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Opinion

Energy has always been central to human civilization and its demand is steadily increasing
as industrialization urbanization and digitalization progress. In today’s world, where fossil
fuel reserves are depleting and environmental degradation is alarming, renewable energy
plays an increasingly important role. Among various alternatives, photoenergy systems have
emerged as a dependable and environmentally friendly choice. Simply put, photoenergy is
the use of sunlight to generate electricity or thermal energy for direct applications. In India,
where sunlight is abundant for nearly 300 days per year, photoenergy systems are not only
a scientific pursuit but also a social necessity. The development of photoenergy systems
cannot be viewed solely as a technological advancement. It represents a fundamental shift
in the way energy is perceived, produced and consumed. Traditional coal-or petroleum-
based systems are centralized and polluting. In contrast, photoenergy systems provide
decentralized, environmentally friendly and adaptable solutions. Rooftop solar panels in
villages, solar-powered irrigation pumps for farmers and solar street lighting in rural towns
are tangible examples of how photoenergy is influencing daily life. While these may appear
to be minor interventions, they collectively reduce reliance on fossil fuels, reduce greenhouse
gas emissions and contribute to India’s commitment to climate goals under international
agreements.

It is important to note that photoenergy systems do not only include photovoltaics. A
broader picture includes solar thermal collectors, concentrated solar power plants and
emerging hybrid systems that combine solar energy with storage devices like batteries or
hydrogen fuel cells. For example, combining photoenergy with electrochemical water splitting
to produce hydrogen is a frontier area of research. This concept of a “solar-to-hydrogen”
economy is being actively pursued in Indian research laboratories because it provides a
solution to the intermittent issues associated with solar energy. Regardless of their potential,
photoenergy systems face a number of challenges that must be addressed pragmatically. First,
despite improvements, photovoltaic cell efficiency remains a source of concern. Silicon-based
modules, which dominate the market, achieve efficiencies ranging from 18 to 22%. Although
advanced perovskite solar cells have demonstrated higher efficiencies in laboratories, issues
of stability and large-scale manufacturability remain unresolved. Second, storing solar energy
remains expensive. Although lithium-ion batteries are popular, they are expensive and have
limited resources. There is thus an urgent need to develop indigenous technologies for large-
scale, low-cost storage that are appropriate for Indian conditions. Third, the recycling of
solar modules after their lifespan (20-25 years) is emerging as a new environmental issue. A
sustainable approach must take into account both installation and end-of-life management of
these systems. India has made significant progress in solar deployment, particularly through
the National Solar Mission. Large solar parks in Rajasthan, Gujarat and Madhya Pradesh
demonstrate the vision of making India a solar-rich nation. However, policy should now
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focus on promoting decentralized solar adoption at the household
and community levels. Photoenergy should not be reserved for
large industrial players, but should be made available to the
general public. Financial incentives, simplified subsidy schemes
and awareness campaigns can be effective in encouraging rural
households and small businesses to install solar systems. Another
critical aspect is the integration of photoenergy into existing grid
infrastructure. In India, where power demand varies by region
and supply systems are constrained, effective grid integration of
solar power is critical. Advanced power electronics, smart grid
technologies and digital monitoring systems must be scaled up.
Furthermore, local production of solar cells and modules must be
prioritized in order to reduce reliance on imports. India’s “Make
in India” initiative can serve as a springboard for building a strong
domestic ecosystem in solar technologies, ensuring both energy
security and job creation.

Photoenergy systems have the potential to transform
the socioeconomic landscape. They create rural employment
opportunities, reduce household kerosene consumption and
improve the quality of education and healthcare by ensuring
reliable electricity. In tribal and remote areas where grid extension
is economically unfeasible, decentralized photoenergy systems
can bridge the energy divide and promote social justice. Thus,
photoenergy is not only a technical solution, but also a tool for

inclusive development. On a global scale, the urgency of combating
climate change has created an ideal environment for international
collaborations in solar research. India has already collaborated
on initiatives such as the International Solar Alliance (ISA), which
represents a shared commitment to making solar energy affordable
and accessible to all. Indian researchers and engineers must take
advantage of such platforms to share knowledge, improve skills
and develop innovative solutions for tropical and subtropical
regions. Looking ahead, the importance of academia and research
institutions in fostering photoenergy innovation cannot be
overstated. Universities should create interdisciplinary research
programs that combine materials science, nanotechnology, electrical
engineering and policy studies to address the multifaceted nature
of solar energy challenges. Finally, photoenergy systems represent
a new energy philosophy that aligns with ecological balance,
technological innovation and social equity, rather than simply
producing electricity. For a country like India, which is blessed with
abundant sunshine but faces rising energy demand, promoting
photoenergy systems is both a responsibility and an opportunity.
The time has come to combine scientific research, supportive policy
and public participation to translate solar potential into tangible
national growth. If pursued with sincerity, photoenergy has the
potential to illuminate not only our homes and industries, but also
the path to a more sustainable and self-sufficient future.
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