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We are currently living in what is widely celebrated as the golden age of robotics. From these bold

industry visions to the daily breakthroughs in AI, it feels as if the potential growth is limitless. But
at the same time, we must face a hard truth: the world HAS limits.

While the industry predicts a future of universal abundance and a billion robots, the planet is
signaling a different reality. We have already surpassed seven of the nine planetary boundaries

(Kitzmann et al., 2025; Richardson et al., 2023), the effects of climate change are no longer a

distant threat, and the calls for urgent, transformative action are louder than ever. As roboticists,
we have to ask ourselves: are we building this “billion-robot future” with the planet in mind?

To find out, we analyzed 50,000 robotics research articles published in the last decade, and
extracted insights into the field’s awareness and motivation regarding sustainability. The takeaway

is very clear: with more than 92% of papers not mentioning their broader impact and more than

95% not motivated by sustainability, the community needs to do more!

This article will start with a brief introduction to the role of robotics in the global sustainability

agenda. Then, we will describe our analysis pipeline and present the results, showcasing the
awareness gaps in the literature. Finally, we will conclude by discussing a set of concrete,

actionable steps the community can take to help close these gaps.

💡 Read the Full Study: This page is an interactive version of our recent arXiv publication. If

you prefer to read the static PDF or want to dive into the formatted appendices, you can

find the complete paper here.

Figure 1 · Out of nearly 50,000 analyzed papers, only 7% mention broader societal or ecological impacts (The

Awareness Gap), and only about 4% are explicitly motivated by sustainability-related goals (The Motivation

Gap).

Mentioning Broader Impacts? Motivated by Sustainability?

Yes 7 4%
No

Yes 4 3%
No

https://doi.org/10.1126/sciadv.adh2458


The Brave New World of Robotics

It seems undeniable at this point in time that robotics has a big, bright future. We are witnessing

a historic shift where general-purpose robots are starting to show advanced physical abilities,

matching and even in some cases surpassing those of humans. Robotics seems more and more
as a success story of the modern world, where disruptive innovation, years of research and

continuous improvements are creating truly capable systems that were once the stuff of science
fiction.

Beyond the impressive physical abilities, with the recent advancements in AI, we are also seeing a

significant leap in the cognitive capabilities of robots. The integration of large language models
and other AI techniques is enabling robots to understand and interact with the world in more

sophisticated ways. We can now clearly imagine these systems performing many useful roles:

Eliminating dangerous and repetitive work that humans should no longer have to do.

Optimizing resource management through precision and tireless operation.

Providing essential care for the elderly in an aging global society.

And many more applications spanning from daily life to industry, healthcare, agriculture, and even

space exploration.

In this era of rapid expansion, it feels as if there are no limits to the possibilities and the growth

of our field.

But at the same time, we must face a hard truth: the world HAS limits.

Today’s technological development is fueled by an unspoken rule: “if it can exist, it should exist.”

This is often coupled with the competitive fear that “if we don’t build it, someone else will.” While
this mindset has accelerated innovation, it has also blinded us to a reality that science has

Robot capabilities in early 2026

Figure 2 · 2026 Spring Festival Gala by China Media Group - Video from CGTN

https://news.cgtn.com/news/2026-02-16/Martial-arts-robots-dazzle-at-2026-Spring-Festival-Gala-1KOEB8AM19e/p.html


warned us about for decades: we live on a finite planet with limited resources (Meadows et al.,

1972).

Planetary boundaries define a “safe operating space” for humanity (Rockström et al., 2009), a set
of boundaries we should not cross to maintain a stable and hospitable planet. The further we

exceed these boundaries, the higher the risk of triggering tipping points: irreversible changes that

could threaten the very foundation of the life on Earth as we know it.

Our “blind progress” paradigm has brought us to an unprecedented global crisis. Scientific

evidence, including the latest IPCC reports and recent planetary boundary studies, confirms that
we have already surpassed 7 out of the 9 planetary boundaries (Richardson et al., 2023).

Figure 3 · The 2025 update to the Planetary boundaries.

Licensed under CC BY-NC-ND 3.0. Credit: "Azote for Credits Stockholm Resilience Center , based on analysis

in Sakschewski and Caesar et al. 2025".

https://search.library.wisc.edu/catalog/999473210902121
https://search.library.wisc.edu/catalog/999473210902121
https://www.ipcc.ch/report/ar6/syr/
https://doi.org/10.1126/sciadv.adh2458
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://www.stockholmresilience.org/research/planetary-boundaries.html
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According to the latest Planetary Health Check 2025 (Kitzmann et al., 2025), our current

trajectory has pushed us into the high-risk zone across multiple fronts:

Biosphere Integrity: Biodiversity is being lost at an alarming rate (Johnson et al., 2017)

Land-System Change: Deforestation and aggressive land use are destabilizing local and global
climate (Chakravarty et al., 2012; Smith et al., 2023)

Novel Entities: Chemical pollution and microplastics have become ubiquitous, found in the
most remote corners of the Earth (Law & Thompson, 2014; WHO, 2019) and even within the

human bloodstream (Cox et al., 2019).

The fact that we have exceeded the majority of the safe operating limits is a clear sign that we
need to rethink our approach to innovation. It is a call for urgent action, not just in terms of

reducing emissions or conserving resources, but in fundamentally reimagining how we live, work,
and innovate.

Achieving true sustainability is often seen as being about ecological concerns and addressing

climate change, but this is far from the full picture. It requires acting on many fronts
simultaneously: reducing inequalities, managing resource utilization, ensuring peace, and aiming

for economic prosperity for all. It is about creating a long-term stable world that considers not just
our needs today, but those of future generations and the planet itself (Brundtland, 1987).

The 2030 Agenda for Sustainable Development

In 2015, a pivotal moment for global action occurred. While many remember it as the year of the

Paris Agreement, it was also when all United Nations Member States adopted a shared blueprint

for a sustainable transition called the 2030 Agenda for Sustainable Development.

At the heart of this blueprint are the 17 Sustainable Development Goals (SDGs). They represent
one of the most comprehensive descriptions of the categories of actions necessary to accomplish

Climate Change: Atmospheric carbon concentrations have long since passed the safe

threshold (Richardson et al., 2023), and the average temperature has exceeded 1.5°C in
2024 (the target set by the Paris Agreement).

“The 2030 Agenda for Sustainable Development, adopted
by all United Nations Member States in 2015, provides a
shared blueprint for peace and prosperity for people and
the planet, now and into the future.”

https://unfccc.int/process-and-meetings/the-paris-agreement
https://sdgs.un.org/2030agenda
https://doi.org/10.1126/sciadv.adh2458


a global transition within a 15-year window (until 2030). They cover a wide range of issues, from

poverty and hunger to climate action and responsible consumption. The goals are further divided
in 169 targets representing relateively concrete and measureble milestones that we should aim to

achieve by 2030.

Each year, the UN produces a progress report, tracking our collective progress toward these
targets, providing a data-driven insight in where we stand. Additionally each 4 years, a more

comprehensive Global Sustainable Development Report (GSDR) is published.

The common theme in every report is clear: we are falling behind, and the call for urgent,
transformative action grows louder every year.

Where does robotics fit into this?

Analogous to AI (Vinuesa et al., 2020), many researchers agree that robotics is a double-edged

tool (Bugmann et al., 2011; Guenat et al., 2022).

On one hand, it can have a substantial positive effect and act as a primary engine for the

transition to a sustainable world. It can help in many domains, from improving the efficiency of

industrial processes to helping in environmental monitoring and improving human well-being with
advancements in medical applications. On the other, if we do not explicitly focus on sustainability,

it can become part of the problem. Main concerns being: contributing to waste creation, energy
and resource depletion, and amplifying social inequity.

More precisely, recent analysis suggests that while robotics has the potential to enable 46% of all

SDG targets, it could also inhibit 19% of them: primarily by exacerbating inequalities if not
managed with care (Haidegger et al., 2023).

The research community increasingly recognizes that to enable sustainable development, we need
a concerted effort to raise awareness, build new tools, and share knowledge. Some recent

institutional moves both in the industry and academia reflect this shift, for example:

In Industry: The International Federation of Robotics (IFR) has published a detailed list of
proposals outlining how robotics can contribute to specific SDGs.

Interactive Sustainable Development Goals Poster

Figure 4 · Credits United Nations. Hover or click each tile to inspect a short SDG summary.

https://unstats.un.org/sdgs/report/2025/
https://sdgs.un.org/gsdr
https://ifr.org/sustainability#
https://www.un.org/sustainabledevelopment/news/communications-material/


In Academia: The IEEE Robotics and Automation Society (RAS), one of the world’s leading

robotics associations, recently established a Sustainability Committee to promote these
values in research and practice.

While the global transtion can be accomplished only with a collective effort across all sectors, the
research community has a unique role to play. Academic research serves as the foundation for

the future of the industry; the ideas, priorities, and ethical frameworks established in today’s

papers become the industrial standards of the next decade.

While there is a growing number of papers exploring everything from energy efficiency to social

impact (Guenat et al., 2022; Haidegger et al., 2023), it is still not clear how much of the research
community is aware of the SDGs and how much of it is actively trying to align with them.

With this in mind, this study attempts to raise awareness of our community by attempting to

answer this simple question:

In 2015, the world agreed on a plan for the future. How has robotics research, with its potentially

huge future impact, aligned with this goal?

Analysis of the Current State: A Large-Scale Survey

The goal of this analysis is to quantify how the robotics community actually communicates its
work. More precisely we are interested in answering two main questions:

1. How often authors communicate the potential impacts of their work (social, sustainability,
ecological)?

2. How often papers are actually motivated by sustainability-related topics?

Additionally, how does this evolve over time? Is it improving?

While several studies have explored the intersection of robotics and sustainability through human

assessment on a small scale, such as the expert evaluation by Guenat et al. (2022), there has
been no real large-scale study on the field’s overall direction until now.

Therefore, to answer these questions, we conducted a large-scale analysis of the entire corpus of

open-access robotics research available on ArXiv (tagged by cs.RO  category), covering the period
from 2015 to early 2026. This dataset includes close to 50,000 papers, providing a

comprehensive view of the field’s evolution since the adoption of the UN SDGs in 2015.

https://www.ieee-ras.org/about-ras/governance/standing-committees/sustainability-and-climate-change/


💡 Arxiv database does not contain ALL roobtics articles. There are other closed-access

databases, namely IEEE Xplore and Science Direct, that may contain additional papers not

found on Arxiv. However, Arxiv is the largest open-access repository for robotics research,

and it provides a sufficiently large and representative sample to analyze broad trends in

the field’s communication about sustainability.

The Analysis Approach

Answering the above questions required a combination of quantitative keyword analysis and

qualitative content analysis. Both of these analyses might take a human researcher years to
complete due to the sheer volume of papers.

With the recent advances in Large Language Models (LLMs), increasing number of studies showed
that the LLM-based classification methods, providing the LLM with a well-structured prompt as

well as a complete taxonomy of labels, are effective tools for classifying text at scale (Vajjala &

Shimangaud, 2025; Wang et al., 2023). Therefore, for this large-scale study, we opted for a zero-
shot LLM-based classification approach.

We built our analysis pipeline using DeepSeek-V3, chosen for being open-weight, as well as for its
reasoning capabilities and large context window, which allowed us to process the full contents of

each paper.

In this study, the model was tasked with analyzing each paper against two specific criteria:

identify presence of impact-related keywords

classify the research based on its alignment with the SDGs.

The classification was framed as a zero-shot approach utilizing a double (system + per-paper)

prompt structure. Find the full prompt details in the Appendix: Prompt details & Examples.

Ultimately, the goal of this analysis is not to provide a 100% infallible judgment on every paper,
but to point toward the emerging trends in how our community prioritizes (or overlooks)

sustainability in their communications. Therefore, while an LLM-based approach may not be as
precise as a human expert on every single paper, it provides a consistent and scalable way to

analyze tens of thousands of papers and identify broad patterns that would be impossible to

detect through manual analysis alone. The limitations of this approach are further discussed in
the Appendix: Limitations of the approach.



💡 Deep Dive into Methodology: For a more rigorous breakdown of our pipeline, including

classification performance, consistency checks for DeepSeek-V3, and cross-model

ensemble benchmarking, please refer to our full arXiv preprint.

The dataset is Open-Source

The full dataset of analyzed papers, including the model’s classifications and reasoning, is

available for download on Hugging Face Datasets:

sustainable-robotics /robotics-arxiv-sustainability-classification

Split (1)
train · 49.8k rows

Search this dataset

id titl th bli h d

Try on your own paper!

Try the same analysis on your own paper or any paper you are interested in! The interactive demo
is open-source and available on Hugging Face Spaces - Sustainability Assessment Tool

📄 Paper Sustainability Assessment
Upload Paper (PDF or TXT only)

The Footprint of Our Analysis

In the spirit of the sustainability goals we advocate for, it is vital to be transparent about the

environmental cost of this study itself. Large-scale AI analysis is not “free” for the planet.

https://huggingface.co/sustainable-robotics
https://huggingface.co/datasets/sustainable-robotics/robotics-arxiv-sustainability-classification
https://huggingface.co/sustainable-robotics
https://huggingface.co/sustainable-robotics
https://huggingface.co/sustainable-robotics
https://huggingface.co/spaces/sustainable-robotics/paper-sustainability-assessment


Metric Value

Model Used DeepSeek-V3

Deepseek’s Carbon Intensity Factor (CIF) ~0.6 kgCO2e / kWh - Table 1. in Jegham et al. (2025)

Data Volume ~1.2 Billion tokens exchanged

Prompt Number ~50,000

Average Prompt Size Input: ~25k tokens, Output: ~750 tokens

Estimated Energy Per Prompt ~13Wh - Table 4. in Jegham et al. (2025)

Estimated Carbon Footprint Per Prompt ~7.8g CO2e (0.6 kgCO2e / kWh  13 Wh)

Total Energy Consumption ~650 kWh

Total Carbon Footprint ~390 kgCO2e

Total Experimental budget ~250$

Putting 650 kWh into context:

Putting 390kg of CO2 into perspective using common environmental equivalents:

×

Yearly energy consumption per inhabitant: This is equivalent to 29% of the average yearly
electricity consumption of an inhabitant in France (2,223 kWh).

Yearly PC energy consumption: It represents 3x to 6x the total yearly energy consumption of a
standard desktop PC (assuming 100-200 kWh/year) and 12x the consumption of a standard

notebook (50 kWh/year).

Driving: Equivalent to driving a standard gasoline passenger car for ~1500 km

(~400gCO2e/mile). Rougly the distance between Paris and Rome.

Flying: Equivalent to a return-trip flight from London to Barcelona, about ~1500km

(~0.25kgCO2e/km).

Tree absorption: It would take approximately 39 mature trees an entire year (10 kg/year) to

sequester the carbon produced by this specific experimental run.

Personal footprint: It represents 2.6% of the average yearly carbon footprint of an inhabitant in

USA (14.5 tCO2e/year). But a 19% of the target yearly carbon footprint per capita to meet the

1.5°C target (2 tCO2e/year).



💡 Note: While this “one-time cost” is significant, we believe the insight gained, identifying

the Awareness Gap in a field that influences global industry, is a necessary investment to

trigger a shift toward more intentional, sustainable research.

Analysis Results

The large-scale analysis of the dataset of 50,000 papers in the ArXiv Robotics category ( cs.RO ),

revealed several interesting trends in the scientific communications of the robotics community:

The field of robotics is growing exponentially, with a significant increase in the number of
papers published over the years.

The Awareness Gap: Very few papers mention their impacts (social, sustainability, ecological),
and this proportion has not shown significant improvement over time.

The Motivation Gap: Very few papers are explicitly motivated by sustainability-related topics,
but many of them are treating topics that could benefit sustainability without explicitly

mentioning it.

Following sections will dive into each of these trends in more detail.

The Exponential Growth of Robotics Research

The first and most obvious trend in our dataset is the sheer volume of research being produced.
The growth of the field is impressive, from 80 papers in the first quarter (Q1) of 2015, to over

3,100 papers in the first quarter (Q1) of 2026. The growth rate is exponential: the number of

papers is multiplied by 2 roughly every 3 years.



Another interesting observation is that the months of March and September are consistently the

most popular for paper submissions, likely due to conference ICRA (September-November) and

IROS (February-March) deadlines. While January is the least popular month for submissions.
However, the overall growth trend is clear regardless of the month or quarter.

How many papers mention their impacts?

To better understand how the community communicates “the impact” of their work, we analysied

the papers to find the explicit mentions of their impact in three key areas:

Social Impact

Ecological Impact

Sustainability Topics

Additionally, we looked for explicit references to the UN’s Sustainable Development Goals (SDGs)

to see if this global framework has penetrated the robotics lexicon.

Total Robotics Papers Over Time on arXiv cs.RO

Figure 5 · Total number of papers published in arXiv's cs.RO category over time (Monthly and Quarterly

values).
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Figure 5 · Total number of papers published in arXiv's cs.RO category over time (Monthly and Quarterly

values).
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The data reveals a contrast between the growth of the field and the growth of its engagement:

Stagnant Proportion of Impact Mentions: While the absolute number of papers mentioning
impact is increasing, this seems to be more of a byproduct of the field’s exponential growth

than the result of a genuine increase in awareness. The proportion of papers discussing these
impacts has remained surprisingly stagnant for over a decade.

Marginal Impact Consideration: Very few papers explicitly consider their broader impacts.

Mentions of Social Impact are around 6%, while Environmental and Sustainability impacts both
struggle to cross the 2% threshold.

UN SDGs Rarely Mentioned: Explicit mentions of the UN SDGs are nearly non-existent,
appearing in fewer than 0.1% of all papers. Despite being the global standard for sustainable

development, the SDGs appear to be largely absent from the robotics research

communications.

Impact Mentions vs Total Papers

Figure 6 · Total number of papers vs impact mentions highlighted in colors, with percentage trend line by

quarter. Choose between social, ecological, sustainability, and SDG mentions using the dropdown.
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Impact Mentions vs Total Papers

Figure 6 · Total number of papers vs impact mentions highlighted in colors, with percentage trend line by

quarter. Choose between social, ecological, sustainability, and SDG mentions using the dropdown.
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💡 It is important to note that we are only looking for explicit mentions of these impacts in

the papers, and we did not try to analyse the quality of the arguments or the depth of the

discussion. We are are not trying to understand if the paper is actually impactful or not.

Even greenwashing would be considered as a mention of the impact.

For a more granular view, the interactive plot below allows you to inspect quarterly data and

observe these trends across the entire study period.

The data paints a somewhat grim picture of our field, of a field rarely engaging with the broader
consequences of our work. Despite numerous calls for responsible research and the increasing

visibility of sustainability issues, the vast majority of robotics papers do not explicitly address their

Quarterly impact mentions in robotics papers

Figure 7 · Interactive pie chart of impact mentions: use the slider to inspect each quarter.
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social, ecological, or sustainability impacts. And the proportion of papers that do mention these

impacts has not shown significant improvement over time.

We must do more as a community! As researchers, we need to look past purely technical and

economic metrics and start taking responsibility for the broader impacts of our work. As we are
helping to build this “billion-robot future,” we have a duty to consider the social, ecological, and

sustainability consequences of what we create. At the very least, we should begin by making

these impacts a standard part of our scientific communications.

How many papers are motivated by sustainability related topics?

In this step, we moved beyond keywords and looked at the actual content of the articles. We
wanted to understand how many robotics papers are describing technologies that are useful for

the sustainability goals (Potentially applicable) and how many of them sustainability as their
primary driver (Motivated by sustainability).

Using the UN SDGs as our guide, we categorized the 50,000 papers into three distinct categories

based on their relevance and motivation towards sustainability goals:

SDG Aligned: Papers that develop technology that could benefit an SDG (e.g., efficient

industrial path planning, medical robotics for health).

SDG Motivated: Papers which are SDG aligned but also explicitly mention the sustainability as

a motivation for their work.

No Direct SDG Relevance: Papers focused on niche technical problems with no clear link any
of the sustainability goals.

For example, a paper about efficient path planning for industrial robots would be classified as
relevant for SDG 9 (SDG Aligned), but it would only be classified as SDG Motivated by SDG 9 if the

paper explicitly mentions that the motivation of the work is to contribute to any of the SDG 9

targets (e.g., “This work is motivated by the need to promote sustainable industrialization and
foster innovation”).

https://sdgs.un.org/goals/goal9#targets_and_indicators
https://sdgs.un.org/goals/goal9#targets_and_indicators


First let’s look at how many papers are SDG Aligned, or in other words, how many papers (out of

the total of 50,000 ) are classified as relevant for specific SDGs. The absolute view graph

presents the analysis results and shows a clear hierarchy of priorities:

Number of SDG Aligned and SDG Motivated Papers by SDG Topic

Figure 8 · Horizontal overlayed bars showing absolute paper counts for SDG-aligned papers, explicitly SDG-

motivated papers, and papers with no direct SDG relevance. The percentage value shows the ratio of papers

belonging to this topic (out of all the 50k papers).

0.0%

0.3%

0.3%

0.6%

0.7%

0.9%

1.6%

1.8%

2.0%

2.4%

2.6%

3.9%

4.8%

10.6%

19.1%

43.5%

87.5%

0.3%

0 20k 40k

No SDGs

SDG 1: No Poverty

SDG 17: Partnerships for the Goals

SDG 6: Clean Water & Sanitation

SDG 5: Gender Equality

SDG 16: Peace, Justice & Strong Institutions

SDG 7: Affordable & Clean Energy

SDG 15: Life On Land

SDG 2: Zero Hunger

SDG 10: Reduced Inequalities

SDG 13: Climate Action

SDG 14: Life Below Water

SDG 4: Quality Education

SDG 12: Responsible Consumption & Production

SDG 8: Decent Work & Economic Growth

SDG 3: Good Health & Well-being

SDG 11: Sustainable Cities & Communities

SDG 9: Industry, Innovation & Infrastructure

SDG Aligned SDG Motivated

No SDG Relevance

Number of Papers (Count)

S
D

G
 C

at
eg

or
y

Number of SDG Aligned and SDG Motivated Papers by SDG Topic

Figure 8 · Horizontal overlayed bars showing absolute paper counts for SDG-aligned papers, explicitly SDG-

motivated papers, and papers with no direct SDG relevance. The percentage value shows the ratio of papers

belonging to this topic (out of all the 50k papers).
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Most Represented Topics

Industrial topics: Unsurprisingly, the vast majority of research falls under technological
advances for Industrial Innovation (SDG 9) with 87% of papers, followed by: Smart

Cities/Infrastructure (SDG 11) with 43% of papers, Decent Work and Economic Growth
(SDG 8) with around 10% of papers and Responsible Consumption and Production (SDG

12) with around 6% of papers. All of them are likely driven by the industrial and

manufacturing applications of robotics, improving efficiency, and optimizing processes.

Human Well-being: The third-largest category is Good Health and Well-being (SDG 3) with

around 19% of papers, likely driven by the strong sub-field of medical and assistive
robotics.

Least Represented Topics

Environmental Topics: In contrast environmental topics such as Climate Action (SDG 13),
Life on Land (SDG 15), Life Below Water (SDG 14) and Clean Energy (SDG 7) are much less

represented, with each of these SDGs having less than 2.5% of papers.

Social Topics: Somewhat expectedly the social SDGs such as No Poverty (SDG 1), Peace,

Justice and Strong Institutions (SDG 16), Gender Equality (SDG 5) and Reduced

Inequalities (SDG 10) are also underrepresented, with each of these SDGs having less
than 2.5% of papers.

No SDG Relevance: Interestingly, a very small portion of papers (around 0.3%) were classified
as having “No Direct SDG Relevance,”. Highlighting the field’s high potential to contribute to

global goals, but it also suggests that the UN SDGs are a broad framework capable of
encompassing almost any technical advancement.

💡 A Note on the 99% Relevance Rate

It is important to recognize that these numbers are sensitive to the classification

methodology. With a stricter LLM prompt and a more conservative classification

requirements, we would likely find a lower overall proportion of SDG relevance. However,

this would most probably impact both the “SDG Aligned” and “SDG Motivated” values

equally, leaving the considerable gap between potential and intent relatively unchanged.

Finally, the above graph shows that the overall number of papers motivated by SDG topics (SDG

Motivated) is very low in comparison to the number of papers treating topics that are somewhat
aligned with SDGs (SDG Aligned). The graph bellow and the following discussion dives a bit deeper

into this relationship.



We are now interested in the proportion of the papers that are explicitly motivated by their

contribution to this topic (SDG Motivated) per SDG topic, compared to the papers that are not

explicitly motivated by it (but still classified as relevant for it, SDG Aligned). The results are shown
on the relative view graph, and they show a great motivation disparity between domains:

Relative SDG Motivation Within Each SDG Topic

Figure 9 · Horizontal bars showing the within SDG topic percentage split between explicitly SDG-motivated

papers and those not motivated by it.
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Figure 9 · Horizontal bars showing the within SDG topic percentage split between explicitly SDG-motivated

papers and those not motivated by it.
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Highly motivated domains:

No Poverty (SDG 1): This SDG is at 100% of papers motivated by it, but this SDG has only
one paper classified under it, so it is safe to say that this result is an outlier and should

not be over-interpreted.

Human Well-being: Fields like Health (SDG 3), Zero Hunger (SDG 2), Clean Energy (SDG 7)

and Clean Water and Sanitation (SDG 6) have relatively high rates of explicit motivation

(typically much above 10%). Notably, SDG 2 (Zero Hunger) has the highest relative
proportion of explicit motivation (30%), reflecting the urgent need for technological

solutions in agriculture.

Environmental SDGs: Climate Action (SDG 13), Life on Land (SDG 15) and Life Below Water

(SDG 14) also show a relatively high proportion of explicit motivations (>10%), likely due to

the increasing visibility of environmental issues and the clear need for technological
solutions in these areas.

Social SDGs: Reduced Inequalities (SDG 10), Gender Equality (SDG 5) and Peace, Justice
and Strong Institutions (SDG 16) show a similar proportion of explicit motivations (>5%),

likely due to the clear and direct impact on people’s lives and the strong ethical

considerations in these domains.

Moderately motivated domains:

Responsible manufacturing In Responsible Consumption and Production (SDG 12) and
Decent Work and Economic Growth (SDG 8), around 2.5-5% of papers are explicitly

motivated by these SDGs, it is somewhat surprising given the importance of sustainable
production practices.

Education: With around 3% of papers explicitly motivated by this SDG, education is a

moderately represented domain. This may be due to the growing interest in educational
robotics and the potential for technology to enhance learning experiences.

Low motivation domains:
Technical/Industrial Domains: Conversely, in Industrial Innovation (SDG 9) and Sustainable

Cities and Communities (SDG 11), the proportion of papers explicitly motivated by these

SDGs is very low (typically well under 2%). This is likely because much of the research in
these areas is driven by technical challenges and industrial applications, rather than

sustainability goals.

The results suggest that the robotics community has a high potential to contribute to

sustainability goals, but the motivation to do so is unevenly distributed across different domains.

More precisely, the domains with the most direct and visible potential sustainability impact (e.g.,
health or environment) are also the ones with the highest proportion of SDG Motivated papers.

However, in heavily technical or industrial domains where the sustainability impact is systemic,
indirect and not as visible, the motivation to contribute to sustainability goals is much lower.



Although this seems somewhat intuitive, it also highlights the need for greater awareness and

incentives to encourage researchers across all domains to consider the sustainability implications
of their work and to explicitly align their motivations with global sustainability goals.

💡 Check out the interactive banner image at the top of this article to explore the landscape

of the SDGs in robotics research and see how different SDGs are represented across the

field. Click here to go to the top of the banner Link.

The above figure shows the temporal trend of papers explicitly motivated (classified as SDG

Motivated) by sustainability topics (cumulatively in all SDGs) compared to the total number of
papers. The absolute number of SDG Motivated papers has increased over time which is a great

sign! However, the increase seems to keep pace with the overall growth of the field, resulting in a
relatively flat percentage trend line. The ratio of motivated papers is hovering around a very low

value of under 5% on average, indicating that the vast majority (above 95%) of robotics research is

not motivated by sustainability-related topics.

SDG Motivated Papers vs Total Papers in Time

Figure 10 · Comparison of total papers versus those motivated by sustainability, with percentage trend line.
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Given the urgency of recent calls to action and the enormous potential for robotics to contribute to

sustainability goals, the community needs to do better! It is time to move beyond technical
challenges and begin explicitly integrating sustainability into the foundation of our research

motivations.

Conclusion and call to action

The data is clear: robotics research is at a crossroads. While we are living through a “golden age”
of technical advancement, our growth is currently decoupled from the most pressing challenges of

our time.

Our analysis of 50,000 papers has revealed a persistent Awareness Gap and a significant
Motivation Gap. The community is building tools that have the potential to drive the global

sustainable transition, but they are doing so largely by accident. More than 95% of papers do not
consider sustainability when motivating their work, and the proportion of researchers explicitly

considering their sustainability and ecological impacts has remained stagnant for over a decade,

typically accounting for less than a couple of percentage points of the total research output each
year.

More precisely, the analysis of the last decade of papers shows that:

The ratio of papers mentioning social, environmental, or sustainability impact stayed under

6%, 2% and 1.5% respectively.

The number of papers explicitly motivated by sustainability (even by a single sentence) stayed

under 5%.

Explicit mentions of the UN SDGs are nearly non-existent, appearing in under 0.1% of the total
research.

If we are to meet global sustainability targets, “accidental sustainability” is no longer enough.
Robotics comminity needs to transition toward a paradigm of intentional impact.

Where to start?

Change in academia is often slow, but it starts with individual choices and institutional pressure.
Here are a couple of concrete steps we, as a researchers, can take to start bridging the

Awareness and Motivation Gaps in our community:



1. WRITE THE “MISSING” SECTION

The simplest way to help bridging the Awareness Gap is to make impact a standard part of the

scientific narrative. In your next paper, include a dedicated section/paragraph addressing:

Broad Impacts: What are the social, ecological, and sustainability consequences of this work?

SDG Alignment: Which specific UN goals does this research support?

Stated Intent: Whenever possible, frame your research motivations with sustainability in mind
from the outset, rather than as an afterthought.

If not sure which SDGs your research aligns with, check the section Test your paper! to analyse
your paper using the sustainability assessment tool developed for this article.

2. OPEN-SOURCE YOUR RESEARCH!

Another relatively simple and highly actionable way of contributing to the suistanable future is

Open-Sourcing your research.

Democratise Access: One of the key concerns for the future of sustainability in robotics is the

amplification of global inequalities (Guenat et al., 2022; Haidegger et al., 2023). Open-

sourcing our research is a direct way to democratize access, ensuring these technologies are
available to everyone, not just a privileged few.

Transparency: By making our code and data publicly available, we can allow others to analyse
and critique our work, helping to ensure that research aligns with ethical and sustainability

principles before it reaches industrial scale.

Enhance Collaboration and Knowledge sharing: Collaboration and Knowledge sharing is an

important part of the sustainability paradigm, highlighted in SDG 17 (Partnerships for the

Goals). Interestingly. Our survey found that SDG 17 is the only goal with zero papers explicitly
motivated by it, open-source can be a powerfull tool to begin filling this gap.

Avoid “Reinventing the wheel”: By allowing others to build upon existing work, we reduce the
redundant consumption of energy, compute, and human resources, accelerating our collective

progress toward more sustainable future (Bertram, 2020).

3. EXPLORE “UNDER-RESEARCHED” DOMAINS

As shown in the Results section, robotics is currently heavily concentrated in Industry (SDG 9) and
Infrastructure (SDG 11). Recent literature indicates that there is a high potential for robotics to

contribute to a wide range of SDGs (Haidegger et al., 2023), but many of these areas remain

https://doi.org/10.1007/978-1-4842-6388-4_2


underexplored. This represents a great opportunity in less-covered SDGs. As shown on the figure

above, some SDGs could use more robotics community attention, for example:

SDG 13, 14, & 15: Climate Action and Ecosystem Protection.

SDG 5 & 10: Reducing Inequalities and Gender Equality.

SDG 2: Zero Hunger through sustainable agricultural robotics.

And basically any domain except SDG 9 (Industry) and SDG 11 (Infrastructure), which are

already heavily covered.

IEEE RAS’ recently formed Sustainability and Climate Change Committee has published the Call

for Sustainability Grants twice in 2025. The grant offers support for research projects that
address sustainability challenges, and might be a great opportunity for researchers to get funding

for their initial exploration into this topic. We encourage everyone to keep an eye out for future

grant opportunities from this committee.

4. PARTICIPATE IN THE CONVERSATION

One of the potential reasons the Awareness and Motivation Gaps are so significant is the limited

presence of these topics in our daily professional discourse. In order to shift the culture of our

field and encourage more researchers to consider these factors in their work, we as a community
need to normalize these discussions in our labs, at conferences, and in our papers.

This can take many forms and every bit helps, for example:

Participate in events: Join workshops, panels, seminars, conferences, etc. By participating,you

help raise awareness and signal to organizers that these topics are a priority for the
community.

Be Vocal: Talk to your colleagues and students about the importance of aligning research with

global challenges. Express the importance of sustainability in your papers, talks, and social
media posts.

Engaging with others helps create a sense of community for those who might otherwise feel they
are alone in prioritizing these issues. Normalizing the “Why” behind our research is the first step

toward a more intentional field.

💡 ICRA 2026 in Vienna has a Workshop on Circular Robotics: Designing Sustainable

Autonomy for a Finite World

This is a great opportunity to get involved in the conversation and contribute to the

growing body of work on sustainable robotics. We encourage everyone to submit their

https://www.ieee-ras.org/about-ras/governance/standing-committees/sustainability-and-climate-change/
https://ieeexplore.ieee.org/document/11157738
https://ieeexplore.ieee.org/document/11157738
https://www.profactor.at/en/events-en/circular-robotics-designing-sustainable-autonomy-for-a-finite-world-icra-2026-workshop/
https://www.profactor.at/en/events-en/circular-robotics-designing-sustainable-autonomy-for-a-finite-world-icra-2026-workshop/


work and/or participate in this workshop and help raise awareness about these important

issues.

5. INSTITUTIONAL AND CONFERENCE PRESSURE

To achieve larger, more systemic and long-term changes the individual effort needs institutional
support.

We, as a community, should advocate for major venues, like ICRA or IROS to :

Commit to Transparency: Be explicit about their sustainability engagement and environmental
footprint.

Implement Guiding Policies: Implement policies that encourage or even require authors to
consider the sustainability implications of their work.

This could be as simple as adding a section in the submission template for impact statements or

sustainability assessments. But also more ambitious structural changes could be implemented,
for example by:

Adding sustainability as a review criterion,

Adding additional sustainability-focused tracks and workshops.

Mandating impact statements or sustainability assessments for all submissions.

When the field’s top conferences prioritize these values, the rest of the community will follow.

A very good positive example of such move was IEEE HRI 2025. The conference had a special

theme on “Robots for a Sustainable World” and a dedicated Sustainability Chair. This year’s
conference IEEE HRI 2026 went a step further with “Sustainability Recognition” for papers and

encouraged all authors to consider the sustainability implications of their work. This is a great

step in the right direction and we hope to see more conferences following this lead in the coming
years.

Final Word

We have already surpassed seven of the nine planetary boundaries. In this context, the “blind

progress” paradigm, the idea that technology should exist simply because it can, is no longer
viable.

Research tells us that robotics has the potential to be a powerful force for good, but only if we

intentionally steer it in that direction.

https://humanrobotinteraction.org/2025/robots-for-a-sustainable-world/
https://humanrobotinteraction.org/2026/


So let’s choose to be part of the solution, not part of the problem.

Appendix

Supplementary technical details, prompts, and examples. This section is for readers interested in

methodology and reproducibility. It is not essential for understanding the main conclusions of this
work.

Prompt Details & Examples

To ensure the AI was looking for the right signals, we provided it with the full text of the UN SDG

targets

📑 Download UN SDG Targets

The agent was then prompted with a structured prompt (see below) designed to prepare the model

for the task of analyzing each paper, and then with a specific prompt for each paper (see below).
This prompt is trying to avoid leading the model towards optimistic or pessimistic interpretations,

and to ensure that it provided clear reasoning and concise answers for its conclusions.

System prompt

Each paper’s PDF was parsed into text and fed into the model with a prompt designed to extract

the relevant information. The prompt was designed to require structured, classification-like,
responses detailing papers’ explicit and implicit alignment as well as their communication of

impact. Additionally, the model was prompted for a concise explanation of their choice (Point 4) to
ensure the model’s conclusions were based on the content of the paper.

Individual paper prompt

Below are two examples showing how the model distinguishes between purely technical work and
sustainability-driven research.

http://127.0.0.1:8080/_astro/un_sdgs.DLEYLzOI.txt


Example A: Received response - Purely Technical

Example B: Received response - Sustainability-Driven

Limitations of the Approach

While an automated analysis allows us to process 50,000 papers, a very hard task for a human
team to say the least, it is important to acknowledge the inherent limitations of using a Large

Language Model (LLM) as a primary annotator.

The LLM is not a sustainability expert

As most sustainability motivations are found in the introduction or conclusion of a paper rather

than in dense technical proofs, the reasoning load on the model is relatively low. However,
sustainability is a nuanced concept. While DeepSeek-V3 is highly capable, it is not a trained

sustainability expert. There is an inherent risk of False Negatives (missing a subtle, non-standard
way an author describes impact) or False Positives (the model being overly optimistic about a

technology’s sustainability potential).

The “Black Box” of LLM Reasoning
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https://arxiv.org/abs/1501.06862
http://arxiv.org/abs/2411.15159


The alignment of research with the UN SDGs is a non-trivial reasoning task, as it requires

understanding the broader context of the research and its potential implications for sustainability.
Although we provided the model with the full text of the SDG targets to minimize hallucination, the

model’s internal weights still influence its judgment. Unlike a human coder with a strict rubric, the
LLM’s decision-making process remains a “black box”. To minimise this effect, we used a

combination of structured prompts, requiring a structured classification-like response, while at the

same time requiring reasoning and quotes from the paper to support its conclusions (Point 4 in
our pipeline).

Communication vs. Real-World Impact

Our analysis measures communication and stated intent, not actual real-world impact. A paper

may be motivated by sustainability but fail to deliver an efficient solution; conversely, a purely

technical paper may inadvertently revolutionize green energy. This study quantifies how the
community thinks and talks about its work, which is a proxy for the field’s culture, not a final audit

of its physical footprint.

Zero-shot classification limitations

While zero-shot classification provides a highly scalable and resource-efficient method for

processing large datasets, it is somewhat constrained compared to more resource-intensive
methodologies such as: few-shot prompting or fine-tuning models. Recent literature indicates that

these approaches frequently yield superior classification accuracy and better domain adaptation
(Vajjala & Shimangaud, 2025).

However, compiling a sufficiently large, rigorously human-annotated dataset of robotics papers to
serve as a high-quality fine-tuning training set was beyond the scope of this macro-level study. By

utilizing a zero-shot approach, we prioritized maximum field-wide coverage and methodological

reproducibility, accepting the well-documented trade-offs in precision that accompany this
technique.

Statistical Significance at Scale

Despite these limitations, the strength of this approach lies in its scale. While the model might

misinterpret some papers, these individual errors are minimal across a dataset of nearly 50,000

documents. The broad trends and stagnant ratios we observed are statistically robust enough to
provide a clear mirror of the robotics community’s current trajectory, a perspective that manual

expert analysis could never achieve at this volume.
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