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Foreword
A fortuitous recent development in the world of 
technology may provide a significant pathway to attain 
the world’s clean energy ambitions. Over the past year, 
Artificial Intelligence (AI) and Generative AI (Gen AI) have 
proved to be enormously versatile in resolving large-
scale, “hard to solve” challenges. At KPMG in India, we 
have explored the possibilities of addressing energy 
transition issues with AI and Gen AI solutions. Some 
of the technologies involved — especially in Gen AI — 
are new and evolving rapidly. We have experimented 
with those technologies, combined these with other 
digital/IoT platforms, created a series of minimum 
viable products (MVPs), and evolved an approach that 
we believe holds great promise in addressing energy 
transition and decarbonization needs. It has also afforded 
us deep realizations on how as an energy community 
we can chart a path forward. This paper captures the 
essence of our journey over the past year. 

This is the 15th year of ENRich and hence very special. 
The platform has evolved beyond a conference to 
emerge as a fount of innovation, knowledge, and 
sharing. During the span of the year, our belief in 
collaboration and co-creation — that the ENRich platform 
has always represented — has been reinforced radically. 
Upon the ask of senior stakeholders, we have created 
the quarterly ENRich Labs platform to co-create clean 
energy solutions. In the process, stronger bonds and 
relationships to solve the energy and environmental 
challenges have been established. This journey through 
the ENRich Labs will continue. The ENRich 2024 plenary 
will bring together and mark a milestone in that eventful 
and truly enriching journey. 

Anish De
Global Head
Energy Natural Resources and Chemicals (ENRC)
KPMG International
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Executive summary
In December 2023, the COP28 declaration set out to triple renewable energy (RE) capacity and 
double energy efficiency (EE) improvements by 2030. As an ambition this is not modest; the world 
has struggled to displace fossil fuels, the contribution of which in the energy basket has stubbornly 
remained north of 80 percent in the past decade. Indeed, if China, which in recent years has 
contributed to more than half of the incremental RE capacity,1 is taken out of the equation, the gains 
would be very minimal. And it is not lack of intent but the absence of means to transform the complex 
energy systems that is slowing down the transition. The challenges are many, top 10 of which were 
highlighted in KPMG International’s pre-COP28 paper titled, Turning the Tide in Scaling Renewables2. 

Energy transition is a story of growth and transformation, especially in Asia and Africa — the growth 
hotspots where societies are looking to improve living standards rapidly. This growth would be energy 
and capital-intensive. The bp World Energy Outlook 2024 has called this “energy addition” in developing 
nations in contrast to the “energy substitution’ scenario in the developed world.3 While the capital 
needs are indeed substantial, the challenges are not necessarily with the availability of capital — they 
are more to do with how the providers of returnable capital evaluate their prospects. Such risks called 
out by the capital providers, especially in the developing nations are not insubstantial. 

It is in this context that we look at the role of AI and Generative AI (Gen AI) in addressing the climate 
change issues, specifically the effect of AI in driving radical efficiency in energy systems and enabling 
rapid renewable energy scale up, especially in emerging economies that are growing and transforming 
at the same time. 

Modern day AI, and especially the combination of AI, Gen AI and High-Performance Computing is 
transformational. It touches upon every aspect, from materials, equipment design, production and 
supply chain to project design and development, construction, and operations. 

Modern AI can transform the pace of deployment of RE and that gives us a reasonable chance to meet 
the CoP28 goals on clean energy. AI can radically pace up resource identification, land procurement, 

permitting, sizing and Interconnection management. Within a farm it can optimise solar and wind 
asset placement. It is enabling real-time performance improvement, enhancing predictive maintenance 
capabilities, improving energy yield forecasts, optimizing energy storage. AI is enhancing flexibility and 
resilience in energy transmission and distribution making integration of variable RE possible at scale. 
This is bringing down overall costs of energy delivery and enhancing the dependability of RE. Together, 
these promise a rapid makeover of clean energy production and use.

In addition to the technical functions, modern AI has the potential to bring radical efficiencies in a range 
of corporate functions, including financial planning, reporting, treasury operations, internal controls, 
procurement, supply chain management, contract management, learning and development, etc. These 
can bring in significant predictability, thus reducing the risks considerably. Together, these and other 
AI applications can substantially help reduce risks and attract finance at acceptable cost points. Also, 
through the efficiency gains and reduction in project development timelines, the scale of deployment 
and costs of energy delivery can be significantly improved.

This AI-enabled scenario for clean energy is a promising, yet uncharted land. Creative solutions are 
needed, but so is discipline to ensure that the promise turns into outcomes. Solutioning must be 
founded in explicitly expressed problem statements. Security challenges, cost of AI and other concerns 
must be dealt frontally, with guardrails established. As technologies evolve rapidly, none of us are privy 
to all the answers. The energy future through AI must be co-created by stakeholders. 

But AI is also a double-edged sword. As was the case with automobiles a century ago, AI applications 
— in particular, data centres — are the new energy guzzlers. That said, just as automobiles have 
transformed connectivity and thereby human society, AI also has the potential to bring in paradigm-
altering changes. It needs to be directed to where it has the most positive impact. There is a real 
possibility of accelerating clean energy delivery with the wide and appropriate adoption of AI and, in 
turn, achieve the goals set out at COP28. 

1 Renewables 2023 | International Energy Agency (IEA) | January 2024
2 Turning the tide in scaling renewables | KPMG International | November 2023
3 bp Energy Outlook 2024 | BP plc | October 2024
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A. Beginning of the end 
of the fossil fuel era?
At COP28, global leaders agreed on the goal of scaling clean energy rapidly in the near term. Specifically, the 
COP28 declaration called for actions to expand RE capacity threefold and EE improvements twofold by 2030. 

However, reality indicates that the transition is proving harder to achieve than the common intent shown at 
COP28 and the celebratory headlines that followed. Data for CY2023 from the EI Statistical Review of World 
Energy 2024, published in June 2024, clearly demonstrates that despite unprecedented growth of renewables in 
the past decade, the share of fossil fuels has hardly been dented4. Following are some of the key takeaways from 
the Statistical Review (all percentage changes are annual):

• Global energy consumption was up 2 percent in CY2023.

• Global energy-related emissions were also up 2 percent in CY2023, exceeding 40 GtCO2e 
in a year for the first time in human history.

• Global renewable power generation (excluding hydro) were up 13 percent, driven particularly 
by China.

• Growth economies, in particular, are struggling to cut fossil fuel growth.

• In the three largest global energy consuming and greenhouse gas (GHG) emitting economies — China, the US 
and India — fossil fuels constitute over 80 percent of the primary energy consumption. In growth economies 
such as China and India, emissions have grown significantly despite heavy renewable energy expansion. 

Beyond China, the US and India, a closer look at the data of the top 25 energy consuming countries is also 
revealing. As it demonstrates, several major energy economies have fallen behind in clean energy production, 
registering negative growth in CY20235.

4 Statistical Review of World Energy (energyinst.org)| energy institute|2024. KPMG International collaborated with the Energy Institute to produce 
the Statistical Review of World Energy in 2023 and 2024.
5 Renewable energy (RE) includes Hydro and other renewables like wind, solar, geothermal, etc. The analysis has also been conducted for all non-
fossil energy with the inclusion of nuclear in the mix. The results remain directionally similar, and hence have not been included here for brevity. 
6 COP28 Agreement Signals “Beginning of the End” of the Fossil Fuel Era | UNFCCC | December 2023

The UNFCCC underscored that the “COP28 agreement

signals ‘Beginning of the End’ of the Fossil Fuel Era.”6
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Countries

2022 2023

Primary Energy 
Consumption (EJ)

RE Consumption 
(EJ)

RE 
Share (%)

Primary Energy 
Consumption (EJ)

RE Consumption 
(EJ)

RE 
Share (%)

RE 
Change (EJ)

RE 
Change (%)

China 160.26 25.55 16% 170.74 27.60 16% 2.04 0.20%

US 95.42 10.78 11% 94.28 10.99 12% 0.21 0.40%

India 36.37 3.74 10% 39.02 3.78 10% 0.04 -0.60%

Russian Federation 31.08 1.94 6% 31.29 1.97 6% 0.03 0.10%

Japan 18.02 2.09 12% 17.40 2.19 13% 0.10 1.00%

Canada 14.30 4.37 31% 13.95 4.08 29% -0.29 -1.30%

Brazil 13.44 6.56 49% 13.87 6.98 50% 0.42 1.50%

Iran 12.48 0.15 1% 12.71 0.23 2% 0.08 0.60%

South Korea 12.75 0.59 5% 12.43 0.59 5% 0.01 0.20%

Saudi Arabia 11.34 0.02 0% 11.60 0.05 0% 0.03 0.30%

Germany 12.29 2.62 21% 11.41 2.78 24% 0.16 3.00%

Indonesia 10.05 0.99 10% 10.11 1.06 10% 0.06 0.50%

France 8.27 1.21 15% 8.66 1.47 17% 0.26 2.30%

Mexico 8.18 0.79 10% 8.45 0.73 9% -0.07 -1.10%

Turkey 7.10 1.31 18% 7.00 1.31 19% 0.00 0.20%

United Kingdom 7.27 1.43 20% 6.95 1.43 21% 0.00 0.90%

Australia 5.98 0.83 14% 6.02 0.90 15% 0.07 1.10%

Italy 6.19 1.02 17% 5.95 1.15 19% 0.12 2.80%

Spain 5.73 1.25 22% 5.66 1.41 25% 0.17 3.20%

United Arab Emirates 4.88 0.07 1% 5.13 0.13 3% 0.06 1.00%

Thailand 5.00 0.37 7% 5.01 0.39 8% 0.02 0.40%

Vietnam 4.48 1.23 27% 4.89 1.11 23% -0.12 -4.70%

South Africa 4.87 0.19 4% 4.85 0.19 4% 0.01 0.10%

Malaysia 4.79 0.38 8% 4.81 0.38 8% 0.00 0.10%

Taiwan 4.75 0.21 4% 4.53 0.24 5% 0.03 0.80%

Source: Statistical Review of World Energy (energyinst.org)| energy institute| 2024

Title: Data of top 25 energy consuming countries
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As the analysis indicates, in certain countries RE contribution has fallen in absolute terms, apart from 
the fall in percentage contribution. In case of India, while absolute RE contribution has increased, 
there is a relative fall over the year. In China, the absolute contribution of RE has grown significantly, 
but owing to overall demand growth, the relative contribution of RE has risen by only 0.2 percent. In 
CY2023, China contributed to more than 50 percent of the new global renewable energy installations.

Why is the change toward clean energy so slow and inconsistent despite all the global efforts? It 
comes down to the key core factors:

• The world is witnessing significant energy growth (especially in developing economies), sometimes 
outpacing the growth of clean energy in those countries. Energy efficiency (often referred to as the 
“first fuel”) is improving, but not fast enough.

• Clean energy, especially wind and solar development, are increasingly being beset with issues 
including supply chain problems, grid infrastructure bottlenecks, storage availability and costs, 
slowness and complexities in permitting, emerging contradictions/conflicts with nature and 
biodiversity priorities, market structure/design misalignments, etc.7

• Despite RE capacity scale-up, the energy contribution has not been adequate. This, of course, 
is fundamentally related to the low-capacity utilization factors (CUF) inherent of wind and solar. 
Further, there has been significant impact of droughts, wind drops and irradiation changes in certain 
years in some of the major RE producing countries.

• Emerging economies also face challenges regarding access to affordable capital. Further, issues 
relating to social license to operate for RE and its supply chain are emerging as significant, as are 
Just Transition (JT) issues. 

These issues present difficult challenges and require different resolution levers. For one, there is a 
need to draw in more capital for clean energy and its ecosystem where needed. However, returnable 
capital flows — essential for scaling clean energy — are typically predicated upon resolution of issues 
related with energy production and development ecosystem. Hence, at the core, levers for resolution 
are essential.

7 These issues were highlighted in KPMG International’s paper before CoP 28 titled Turning-the-tide-in-scaling-renewables (Turning the tide in scaling renewables| KPMG International| November 2023)
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B.   Asia is crucial for combating climate change
Asia is home to more than half the world’s population. It is now 
responsible for more than half of the global primary energy consumption. 
The energy growth curve has also been steep – Asia’s share in primary 

energy consumption grew from 23 percent in 1991 to 47 percent by 2021. 
The region is now the leading contributor to annual GHG emissions, with 
52 percent share in global carbon emissions8.

Table: Major energy economies in Asia — A comparative analysis, 20239 

Country
Population 

(Mn)10,11 2023

% of global 
population,12 

2023

Economic growth 
(%) – (GDP),13 

2023

Per cap GDP 
($/pp), 2023

Primary energy 
(EJ)14, 2023

% of global 
primary energy, 

2023

Y-o-Y primary 
energy growth 

(%), 2023

Primary energy 
growth (%), 

2013–23

% of fossil 
fuels, 2023

Bangladesh 171.5 2.1% 5.8% 2,633.4 1.8 0.3% -1.8% 5.2% 99%

China 1,395.0 17.8% 5.2% 12,738.4 170.7 27.6% 6.5% 3.4% 82%

India 1,438.0 18.3% 8.2% 2,479.8 39.0 6.3% 7.3% 4.2% 89%

Indonesia 274.2 3.5% 5.0% 5,000.4 10.1 1.6% 0.6% 4.5% 90%

Japan 124.4 1.6% 1.7% 33,930.0 17.4 2.8% -3.4% -1.4% 83%

Malaysia 35.6 0.5% 3.5% 11,379.1 4.8 0.8% 0.3% 2.1% 92%

Pakistan 251.3 3.2% 0.0% 1,364.0 3.4 0.5% -6.2% 2.2% 82%

Singapore 5.8 0.1% 1.1% 84,734.3 3.5 0.6% 9.3% 1.7% 99%

South Korea 51.7 0.7% 1.4% 35,538.2 12.4 2.0% -2.5% 0.7% 82%

Taiwan 23.4 0.3% 1.3% 32,265.4 4.5 0.7% -4.6% -0.4% 91%

Thailand 71.7 0.9% 1.9% 7,185.1 5.0 0.8% 0.2% 0.6% 92%

Vietnam 101.0 1.3% 5.0% 4,276.7 4.9 0.8% 9.2% 7.5% 77%

Note: Data for primary energy-related indicators and percentage of fossil fuels has been sourced from the “Statistical Review of World Energy” by energy institute

8 Statistical review of world energy 2024| energy institute| 2024| accessed in October 2024
9 Statistical Review of World Energy to be used as consistent base wherever the data can be derived from the publication
10 Population | Economist Intelligence Unit (EIU) |The Economist| accessed in October 2024
11 The population figures provided for each country represent mid-year estimates as reported by EIU, except for Singapore, whose population is given as a total year estimate.
12 Share of world population (%) | EIU |The Economist| accessed in October 2024
13 Economic growth | EIU| The Economist| accessed in October 2024
14 Statistical Review of World Energy, energy institute | Energy Institute| accessed in October 2024
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15 We can’t defeat climate change by investing in a handful of countries. The world needs to come together at COP28 – and fund a just energy transition – Analysis - IEA | International Energy Agency (IEA) | July 2023

“We can’t defeat climate change by investing in a handful of countries….”,

Dr. Fatih Birol, ED, IEA and Dr. Sultan Al-Jaber, President, COP28.15
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This trend is likely to continue in the foreseeable future. High 
growth Asian economies will contribute significantly to the global 
energy demand. As per the bp Energy Outlook 2024, in the Current 
Trajectory scenario, India alone will contribute 80 EJ (~ 13 percent 
of the global energy demand) in 2050, up from 42 EJ in 2022 (7 
percent), well exceeding the US (73 EJ in 2050) and Europe (58 
EJ in 2050)16. Energy demand in the US and Europe is projected 
to fall sharply in both absolute and relative terms between now 
and 2050. The implications of such differences in growth between 
geographies are significant.

Mr Menon mentioned the above on the sidelines of the COP28 
United Nations climate conference in Dubai. As Mr. Menon 
observed on locked-in capital in coal assets, “Asian coal plants are 
young, 12 to 15 years on average, and they have another 30 years 
to go easily”.17 

However, the challenges go well beyond locked-in capital. While 
for mature economies with falling energy demand it is much easier 
to substitute high carbon sources with low carbon ones, for fast 
growing nations with significant need and headroom for economic 
growth, substitution is unlikely and probably infeasible. Hence, as 
the bp World Energy Outlook calls out, many parts of the world 
could move from “energy addition” to “energy substitution,” with 
high growth economies such as India remaining in “energy addition” 
mode for a long time. Substituting well-performing coal-powered 
plants with renewables may simply not be an option for large, high-
growth economies.

That said, “energy addition” need not mean a bias toward high 
carbon resources. In the Current Trajectory scenario in the bp 
World Energy Outlook, on the supply side, renewables in India 
are projected to contribute 20 EJ in 2050, up from 9 EJ in 2022. 
On the demand side, the primary energy demand data assumes 
significant EE contributions, without which the energy demand will 
well exceed the 80 EJ projected. However, despite the rapid clean 
energy contributions on both demand and supply side, it would not 

be adequate to prevent significant overshoot of the Paris climate 
targets.

It is possible to go beyond the Current Trajectory projections 
cited above, but such gains will be hard to come by for several 
reasons. Shifting energy systems from one form to another 
on such a massive scale and at such rapidity requires inherent 
resources, establishing supply chains that are robust, managing 
the energy systems differently, radically altered policy and 
regulatory frameworks, transition support to suppliers and users, 
technology access and others. Above all, it requires providers of 
capital who see the required alignment of interests and reasonable 
protection for capital provided against excessive risks that returns 
cannot support. In a volatile transition environment, these are 
significant asks, compounded by emerging market risks. In India 
at this time, more than the emerging market risks, the highly 
competitive environment, policy and regulatory risks (for example 
on imports), development uncertainties, offtake challenges 
(financially weak utilities), and resource uncertainties resulting in a 
drop in returns compared to baselines, place onerous roadblocks 
to RE development. Consequently, annual capacity installation of 
renewables has been of the order of 15 GW per annum compared 
to 50 GW needed for India’s 2030 RE targets.18 As analysed 
previously, production of clean energy fell by 0.6 percent in 2023 
due to resource-related challenges. In India (and many other 
developing economies), the gap between the potential and its 
actualization is a large-scale problem that needs to be solved. It may 
need novel thinking and approaches.

As analysed previously, production of clean energy fell by 0.6 
percent in 2023 due to resource-related challenges. In India 
(and many other developing economies), the gap between 
the potential and its actualization is a large-scale problem that 
needs to be solved. It may need novel thinking and approaches, 
including through widespread adoption for AI for accelerating 
decarbonisation.

16 bp Energy Outlook 2024 | BP plc | accessed in October 2024
17 Finance, carbon credits key to early coal phase-out in Asia: MAS chief | The Straits Times |  published on 6 December, 2023 | Accessed in October 2024
18 Year End Review 2023 of Ministry of New & Renewable Energy | Press Information Bureau | January 2023 | Accessed in October 2024

“One out of every six tons of greenhouse gas emissions in

the world comes from a coal plant in Asia. You want to move 

the needle, you have got to address this,” – Ravi Menon,

Managing Director, Monetary Authority of Singapore (MAS) 
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C. The explosion of AI - will it 
reduce or increase emissions?
According to the IEA, decarbonising energy supply is not enough to address the Paris climate goals 
— the world needs to reduce energy demand by 8 percent by 2050 compared with 2020 levels, 
even as global GDP will roughly double during this period19. In other words, the world would need 
to be more than twice as energy efficient.

Current trends indicate that demand reduction is unlikely by 2050 without seriously compromising 
economic growth. Just between 2020 and 2023, the global primary energy demand increased by 
9.3 percent19. 

• The International Energy Outlook 2021 published by the US Department of Energy states that 
by 2050, global energy use in their reference case increases nearly 50 percent compared with 
202020. 

• bp World Energy outlook points to a more modest 13.5 percent increase in this period in the 
Current Trajectory scenario. 

Irrespective of the differences in projections, there is unanimity among all agencies that deep 
decarbonisation can only be delivered through electrification, and such electrified energy systems 
must rely principally on RE. The idea is to electrify everything possible, including transport, 
industries, space heating, and cooling. Hard-to-abate sectors would require tailored solutions and 
innovation through clean hydrogen and derivatives, biofuels and fully-captured fossil fuels where 
electrification is infeasible. The core idea behind electrification is that EE technologically is more 
feasible in electrified systems and those systems can be supplied with low carbon electricity21.

19 Statistical Review of World Energy 2024 published by the Energy Institute, supported by KPMG International
20 International Energy Outlook Consumption - U.S. Energy Information Administration (EIA)
21 Bp World Energy Outlook 2024 (p. 52)| bp Plc| 2024
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Electricity as a share of total final energy consumption

Range of electrification across end-use sectors in 2050
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Source: bp World Energy Outlook 2024

Even as this seems onerous (despite the modest demand increase 
projected by the bp World Energy Outlook), there is a whole 
new category of demand coming from data centres, which are 
set to grow exponentially. Much of this will be a consequence 
of the explosion of AI. While at these early stages reliable data 
and projections are hard to come by, current indications and 
circumstantial evidence point to very large incremental demand for 
electricity. 

In 2022, data centres consumed between 240 TWh and 340 TWh 
of electricity, accounting for about 1 to 1.3 percent of the global 
final electricity demand. This figure excludes energy used for 
cryptocurrency mining, which was estimated to be about 110 TWh 
in 202222.

By 2030, data centres could consume up to 9 percent of the 
US electricity generation annually, up from 4 percent in 202323. 
This growth has been driven by the increasing demand for digital 
services, including AI applications. EE has helped moderate 
the increase in energy use. Advances in IT hardware, cooling 
technologies, and a shift toward more efficient cloud and 
hyperscale data centres has contributed to greater efficiency. 
However, the demand is explosive. In the US, data centres in the 
construction pipeline would, when complete, use as much power 
annually as the San Francisco metro area, according to the real 
estate services company, JLL24. AI is only a small percentage of the 
global data centre footprint. The Uptime Institute predicts AI will 
skyrocket to 10 percent of the sector’s global power use by 2025, 
from 2 percent today25.

AI growth will place massive demands on RE, storage, and 
transmission systems. Fortunately, AI can itself help drive EE and 
scale up RE. In this paper, we have focused on the latter objective 
of scaling RE rapidly through AI.

22 Data centres & networks Transmission Networks| IEA| Accessed in October 2024
23 Clean Energy Resources to Meet Data Center Electricity Demand | Department of 
Energy| Published on 12 August, 2024| Accessed in October 2024
24 A.I. Frenzy Complicates Efforts to Keep Power-Hungry Data Sites Green|The New 
York Times (nytimes.com)| Accessed in October 2024
25 A.I. Frenzy Complicates Efforts to Keep Power-Hungry Data Sites Green|The New 
York Times (nytimes.com)| Accessed in October 2024
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D. Can AI materially help 
clean energy meet growing 
electricity demand in EMDEs?
AI is not just a technology; it is a tool that can help us achieve our clean energy goals. 

By leveraging AI, we can optimize energy use, reduce waste, and ensure that our renewable

energy sources are used efficiently” – Shri Narendra Modi, Prime Minister of India.26

Modern day AI is transformational. As noted, it touches every aspect of the energy landscape. 
China is a leader not only in the clean energy space but is extensively using AI for accelerating 
the energy transition. A recent study27 utilizing data from China concludes that AI has enormous 
potential in improving the efficiency and reducing the cost of energy systems. However, it is 
unclear whether it can help accelerate the transition from traditional fossil energy to RE.  

Over the past year, through a structured review and consultation process, we have identified 
some of the principal application areas for AI/Gen AI for scaling RE. As advised by senior 
stakeholders, rather than picking isolated use cases, the entire operations of clean energy 
producers was mapped and assessed for application of modern AI. The process yielded a rich 
haul across the operations of such entities, consequently bringing to the fore the potential in 
each area of operation. Among those, the following areas held out the greatest promise in project 
development and operations. 

26 America-India spirit new AI power’: PM Modi tells Indian diaspora in New York| Top 10 quotes| Hindustan Times| Published 
on 23 September 2024| Accessed in October 2024
27 Qian Zhao, Lu Wang, Sebastian-Emanuel Stan, Nawazish Mirza, ‘Can artificial intelligence help accelerate the transition to 
renewable energy?’| Energy Economics| Volume 134|2024|107584| ISSN 0140-9883
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1. Resource identification, land procurement, permitting, sizing and interconnection: We consider this large 
swathe of activities as an inter-related basket that can greatly be assisted through Gen AI both for large-scale 
and distributed projects. At KPMG in India, we have created a Gen AI platform with a suite of solutions for the 
RE sector. The platform demonstrates that activities across RE value chain can be significantly speeded up 
using knowledge management and computational algorithms that can radically reduce costs and uncertainties 
and enhance project attractiveness. 

2. Optimized solar and wind farm placement: As wind and solar production facilities become large and 
complex, there are machine inter-dependencies that need to be understood. Our analysis of wind projects 
on the ground have shown that with increasing turbine sizes, the individual machine placements need to be 
planned very differently compared to current practices to reduce wake effects and other interference. AI can 
analyse vast amounts of geographical and meteorological data to identify the best locations for solar panels and 
wind turbines, maximising energy generation potential. 

3. Real-time performance monitoring: AI can continuously monitor the performance of RE systems, detecting 
inefficiencies and anomalies in real-time, which help maintain optimal operations. Using digital twins of physical 
assets and integrating them into the overall controls and workflow can yield huge benefits. Over time, as 
technology has advanced, these capabilities have become more affordable. 

4. Predictive maintenance: By using machine learning algorithms, AI can predict when components of RE 
systems are likely to fail, allowing for proactive maintenance and reducing downtime. 

5. Energy yield forecasting and dynamic energy management: AI can improve the accuracy of energy yield 
forecasts by analysing weather patterns and historical data, helping to better integrate renewable energy into 
the grid. AI can manage the distribution of energy from renewable sources in the real time, balancing supply 
and demand more effectively, and reducing “spilling.”   

6. Energy storage integration and optimization: AI can optimize the use of energy storage systems, ensuring 
that excess energy generated during peak production times is stored efficiently and used when needed. 

7. Grid integration: AI can facilitate the integration of renewable energy sources into the main transmission grid 
and distribution smart grids, making the energy distribution system more flexible and resilient.

These are but examples of areas and applications. Upstream of clean energy production, such as climate sciences, 
material sciences, manufacturing, and supply chains, are areas of research and development that would be crucial 
for the clean energy deployment strategies. Similarly, in downstream areas and especially in hard-to-abate sectors, 
technology development in green hydrogen and derivatives, industrial heat, transport would need to be considered 
intrinsic to clean energy production strategies. In addition to the technical functions, modern AI has the potential to 
bring radical efficiencies in a range of corporate functions, including financial planning, reporting, treasury operations, 
internal controls, procurement, supply chain management, contract management, learning and development, etc. 
These can bring in significant predictability, thus substantially reducing risks for developers, offtakers and investors.

Modern AI, in effect, will help both large and complex grid-scale RE systems while simultaneously supporting 
integration of a very large number of distributed systems, which have, hitherto, been very difficult to scale given the 
technological challenges. In the following chapter, we look into the capabilities of modern AI that make this possible.
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E. How does AI/Gen AI 
do what it does?  
In the early decades of AI, researchers aimed to encode human knowledge into machines using 
logical rules and symbolic representations. The 1970s and 1980s saw the rise of expert systems, 
which used vast databases of knowledge to make decisions in specific domains such as 
medical diagnosis and financial forecasting. However, due to data and computational capability 
limitations, the applications were limited. The 21st century marked a significant acceleration in AI 
development, driven by the availability of vast amounts of data and increased computing power. 
The advent of machine learning, particularly deep learning, revolutionized the field. Unlike early 
AI, machine learning algorithms could learn patterns from data without explicit programming. 

AI acquired a whole new dimension with the advent of Gen AI. Unlike traditional AI, which 
focuses on recognizing patterns and making predictions, Gen AI can create new content. This 
includes generating text, images, music, and even video. Gen AI enhances the powers of 
classical AI and other digital technologies in several ways: 

• Content creation: Gen AI can produce high-quality content, such as articles, artwork, and 
music, reducing the need for human intervention. 

• Data augmentation: In machine learning, Gen AI can create synthetic data to augment 
training datasets, improving the performance of models in scenarios where real data is 
scarce. 

• Personalization: Gen AI can create personalized content and recommendations, enhancing 
user experiences in applications across the board.

• Simulation and modelling: Gen AI can simulate complex systems and generate realistic 
scenarios for training autonomous systems, such as self-driving cars and robotics. This also 
helps radically shorten the time for new material and product development.

Overall, Gen AI brings two key capabilities that traditional AI mostly lacked — creativity and 
conversational capabilities. Those two dimensions have revolutionized and democratized AI, 
making it accessible to most users through media of their choice for the occasion, including 
computers, mobile phones, AR/VR sets, gaming interfaces, etc.

“We believe that we can manage through it, and the only way to do

that is to put the technology in the hands of people. Let society and the

technology co-evolve, and sort of step-by-step with a very tight feedback

loop and course correction, build these systems that deliver tremendous

value while meeting safety requirements” – Sam Altman, CEO, Open AI.28

28 From Sam Altman to António Guterres: Here’s what 10 leaders said about AI at Davos 2024 | World Economic Forum | Published on 23 January, 2024 | Accessed in October 2024
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Overall, Gen AI brings two key capabilities that traditional AI 
mostly lacked — creativity and conversational capabilities. Those 
two dimensions have revolutionized and democratized AI, making 
it accessible to most users through media of their choice for the 
occasion, including computers, mobile phones, AR/VR sets, gaming 
interfaces, etc. 

For bringing these capabilities into the sphere of clean energy or 
other industrial applications, further work is necessary to ensure 
the appropriateness and reliability of the solutions. Below are 
seven principles that are applied for the clean energy use case 
developments currently underway at KPMG in India:

• Ability to handle large data volumes to ensure efficacy, and 
in the case of optimization solutions, ability to converge the 
solutions.

• Efficient data management and governance to reduce 
compute time/costs and enhance accuracy.

• Principles of trusted and responsible AI to ensure that the 
solutions are responsive to security, IP, provenance, and other 
considerations.

• Rich and capable interfaces to ensure user adoption and 
become vehicles of transformation, where applicable; this will 
potentially enhance security by containing attack/risk surfaces.

• Extendibility to adjacencies to harness common platforms 
for similar use cases instead of having disparate or bespoke 
platforms for each use case; this is being done through a 
KPMG in India built platform, which is aligned to the Multimodal 
Ensemble Knowledge Advisory (MEKA) framework.

• Use of pre-configured copilots to make usage easy and 
effective and reduce build or configuration time.

• Amenability for delivery as managed services for rapid 
expansion and multi-client deployment, recognizing that 
individual entities will find it challenging to keep pace with the 
rapidly evolving technology environment.

Modern AI is versatile, even as it is work in progress. At KPMG in 
India, in clean energy, we have found it to be of great utility in 

four categories of activities depicted below.

Even as AI-based tools are versatile, we recommend retention of 
human oversight and control in critical functions and at the final 
stage of execution in any business process. It is also important to 
have integrated AI architecture and common plumbing that use 
available foundation models.

It is crucial to clearly state the business problems and ensure 
a disciplined approach to execution. As a rule, KPMG in India’s 
methodology to develop a Gen-AI tool starts with explicitly 
expressed client problem statements, which are then put through 
the above tests. Also, the emphasis is on collaboration and co-
creation with clients, society, and technology partners. This has 
delivered tangible outcomes in the journey thus far.

Looking ahead, quantum computing and High-Performance 
Computing (HPC) are poised to revolutionize AI further. Quantum 
computing promises to solve complex problems that are currently 
intractable, while HPC enables the processing of massive datasets 
at unprecedented speeds. These advancements will unlock new 
possibilities in AI, driving innovation and transformation across 
industries. These capabilities, when collaboratively developed and 
brought to bear to the energy and environmental challenges, can be 
truly revolutionary.

Four stages of AI/Gen AI Solutioning

Ideation: Initial data collation and interpretation

Scenario building: Quantify effects of tweaked 
parameters in a scenario

Recommendation: Generate scenario specific business 
strategies

Supervised execution: Choose the ‘best’ strategies from 
recommendations and action them. Integrate in workflows
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F. Our energy future 
must be co-created 
The planet is vulnerable, and its inhabitants are at severe risk. Businesses 
that serve users are equally vulnerable. Drawdown on our CO2 budgets 
and extraction of materials beyond limits has not just impacted our 
local and global environment, but has exposed businesses very deeply. 
Simultaneously, the pace of change on technology is extremely rapid, 
pushing seemingly significant technology breakthroughs into the sunset in 
a matter of months. 

We cannot predict the future but by recognizing the vulnerability and 
bringing human ingenuity into play, we can co-create a better and more 
universal understanding of the “art of the possible” to solve our shared 
challenges on energy and the environment. This was the genesis of KPMG 
in India’s quarterly ENRich Labs created at the insistence of senior industry 
leaders. Leaders from various parts of the industry and society — large 
corporations, start-ups, scientists, developers, commodity producers and 
suppliers, senior government functionaries, regulators, financiers, civil 
society organizations — have come together on three occasions in Delhi, 
Mumbai and Bengaluru during the year to strive toward the motive of 
common understanding and defining foundational elements of solutions 
to address the challenges of today and the future. It has led to some very 
trusted partnerships and has become a significant force in co-creation of 
stakeholders for the future that addresses growth and sustainability needs 
simultaneously. 

AI is a double-edged sword, both an adversary and ally of decarbonization. 
AI applications are the new energy guzzlers, and the key factor for 
unabated energy demand growth. That said, it is pretty much certain 
that without the help of modern AI, energy production and use cannot 
be decarbonised. There is promise of AI delivering more for the energy 
transition than the demands that it will place on energy systems. It will 
take collective efforts of society to turn that promise to reality.

“The clean energy transition is a global challenge that requires  a global response. 

Governments, industry, and citizens must work together to drive the innovation and

investment needed to achieve  our climate goals”– Dr. Fatih Birol, Executive Director,

International Energy Agency.29

29 50 Renewable Energy Quotes Inspiring A Greener Future (trvst.world)| Accessed in October 2024
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