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ABSTRACT

The developments in the field of artificial intelligence (AI) have seen many 
ups and downs since AI’s infancy. Recently, however, surprisingly powerful 
AI systems have been developed and are widely considered as silver bullets 
for any kind of social, ecological, political, scientific, or economic problem. 
However, the critical consideration of AI developments – especially their 
implications for society and the environment – has not been cultivated to the 
same extent. This imbalance leaves plenty of room for unreflective belief  
in technological progress and accompanying “techno-solutionism.” In order 
to inform and advance the debate regarding sustainability-oriented AI and the 
sustainability of AI itself, we compiled this thematic issue with reflections  
on the promises and solutions, amplifications and contradictions created by 
introducing AI into the sustainability endeavor and introducing sustainabili-
ty-related application cases into AI development.
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Now what we have to fear is that inherently human problems – for exam-
ple, social and political problems – will increasingly be turned over to 
computers for solutions. And because computers cannot, in principle, ask 
value-laden questions[, t]he most important questions will never be asked.

— Joseph Weizenbaum 1

The artificial intelligence (AI) developments have experienced many ups and 
downs since the field’s infancy in the early 1960s. However, recent years have 
seen the development of surprisingly powerful AI systems, enabled by an 
abundance of computational power and ubiquitous data collection from var-
ious areas of interest, covering micro-social interactions and environmental 
data alike. Although traditional challenges in the times of “[g]ood old-fash-
ioned AI” (Haugeland, 1985) focused rather narrowly on problems such as 
identifying objects in images or playing board games, recent AI hype has been 
touting machine learning as a silver bullet for any kind of social, ecological, 
political, scientific, or economic problem. Notably, critical scrutinization of AI 
developments, especially its potential implications for society and the environ-
ment, has not been cultivated at an equal pace. This imbalance leaves ample 
space for less-than-reflective belief in technological progress and “techno solu-
tionism” (van Wynsberghe, 2021; Luers et al., 2024; Morozov, 2013). Despite 
the many promising sustainability-related applications of AI (cf. Santarius and 
Wagner, 2023), including pollution detection (Pouyanfar et al., 2022) and earth 
observation (Bereta, 2018), scholarly and societal debate has rarely focused on 
the resource consumption associated with training and operating these models 
(Wu et al., 2022). Indeed, the computational resources needed to train AI mod-
els doubled every 3.4 months between 2012 and 2018 (OpenAI, 2018), with 
energy, water, and material requirements rising dramatically at the same time. 
The use of renewable energy for data centers remains rare (Khan et al., 2022), 
and if available, using it for AI diminishes its potential for other uses.

Sustainable AI, as a field of research and academic discussion, concerns the  
entire life cycle of AI and the sustainability of AI’s design, data gathering, 
training, development, validation, re-tuning, implementation, and use (van 
Wynsberghe, 2021). However, sustainability, in its most referenced form, 
means “development that meets present needs without compromising the abil-
ity of future generations to meet their own needs” (Brundtland Commission, 
1987). Yet, discussion of fulfilling current needs without undermining future 
welfare consideration of the questions of whose needs and whose future wel-
fare are at stake (Thiele, 2016), which urges a review of the power structures 
and actors responsible for the entire AI ecosystem, including the influential 
claims and concrete consequences around AI (Stilgoe, 2023). Furthermore, the 
concept of sustainability is conventionally considered to rest on three pillars: 

1	 From an interview with Long, M. (1985). The turncoat of the computer revolution. New Age Journal 5, 49 – 51, as quoted in 
Milbrath, L. W. (1989) Envisioning a sustainable society: Learning our way out. SUNY Press. 257.
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an ecological pillar, an economic pillar, and a social pillar (Purvis et al., 2019). 
Critical research into the sustainability of AI often focuses on the environ-
mental dimension, addressing, for example, greenhouse gas emissions or 
resource use. Social aspects of AI’s sustainability have only received increased 
attention in the past few years, despite seven of the United Nation’s seventeen 
Sustainable Development Goals (SDGs) – established in 2015 as part of their 
“2030 Agenda for Sustainable Development” framework – concerning social 
domains (e.g., health, well-being, education, gender equality, work conditions, 
inequalities, peace, and justice). 

The question of social sustainability has notably been brought up in relation to 
AI’s global supply chains and applications. For instance, labor conditions on the 
mining sites and assembly lines required to produce AI hardware have been crit-
icized (Williams, 2022) alongside the often precarious and unhealthy workplaces 
– often located in the Global South – associated with data cleaning and annota-
tion (Miceli et al., 2020; Roberts, 2019; Gillespie, 2018). Elsewhere, criticism 
has circled around the detrimental effects of AI on social and economic inequality 
and the reinforcement of racialized and gendered forms of oppression (Noble, 
2018; O’Neil, 2016). The discourse surrounding the AI market and business 
practices (Gorwa & Veale, 2024) and ambiguous technological outcomes (Weber, 
2024) completes the big picture. Ultimately, “AI is neither intelligent nor artifi-
cial” (Crawford, 2021, p. 69), because there is always subjective non-automated 
human decision-making and non-artificial human labor at the core of AI.

Those kinds of misconceptions and the need to regularly call them out (Rehak, 
2021) make meaningful discussions around sustainable AI even more difficult. 
Mischaracterizing (sustainable) AI leads not only to superficial academic and 
political debates but also to dangers of placebo AI solutions that do not actu-
ally tackle real problems and perhaps even worsen them (WBGU 2019, p. 4). 
Given that AI represents various high-tech products that are often fully under-
stood only by experts, grasping its implications is a complex task prone to the 
influence of powerful interests. The phenomena of so-called AI greenwashing 
and technofixing demonstrate how stakeholders can mislead or be misled by 
seemingly sustainability-oriented products and practices that hide their un-
sustainable features (for an overview on general greenwashing techniques see 
de Freitas Netto et al. 2020) or trigger economy-wide digital rebound effects 
(Kunkel & Tyfield, 2021).
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To inform and advance the debate around sustainability-oriented AI and the 
sustainability of AI itself, we have compiled this thematic issue consisting of 
four research articles and two opinion pieces to offer reflections on the prom-
ises, solutions, amplifications, and contradictions created by introducing AI 
into sustainability-related endeavors and sustainability-related applications 
into AI development.

The topics covered in this thematic issue reflect that the discourse on sustain-
able AI takes place on many different levels. It addresses questions of individ-
ual behavior and education, as well as systemic societal questions about power 
and techno-solutionism, concrete questions about AI training and collabora-
tion, and questions concerning AI myths and abstract imaginaries. Each of the 
six papers presents recent theoretical and empirical research addressing com-
plex challenges as well as considering the current and future needs of the field.

In his paper, Paul Schütze (2024) explores the power structures and socio-eco-
nomic dynamics behind employing AI technologies and emphasizes that the 
promises of sustainable AI largely rely on mystification and the technological 
solutionism paradigm’s fixation on efficiency gains and technological prog-
ress, ultimately reproducing the hegemonic status quo.

Sami Nenno (2024) provides an in-depth investigation of the potentials and 
limitations of Active Learning (AL) for decreasing the training data size of 
machine learning algorithms (an emissions reduction technique). The experi-
ments demonstrate that reducing data size outweighs the computational costs 
associated with AL in only limited scenarios.

Stefan Ullrich and Reinhardt Messerschmidt (2024) emphasize the need for a 
critical AI literacy that can be substantially obtained via experience-based learn-
ing. They provide an overview of existing options that foster reflected usage 
and understanding of the notion of AI, concluding with a hands-on example.

Marja-Lena Hoffmann et al. (2024) quantify the net global-warming potential 
of an online shopping recommendation system that nudges towards sustainable 
consumption decisions. Their article demonstrates how emissions can be avoid-
ed using AI-enhanced systems to get closer to sustainable shopping behaviors.

Hartmut Hirsch-Kreinsen und Thorben Krokowski (2024) critically discuss 
the promises of artificial intelligence, which appear clear and compelling but 
are actually ambiguous, depending on vague metaphors, misconceptions, and 
exaggerations and drawing their persuasive power from the longstanding myth 
of the intelligent machine.
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Finally, Peter Buxmann and Sara Ellenrieder (2024) argue that although rapid 
advances in AI have heightened anticipation of transformative automation, the 
focus of research should shift to effective human-AI collaboration, which re-
quires explainable system decisions and effective human oversight, especially 
in high-risk areas, as emphasized by the EU’s AI Act.

We believe that there is an urgent need for a differentiated and critical-analyt-
ical view of sustainable AI – specifically the ecological, social, and discursive 
issues – that moves beyond the narrative of technological solutionism and 
operates on an informed and empirical basis. The presented articles push the 
discourse in this direction.
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