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EXECUTIVE SUMMARY 
 
Over the last ten years there have been a series of advances in Artificial Intelligence 
technologies. These advances offer opportunities to rapidly increase the efficiency of energy 
systems and help reduce emissions across a wide array of climate change challenges.  
 
Despite the commitments made in the Paris Agreement there remains a gap between the 
emission reductions pledged, and those needed to achieve the 1.5OC objective. Current 
pledges will likely result in a temperature increase of about 3°C by 2100, with warming 
continuing thereafter. Substantial and rapid emission reductions are needed to close the 
emission gap by 2030, otherwise it is highly likely that maintaining temperature increases to 
below 2°C temperature will also be out of reach1. Countries need to urgently look for innovative 
ways to deliver the rapid emission reductions required. 
 
Energy systems are transitioning from being centralised and fossil fuel dominated, to 
increasingly decentralised and renewables-dominated with new demands from transport and 
heat. As they do so there will be an increasing need to optimise and manage the many 
distributed and complex constituents of the energy system including renewable generation, 
electric vehicles (EVs), battery storage and demand-side response (DSR). AI will not only be 
a useful tool but will become essential as we manage this much more complex system and 
the data that it provides, whether it be in relation to solar and wind forecasting, dispatch 
optimisation, battery management or analysing smart meter data. On aggregate, applying AI 
to energy and climate challenges has the potential to reduce emissions by up to 4% by 2030 
against a business-as-usual baseline with a concurrent uplift of up to 4.4% to global GDP2. 
 
There are opportunities to apply AI to energy and climate challenges that are already being 
explored. Using AI, Google’s DeepMind has reduced the energy consumption needed to cool 
Google’s data centres by 40% and has increased the value of Google’s wind farms by 20%. 
Start-ups such as Verv, Piclo, Upside Energy, Tempus Energy, and Kiwi Power, are looking 
to apply machine learning to analyse home and business energy demand, aggregate energy 
storage provision to provide flexible capacity and offer demand response solutions. 
 
Despite the potential opportunity AI offers, a more systemic use of AI in the energy sector is 
being held back by existing data sharing models, market incentive structures and business 
models. The heavily regulated nature of energy market institutions creates a series of market 
failures in applying new technologies, and there is a need to ensure market incentive 
structures support the application of machine learning. Correcting these market failures could 
unlock the potential for AI to systemically improve the efficiency of energy systems worldwide 
and help address wider climate challenges. 
 
To address these market failures internationally, there is a strong case for the establishment 
of an International Centre for AI and Climate Change to advise governments on best practice 
regulation and to facilitate the application of AI technology to energy and climate challenges.  
 
 
 
 
 
 

 
1 https://www.unenvironment.org/resources/emissions-gap-report-2018 
2 https://www.pwc.co.uk/sustainability-climate-change/assets/pdf/how-ai-can-enable-a-sustainable-future.pdf 
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This paper seeks to address the following 
questions: 
 
à What is the nature and scale of the opportunity 

that AI represents in helping to reduce GHG 
emissions? 

 
à What market failures exist that are holding 

back faster adoption of AI to the energy and 
climate change sector? 

 
à What are the tools needed to address the 

market failures identified? 
 
à What work is already being done in this space, 

and is there a need for a new institution? 
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1. THE OPPORTUNITY 
 
The Development of AI 
 
Artificial intelligence (AI) refers to a suite of computer science techniques and technologies 
that allow computer systems to demonstrate intelligence. A more elaborate definition 
characterizes AI as “a system’s ability to correctly interpret external data, to learn from such 
data, and to use those learnings to achieve specific goals and tasks through flexible 
adaptation”. 
 
Artificial intelligence is already creating revolutionary opportunities across the global economy, 
from healthcare to transport. It is being used to improve cancer diagnosis3, develop 
autonomous cars4, improve translation services5 and a vast range of other uses. These recent 
applications have triggered increasingly hyperbolic claims about the promise and peril of the 
technology. However, this is nothing new. Since AI was first theorised by the mathematician 
Alan Turing in 1936, the technology has been developing in a series of hype cycles followed 
by ‘winters’ of relative disappointment. 
 
The earliest research into AI was inspired by research in neurology, which had shown that the 
brain was an electrical network of neurons that fired in all-or-nothing pulses. The development 
of the first network of idealized artificial neurons was completed in 1951, in what would later 
become known as a neural network (or neural net). Following this development, the period 
between 1956 and 1974 were considered ‘golden years’ of AI research, as the potential of AI 
attracted funding and led to improvements in computer reasoning and natural language 
programming. However, AI researchers had failed to appreciate the difficulty of the challenges 
they faced, and in the 1970s, AI was subject to critiques and budget cuts, when lofty 
expectations were not met. The next few years would later be called an "AI winter". Key 
constraints at the time included limited computing power and limited availability of data. 
 
The 1980s saw another boom in AI with the advent of expert systems - programs that could 
answer questions or solve problems about a specific domain of knowledge. These systems 
proved commercially useful, and AI started to be perceived as a business opportunity. At the 
same time, developments in methods for training neural networks and helping them learn and 
process information in new ways allowed the field of neural networks to overcome earlier 
constraints and criticisms. 
 
However, the success in expert systems once again led to over-optimistic expectations about 
the development of AI, and 1987 saw the start of another AI ‘winter’. However, despite 
reductions in funding, progress continued and in the ‘90s AI started to achieve some of its 
earliest objectives. Key milestones such as Deep Blue beating Gary Kasparov at chess in 
1997 were not the result of a revolutionary new paradigm, but rather rigorous engineering, 
coupled with vast increases in computing power. 
 
The introduction of probability and decision theory, economics, and new mathematical tools 
all increased the capability of AI.  
 
The reason that AI has gained increasing prominence in recent years is due to several factors. 
 
One of the long-standing constraints of AI development had been limits in computing power. 
The ongoing veracity of Moore's law, which predicts that the speed and memory capacity of 

 
3 https://emerj.com/ai-sector-overviews/machine-learning-medical-diagnostics-4-current-applications/ 
4 https://www.electronicdesign.com/test-measurement/how-ai-will-help-pave-way-autonomous-driving 
5 https://www.transperfect.com/blog/the-year-of-AI-translation 
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computers doubles every two years has meant that this constraint has gradually been 
overcome.  
 
The second recent advance has been in ‘big data’, which refers a field that seeks to find ways 
to analyse, systematically extract information from, or otherwise deal with data sets that are 
too large or complex to be dealt with by traditional data-processing software. The ability to 
work with much larger datasets than previously has provided sufficient quantities of data to 
train neural networks, such that they could start to become more useful. 
 
Finally, the development of ‘deep learning’ has moved the fundamental science of AI forward. 
Deep learning is a class of machine learning algorithms that uses multiple layers of neural 
networks to progressively extract increasingly high-level meaning from raw data. For example, 
in image processing, lower layers may identify the edges of objects, while higher layer may 
combine these edges to identify human-meaningful items such as digits/letters or faces. 
 
These recent developments have re-sparked the long-standing ambition of AI scientists to 
develop an ‘artificial general intelligence’ (AGI), a machine that could successfully perform any 
intellectual task that a human being can.  
 
Whilst researchers disagree on the likely timeframe and possibility of achieving AGI, it is clear 
that purely on the basis of current techniques, AI has the potential to make substantial and 
rapid contributions to improving the efficiency of energy systems and addressing wider climate 
challenges. 
 
How can AI help reduce emissions? 
 
In general terms AI can offer the most extensive opportunities in addressing discrete problem 
areas with clear system boundaries, where it is possible to define unambiguous objectives, 
and where there are large datasets. In these scenarios AI has the capability to identify complex 
patterns and advise on how best to optimise system inputs in order to best achieve defined 
objectives. 
 
There are a range of climate change mitigation challenges that fit this description. Indeed, 
there are likely to be few areas of climate mitigation work that AI is not able to optimise. 
 
A recent study developed by Microsoft and PwC estimated that globally AI can help deliver a 
reduction in GHG emissions of up to 4% by 2030 compared to business as usual, with a 
concurrent uplift of 4.4% to global GDP6. Such estimates are likely to become more accurate 
over time as the potential of AI becomes more apparent.  
 
Energy system optimisation  
 
Energy systems are transitioning from being centralised and fossil fuel dominated, to 
increasingly decentralised and renewables-dominated with new demands from transport and 
heat. As they do so there will be an increasing need to optimise and manage the many 
distributed and complex constituents of the energy system including variable renewable 
generation, electric vehicle charging, battery storage and demand-side-response. AI will not 
only be a useful tool in optimising and managing future electricity systems but will become 
essential in managing the increased complexity, whether it be in relation to solar and wind 
forecasting, dispatch optimisation, battery management or analysing smart meter data.  
 

 
6 https://www.pwc.co.uk/sustainability-climate-change/assets/pdf/how-ai-can-enable-a-sustainable-future.pdf 
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One of the most important roles AI could play in grid management is to optimise electricity 
dispatch. Electricity dispatch is the short-term determination of the optimal output of electricity 
generation assets, to meet the system demand at the lowest possible cost, subject to 
transmission and operational constraints. Applying AI to optimise dispatch could unlock 
significant efficiency improvements. 
 
A key aspect of optimising dispatch will be the ability to improve forecasts of renewable 
electricity generation and forecasts of electricity demand. The more uncertainty grid operators 
have in either electricity supply or demand forecasts, the more back-up power, known as 
spinning reserve, is needed. Spinning reserve is provided by fossil fuel generation (mostly 
gas) and comes with associated emissions and costs. AI coupled with improving data 
collection have the potential to improve short-term renewable energy generation forecasts and 
demand forecasts allowing for reductions in spinning reserve, and reductions in the loss of 
expensive excess renewable energy power. 
 
The increasing decentralisation of electricity generation assets has resulted in a move for 
electricity distribution networks to adopt a more active role in managing supply and demand 
within their area. AI can help optimise the management of distribution networks and help 
identify and address system constraints. 
 
To date demand side response aggregators have focussed on aggregating flexible demand 
commitments from large companies, due to the cost and complexity of analysing the potential 
flexibility that could be offered by smaller participants. AI has the potential to allow such 
aggregators to act as market places for thousands of smaller players, including electric car 
batteries, and rooftop solar, and so help to flatten demand peaks. 
 
Individual asset optimisation 
 
Beyond grid optimisation, there is widespread potential for AI to be used to optimise the 
efficiency of individual assets within the energy system. This could come in the form of 
optimising renewable energy generation assets, industrial and building energy efficiency or 
battery technology. Such optimisation is possible both in terms of the operation of existing 
hardware, but also has the potential optimise the design of new hardware solutions. 
 
Transport 
 
Much has been written about the application of AI to support the development of autonomous 
vehicles. However, there are wider opportunities to apply AI in the transport sector with larger 
emissions reduction potential. AI can help optimise city traffic management systems to reduce 
congestion, associated emissions and air pollution. In addition, as electric vehicles become 
more widespread there will also be a need for AI systems to optimise charging to support 
minimum emission charging. 
 
Forests and agriculture 
 
Beyond energy and transport, AI has the potential to help reduce emissions by helping to 
address deforestation and illegal logging. AI is starting to be used to provide real-time 
identification of illegal logging from either acoustic monitoring of forests or satellite data. More 
recently AI is being used to improve predictions of forest fires, allowing more time for response 
measures to be deployed. 
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In the agriculture sector, AI, together with robotics can radically improve the resolution of crop 
health monitoring, allowing for individual plant assessments, and support the optimisation of 
regenerative agricultural techniques to support soil carbon sequestration. 
 
Disaster prediction 
 
In addition to supporting climate mitigation efforts, AI has the potential to support adaptation 
and climate resilience efforts. Ever improving satellite data will allow for AI to help improve the 
predictions of climate-related disasters such as floods and hurricanes. In particular, improving 
the prediction accuracy of whether and where hurricanes will make landfall would significantly 
support response and disaster relief efforts.  
 
 
The AI sector is developing rapidly, and countries are putting increasing financial support into 
the sector. France has set an AI budget of €1.5bn7, Germany has a budget of €3bn and the 
UK has a budget of £1bn. China’s AI budget is undisclosed on aggregate, but there are reports 
of it being an order of magnitude higher, with the city of Tianjin alone having an AI budget of 
£11.6bn8. However, countries looking to take a lead in AI will need to rapidly turn generic AI-
funding into more detailed sector-specific propositions in order to seize the opportunity.  
 
 
 
 
 
  

 
7 https://www.politico.eu/article/macron-france-to-invest-nearly-e1-5-billion-for-ai-until-2022/ 
8 https://www.wired.co.uk/article/cedric-villani-france-artificial-intelligence 
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2. ASSESSMENT OF MARKET FAILURES AND RATIONALE 
FOR INTERVENTION 

 
Despite the clear benefit that Artificial Intelligence can offer to energy and climate change 
challenges, there remains a significant risk that the application of AI over the coming years 
will fall short of what is needed to support the transition to a zero-carbon economy at the 
required pace. In particular, the combination of a number of different market failures is 
constraining application of AI in a range of instances. 
 
This section describes the different types of market failures that exist in this space. The role 
of the International Centre for AI, Energy and Climate will be to address these market failures 
in conjunction with other actors. 
 
The theory of market failures is well-established in economic literature. It refers to a situation 
in which the allocation of goods and services by a free market is not efficient, often leading to 
a net social welfare loss. If one or more market failures affects the resources deployed in 
innovation, or if they limit access to the discovery of resources, then they can detract from 
economic growth and welfare. 
 
There are essentially five types of market failure: information asymmetry, market power, 
complements, externalities and public goods (Stiglitz et al., 1993). As well as assessing 
market failures, mainstream economics literature seeks to explain market outcomes by also 
looking at market barriers. Whilst market barriers may not represent structural failures in a 
market, they may still justify market interventions depending on the scenario. In addition to 
market failures and barriers, policy and public institution failures may also need correcting. 
 
In applying AI to energy and climate sectors, the most relevant failures are information 
asymmetries, market power, and policy failures. 
 
Information asymmetry occurs when one party has better information than the other during 
a transaction, or information is costly. The effect of this is to make markets less efficient as 
the greater the information asymmetry the less able market participants are to make good 
economic decisions.  
 
In relation to applying AI to the sectors identified in section 1, there are a series of information 
asymmetries or information deficits: 

- Data access: Asymmetrical access to data is a form of information asymmetry. Across 
all sectors, data is often not publicly available, even where there are no good security, 
commercial or privacy reasons for withholding it. Often data are held in silos which 
limits the potential for achieving efficiencies by applying AI system-wide. 

- Data collection: across all sectors identified data is often unavailable because data 
collection and availability is not being incentivised by the market. Data on everything 
from energy system topology (where grid wires and assets are), to high resolution 
forest logging data are needed to address some of the challenges in the sectors 
identified. 

- Data standards: There are substantial costs associated in cleaning and labelling 
datasets to allow for them to be used by AI algorithms. Approximately 70% of time 
spent on AI projects is on cleaning and labelling data. The market inefficiencies caused 
by a lack of applied data standards results in substantial market inefficiency.  

- Knowledge asymmetry: There is a knowledge asymmetry between AI experts and 
energy and climate industry experts. AI experts often have limited understanding of 
how to engage in energy and climate challenges, and energy and climate industry 
leaders have limited understanding of the types of problem that AI can help solve. 
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Market power: In a perfectly competitive market, companies cannot influence the price that 
they charge, they simply have to charge the ‘market rate’. They are, as the literature puts it, 
price takers. When a company, or a group of companies acting together, has market power 
then they have the ability to determine what they charge. They are no longer price takers and 
become price makers. Typically, they will use this market power to charge a higher price than 
under competitive conditions. Firms may also choose to do this by restricting output or 
reducing the quality of their goods and services. Typically, market power can be found where 
there are few incumbent companies, and where there are features of the market that prevent 
other companies from entering easily. 
 
The mis-application of market power is an ongoing issue in the adoption of new technology 
such as AI. Market incumbents may seek to maximise rents by slowing the adoption of new 
technology that might act as a threat to their business model. Market power is specifically an 
issue in the energy and climate space due to the prevalence of monopolies and oligopolies. 
Specifically: 

- Incumbent monopolies: 
o Energy systems are often run by either heavily regulated or state-owned 

monopoly companies. These include companies that manage transmission & 
distribution networks, system operation, interconnector companies and many 
others.  

o Transport network operators are often either publicly run or involve monopoly 
structures. 

- Tech companies: 
o The market power that the major tech companies are able to exert is capable 

of shaping market structures and prices and involves monopoly risks. 
 
Policy and institutional failure: There are a number of drivers of policy failure, including: 
policy frameworks limiting market incentives for innovation; legal restrictions on a 
government’s ability to bind future administrations; the pressure of lobbying leading to 
changes in policy instruments on which investment decisions had been made; practical 
compromises which have to be made in legislation and regulatory institutions; and the cost of 
making firm domestic commitments while negotiating international agreements.  
 
Many of the highly emitting sectors of the economy, such as energy and transport are either 
heavily regulated or involve state-owned companies. Many of the policy frameworks 
developed for these sectors were developed in the pre-digital era, and as a result may 
inadvertently hamper the application of new technology, such as AI. Data sharing restrictions, 
market structures and incentive mechanisms will all need re-assessing. 
 
Complements: The issue here is where the consumption of one good requires the 
consumption of another. So, for example, the consumption of electricity requires both the 
power station to generate the power, and the transmission or distribution grid to bring it to the 
customer’s door. Market failures where there is a failure to provide a complementary good are 
often termed ‘co-ordination failures’ and a good example of this is electric vehicles. Individuals 
may be unwilling to buy an electric vehicle unless there are charging stations for them. 
Likewise, investors will be unwilling to commit capital to AI for energy and climate start-ups 
unless there is route to market for their services. Consequently, if neither party is prepared to 
commit first, the market develops slowly and is smaller than is optimal.  
 
An externality occurs when an economic actors’ actions has an impact on others, and where 
that impact is not reflected in the price. Where this effect is a positive one, it is referred to as 
a positive externality, and where it is negative, it is a negative externality. The development of 
powerful technologies such as AI are likely to have substantial positive and possibly negative 
externalities. The development of an AI talent pool focussed will support wider adoption 



THE RATIONALE FOR AN INTERNATIONAL CENTRE FOR AI, ENERGY & CLIMATE  

 

12 

creating a positive externality. On the other hand, applying AI may have labour market 
implications, that will need to be assessed. 
 
Public goods: A public good has two features: it is non-rival and non-excludable. Non-rival 
means that an individual’s consumption of the good does not affect the amount available for 
someone else to consume. Non-excludable means that no-one can be effectively prevented 
from consuming the good. It is because it is difficult to prevent an individual from consuming 
a public good, that it is difficult to charge a price for it. If it is difficult to charge a price for a 
good, then the market will not supply it. As a result, public goods are typically supplied, if at 
all, by the state. In relation to AI, data access (specifically for AI-ready datasets) can be 
perceived as a public good. 
 
 
Table 1: Prevalence of market failures regarding the application of AI to energy and climate 
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This section has given an overview of some of the market failures that are slowing the 
application of AI to energy and climate challenges, however it is worth noting that it is often 
the case that multiple market failures interact with each other in complex ways. However, it is 
clear that collectively, these market failures are resulting in an under-investment (from a 
societal perspective) in AI for energy and climate challenges. This under-investment is both in 
the form of an under-investment in specific applications in this area as well as an under-
investment in research and development.  
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3. INTERVENTIONS NEEDED TO ADDRESS MARKET 
FAILURES 

 
In seeking to address the market failures identified, five key intervention pillars are likely to be 
required:  
 
Pillar 1: Policy design: to address some of the policy and market power failures, a locus of 
expertise is needed to advise governments around the world on how to up-grade energy and 
climate-related policy to be AI-friendly and to align the incentives of market incumbents to 
support its adoption. Specific areas of advice would include: 

o Energy and climate data collection, access and standards 
o Incentives for market incumbents to apply AI 
o Market design and system flexibility 
o Project specific regulations 
o Ethical / responsible application of AI in energy / climate sector 
o Educating climate and energy actors on potential for AI at international 

forums 
 
Pillar 2: Technical facilitation: to support the application of AI to key energy and climate 
challenges, there is a need for a group with AI technical expertise to develop processes and 
tools that make it easier for the wider AI community to engage in the sector. Interventions 
could usefully include: 

o Hosting machine learning competitions and ongoing collaborations 
o Hosting an international energy and climate data portal / index 
o Incubating new research initiatives and/or start-ups 

 
Pillar 3: Innovation funding: The under-investment in R&D projects in this area, could 
usefully be addressed with bespoke innovation grant funding to support initiatives that wouldn’t 
otherwise be attractive to commercial investors. Interventions cold include:  

o Delivering challenge grants for key market challenges 
o Developing collaborations with start-up accelerators and incubators 

 
Pillar 4: Research coordination: This pillar sees the need for improved academic research 
coordination, to support cooperation in the development of academic research on AI for 
energy and climate. 
 
Pillar 5: Market facilitation: this pillar involves supporting knowledge sharing on the 
opportunities for AI to support decarbonisation in a range of energy system contexts, via 
industry events, country engagement and international fora.  
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4. ASSESSMENT OF EXISTING ORGANISATIONS  
 
In seeking the most cost-effective approach for correcting the market failures identified, there 
is a need to assess whether any existing institution(s) either already has the capabilities 
needed to address the market failures or could reasonably be expected to develop them. 
 
Table 2: Assessment of other organisations in the space 
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The organisations identified in Table 2 are those that have been assessed as being relevant 
to the application of AI in the energy and climate space. What is clear is that whilst some of 
the organisations have the capability to contribute to addressing the market failures identified, 
no single existing organisation has the capacity to combine all the capabilities required and 
deliver them in a joined-up, coordinated way.  
 
There is rightly a high bar that needs to be reached to support the creation of any new 
institution, given the associated costs involved. Decision makers will need to assess whether 
the potential benefits and opportunities available in this sector warrant such an investment. 
 
On the basis of the evidence currently available this assessment concludes that there is a 
strong case for a new institution that is able to deliver work across the spectrum required, from 
international policy advice, to AI technical facilitation, to industry facilitation, to ensure that 
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synergies between these strands can be identified and captured. Beyond this, the creation of 
an international ecosystem of start-ups, universities, tech companies, energy companies and 
policy makers will be critical in overcoming the identified barriers and supporting investment 
and job creation in this sector. Such a role will likely require an institution with this as a core 
objective, rather than a side programme. 
 

5. NEXT STEPS 
 
The concept team for this initiative has been working to gather input and feedback from actors 
in the AI community, the energy sector, the climate community, academics, policy makers and 
politicians. The feedback gathered has laid the foundations for the analysis in this paper. There 
has been a remarkably strong consensus among interviewees on the opportunity AI offers for 
the energy and climate sector; on the challenges that exist in applying it, and in the need for 
a new institution to fully address these challenges in a joined-up manner.  
 
This evidence base supports the case for the establishment of an International Centre for AI, 
Energy and Climate, but further work could usefully be carried out. In particular: 

- to further map the specific market failures that exist, in particular from an international 
perspective;  

- to further assess the capabilities of existing organisations working in this space so as 
to help determine whether the most cost-effective delivery structure should involve 
partnerships with existing organisations to allow the new institution to build on existing 
expertise.  

- To assess the level of interest from a range of potential funding countries. 
 

 
 
 
 
 
 


