
Sustainability is a learning outcome

BECKINGHAM, Sue <http://orcid.org/0000-0001-5660-125X> and HARTLEY, 
Peter

Available from Sheffield Hallam University Research Archive (SHURA) at:

https://shura.shu.ac.uk/38042/

This document is the Published Version [VoR]

Citation:

BECKINGHAM, Sue and HARTLEY, Peter (2026). Sustainability is a learning 
outcome. In: FARRELL, Hazel and MCCARTHY, Ken, (eds.) Manifesto for 
Generative AI in Higher Education – The Book Project. PressBooks. [Book Section] 

Copyright and re-use policy

See http://shura.shu.ac.uk/information.html

Sheffield Hallam University Research Archive
http://shura.shu.ac.uk

http://shura.shu.ac.uk/
http://shura.shu.ac.uk/information.html


Manifesto for Generative AI in Higher Education - The Book 
Project 



Manifesto 

for 

Generative AI 
in Higher Education 
The Book Project 
A community response to the Manifesto 
with contributions from over 40 authors 
 
 
 
Edited by Hazel Farrell & Ken McCarthy 



Manifesto for Generative AI in Higher Education - The Book Project Copyright © 2026 by GenAI:N3 is licensed under a 
Creative Commons Attribution-ShareAlike 4.0 International License, except where otherwise noted. 

© 2026 Dr Hazel Farrell and Ken McCarthy, GenAI:N3, South East Technological University. 

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Licence (CC BY-SA 4.0). You are 
free to share and adapt the material provided appropriate credit is given, a link to the licence is included, and any changes 
made are indicated. 

https://creativecommons.org/licenses/by-sa/4.0/


Contents 

Acknowledgements viii 

Introduction 
Hazel Farrell and Ken McCarthy 

1 

Manifesto for Generative AI in Higher Education 7 

xiii 

THEME I.  THEME 1: RETHINKING TEACHING AND LEARNING 

Theme 1 Introduction 
Leigh Graves Wolf 

16 

1.    We teach in an age of abundance, not scarcity. 
Jim Gilchrist 

20 

2.    Inquiry has become the new intelligence. 
Cohen Ambrose 

24 

3.    GenAI does not replace thinking - it reveals the cost of not thinking. 
Catherine-Ann O’Connell 

29 

4.    Detection chases the past; thoughtful design shapes the future. 
David Hopkins 

34 

5.    Courage opens the door, but resources build the path. 
Kieran Sullivan 

39 

6.    Curiosity surpasses completion. 
Callum Perry 

43 

7.    Students must learn with GenAI before they can question it. 
Patricia Doyle 

47 

8.    Students are collaborators, not spectators. 
Loretta Goff and Tadhg Dennehy 

51 

9.    We cannot ask students to be collaborators in systems designed to 
constrain them. 
Samuel Saunders 

56 

10.    Our job is not to tame the machine, but to awaken the human next to it. 
Ann Thanaraj 

61 

66 

THEME II.  THEME 2: RESPONSIBILITY, ETHICS, AND POWER 

Theme 2 Introduction 
Tom Farrelly 

69 

11.    Transparency is the new integrity. 
Patrick Buckland and Rebecca Purcell 

73 



12.    Academic judgement is augmented, not automated. 
Violeta Morari 

79 

13.    Institutions must lead ethically, not just efficiently. 
Leanne Fitton; Chris Little; and Steven Williams 

83 

14.    Accountability scales with influence. 
Gearóid Ó Súilleabháin 

89 

15.    Efficiency is seductive; wisdom lingers. 
Kevin Campbell-Karn; David Webster; and Nigel Francis 

96 

16.    There is no “neutral” data - only stories told by systems. 
Sinead Moynihan 

101 

17.    Prompting is pedagogy. 
Damian Gordon 

105 

18.    GenAI is not one thing - it lives differently in every discipline. 
Susan Flynn 

110 

19.    Writing remains an act of thinking, even when machines hold the pen. 
Clióna Moynihan 

114 

20.    Ease is not the enemy; uncritical learning is. 
Nick Baker; Tom Farrelly; and William Evans 

118 

124 

THEME III.  THEME 3: IMAGINATION, HUMANITY, AND THE FUTURE 

Theme 3 Introduction 
Sue Beckingham 

127 

21.    We owe students more than caution - we owe them courage. 
Aislinn Brennan and Maeve O’Grady 

131 

22.    Every technological shift doesn't just change tools; it changes power. 
Peter Bannister 

135 

23.    Inclusion is not optional. 
Susan Horgan 

140 

24.    Sustainability is a learning outcome. 
Sue Beckingham and Peter Hartley 

144 

25.    Constraint is not the enemy of creativity; it is a catalyst. 
William Evans; Tom Farrelly; and Nick Baker 

151 

26.    Ethics is a foundation, not a footnote. 
Enas Aref 

157 

27.    Privacy is practice. 
Susan Galavan 

164 

28.    GenAI challenges us to teach why, not just how. 
Laura Rafferty 

168 

29.    The horizon is still ours to shape. 
Louise Nagle 

172 



30.    The future classroom is a conversation, and it can be extraordinary. 
Bill Johnston; Sheila MacNeill; and Keith Smyth 

177 

183 

Looking forward, where do we go from here? 
Hazel Farrell and Ken McCarthy 

184 



STATEMENT  24 

Sustainability is a learning outcome. 

SUE BECKINGHAM AND PETER HARTLEY 

IMAGINATION, HUMANITY, AND THE FUTURE 
⏱  Estimated reading time: 6 minutes 

STATEMENT 

24 SUSTAINABILITY IS A LEARNING 
OUTCOME. 

GenAI engagement and innovation comes with environmental 
costs. Embedding sustainability as a core learning outcome 
means cultivating awareness of impact and environmental 
responsibility. 

The Hidden Cost of GenAI: Cultivating Ecological Awareness in Learning 

Sue Beckingham 
Sheffield Hallam University 

Peter Hartley 
Edge Hill University 

This statement challenges all of us across Higher Education. If sustainability is a learning outcome, stu
dents don’t just need to learn how to use GenAI; they need to learn to identity and evaluate its ecological 
costs. This fosters critical digital literacy. 

Universities increasingly commit to the UN Sustainable Development Goals (United Nations, 2015), so we 
have an ideal starting point. Our focus here is environmental impact, highlighting SDGs ‘12. Responsible 
Consumption’ and ‘13. Production and Climate Action’. 

There have been specific initiatives, e.g. “100 papers to accelerate the implementation of the UN Sustain
able Development Goals” (HAW Hamburg, 2024). Researchers have identified gaps in implementation of 
SDGs and recommended policy (Panda and Dash, 2025). Unfortunately, overall progress is “still not fast 
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enough to fully reach the SDGs by 2030” (WEF, 2026) – we need to accelerate progress in whatever ways 
we can. 

Positioning sustainability as a learning outcome enables GenAI integration to align with institutional val
ues. We can equip learners to make informed decisions about technology use in their careers. Raising 
awareness can encourage ‘micro-actions’ and these small steps can collectively reduce harm, while 
still enabling innovation, and perhaps even more importantly, encouraging self-awareness in users/stu
dents/staff. Although some challenges involve factors beyond our immediate control, we can still take 
actions that make a difference, through personal interventions or indirectly by influencing others. 

We need to develop our response to these questions: 

• What do we mean by sustainability? 

• What main environmental costs are associated with GenAI use? 

• How are these costs likely to change in future? 

• What can we do to manage or control these costs? 

The meaning of sustainability? 

There is growing concern about the “significant environmental impact of information and communica
tion technology, which accounts for 2.1%–3.9% of global greenhouse gas emissions” (Lee et al, 2025) 
Unfortunately these authors conclude – “current trends are unsustainable as artificial intelligence trans
forms the way we live and work and, consequently, as the demand for computing accelerates.” (op cit, 
2025) 

Main environmental costs? 

One useful starting point is to define essential components and typical environmental costs of GenAI 
systems (See Beckingham and Hartley, 2025a and 2025b for other costs). This may not be as straight
forward as it seems – researchers comment that companies may not reveal necessary details (Luccioni, 
2025). Assuming some data, we can decide whether costs seem sensible/reasonable. We can also try to 
identify less obvious costs which may be significant longer term. 

For an industry breakdown, we borrow the 5-layer model from Jenson Huang, CEO of the chip producer 
NVIDIA, described in several recent keynotes/interviews (WEF, 2026). He argued that the USA must 
increase investment in every one of these layers to achieve the overall goal of ‘AGI’ – Artificial General 
Intelligence – where technology can perform better than humans across a very wide range of tasks. The 
race to achieve AGI is on, with USA and China as leading competitors. 

Table 1 lists the five layers, identifies important costs, and raises questions 
of environmental impact for each layer. All these questions offer opportu
nities for staff and student research. 

Table 1: Multiple layers of Generative AI costs and environmental impact 
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Layer Includes Typical issues/costs Questions of environmental impact 
include: 

Applications Specific apps we use How good are apps in terms of longstanding problems 
like hallucinations and bias? 

Which apps are the least damaging/
impactful for particular uses? 

Models 
LLMs (Large Language 
Models), expensive to 
develop and maintain 

New types of models have appeared (e.g., Small 
Language Models, Open Source or Open Weight). 
Which work best. What are comparative costs? 

Do users consider environmental impact 
when they decide which GenAI to use? 

Infrastructure Datacentres, housing the 
computers running AI 

Datacentres take years to build – how long before they 
recoup investment? 

What is the long-term impact of these 
structures on local/regional communities? 

Chips The silicon chips used in 
the computers 

These are very powerful and costly. What is their shelf 
life? 

Chips may contain significant quantities 
of rare substances with environmental 
concerns. Are there alternatives? 

Energy 
As well as obvious demand 
for electricity, computers 
need constant cooling 

Can the local/regional energy infrastructure cope with 
increased demand? 

Datacentres often locate in areas not 
prepared for increasing energy stress. 
How will this be managed? 

We cannot estimate the total costs (and impact) of GenAI/AI development unless we include all these 
layers. 

Plans for new datacentres are increasingly scrutinized for environment implications. For example, AI’s 
water usage for datacentre cooling, electricity generation and semiconductor manufacturing will likely 
expand 8.5 times by 2028 (Fu, 2026:12). Whilst writing this chapter, plans for a ‘green datacentre’ in Edin
burgh (Scotland) were rejected on several grounds, including environmental impact through emissions, 
use of diesel generators as backup power, and excessive water and energy use (Williamson, 2026). 

We can translate examples like this into exercises and discussions with students using reports and offi
cial documents in the public domain. For example, in interdisciplinary groups, students can pursue the 
case study from their own disciplinary perspective, with sustainability as the overall learning outcome. 

Managing and controlling costs? 

Whilst it is important to consider and discuss the environmental costs of using GenAI, ongoing research 
is needed to provide solutions (Luccioni et al, 2024a; Luccioni et al, 2024b), continued challenging of the 
‘greenwashing’ by tech companies ( Joshi, 2026), and interrogating claims that ‘all AI’ provides climate ben
efits (Taft, 2026). 

In the meantime, we propose ten micro-actions – small steps for individuals to have a scaled impact. 
Please use Figure 1 and the expanded version (Beckingham and Hartley, 2026) with students and discuss 
their reactions: 

• Ask: Do I really need GenAI for this task? Do I really need GenAI for this task? 

• Choose the lowest impact tool first. 

• Prompt with precision. 

• Keep outputs short. 

• Avoid energy intensive tasks when possible. 

• Reuse instead of regenerate. 

• Reduce background computation. 

• Share and scale smartly. 

• Use existing media instead of generating new. 

• Optimise your device use. 
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Figure 1: 10 Micro-actions to reduce the environmental impact of GenAI 

Final reflections 

As suggested, we can take actions that make a difference. 

We all have environmental responsibility, so we must ensure that our students and colleagues are aware 
of the enormous scale and significance of the GenAI/AI industry as it now expands into every area of our 
lives. By providing opportunities in the curriculum to investigate issues and questions that arise, chal
lenging tech companies to “pull back the curtains”, which hide some of the key data and trends, and 
ensuring sustainability becomes a key learning outcome, we can make positive steps towards critical 
GenAI literacy. 
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CONTINUE THE CONVERSATION 
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of teaching, learning, or higher education? 
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festo website. 

manifesto.genain3.ie/24/ 
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