?
How would you briefly describe your knowledge in the fields of sustainability and

safety?

Introductory questions:

4.

What are your thoughts on the potential of Al to enhance (or counteract) sustaina-
bility and/or safety? What benefits do you foresee in using Al to further sustainabil-
ity and/or safety?

a. ingeneral?

b. by design?
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5. What do you think are Al's especial strengths regarding advancing sustainability
and/or safety? How can these strengths be harnessed?
a. ingeneral?
b. for design for sustainability and safety?
6. What about weaknesses, limitations and risks and their mitigation?
a. ingeneral?
b. by design?
7. How do you see the role of Al evolving in the field of sustainable development
and/or safety over the next 5-10 years?
a. ingeneral?

b. by design?

Main questions:

8. What competences (knowledge) do you think are needed to successfully utilize Al
for sustainability and/or safety (in organizations)?
a. ingeneral?
b. by design?
9. What (other) support or resources would be necessary to effectively integrate Al
for sustainable development and/or safety?
a. ingeneral?
b. by design?
10. What are your thoughts on the relationship between Al’s inherent sustainability
and/or safety and enhancing sustainability and/or safety?
a. interms of environmental impact — water, energy, carbon footprint etc.?
b. interms of social issues — inequality, malicious use, surveillance etc.?
11. What do you think are the first/most important steps towards...
a. organizations fully utilizing Al for sustainability?
b. taking Al into utilization to make materials and products safe and sustaina-

ble by design?

Outroductory questions:

12. What are the biggest sustainability goals that could be achieved with AI? Is there any
unutilized potential? What about future Al iterations?

13. What about the biggest threats?
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Lastly, closing the interview

- Thank you for the interview

- Asking for any immediate questions or feedback from the interview
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APPENDIX B. PROCESS AND CHOICES MADE IN
CODING THE INTERVIEW DATA

1. Coding initial codes
a. big chunks of text
b. overlapping codes for the different topics in one big chunk of text
c. codes emerging from the text: inductive
d. naming the codes with the help of guidance from the research questions
i. current state
ii. potential/risk
iii. needed steps/competences
e. grounded vs. a priori
i. aprioriinthe sense that interviews are the only data format
ii. a prioriin the sense that interview questions are chosen
iii. grounded in the sense that interviews are semi-structured
iv. grounded in the sense that coding is done based on the interviews and
no pre-determined codes are created to code to
2. Renaming codes based on actualized coding
a. similar codes put under the same code and renamed appropriately
b. coding name to reflect all coded text snippets
3. Creating main theme codes for current action, characteristic, issue, risk, need, solu-
tion, and potential based on what kind of groups there seem to be in the code
a. characteristic

b. current action
C. issue

d. need

e. solution

f. potential

g. risk

4. Checking the themes for potential need of merging, splitting, or discarding themes
a. merging solutions into needs since they have the same underlying thought
b. creating a new theme of current landscape and moving current actions, issues
and characteristics under it
c. creating a new theme of future scenarios and moving potential and risks under
it
d. splitting solutions to go under the current themes of needs
5. The new top-level themes thus are current landscape, needs, and future scenarios
a. more balanced with references and actual content
6. Creating a report for the results part of the study
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APPENDIX C. CODEBOOK FROM NVIVO

Here is the codebook, that contains all the codes with their hierarchy exported from NVivo.

Theme or code Interviewees References
17 206
current landscape
characteristics 16 66
Al characteristics 15 34
accuracy of results important characteristic . 4
. i 1 1
Al out of sight characteristic
Al useful or even necessary for many tasks char- 2 5
acteristic
Al necessary for some laboratories charac- 1 1
teristic
Al the top tool for data analysis character- 1 2
istic
good answers from adaptive Al characteris- 2 2
tic
differences between uses, users, and models 6 6
characteristic
different tools needed for different model- 2 2
ling characteristic
different uses across fields and organiza- 3 3
tion types characteristic
needed competences depend on the Al an- 1 1
gle characteristic
disruptive phase of Al creates uncertainty charac- 5 7
teristic
L . 9 12
growing interest and use of Al characteristic
Al growing in usefulness characteristic > >
Al moving to more niche topics characteris- 1 1
tic
hype of Al characteristic 4 4
integration into technology development 1 1
growing characteristic
LLM usefulness growing in recognition in 1 1
tech characteristic
impossibility of substituting people characteristic 1 1
many risks not specific to only Al characteristic 1 1
combined and relationship characteristics 12 21
Al for sustainability and sustainability of Al im- 3 4
portant characteristic
Al, data handling, and data visualization
. . . . 1 1
very important for climate science characteris-
tic
sustainability of Al is very important char- 2 2
acteristic
will to use Al for sustainability important 1 1
characteristic
Al for sustainability especially helpful in broader 5 6
scopes characteristic
Al can help with sustainability especially 4 5

across fields characteristic
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Al can help with sustainability especially 1 1
across life cycle stages characteristic
Al for sustainability growing importance charac- 6 7
teristic
Al hype exaggerating its sustainability issues char- 1 1
acteristic
global problem needing global solutions charac- 2 2
teristic
slow development characteristic 1 1
sustainability characteristics 5 il
importance of sustainability characteristic 1 1
climate action is important characteristic 1 1
interconnectedness and support between types 5 8
of sustainability characteristic
effective and functioning systems contrib-
. . - . 1 1
ute to environmental sustainability characteris-
tic
effective and functioning systems contrib- 1 1
ute to social sustainability characteristic
environmental sustainability is social sus- 1 1
tainability for the future characteristic
interconnectedness of sustainability with 1 1
everything characteristic
support between environmental and social 3 4
sustainability and safety characteristic
lack of fundamental sustainability in design char- 1 1
acteristic
research more impactful than individual everyday 1 1
choices characteristic
current actions / B
. - . 5 11
Al for sustainability current actions
Al applications for sustainability current action 1 1
- . 2 4
combining two models current action
doing further analysis with Al current action 1 1
gathering sustainability data with Al current ac- 1 1
tion
network effects LCA modelling current action 2 e
. . . 1 1
sustainable businesses current action
. . 1 2
educating on Al current action
. . . 2 6
sustainability of Al current actions
carbon footprint of Al calculator current action 1 3
smaller models using less computational power 2 3
current action
. 17 121
issues
Al energy use exaggerated compared to other industries 1 1
issue
Al environmental issues 12 38
2 2

Al sustainability huge issue



dependency on energy intensive technologies is-
sue

energy consumption of Al sustainability issue
energy wasted with ease of Al issue

fairness of energy use issue

green energy and using less computational power
for Al not taken seriously issue

mining for Al sustainability issue

sustainability huge issue

visibility of the sustainability impact of energy use
issue

water use of Al issue
Al trustworthiness issues
Al not based on scientific data only issue
Al robustness and trustworthiness issue
bias of Al issue
black box nature of Al issue
influencing (politics) with Al issue
information reliability and authentication issue
misinformation with Al issue
never a completely accurate prediction issue
data access issues
data gatekeeping issue

incomplete data flows issue

lack of company sustainability data availability is-
sue

lack of action issues
companies are not yet utilizing Al for design issue
low potential issue
old hardware halting the development issue
resistance to change issue

lack of Al's capabilities issues
human factors cannot be changed with Al issue
human needed in the loop issue
lack of generality of Al issue
LLMs need to still develop issue

lack of competence issues

cross-domain communication issue

111

10

10



data handling lacking in companies issue

lack of argumentation and thinking skills issue

guantum computing to solve Al sustainability issue low
potential issue

resource issues
complex problems need a lot of resources issue
hardware requirements of Al issue

social issues
local energy grid impact of data centers issue
loss of jobs social sustainability issue

social inequality in Al access issue

social inequality of cheap labour for Al training is-
sue

steering social systems low potential issue

warped priorities issue

lack of incentive for companies to link Al and sus-
tainability issue

lack of incentive for NGOs to link Al and sustaina-
bility issue

laziness prevents sustainability issue

local optimization leading to catastrophic events
on global level issue

not keeping systems updated issue
future scenarios
potential
changing individuals' thinking, attitudes and behaviors
Al to enhance critical thinking potential
Al to mitigate bias potential

Al to mitigate fake news etc potential

alert on systems not functioning environmentally
potential

changing people's sustainability attitudes poten-
tial

enhancing our way of thinking potential

grasping new topics and fields potential

helping us understand complex systems potential
individual sustainability actions potential
influencing sustainability behaviour potential
innovating with Al potential

knowledge creation potential

promoting sustainable behaviour potential

17

17

15

339

258

42

112
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decision-making aid potential 10 24
balancing sustainability and technical perfor- 1 1
mance potential
comparable results aid potential 1 2
data visualization to influence actions and deci- 2 2
sion-making potential
decision representing the real world aid potential 1 1
dynamic multiple parameter system decision- 3 5
making aid potential
environmental impact assessment aid potential B 3
interpret the current situation in a system poten- 1 1
tial
interpreting assessment results for the real world 1 1
potential
. . 1 1
predicting potential
predicting properties of designed object early in 3 4
the design potential
prioritizing problems and solutions with Al poten- 1 2
tial
tool for comparing actions potential 1 1
. - . 15 62
enhancing capabilities of current tools potential
Al to help optimize environmental impact of com- 2 3
panies potential
aid for communicating sustainability topics po- 2 4
tential
better LCA with Al potential 1 1
data creation potential 3 3
data enriching potential 2 4
. . 1 1
data evaluation potential
. . 2 3
data gathering potential
economic LCC assessment aid potential 1 1
enhancing creative design concept generation 3 5
potential
finding patterns improving modelling potential 2 2
handling big data for circular economy potential 2 2
identifying potential problems in technological 1 1
systems potential
increase adaptability potential 1 1
. — . 1 1
material substitution potential
model extrapolation to different fields potential 3 3
modelling the real world dynamic complexities 5 8
with Al potential
safe and sustainable design with Al potential 3 6
solving circular economy technological issues po- 2 2
tential
2 3

sustainability data gathering potential



sustainability information sharing potential

sustainable materials discovery potential
preventing and preparing for (climate) catastrophes

Al to prevent catastrophes potential

human needed in the loop control potential

identifying extreme event prone areas potential

predicting climate events potential

reducing workload and increasing efficiency in working
potential

Al guided robots to do our work potential

Al to accelerate research potential

Al to enhance efficiency in sustainability and
safety work potential

information creation enhancement potential
less time consuming work potential
resource management potential

Al for energy management potential

Al use case for allocating food and resources po-
tential

Al use case for water management potential

allocating the world's resources effectively poten-
tial

closing loops in circular economy potential

optimizing data flows for circular economy poten-
tial

specific use case potential
Al use case for air quality potential
Al use case for alert systems potential
Al use case for commerce potential
Al use case for defence potential
Al use case for design potential
Al use case for food production potential
Al use case for governmental systems potential
Al use case for land protection potential
Al use case for medical potential
Al use case for mining potential
Al use case for planting trees potential
Al use case for pollution potential

Al use case for process data potential
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Al use case for protecting power plants potential
Al use case for safety potential

Al use case for superconductors potential

Al use case for supply chain potential

Al use case for transportation potential

systemic transformation potential

climate change management solutions finding
potential

future scenario creation potential

simplifying real world complexities for managing
more complex solutions potential

social equality with access to education potential

transformation to circular and donut economy
transition potential

unlimited potential
risks
bad input risk
Al not working with minorities risk
fabricated data risk
uncomplete data risk
bad or ill-suited models risk

not being able to handle the complexities risk

using LLMs instead of calculations to create catas-
trophe risk

bad or incorrect use risk
Al remaining just a tool without real impact risk

context missing risk

modelling the real world dynamic complexities
with Al to create catastrophe risk

more inequality from Al risk
more non-responsible use risk
overestimation of Al capabilities risk
personal harm from using Al risk
user using bad prompts risk

data sensitivity and cybersecurity risk
cybersecurity risk
sensitivity of data risk

environmental risks of Al

balancing environmental impact of Al with envi-
ronmental impact solution not possible risk

10

81

10
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environmental impact of Al risk

forgetting Al environmental impacts in the hype
risk

hesitation to use Al for environmental causes risk

external risks

competition skewed by Al legislation differences
risk

critical raw materials for data centers supply risk
distrust of Al risk
human control exploited risk
social inequality in Al access risk

substitution and loss of human capabilities risk
loosing information behind the algorithm risk
reliance on the complex systems risk
substitution with Al risk

unethical use risk
Al for warfare risk
malicious use of Al risk

monetary incentives taking over risk

other uses prioritized over environmental ones
risk

use for wasteful means risk
Al for creativity as waste risk
needs
action needs
diversity in design need

diverse groups Al development need

diverse groups in climate solution development
need

education and communication steps

activists as mediators for research results to pub-
lic solution

Al understanding solution

context knowledge solution

eliding cognitive biases in school and media solu-
tion

more accurate LCA data to back up sustainable
choices solution

small bite sized knowledge to act sustainably so-
lution

sustainability understanding solution

understanding Al bias solution

17

17

116

450

163



fact checking Al need

inclusion and community steps

citizen science to help people feel included solu-
tion

collaboration with data clusters solution
community of Al developers solution

information sharing and trust building need

bridging actionable information to decision-mak-
ers need

bridging information to citizens need

bridging information to decision-makers need

combatting misinformation about Al and sustain-
ability need

trust building for Al need
trust building for sustainability need

mindset shift needs
Al to create tools for the environment need
changing people's sustainability attitudes need
companies to utilize Al for sustainability need

conceptual links need

decisions on corporate level to implement Al for
sustainability need

finding the optimal problems to solve with the Al
need

foster a culture of positive contribution need

more grandiose efforts to combine Al and sus-
tainability need

prioritizing where to use Al need

rethinking behaviour need

sense of urgency for sustainability actions need
social innovations need

sustainability focus need

understanding sustainability implications on all
levels before development need

utilizing Al for big impact need
new requirements for Al step
easy Al user interfaces solution
enforcement of solid argumentation solution
explainable Al solution
legislation for Al solution

model training solution
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physical phenomena modelled accurately to limit
Al solution

prototyping solution

safety constraints and additional information so-
lution

sensitive data hidden in the larger analyses solu-
tion

planning for emergencies need
practical solutions for more sustainable industries need
restructuring entire societies need

small well-defined steps need

system for balancing environmental impact to be posi-
tive step
balancing environmental impact of Al with envi-
ronmental impact solution
capping Al development when it does not create
value compared to environmental impacts solution

green energy for Al solution

locating the data centers for green energy solu-
tion

monetary incentives for influencing Al enhanced
sustainability behaviour solution

optimizing training of the Al models for less com-
putational power solution

recycled materials for data centers solution

shifting the focus from finances to environmental
and social in decision-making solution

competence needs
adaptability for sustainability competence need
Al design competence need
Al substitutability evaluation competence need
Al understanding competence need
argumentation and reasoning competence need
awareness of the trade-offs regarding Al need

big picture seeing competence need

combining understanding of different fields of expertise
need

communication between people from different fields
competence need

comparing computational efforts of Al and traditional
modelling need

comparing different Al models competence need
computer science competence need

cooperation between specialists competence need
critical thinking competence need

data drivenness competence need

16

12

49

22

10
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data gathering competence need 2 2
1 1
data knowledge need
data understanding and handling competence need 4 4
data visualization competence need 2 2
. . 2 5
digital skills competence need
environmental competence need 1 1
experience with different types of modelling techniques 1 1
need
knowledge of the value chain need . 4
LCA understanding competence need 2 2
learning by doing competence need 2 3
literacy and learning competence need 1 1
mathematics competence need 2 2
. 5 9
open mindedness competence need
operation principles understanding need 1 1
persons with understanding in different relevant fields 1 1
need
prompting skills need 6 3
responsible use of Al competence need 2 4
L 1 1
scientific competences need
sensitivity of data understanding competence need 1 1
situational awareness competence need 2 3
social systems-thinking competence need 3 3
. . 2 2
sociological competences need
i . 1 1
statistical understanding need
. . 8 16
subject matter understanding need
S 3 4
sustainability competence need
systems-thinking competence need 2 2
. s 2 2
technical capabilities need
thinking processes linking Al and sustainability compe- 4 6
tence need
1 2
transparency competence need
understanding Al bias competence need 4 4
understanding complexity beneath the surface level 2 2
simplicity competence need
understanding which capability is invaluable compe- 1 1
tence need
human in the loop need 3 6
16 93

support and resource needs



ethical principles for Al use need
human resource and team needs
human resources need
interdisciplinary teams need
teams with varied competences need
knowledge creation and sharing need
education on relevant subjects need
education on use of Al need
research into Al issues need
spreading information of Al energy use need
open access to Al tools need
technical and data needs
Al for technical problems need
computational resources need
computing power need
data need

data storage need

deeper development before release to save en-

ergy need

electricity and energy need

energy efficient Al need

general data access platform or API needed for

combining data need

overcoming compatibility and access issues need

preparing for quantum computing need

smaller models using less computational power

need

software need

system or platform to combine and integrate dif-

ferent databases and models need
tool needs

Al model sustainability comparison tool
need

checklist and process for climate solution
developers need

checklist for Al developers need
energy use of Al training calculations need

green Al design tool need

model and database to support the design
process need

repositories for resources need

17

10
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simplified LCA need
tool to compare different models need
time and financing resource need
finances need
governmental funding need
support for Al for sustainability work need

time need
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