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Editorial 

The equality, diversity and inclusion in energy and AI: Call for actions  

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• The equality, diversity and inclusion in 
energy and AI has been discussed. 

• The importance of just transition has 
been highlighted. 

• Coded bias need to be eliminated for 
energy and AI research. 

• A call for action is presented.  

Introduction 

“Energy and AI” is a cutting-edge, interdisciplinary research area at the interface of two very relevant scientific topics. AI is a fast-growing 
technology already showing profound impact to the global economy and society. Energy is a sector where drastic changes are urgently needed for 
the net zero transition and AI will play the enabling role [1] in such transition. 

Direct evidence from the literature shows that heterogeneity of the research implying both collaboration between various organisations and di-
versity of individuals’ characteristics lead to higher productivity, creativity and greater problem-solving ability [2]. Same as all other scientific 
community, for our field of energy and AI to succeed, we need to embed equality, diversity and inclusion (EDI) into everything we do. 

A number of scientific disciplines such as chemistry, physics and engineering have historic, systemic, structural imbalance and EDI issues. For 
example, the Royal Society of Chemistry’s Breaking the Barriers report revealed the systemic issues on women’s retention and progression in the 
chemical sciences, known as the “leaky pipeline” and discussed the impact of academic funding structures, academic culture and balancing re-
sponsibilities [3]. As a new research community, the Energy and AI community has the great opportunity to do things better and differently from the 
very beginning, build an inclusive culture for the community as it grows and use an inclusive approach to conduct interdisciplinary research. 

In this Editorial, we try to discuss the current status of EDI development in the Energy and AI community, why it is particularly important and how 
we can embrace the EDI principles to deliver a just transition towards net zero that is urgently needed by the society globally. 

What is EDI and why does it matter? 

The definitions of Equality, Diversity and Inclusion (EDI) may have different meanings depending on a range of contexts. For example, the EDI for 
an organisation or workplace may have very different emphases than the EDI for a science community or a research discipline like Energy and AI. In a 
workplace, the focus might be on the internal cultural changes with the key stakeholders being a limited number of employees. While for a wider 
research community, we need to take on a much boarder view at the global scale to define EDI and need to consider the whole society beyond in-
dividuals. However, the common core must be shared and fair treatment must be ensured, providing opportunity for all and eradicating all forms of 
discrimination. For the specific case to be discussed in this Editorial, the EDI principles shall apply to the researchers’ community occupied in Energy 
and AI research, to the way how we design, perform and disseminate Energy and AI research and innovation, as well as to the ‘whole system’ including 
beneficiaries and end-users subject to the social consequences (positive or negative) of the Energy and AI research. 

Contents lists available at ScienceDirect 

Energy and AI 

journal homepage: www.sciencedirect.com/journal/energy-and-ai 
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To clarify the matters discussed here, some clarifications (in the way we consider the terminology here) them in this contribution, are needed: 
Equality: The core of equality is the fairness and unbiased treatment of every individual or group. It is also expected that all groups should have 

equal opportunities: those who may be disadvantaged are able to access the equal chances and fair opportunities for advancement and success as their 
peers. 

Diversity: Diversity is about ‘difference’ and its representation. It is frequently measured by the representativeness of individuals and groups with 
different backgrounds and aspects, yet the underlying concept is recognising, respecting and celebrating such differences, so as to promote creativity 
and innovation. 

Inclusion: An inclusive environment is where everyone is able to flourish and being valued. A diverse team will have a balance of different voices, 
then inclusion is making sure those voices are heard and valued. In the research arena, it is also about inclusive approach to conduct research, and 
make sure that research will serve all users, especially historically marginalised communities. 

Equality or equity? In recent years, awareness has been raised on the importance of ‘equity’ over ‘equality’, and there have been increasing trends 
on elaborating EDI as ‘Equity, Diversity and Inclusion’. The difference between equality and equity is that “equality achieves fairness through treating 
everyone the same regardless of need, while equity achieves this through treating people differently dependant on need” [4]. It is important to 
understand that such different treatments adopted in “equity” is an enabler which will eventually lead to “equality”. 

Protected characteristics and beyond: The success of EDI can be measured via the lens of eliminating discriminations against ‘protected charac-
teristics’– characteristics under legal protections. Different countries may have different definitions on the ‘protected characteristics’. For example, the 
UK’s Equality Act 2010 defined 8 protected characteristics: age, disability, gender reassignment, marriage or civil partnership, pregnancy or ma-
ternity, race, religion or belief, sex or sexual orientation. In South Africa, it is unlawful to discriminate on the basis of race, colour, tribe, sex, language, 
religion, political opinion or affiliation, nationality, social origin, marital status, pregnancy, HIV status or disability. In early developments of EDI for 
science communities, much emphasis has been put on gender and race [5–7]. However, the problem is much wider than that. Many of other char-
acteristics are less obvious than gender and race, and thus can be easily ignored. For example, the ‘invisible diversity’ such as sexual minor-
ity/LGBTQ+ (lesbian, gay, bisexual, transgender and queer and others. The "plus" represents other sexual identities) and neurodiversity in STEM field 
has been recently discussed [8]. Here, we argue that to ensure the energy and AI research truly contributes to the just transition, we need to consider 
even wider characteristics beyond those protected by law, such as socio-economic status and geographical location. We also need to consider EDI 
beyond individuals to the ‘whole system’. For example, when we design new Energy and AI business models, we shall aim to provide equal oppor-
tunities to both local SMEs and multinationals for Energy and AI businesses, as well as any other players in the business ecosystems. Also, Inclusive 
energy and AI solutions shall be applicable to both global south and global north, just name a few examples. 

Why does it matter? Achieving EDI is the basic need for human right, civilisation and society-wide responsibility and, in most of the cases, is under 
the requirement of law. However, the case for making our research and innovation community more representative of the society clearly goes beyond 
just taking its share of the overall responsibility and legal requirements. Instead, it is of fundamental importance to advance the science itself and make 
our research more productive, responsible and achieving maximum social benefits. The research in the area of Energy and AI will help solve the most 
pressing challenges we are facing today such as climate change, industrial decarbonisation, clean growth and the digital economy. Any solution 
coming out of the Energy and AI research has the potential to impact billions of people with various backgrounds at the global level. Increasing the 
inclusion of individuals with diverse backgrounds, experiences and perspectives is the only way to ensure their perspectives and priorities (especially 
those from under-represented groups) will inform the solutions that this new field will generate, and thus maximising the benefit of humanity [5]. 
Also, one should note that Energy and AI itself is an interdisciplinary research topic, which requires a diverse group of people from various discipline 
backgrounds working together. Therefore, an inclusive team approach is key to capture the diversity of ideas to deliver systemic innovations beyond 
single disciplines. 

The problems in the community 

As discussed earlier, we need a diverse innovation community for Energy and AI to create truly inclusive solutions that will impact billions of 
people around the world. The Energy and AI community is a new, growing interdisciplinary community, for which we do not find much EDI data. Yet, 
we can gain some insights by looking at the problems in the energy sector and AI sector separately. 

In the field of AI, the lack of diversity has received widespread attention and there are clear gaps and systemic imbalances on the workforce for 
research and innovation. According to a recent study from AI Now [9] in 2019 female researchers account for only 15% and 10% of AI researchers at 
Facebook and Google, respectively. In terms of race, Black staff take up less than 5% in major AI companies like Facebook, Google and Microsoft. The 
study also concluded that the lack of diversity in academia may cause further harmful impact on further development of AI as a business or discipline. 
For example, in 2015 only 18% of the computer science undergraduates at U.S. universities were women, down from 37% in 1984 [9]. 

Similarly, the energy sector also faces the systemic and structural problems of lacking diversity. According to a study by Equalby30 [10], women 
makes up just 23% of the global energy workforce. The percentage dropped to 18% for women in management position in the energy sector. A recent 
survey carried out by Diversio suggested that ethnic minorities account for 22% of the global energy sector workforce. Moreover, at the professional 
job level, only less than 10% professionals in the energy sector are non-white [11]. 

Just transition vs. coded bias 

The ultimate goal of energy research is to enable a just transition towards net zero internationally. We need to realise that the rapid shift to the net 
zero future will see different individuals, groups, businesses and countries/regions impacted in very different ways, and inevitably some of them will 
be disadvantaged over others. The concept of just transition is essentially to eliminate such inequality and leave no one behind, which means the net 
zero journey is fair and creates a better future for everyone – regardless of where they live, what they do, and who they are [12]. This will be a 
challenging task as previous experiences and early evidences have already suggested that the impact and repercussions of the net zero transition will 
be biased. For example, as we phase out carbon intensive energies and industries, there will be adverse impacts on the workers and their communities 
linked to those industries. The transition to renewable energy may force those affected towards a significant change in the way they live. Additionally 
there will be a consequent need for skill retraining, which may be unaffordable for the disadvantaged groups. Also, for the adoption of new energy 
technologies, some groups may have to miss out due to their ability or affordability. For example, low carbon transport options, such as e-scooters or 
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bicycles, may not be appropriate for the elderly or disabled, while digital technologies, such as smart metres and smart home systems, are not used by 
the less digitally literate [13]. At the international level, there is no one-size-fits-all approach for equitably distributing costs and benefits of a 
transition [13]. Different countries have different affordability on the deployment of low-carbon technologies. They also show different abilities on the 
adaptation to the climate change. In COP26, more than 30 nations have signed the Just Transition Declaration [14] where embedding EDI principles is 
at the core of the just transition, including a commitment to gender equality, racial equality and social cohesion; protection of the rights of Indigenous 
Peoples; disability inclusion; intergenerational equity and young people; promotion of women and girls; marginalised persons’ leadership and 
involvement in decision-making; recognition of the value of their knowledge and leadership; support for the collective climate action of diverse social 
groups [14]. 

Energy and AI is a growing field applying the principles of AI and digital technologies to improve the discovery, understanding, use, selection, 
design, development, operation and deployment of energy materials, devices, processes and systems. The fundamental challenge is, when we use AI as 
a tool to accelerate and deliver energy solutions, how can we embed the just transition principles and eliminate various biases at the early stage of the 
innovation cycle and technology development. This leads to the debate of ‘coded bias’ in the domain of AI development and deployment. The term 
‘coded bias’ originated from the name of the documentary directed by Shalini Kantayya in 2020, revealing that AI algorithms, such as facial 
recognition algorithms, have the power to disseminate and various biases (racial, gender and socio-economic status etc.) at scale. 

Nowadays, researchers in the energy arena are increasingly using AI and machine learning in a variety of ways. Many of them never think of the 
problems of built-in bias in their AI algorithms as they believe that their research only deals with energy technologies and never involve subjects hence 
requiring ‘ethical approval’. Therefore, researchers believe that they do not need to formally consider the social consequences of their energy and AI 
research, especially during the ‘early stage’ of the technology readiness levels. Here, we argue that this is a largely overlooked gap in the Energy and AI 
research (and more broadly, in any area of AI-enabled scientific discovery) which need to be urgently addressed. Researchers in Energy and AI need to 
realise that their findings will be ultimately translated into society tackling the most pressing global challenges closely related to our everyday life. If 
we do not embed EDI principles at the early stage (e.g., the design stage) of Energy and AI innovation, we will not be able to exclude large scale biases 
during the deployment stage, which might eventually affect millions of people around the world, especially those in underrepresented groups. For 
example, AI has been effectively used for new battery materials discovery which has led to a number of new materials with unprecedent performances 
for energy storage [15]. Yet, studies have proven that every stage of the battery materials lifecycle, from mineral extraction to disposal, carries human 
rights and environmental risks [16,17]. Without considering those factors in the automated materials discovery, there is a danger that the large scale 
deployment of those AI-discovered materials will further aggravate the human rights abuses or local environmental damages. Also, AI has been widely 
used for forecasting load demands of smart homes with local renewable sources such as solar panel and energy storage solutions. To do this the AI need 
to be trained with datasets on time-dependant energy-related social practices such as cooking, cleaning, house-keeping, laundry, entertainment and 
using various appliances in households. If the training datasets embed socio-economic bias or only represent a privileged group of energy users, the 
resulted algorithms will not work equally well for the households of underrepresented groups with untypical social practice profiles. As a result, those 
households may suffer from higher energy costs due to the poorer management of the energy systems. Moreover, AI is also a powerful tool for planning 
net zero roadmaps for a region, a sector or a country, identifying and predicting the best decarbonisation routes. It is important to eliminate the ‘coded 
bias’ in such roadmapping activities, and identify potential injustice and inequality of any net zero transition solutions at very early stage. Recently, 
Savage et al. [18] demonstrated the use of an AI technology called Universal Digital Twin based on the World Avatar knowledge graph to investigate 
how using heat pumps for domestic heating would impact fuel poverty and social inequality. The AI enables ‘parallel worlds’ analysis to identify social 
consequences of different ways of deploying heat pumps for domestic heating and suggests that existing regional inequalities will increase during the 
transition. Therefore, it could inform policymaking at early stage between investments to support the most effective renewable heating and delay 
investments to address social inequality. 

Call for actions 

Ultimately the question comes to how can we tackle some of the structural and fundamental issues and improve the development of EDI for our 
field of energy and AI. Many studies have already suggested various good practices on embedding EDI principles in scientific researches and com-
munities [5–7]. We will follow these guidelines and continuously improve the diversity and inclusion in our community. Particularly for our journal, 
we will proactively engage with researchers in underrepresented groups to provide necessary supports and encourage them to publish with us, and 
invite them to join our editorial board and reviewer pool. Herein we also propose the following additional call for actions for our emerging energy and 
AI community moving forward, which will require efforts and contributions from everyone within the community. 

Better understanding the unique challenges. While Energy and AI is an emerging community, it is built on the combinations of traditional dis-
ciplines and communities such as physical science, engineering, computer and data science, mathematics and social science, many of which are 
associated with serious historic and systemic EDI issues. The early data from the two-year operations of the new journal Energy and AI also suggested 
that such inequality and exclusion from traditional underpinning fields have profound implications to the Energy and AI community, but we are not 
yet entirely clear on such interactions. Therefore, we need more data, evidences and case studies to gain a better understanding on the unique 
challenges our community is facing with regards to EDI, so that we can device bespoke solutions to do things differently moving forward. Any new 
investigations alone this line will be particularly useful for the community. 

Inclusive and fair approaches for diverse ideas. Energy and AI is a grand scientific challenge, the success of which needs contributions and inputs 
made from physical scientists, engineers, computer scientists and social scientists etc. It is not straightforward for such interdisciplinary teams to work 
together effectively due to the diversity in backgrounds, scientific languages and research cultures. Also, because Energy and AI is a global topic, most 
of its research and development involves international collaborations. It becomes extremely important to use inclusive approach for team working so 
that we can maximise the value and benefit from the diverse background of the team. There is also space for us to improve the fairness in recognising 
the contributions from everyone in the team, especially when the work is done by a large interdisciplinary team. Various organisations have attempted 
to provide schemes for open and fair authorship contributions. For example, the Contributor Roles Taxonomy (CRediT) guidelines allow researchers to 
quantify the involvement of all authors in 14 distinct roles. We encourage such approaches for any joint publications in the area of energy and AI. 

Responsible innovation towards just transition. Our community shall promote Responsible Innovation as key enabler for the just transition to net 
zero. Responsible Innovation is a process that seeks to promote creativity and opportunities for science and innovation that are socially desirable and 
undertaken in the public interest [19]. As discussed, because our energy and AI research can raise dilemmas and risks for large scale social impacts, it is 
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important for us to create spaces and processes to explore these aspects in a transparent, inclusive and timely manner. Every researcher within the 
Energy and AI field has the responsibility to ensure that research creates value for society in an ethical and responsible way. Some emerging tools, such 
as consequential life-cycle analysis and social life cycle analysis (SLCA) and multi-criteria decision making analysis (MCDA), provide the possibility to 
predict and analyse social impacts and consequences such as EDI in the early stage of technology development. Integrating these tools with AI 
technologies such as digital twins has the potential to made them even more powerful in delivering social desirable net zero solutions. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the 
work reported in this paper. 

Acknowledgement 

The authors would like to acknowledge the financial support from the Engineering and Physical Sciences Research Council (EPSRC) under Grant 
Nos. EP/V011863/1, EP/V042432/1, EP/W018969/1, EP/R008027/1 and EP/N034066/1. 

References 

[1] Jin D, Ocone R, Jiao K, Xuan J. Energy and AI. Energy AI 2020;1:100002. 
[2] Cooke A, Kemeny T. Cities, immigrant diversity, and complex problem solving. Res Policy 2017;46:1175–85. 
[3] Royal Society of Chemistry, report available, Breaking the Barriers. https://www.rsc.org/globalassets/02-about-us/our-strategy/inclusion-diversity/womens-progression/media- 

pack/v18_vo_inclusion-and-diversity-_womans-progression_report-web-.pdf. 
[4] Online Resources, available https://social-change.co.uk/blog/2019-03-29-equality-and-equity. 
[5] Mehta G, Yam VWW, Krief A, Hopf H, Matlin SA. The Chemical Sciences and Equality, Diversity, and Inclusion. Angew Chem Int Ed 2018;57:14690. 
[6] Institute of Physics, The importance of equality, diversity and inclusion in physics, 2021. 
[7] McGee V., 2021 Guide to diversity and inclusion in STEM, 2021, available https://www.computerscience.org/resources/diversity-inclusion-in-stem/. 
[8] Cech EA, Waidzunas TJ. Systemic inequalities for LGBTQ professionals in STEM. Sci Adv 2021;7:3. 
[9] AI Now, AI Now 2019 Report, 2019. 

[10] Equalby30, Status report on gender equality in the energy sector, 2018. 
[11] Why the energy sector needs diversity, equality and inclusion, 2021, available https://diversityq.com/why-the-energy-sector-needs-diversity-equality-and-inclusion-1514148/. 
[12] Lochhead R. Just transition to net zero. Scottish Government Blogs; 2021. available, https://blogs.gov.scot/rural-environment/2021/06/06/just-transition-to-net-zero/. 
[13] Hooper K., Zoning in on net zero: a just transition that leaves no one behind, 2021, available https://www.carbontrust.com/news-and-events/insights/zoning-in-on-net-zero-a-just 

-transition-that-leaves-no-one-behind. 
[14] Supporting the conditions for a just transition internationally, available https://ukcop26.org/supporting-the-conditions-for-a-just-transition-internationally/. 
[15] Lv C, Zhou X, Zhong L, Yan C, Srinivasan M, Seh ZW, et al. Machine learning: an advanced platform for materials development and state prediction in lithium-ion batteries. Adv 

Mater 2021 in press:2101474. 
[16] Electric vehicle companies called on to produce ’ethical battery’ within five years, available https://www.amnesty.org.uk/press-releases/electric-vehicle-companies-called-pr 

oduce-ethical-battery-within-five-years. 
[17] Dai Q, Kelly JC, Gaines L, Wang M. Life cycle analysis of lithium-ion batteries for automotive applications. Batteries 2019;5:48. 
[18] Savage T, Akroyd J, Mosbach S, Hillman M, Sielker F, Kraft M. Universal digital twin – the impact of heat pumps on social inequality. Adv Appl Energy 2022;5:100079. 
[19] Stilgoe J, Owen R, Macnaghten P. Developing a framework for responsible innovation. Res Policy 2013;42:1568–80. 

Jin Xuana,*, Raffaella Oconeb,* 

a Department of Chemical Engineering, Loughborough University, Loughborough, United Kingdom 
b Institute for GeoEnergy Engineering, Heriot-Watt University, Edinburgh, United Kingdom 

* Corresponding authors. 
E-mail addresses: j.xuan@lboro.ac.uk (J. Xuan), r.ocone@hw.ac.uk (R. Ocone). 

Editorial                                                                                                                                                                                                                                           

http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0001
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0002
https://www.rsc.org/globalassets/02-about-us/our-strategy/inclusion-diversity/womens-progression/media-pack/v18_vo_inclusion-and-diversity-_womans-progression_report-web-.pdf
https://www.rsc.org/globalassets/02-about-us/our-strategy/inclusion-diversity/womens-progression/media-pack/v18_vo_inclusion-and-diversity-_womans-progression_report-web-.pdf
https://social-change.co.uk/blog/2019-03-29-equality-and-equity
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0005
https://www.computerscience.org/resources/diversity-inclusion-in-stem/
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0008
https://diversityq.com/why-the-energy-sector-needs-diversity-equality-and-inclusion-1514148/
https://blogs.gov.scot/rural-environment/2021/06/06/just-transition-to-net-zero/
https://www.carbontrust.com/news-and-events/insights/zoning-in-on-net-zero-a-just-transition-that-leaves-no-one-behind
https://www.carbontrust.com/news-and-events/insights/zoning-in-on-net-zero-a-just-transition-that-leaves-no-one-behind
https://ukcop26.org/supporting-the-conditions-for-a-just-transition-internationally/
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0015
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0015
https://www.amnesty.org.uk/press-releases/electric-vehicle-companies-called-produce-ethical-battery-within-five-years
https://www.amnesty.org.uk/press-releases/electric-vehicle-companies-called-produce-ethical-battery-within-five-years
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0017
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0018
http://refhub.elsevier.com/S2666-5468(22)00013-1/sbref0019
mailto:j.xuan@lboro.ac.uk
mailto:r.ocone@hw.ac.uk

	The equality, diversity and inclusion in energy and AI: Call for actions
	Introduction
	What is EDI and why does it matter?
	The problems in the community
	Just transition vs. coded bias
	Call for actions
	Declaration of Competing Interest
	Acknowledgement
	References


