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Abstract: 

This review assesses India's progress in solar energy integration, positioning it as a global renewable 

energy leader. It examines achievements in capacity installation and policy implementation, 

emphasizing socio-economic benefits like job creation and positive environmental impacts. Despite 

advancements, significant hurdles persist. Land acquisition complexities, grid integration issues, and 

intermittent supply demand scrutiny. Regulatory barriers also impede sectoral growth. Looking ahead, 

technological advancements and robust storage solutions are imperative. Socio-political factors, 

including public perception and governmental policies, play pivotal roles. Synthesizing diverse 

sources, this review offers a thorough evaluation of India's solar energy landscape, providing crucial 

insights for stakeholders shaping a sustainable energy future.  
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Introduction: 

Access to affordable electricity is a crucial determinant of urbanization, industrialization, economic 

prosperity, and overall societal well-being for any nation[1]. India, currently positioned as the fifth-

largest electricity producer globally, boosts an installed capacity of 300 GW[2]. Within this capacity, 

thermal sources account for 61.32%[3], hydro contributes 14.17%[4], nuclear adds 1.91%[5], and 

renewable energy sources contribute approximately 14.15% (as of September 2017)[6]. Consequently, 

India's energy landscape predominantly relies on fossil fuels, with coal reserves alone generating 

roughly three-fifths of the nation's power supply[7]. This reliance, however, comes at a cost, as thermal 

power stations release significant volumes of harmful gases, including N02, CO2, and SO2, posing 

substantial risks to both public health and the environment[8]. Recognizing these challenges, the Indian 

government has embarked on a series of initiatives aimed at curbing the reliance on fossil-fuel-based 

energy and fostering the generation of renewable energy sources, with a particular emphasis on solar 

energy, which is abundantly available across most regions of India[9]. 

In the early 1980s, India demonstrated global leadership by establishing the first-ever Ministry of Non-

Conventional Energy Resources[10]. This visionary moves underscored India's commitment to 

harnessing alternative energy sources[11]. Notably, solar and wind energy[12], which are abundant 

and environmentally begin, hold significant promise in India[13]. While wind energy deployment faces 

limitations due to variable wind speeds and unpredictability, solar energy stands out as a universally 

accessible and pivotal renewable resource[14]. Recent years have witnessed a noteworthy decline in 

the cost of solar technologies, with a promising trajectory of further reductions[15]. Presently, India 

boasts an installed solar energy capacity of approximately 12.2 GW, and ambitious plans are in motion 

to achieve a remarkable 175 GW from renewable sources by 2022[16]. This endeavor is structured to 

allocate 100 GW to solar power, 60 GW to wind energy, and 10 GW to biomass, along with 5 GW 

dedicated to small hydro projects[17]. Figure 1 provides an illustrative representation of the solar 

energy in India A solar energy map of India illustrates the geographical distribution of solar potential 

across the country, highlighting regions with abundant sunlight for energy generation. It helps investors 

and policymakers identify optimal locations for solar projects, promoting strategic development and 
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sustainable energy utilization. By depicting solar intensity, it aids in maximizing energy output and 

fostering India's transition towards a greener future. 

 
Fig 1: Solar energy Map of India 

India had established a goal of achieving a solar energy capacity of 100 gigawatts by the year 2022 

[18]. As of June 2023, India has achieved 70.10 GW of solar energy capacity while another 55.60 GW 

is under construction. The state-wise targets for renewable energy are not set by the government[19]. 

Solar power based electric vehicle with maximum power point tracking is discussed in various 

literatures[20]. The Government of India's (GOI) initiative is visually represented through the 

establishment of a high-capacity solar park. [21][22]. The paper additionally encompasses a catalog of 

beneficial software applications for the design and analysis of solar photovoltaic (PV) systems, along 

with their respective specifications.[23]. 

India has experienced two instances of achieving historically low solar power tariffs within a span of 

less than five months. [24]. During the Solar Energy Corporation of India Ltd. (SECI) auction held on 

November 23, 2020, the lowest tariff to date was recorded at Rs2/kWh. Subsequently, the lowest 

successful tariffs in utility-scale solar tenders experienced an average increase of 22% in comparison 

to the previously established record-low tariff.[25]. As depicted in Figure 2, the NSEFI Interactive 

renewable power capacity (in megawatts) within the state of Rajasthan is provided [26]. 
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Fig 2: Installed capacity of Interactive renewable Power (MW) in Rajasthan state[26] 

 

Overview of solar power: 

Solar energy is typically transformed into electricity through the utilization of photovoltaic (PV) cells. 

These are solid-state devices that employ the photoelectric effect to convert light into electric power. 

[27]. Photovoltaic power generation encompasses the utilization of solar panels comprising multiple 

solar cells constructed from photovoltaic materials [28][29]. The International Energy Agency (IEA) 

has divided photovoltaic applications into four distinct categories: grid-connected dispersed, grid-

connected centralized, and off-grid domestic and non-domestic systems [30]. Grid connected system 

stability analysis is shown in literature [31]. An alternative method for the efficient harnessing of solar 

energy is through the deployment of Concentrating Solar Power (CSP) plants.[32]. Indeed, in a 

Concentrating Solar Power (CSP) plant, thermal energy is collected using lenses or mirrors, and this 

thermal energy is then transformed into mechanical energy through a steam turbine, resulting in the 

production of electricity [33][34]. There exists a diverse array of Concentrating Solar Power (CSP) 

plant technologies, with the most advanced options being solar power towers, concentrating linear 

Fresnel reflectors, and sterling dishes [35]. Various techniques are used to track the sun and focus 

light[36]. A wide rang of installed capacity is shown in fig 3. 

 
Fig 3: State-wise Installed capacity of Interactive renewable Power (MW) 

 

Current status of solar energy in India: 

Indeed, the Indian government is actively promoting the incorporation of renewable energy sources. 

Despite having a significantly greater potential for solar energy, India presently ranks 11th worldwide 

in terms of solar power generation [37]. The majority of India receives an average solar radiation of 4 

to 7 kWh per square meter per day, a resource ample enough to meet the country's escalating energy 
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demands [38]. Germany, on the other hand, obtains just 3–4 kWh/sq.m./day despite having the biggest 

solar power installation in the world [39][14]. In 2010, a capacity of 25.1 MW was added, followed 

by 468.3 MW in 2011, a more than two times increase in capacity to 1205 MW in 2012, and capacity 

addition of 1114 MW and 313 MW in 2013 and 2014 respectively. As of August 2015, the installed 

capacity for grid-connected solar power stands at 4.22 gigawatts (GW)[40]. The cost of solar energy 

has seen a notable reduction, dropping from Rs. 17.90 per unit in 2010 to approximately Rs. 2.44 per 

unit in 2017 [41]. Indeed, projections indicate that as a result of technological advancements and 

intensified market competition, solar power is on track to attain grid parity by the year 2017-18 [42]. 

Grid parity pertains to the point at which the cost of electricity generated from alternative energy 

sources becomes equivalent to or less than the cost of procuring power from the grid [43]. As of 2016, 

the Kamuthi Solar Power Project in Tamil Nadu boasts an installed capacity of 648 megawatts (MW) 

and holds the distinction of being the largest Solar Park in Asia [43][44]. According to latest 

government data Rajasthan state have the highest installed capacity of solar power in India.  

 
Fig 3.1: Grid/Off-Grid Installed capacity data (MW) of renewable power 

The Kamuthi Solar Power Project in Tamil Nadu, India, is the largest solar park in Asia with a current 

installed capacity of 648 MW as of 2016[44]. According to latest government data Gujarat state have 

the highest rooftop installed capacity of solar power in India as shown in Fig 4.  

 
Fig 4: Roof top installed capacity in India (MW) 

It is evident from the radiation pattern that most states in India have very good solar radiation 

throughout the year, with Rajasthan having a high radiation pattern of 6.6-6.4 kWh/m2[41]. According 

to latest government data Rajasthan state have the highest ground mounted installed capacity of solar 

power in India. Ground mounted installed capacity is 54523 MW according to government of India as 

shown in fig 5. 
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Fig 5: Ground Mounted installed capacity in India 

Off Grid/ distributed installed capacity of India is 2458.05 MW and maximum is in Rajasthan that is 

570.84 MW that has been shown in fig 6. 

 
Fig 6: Off-Grid/Distributed installed capacity in India (MW) 

 

 
Fig 7: Total solar power installed capacity in India (MW) 
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India had a total installed solar power capacity of over 54 gigawatts (GW), which is equivalent to 

54523.63 megawatts (MW) as shown in fig 7. 

 
Fig 8: Renewable Power Capacity installed capacity in India (MW) 

India had made significant progress in renewable energy deployment, including solar, wind, and other 

sources[45][31]. For the latest and most accurate information on renewable power capacity installed 

in India as shown in fig 7. 

 

Government aid and services in India: 

Public policies and actions: 

The Electricity Act of 2003 encourages electricity generation through co-generation and renewable 

energy sources. The regulations for competitive procurement have been established under Section 63 

of the Act [46]. If the tariff has been determined through an open, competitive bidding procedure in 

compliance with the rules established by the Central Government, the Appropriate Commission will 

approve it [47]. Increased use of power produced from non-conventional sources is required under the 

2005 National power Policy. Additionally, distribution corporations are required to follow a 

competitive process when making purchases in this area[48]. As per the current Tariff Policy of 2006, 

the Appropriate Commission is obliged to establish a minimum percentage for procuring energy from 

non-conventional sources. This determination should take into consideration the availability of 

resources in the region and its potential impact on retail pricing [49]. 

 

Solar journey: 

Initiated on January 11, 2009, the Jawaharlal Nehru National Solar Mission (JNNSM) aims to complete 

20,000 megawatts (MW) of grid-connected solar plants by the year 2022 [53]. The mission employed 

a three-phase strategy, designating the first four years (2009–2013) as Phase I, the subsequent four 

years of the twelfth Plan (2013–17) as Phase II, and the thirteenth Plan (2017–22) as Phase III[46]. By 

the year 2013, this initiative aimed to integrate 1,000 megawatts (MW) of solar energy into the grid, 

followed by an additional 3,000 MW by 2017 [48].  

The goal for 2017 may be expanded, contingent on the accessibility of international financing and the 

facilitation of technology transfer [54]. A five-fold increase in India's solar power capacity objective 

under the JNNSM to achieve 100 GW by 2022 was authorized by the Union Cabinet of India in June 

2015[44]. The target encompasses 57 gigawatts (GW) from large and medium-scale grid-connected 

solar power facilities, along with 40 GW from rooftop solar power installations [55]. When this goal 

is achieved, India will rank among the top countries in the world for the production of solar energy.[56]. 
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Over the course of its operating life, the recently created 100 GW solar objective is expected to reduce 

CO2 emissions by more than 170 million tonnes [57][46]. 

 

Assistance from governments: 

The Indian government is offering a subsidy worth Rs. 15,050 billion to encourage the expansion of 

the nation's solar power potential [58]. Solar projects will receive this capital assistance in several 

cities and municipalities [59]. Utilizing the bundling approach with thermal electricity, solar power 

plants with an investment of roughly Rs. 90,000 crore will be created [58]. Large Public Sector 

Undertakings (PSUs) and Independent Power Producers (IPPs) will also invest. State solar policies 

have also been released by several state governments to advance solar energy technologies. Table 3 

displays the Jawaharlal Nehru National Solar Mission (JNNSM) plan's road map for generating 

electricity from solar energy [60]. 

Table 3: The goal for JNMSM's solar energy production by 2023 

Year 
Rooftop Type Solar 

Power Project 

Ground Mounted Type 

Solar Power Project 
Total (MW) 

2016 110 990 1,100 

2017 200 1,800 2,000 

2018 750 2,250 3,000 

2019 1,300 3,700 5,000 

2020 2,000 8,800 10,800 

2021 4,000 15,000 19,000 

2022 12,000 18,000 30,000 

2023 40,000 57,000 97,000 

 

Indian Solar Energy: Challenges and Limitations: 

Solar energy in India faces several limitations and challenges[61]. Given that local meteorological 

conditions have a significant impact on the availability of solar radiation, one of the primary drawbacks 

of solar energy is that it is not available year-round in a given location [62]. Therefore, we cannot be 

sure whether the energy from solar will be available to us at a particular time or not[63]. In India, waste 

land is likewise a limited resource, and cash is hard to come by. Large land tracts are needed, although 

they are not always practical [64]. Currently, utility-scale solar power facilities need between one and 

two kilometers of land for every 20 to 60 megawatts of electricity. However, the entire amount of land 

needed to meet all of India's needs is equivalent to half the size of Sikkim, the second-smallest Indian 

state [14]. 
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