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Abstract

Purpose – India is a fast-growing economy, that has amajority share in the global information technology

industry (IT). Rapid urbanisation and modernisation in India have strained its energy sector, which is

being reformed to cope. Despite being the global IT heart and having above average research output in

the field of artificial intelligence (AI), India has not yet managed to leverage its benefits to the full. This

study aims to address the role of AI and information management (IM) in India’s energy transition to

highlight the challenges and barriers to its development and use in the energy sector.

Design/methodology/approach – The study, through analysis of proposed strategies, current policies,

available literature and reports, discusses the role of AI and IM in the energy transition in India,

highlighting the current situation and challenges.

Findings – The results show dispersed research and development incentives for IT in the Indian energy

sector; however, the needed holistic top-down approach is lacking, calling for due attention in this matter.

Adaptive and swift actions frompolicymakers towards AI and IM arewarranted in India.

Practical implications – The ongoing transition of the Indian energy sector with the integration of smart

technologies would result in increased access to big data. Extracting the maximum benefits from this

would require a comprehensive AI and IMpolicy.

Social implications – The revolution in AI and robotics must be carried out in line with sustainable

development goals, to support climate action and to consider privacy issues – both areas in India must

be strengthened.

Originality/value – The paper offers an original discussion on certain applicable solutions regarding the

energy transition of AI coming from the Global South; they are based on lessons learned from the Indian

case studies presented in this study.
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1. Introduction

The artificial intelligence (AI) revolution has impacted almost every aspect of our lives, with

significant advancements in areas such as the internet of things (IoT), robotics, deep

learning and a plethora of other AI solutions that have been used for a range of purposes

(Sokołowski, 2022; Simon, 2019). It has enabled the integration of advanced information

and communication systems that worked together to transform conventional systems into

smart systems (Khare et al., 2020) by changing traditional urban and rural structures into

smart cities and villages (Visvizi and Lytras, 2018). This happens right in front of our eyes

and the expectations are substantial (Guihot et al., 2017; Sarirete et al., 2021).

This rapid improvement process (Baker, 2018) does not ignore the energy sector where

emerging AI solutions are gathering momentum, and their implementation is expected to

change the energy transition as technological advancement in energy production,
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transmission, distribution, storage and final usage has accelerated. Apart from industry, it has

an ever-increasing impact on climate and energy policies (Sokołowski, 2022). This is also true

in India, where strengths such as a large young population in a vibrant democracy and a fast-

growing economy driven by the IT sector of global significance – India as the world’s IT hub

(Solanki and Sinha, 2017; Rao et al., 2022) – together with problems to solve, including

disparities, inequalities or poverty (Gao et al., 2020, p. 5) – offers AI applications a large scope

and scale (Kalyanakrishnan et al., 2018, p. 164). Furthermore, as India becomes a major

international player, the way it handles the energy sector and climate change affect the whole

world (Sokołowski, 2019). In June 2018, India’s NITI Ayog (Planning Commission) of India,

released a discussion paper on the National Strategy for AI #AIFORALL (NITI Aayog, 2018),

where the energy sector was listed as one of the focus areas for AI intervention. In addition,

the updated policy document release in August 2021 built on to that discussion paper (NITI

Aayog, 2021). Additionally, in a recent report by National Association of Software and Service

Companies (NASSCOM), it is estimated that by 2025 AI will add a value of about $50 to $55bn

to the energy and industry sector of India (NASSCOM, 2021). In this context, the main

objective of this article is to address the role of AI and information management (IM) in India’s

energy transition based on comprehensive growth and development strategies, as well as to

highlight the challenges and barriers to its development and use in the energy sector related

to policymaking, governance and strategy, as well as social interactions and community

development, including rural/urban collaboration and smart cities/smart villages in India. The

supplementary goal includes presenting certain applicable solutions regarding the AI energy

transition coming from the Global South (GS); they are based on lessons learned from the

Indian case studies presented in this paper.

In terms of the structure of the article, Section 2 provides a summary of the materials and

methods used; Section 3 provides the background of the article in relation to the

importance of IM when AI is used in the energy sector; Section 4 highlights the Indian IT

industry and discusses the development of AI in India, from its inception in the 1950s to the

present day; Section 5 analyses IM in the Indian energy sector and Section 6 examines AI

and IM in this field; finally, Section 7 includes concluding remarks, focussing on the

importance of this research for the GS.

2. Material and methods

Although there is general agreement that India’s ability to develop a strong manufacturing

sector over the years has been hampered by a combination of factors such as political

economy, distrust of private enterprise, a lack of a well-coordinated industrial policy,

stringent laws and a multitude of regulations, there is a divergence of opinion in the

literature on the position of India’s regulatory framework in the growth of the IT industry

(Gupta and Basole, 2020, p. 345). In this debate, some argue (Kapur, 2002, p. 94) that

because the Indian state’s position in the IT sector has clearly differed from that in other

areas, it is reasonable to assume that the state played a role in its development, for

example, because of forward-looking policies (Das and Sagara, 2017, pp. 57–60), while

others (Dossani, 2008) claim that the development of the industry has been because of

private entrepreneurial abilities, rather than the policies of the Indian Government (Gupta

and Basole, 2020, p. 345; D’Costa, 2011; Subramanian, 2014; Mukherjee, 2016).

In this light, the article is based on an examination of India’s AI and IM policy and regulatory

regimes, as well as related actions of different Indian stakeholders in the field of on climate

and energy. A variety of materials are used to delve into the AI-IM-driven energy transition

of India. The article provides valuable answers on the state of energy transition in India,

providing lessons for GS, by analysing policy documents developed by the government of

India, related laws and regulations, including international standards, as well as conducting

a review of case studies of AI climate energy applications and addressing IM in the Indian

energy sector. Due to its effect on India’s climate action, as well as its central role in the
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government’s energy vision (Sokołowski, 2019), in this article, the electricity sector is given

special attention (Sokołowski, 2016).

3. Theory

Information, like it is in other fields, is a critical issue in the energy sector and globalisation

processes, such as the spread of the internet, have made access to it easier ( _Zmijewski and

Sokołowski, 2010, p. 13) and in the twenty-first century, consumers of generations X, Y and Z

have become increasingly technology dependent, expecting broad access to a variety of

modern devices and electronic processes to have greater autonomy and quick access to

information to make informed decisions (Chawla et al., 2020, p. 3). However, while pure

information is easily accessible, the increasing specialisation of human activity necessitates a

strong need for the knowledge required to decode it ( _Zmijewski and Sokołowski, 2010, p. 13).

In this case, AI is progressively becoming the solution because of the constant

development of AI techniques that are finding increasing applications in the energy sector.

This includes, among other things, managing energy demand, achieving cost

effectiveness, identifying conservation measures, optimising energy use and developing

policy decisions or strategies to improve energy efficiency, promote renewable energy

sources and reduce emissions (Azadeh et al., 2015). Many of the available AI applications

are aimed at energy consumers and prosumers. Here, AI techniques are listed that are

used with respect to smart meters, virtual power plants, electric vehicles, batteries or zero

energy houses (Wang et al., 2020). For example, combining AI with innovations like

blockchain and distributed energy would improve consumers’ ability to manage energy and

ensure maximum performance (Jose et al., 2020, p. 5). Furthermore, the available

AI-enhanced solutions allow energy consumers and prosumers to obtain large volumes of

data in a simple and efficient manner, making complex data and statistics understandable

to non-experts. Thus, AI becomes a valuable tool in the hands of energy users.

Nevertheless, because they are numerical in nature, electricity consumption or reverse

power flow do not provide much detail on their own. However, when these numerical

statistics are collected and analysed, they become “important information” and when

combined with other personal data, they can become “personal information” (Shimpo,

2020). This is crucial in the context of smart grids (Ferrag et al., 2018), which alter

traditional data exchange and IM models in the electricity sector (Buchmann, 2017,

p. 65) in a similar way to how the internet and e-mail changed letters and post services

or how social media changed targeted advertising. In this manner, the process of

smartening the grid entails some major risks, necessitating the creation and

implementation of relevant legislation to safeguard the right to privacy (Florencio and

Ramanathan, 2001, p. 105; Marsoof, 2008, pp. 560–561). This is especially important

because this right is considered as a universal human right (Diggelmann and Cleis,

2014; Blasi Casagran, 2017, p. 228) and is viewed as fundamental in many jurisdictions

around the world (Heyns and Kaguongo, 2006, p. 690; Parker, 2010). From 2017, this

has also been the case in India, where the Supreme Court of India in a landmark

decision (Puttaswamy v. Union of India, 2017) overruled previous judgements and

specifically gave privacy the highest constitutional protection, classifying it as “an

intrinsic part of the right to life and personal liberty [. . .] and as part of the freedoms

guaranteed by [. . .] the Constitution” (Luthra and Bakhru, 2019).

Regardless of the improvements brought about by the judiciary, India’s privacy legislation

still has significant defects. Chowdhury (2018, p. 466) distinguishes three main issues,

namely, firstly, the concept of what should be considered private, and therefore, covered is

exceedingly limited; secondly, the due diligence requirement is insufficient, allowing

intermediaries to avoid responsibility even in the event of data breaches and thirdly, a

contractual consent regime cannot safeguard data protection. Despite the fact that these

issues, in principle, impede the position of AI users by leaving out a vast amount of data
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created by private activities and exposing users to a variety of violations such as

surveillance, profiling and data theft (Chowdhury, 2018, p. 466), AI in India is rapidly

developing in practice, although this has not always been the case in the past.

4. Development of IT and artificial intelligence in India

In 2020, the size of the Indian information technology market was nearly US$200bn, with

almost 75% being exported (IBEF, 2021). It has come a long way since the beginning of the

country’s computerisation in the 1950s and 1960s, when the first UK-made digital computer

named Hollerith Electronic Digital Computer-2M (HEDC-2M) was established in 1955.

Followed by the completion of the first indigenously built computer TIFRAC in 1956

(Rajaraman, 2015, p. 26). India has a long history of developing policy frameworks to address

the advancement of emerging technologies, including computing. In 1963, Prime Minister

Jawaharlal Nehru established the Electronics Committee (Subramanian, 2014, p. 20) and in

1965, India began replacing mechanical tabulators with computers (Bhatt, 2004, p. 92). Four

years later, the first India-made 12-bit real-time computer (Trombay Digital Computer) was

commissioned (1969) and in 1970, under Prime Minister Indira Gandhi, the Department of

Electronics (DoE) and Electronic Commission (EC) replaced the Electronics Committee

(Subramanian, 2014, p. 21). The DoE and the EC became the main governmental regulatory

bodies in charge of overseeing all aspects of computer development, introducing strict import

rules for electronics and computers (Subramanian, 2014, p. 21).

The strict regulatory approach to foreign companies (which led to International Business

Machines Corporation (IBM) leaving India) persisted mainly until the 1980s, when Rajiv

Gandhi declared a liberalised approach as soon as he became Prime Minister (Rajaraman,

2015, p. 28). This included a significant “New Computer Policy” of 1984 (Kumar, 1987; Karki

and Cameron, 1995, p. 95), as well as a liberalised software policy (1986) that provided

additional export incentives (Rajaraman, 2015, p. 28). Apart from earlier steps in

minicomputers, these liberalisation policies of 1984–1986 had a great effect, resulting in a

50% price drop. This led to the rapid growth of computer use, especially because of its

affordability, the entry of several multinational corporations that collaborated with Indian

companies and the creation of the software export industry (Rajaraman, 2015, pp. 29–30).

As a result, until the year 2000, the software industry in India was largely comprising service

providers for global clients. Following Y2K (Millennium bug) and the first wave of global

internet or dot-com era, Indian companies effectively leveraged their infrastructure and

were able to deliver services to global enterprises remotely (Jalote and Natarajan, 2019,

pp. 65–65). Over the next two decades, up to 2020, Indian IT captured more than 55% of

the global market share in the IT industry (#1 sourcing destination in the world) and is

expected to be valued at US$350bn by 2025 (Invest India, 2021). Moreover, India currently

houses around 75% of the global digital talent, becoming a global digital capabilities hub

(Invest India, 2021). The current government policies for the IT sector hugely support

growth drivers such as skill development and R&D, National Optical Fibre Network, Digital

India campaign, StartUp revolution, AI and Atmanirbhar Bharat, with provisions for 100%

Foreign Direct Investment (Invest India, 2021). Although recently the Indian IT sector has

suffered as a result of the COVID-19 pandemic, as several companies have seen a drop in

revenue due to the global cut-offs on technology spending, there are some IT-related

businesses that are more immune to the impact of the coronavirus, such as

telecommunications (Kumar and Kumara, 2021, p. 2556). Furthermore, while the aftermath

of COVID-19 would undoubtedly benefit many online platforms and start-ups involved in

offering online services, this would not be feasible without information communication

technology; therefore, this will contribute to the global expansion of the IT sector with India

as its part (Joshi, 2021, p. 46).

In the post-pandemic world, there is also a lot of room for AI to be used. In India, this area

has a long history of development (though with varying outcomes). Its origins may be traced
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back to the 1960s, when Professor H.N. Mahabala began his work, and later efforts of the

knowledge-based computing systems back by the United Nations Development

Programme. Since then, India has seemingly been dormant and the US became a pioneer

in the development of AI; however, China soon caught up quickly (Simon, 2019,

pp. 223–224) and has the potential to be a global leader of AI by 2030 (Elias, 2020) – an

international full-fledged race for AI breakthrough technology has already begun (Feij�oo

et al., 2020). Despite having more than the threshold level of research activities, India was

classified in the third group out of four as a country with moderate foundations to take

advantage of the economic benefits of AI (Bughin et al., 2018, pp. 34–45). At present, India

has ranked 6th in Stanford’s Global AI Vibrancy Ranking and aces the “Inclusion”

parameter, has about 500,000 workers employed in AI-related roles by the industry, ranks

8th in the world in AI patent filing, ranks 4th in the world in scholarly articles on AI, has a

growing penetration of AI in start-ups and enterprises with more than 50% and 45% of them

using AI in some form or another, respectively (NASSCOM, 2021).

For the Indian economy, AI has the potential to deliver a rise in annual growth rate by 1.3

percentage points by 2035, which is the equivalent of 15% of the current Indian gross

domestic product (Elias, 2020). In a shorter term, AI also has the potential to add a value of

almost $490bn across 9 major sectors in India, including consumer goods and retail;

telecom, media and IT; auto manufacturing and Assembly; agriculture; energy and

industrials; public sector; banking and insurance; transport and logistics and healthcare

(NASSCOM, 2021). Furthermore, AI holds promise as a catalyst to accelerate progress and

address traditional barriers such as weak infrastructure and bureaucracy, with effective

applications in almost every sector ranging from finance, health care, law enforcement,

transportation, agriculture, environmental protection or telecommunications

(Kalyanakrishnan et al., 2018, p. 165; Curwen and Whalley, 2017).

This has served as a wake-up call for policymakers in India, and in 2018 a discussion

document on the National AI Strategy (NITI Aayog, 2018) was released, which forms the

basis for the National AI Programme, with a unique brand #AIforAll. The strategy focusses

on five sectors, as shown in Table 1, addressing some sectors as also described by

Kalyanakrishnan et al. (2018).

The strategy also recognised some of the key challenges India would need to address for

the success of #AIforAll. They include a comparatively small number of broad-based

expertise in AI research and application; lack of enabling data ecosystems; high costs

associated with acquiring resources, lack of awareness and latest knowledge locally; lack

of formal regulations for data anonymisation and lack of collaborative approach towards

adoption and application. To overcome these challenges and address India’s AI

aspirations, the establishment of the Centre for Research Excellence and the International

Centres for Transformational AI has been proposed in the strategy document. However,

addressing the challenges and formulating AI policies would require a comprehensive

improvement in the AI strategy (Chatterjee, 2020). Especially for the energy sector in India,

which is currently highly strained, especially in terms of distribution (IEEFA India, 2020), and

Table 1 Five sectors focussed on, in the 2018 Indian strategy for AI (NITI Aayog, 2018)

Sector Expected outcome

Health care Increase in affordability and access to quality health care

Agriculture Increase in agricultural produce and framers’ earnings, along with reduction in wastage of resources

Education Increase in access and improvement in the quality of education

Smart cities and

infrastructure

Efficient and connectivity for the growing urban population

Smart mobility and

transformation

Improvement in prevailing traffic and congestion conditions and implementation of smarter and safer

transportation modes
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in the development of smart cities and infrastructure, the strategy document does not

address this issue. It only briefly introduces some potential cases from the energy sector,

which is surprising as studies have found how AI can positively influence the energy sector

(Akcin et al., 2016).

5. Information management in the energy sector of India

Although there are more energy sector data available in India than ever before, especially

through a combination of websites and portals, there are still challenges in identifying and

acquiring them, as well as with accuracy that differs between public data holders (Ali and

Tongia, 2018). For example, apart from policy and infrastructure concerns, a major

impediment to the implementation of the Jawaharlal Nehru National Solar Mission is the lack

of solar data, including suitable mapped land areas for solar power with possible

projections at the local level (because data on solar potential are only available for sites with

measuring instruments), while accurate and detailed knowledge of the solar radiation

characteristics of the location (in various forms such as models or maps) is needed for

proper sizing of solar energy systems (Anwar and Deshmukh, 2018, pp. 63–64; Daus et al.,

2018). Although the India Meteorological Department is the national institution responsible

for measuring and archiving daily values of meteorological parameters, there are very few

stations for measuring and collecting solar radiation data (Soni et al., 2012), while a state-

wide assessment would be beneficial (Anwar and Deshmukh, 2018, pp. 63–64).

Moreover, Srivastav (2021, p. 158) emphasises that many Indians are unaware of the

negative impact of thermal power plants in their cities and that if they were more informed

about the health impacts of these installations, there would be widespread public support

for solar and wind power, but this may not be in the interests of mining and other

stakeholders of conventional energy. This is due to the lack of IM, including data collection

and communication with consumers. To meet with further growth in demand and to update

and strengthen the Indian transmission and distribution of grids, the government of India

launched a National Smart Grid Mission (IEA, 2020, p. 176). This will result in the transition

of India’s energy sector towards modernisation, as well as the installation of smart devices

to increase consumer participation, resulting in an increase in the number of prosumers. In

April 2021, the NITI Ayog of India launched the India Energy Dashboard (version 2.0) (www.

niti.gov.in/edm/), with the aim of providing single-window access to the energy data along

with interesting data visualisations. To encourage more research and use of these data for

development, the portal is publicly available with free access and does not require any login

credentials. The portal provides Application Programming Interface (API) linked data from

various government initiatives such as Saubhagya, Unnat Jyoti by Affordable LEDs for All

(UJALA), Payment Ratification and Analysis in Power Procurement for bringing

Transparency in Invoicing of Generators (PRAAPTI) and Vidyut PRAVAH (NITI Ayog IED,

2021). Certainly, India is heading in the direction of increasing data being generated and

improvement in IM systems to leverage its benefits through AI applications would be

warranted for a densely populated country like India.

6. Artificial intelligence in India to improve energy information management

India prioritises energy issues, which are an important part of the government’s vision for

the future, as it has been identified as a key driver of the country’s economic development

(Sokołowski, 2019, p. 63). Different energy technologies play a crucial role in this growth.

Among them, smart grid solutions have been implemented in the Indian electricity sector

since the early 2010s. For instance, in 2012, 14 smart grid pilot projects were chosen for

implementation by state distribution utilities and in 2015, the National Smart Grid Mission

was launched, with the first phase offering a 100% budget outlay (INR 300m) for customer

engagement activities (Chawla et al., 2020, p. 2). As of March 2021, India has 11 smart grid

pilot projects and 5 others are being implemented (Ministry of Power, 2021).
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These steps can be supported by a variety of modern solutions that use AI techniques. For

example, the Indian Solar Irradiance Operational System (INSIOS), developed by Masoom

et al. (2020) for the needs of photovoltaics (PV) in India, performs multivariate studies of the

interactions between radiation, clouds and aerosols in the atmosphere, as well as generating

real-time solar irradiance maps based on real-time satellite inputs and aerosol forecasts.

Artificial neural network models are used for the prediction of solar energy potential in Indian

states such as Andhra Pradesh and Telangana, improving the unavailability of solar data at

the local level (Anwar and Deshmukh, 2018; Makade et al., 2021). These types of models have

a wide variety of applications in renewable energy, including the ability to predict wind speed

(Parmar et al., 2017) or the potential to determine the optimal renewable energy mix to assist

policymakers in India’s future energy planning (Gupta et al., 2021). Furthermore, due to the

limitations of Indian metrological centres, AI solutions that include artificial neural network

prediction capacity and adaptive neuro fuzzy inference systems can be used to find the

optimal sizing and tilting of PV installations and battery systems for remote locations in India,

without reference to metrological data (Jeyaprabha and Selvakumar, 2015).

Large-scale photovoltaic plants are commonly seen in torrid regions such as Rajasthan in

India (Pandey et al., 2012); however, these plants must contend with habitat factors such as

high dust concentration that require maintenance services to boost PV installation

performance (Parashar and Parashar, 2018, p. 4925; Liu et al., 2021; Kasim et al., 2021). In

this process, robotic cleaners provide effective assistance that can be enhanced by using

machine learning algorithms and AI techniques such as artificial neural networks and

genetic algorithms to design cleaners’ performance by measuring sensor data and

providing various information such as the battery’s profitable life by applying prognostic

algorithms to its charging (Parashar and Parashar, 2018, p. 4926).

In addition to remote regions, Indian cities require AI assistance (Baruah et al., 2021). Here,

AI techniques are used to improve air quality and reduce emissions. This includes, for

example, models based on artificial neural networks developed for public health-oriented

air quality forecasting and used at popular sites such as the Taj Mahal (Mishra and Goyal,

2015). Apart from air quality, there are other reportedly several issues such as heavy traffic

congestion and increasingly rising energy costs as a result of current traffic management

(Agarwal et al., 2015, p. 21). By providing information on traffic congestion, air quality and

energy used, systems using AI techniques may significantly improve this situation (Agarwal

et al., 2015, p. 21). According to the findings of a case study conducted in Kerala (7.5

million domestic consumers), load-shifting operations under the dynamic shifting

programme result in an average of 8% additional annual household electricity bill savings

and an 18% increase in the usage of energy produced from renewable sources at the

consumer level (Rajeev and Ashok, 2015).

Furthermore, many of the available solutions aimed at improving energy efficiency using AI

techniques are provided by multinational corporations based in India, such as Wipro or Tata

Consultancy Services (Reddy and Raghavaiah, 2021). This includes, for example,

automated lighting systems that use a variety of sensors in conjunction with the fuzzy logic

concept to provide automated control for illumination (Mahajan, 2015), as happens in Pune

in Maharashtra, which aims to install energy-efficient street lights that can be operated

remotely using Supervisory Control and Data Acquisition systems under which the Pune

Street Light Project (NITI Aayog, 2018, p. 39). Mahindra Teqo is another example of an AI

application for electricity generation, specifically making production in solar sources

cleaner. The team at Mahindra Teqo claims that their AI algorithms, if applied to the

installed solar energy capacity of 40 gigawatts in India, can result in savings of up to $70m

annually (Teqo, 2021). This becomes even more important as India aims to grow its solar

energy production capacity to 100 gigawatts by 2022 (India SDG Action, 2021).

India’s AI policy also concentrates heavily on “Responsible” AI for All (NITI Ayog, 2021).

Due thought is being given in the development of policy to ensure that the established
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frameworks result in accurate, safe and reliable deployment. Some of the major

considerations outlined in the most recent policy documents (NITI Ayog, 2021) are, namely,

consistency across stakeholders, accountability of AI decisions, privacy risks, security

risks, impact on jobs and malicious use of AI for psychological profiling or false

propaganda. There have been several instances in which India’s justice system has

benchmarked the prevailing morality in India with the principle of constitutional morality

(SCI, 2018). Because of this, the AI policies in India naturally adhere with the principles

identified by the international organisations such as the Global Partnership of AI (https://

gpai.ai/projects/responsible-ai/). This approach is crucial for a safe and secure deployment

of AI in the energy sector, as there have already been several instances in different parts of

the world where breaches have been detected (Cytomic, 2021).

7. Conclusions

India has a long history of creating policy structures to counter new technological

advances. As the growth of the IT industry has shown, a strict regulatory approach

hampered the potential for improving India’s economy’s innovativeness, while a more

flexible approach, with active state involvement (like a day-watchman type), was beneficial

(Sokołowski, 2020a, 2020b). It is a valuable lesson from the global IT heart of the GS, which

is India.

In this light, this model should be replicated in the implementation of AI for the needs of the

energy sector. However, the Government of India must first recognise the potential of AI in

the energy sector. Although there are various dispersed research and development

incentives for AI in the energy sector run by different actors, a holistic top-down approach is

needed, with energy being one of the sectors targeted by the Indian AI Strategy. Actions

such as the National Smart Grid Mission or the Smart Cities and Infrastructure or India

Energy Dashboards should be commended; however, a more comprehensive attitude is

needed, as India’s energy sector, including electricity, faces numerous challenges such as

data collection and communication with energy customers.

Consequently, such a holistic, strategy-driven approach would be advantageous for the

wider implementation of AI in India, which could improve the role of energy consumers by

providing them with much needed knowledge and enabling them to become smart energy

users; this involves not only prices but also environmental impacts of energy use related to

all aspects of climate action including renewable energy, energy efficiency and emissions

reduction. As a result, India needs a policy framework for AI and IM in the energy transition.

Due to the significant progress made over the years towards their development, previously

ground-breaking solutions in AI, IoT, robotics and deep learning have become everyday

items, finding applications in a variety of branches and industries, including the energy

sector. Emerging technologies such as AI and IoT are rapidly improving and their

application in the energy sector is expected to shift the energy transition as technological

progress related to all stages of energy usage, ranging from production to consumption,

has accelerated. Furthermore, autonomous robots with AI will become more common in the

future and are expected to be particularly useful in places where human operation is

difficult, such as mountainous areas and deep seas, as well as in harsh environments

(Wong et al., 2018). We anticipate that robots will be widely used in the maintenance and

management of power plants and different AI techniques can be used more widely in the

energy sector. This is also true for India, with all the opportunities and challenges that

robotics and AI bring.

Two major issues emerge among them. First and foremost, the AI and robotics revolution

must be carried out in accordance with sustainable development goals (Ryan and Stahl,

2021, p. 75). In this way, the process must support, not hinder, climate action. This is

especially important in terms of the development of robotics and batteries as well as the
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energy used in implementing various AI solutions. The AI revolution must be a green

revolution, in which AI techniques and robotics use less energy (instead of more) in an

intelligent manner, with a preference for renewable energy. Thus, it is critical to define clear

criteria and the highest standards for energy efficiency in AI and robotics, as well as to

combine the growth of renewables with advancements in AI and robotics. This is also the

case for India, which should focus on developing green AI rather than “developing AI”.

Such AI is expected to be a priority as a result of global climate policy agreements and

globally announced energy transformations, as well as the vision of climate neutrality. The

sooner India becomes more involved in the development of this area of AI, the better for the

Indian economy and society, as green AI can contribute to India’s modernisation, putting it

on the path to clean energy transformation and climate neutrality.

Secondly, privacy issues are extremely important. In conducting the energy transition

enhanced by smart energy solutions, AI techniques collect a variety of information,

including data from autonomous vehicles and robots. The vast volume of data generated as

a result of these new technologies would create problems that current AI technologies

would not be able to address. The same can be said for the laws that are currently in place.

As a result, it will be critical to assess what problems will arise as a result of the increased

use of AI solutions and autonomous devices such as robots in the energy sector. This also

necessitates an open discussion of any countermeasures that may be required as AI

develops in India. We must act quickly and wisely. “There is no hand to catch time”, an

Indian proverb says.
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