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Abstract

Over the past decade, India has rapidly expanded its solar energy sector to achieve its climate and Sustainable
Development Goals (SDGs), to shift towards renewable energy, and to strengthen energy independence.
However, with the increase in the installation of solar panels, the risk of managing waste generated by these
solar panels increases. Therefore, it is important to have dedicated regulations for solar waste. Which not
only mandates its environmentally sound dismantling and recycling but also holds producers legally
responsible for the safe disposal of solar e-waste. Earlier, India did not have regulations that specifically
cover solar PV waste, but the E-Waste (Management) Rules, 2022, formally include solar modules, panels,
and cells. Despite these developments, some gaps still exist. In this paper, I have analysed the effectiveness of
India’s current regulatory framework, particularly the E-Waste (Management) Rules, 2022. The paper has

also identified the key challenges for the implementation of such rules.
Introduction

India has set a target to achieve 300 GW of renewable energy capacity by 2030 as part of its pledge to attain
net-zero emissions by 2070, taken at COP 26. Producing renewable energy, especially through solar power, is
crucial for the country's sustainable development. Although solar energy is environmentally friendly and cost-
effective, it still produces solar photovoltaic (solar PV) waste, which is harmful to the environment if not
managed properly. Solar PV waste generally involves discarded solar materials from solar energy systems,
such as solar panels, inverters, batteries, wiring, etc. This PV waste emerges when the life of the solar energy
system comes to an end or when it becomes inefficient or damaged in such a way that it becomes impossible
to reuse. According to a report published by Statista Research Department, the world is projected to
accumulate around 1.7 million metric tons of PV waste by 2030.1 Solar e-waste generally includes solar panels
whose life has ended and equipment such as an inverter, batteries, and semiconductor materials like silicon
and cadmium, which are hazardous to the environment if not properly dumped or recycled. Due to government
subsidies and polices on renewable energy, the installation of solar panels is going to increase. Therefore, it is
important to have specific regulations on solar waste management by bringing technical guidelines and laying
standards for dismantling and recycling such waste. In this paper, I have critically analyzed the legal

framework on solar e-waste in India and compared the waste management rules with those of other countries

! Projected cumulative volume of photovoltaic panel waste worldwide from 2026 to 2050, Environment Technology, and
Greentech (Jun 20, 2016).
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like the U.S., the European Union, Japan, and recommend which of the best practices can be adopted by India.

I have also addressed some emerging challenges generated by solar waste.
Regulatory Framework for Solar Waste-

Although India is rapidly installing solar panels in the country to fulfil its international obligations, it does not
have any waste management plan or recycling infrastructure specifically for solar PV Waste. These solar PV
wastes are regulated under the E-Waste Management Rules 2022, Initially, the e-waste rules 2010, 2016, and
2018 do not explicitly mention solar waste in the definition of waste or address the recycling or disposal of
solar waste. The solar PV modules, panels, and cells were officially brought under the scope of the E-Waste
Management Rules, 2022. Chapter V of this rule puts duties on producers and manufacturers to register
themselves on the official portal and also to store solar waste until the years 2034-2035; the reason behind this
is to build solar waste management infrastructure. Until then, waste should not be recycled and must be stored
according to the Central Pollution Control Board (CPCB) Guidelines to protect the environment from

hazardous substances such as silicon, lead, cadmium, etc, which are generally found in solar PV waste.

Though E-Waste Management Rules are progressive, many aspects regarding solar waste are lacking. It has
certain limitations, such as not holding the informal sectors responsible, which dominate this business; they
often follow unsafe recycling practices, such as dumping solar waste in landfills, which are hazardous to the
environment. Also, there are no clear guidelines for dismantling and recycling such waste generated by solar
panels. Lack of infrastructure and an insufficient number of authorised recyclers further make it difficult to
achieve effective and inclusive solar waste management. The rules do not mandate the periodical updating of
data regarding solar panel installation in the country and waste generated by this installation every year.
Having periodic data will help the authorities build waste generation centres according to the needs of the

country.

Putting solar waste under the category of general e-waste leads to confusion among manufacturers as to how
this waste can be treated and recycled. Therefore, it is important to have specific provisions for treating such
solar waste, which can be done by differentiating between solar waste and general e-waste. Above all, though,
these e-waste rules explicitly impose EPR obligations (extended Producer responsibility) on producers of e-
waste, but they do not expressly impose these obligations on producers of solar PV panels, which gives these

producers a chance to escape liability.

Although our Indian judiciary has not made judgments specifically on solar waste, However the Delhi High
Court in the case of Toxic Links vs Union of India,® held that the ‘Polluter Pay Principle’ and ‘Precautionary
Principles’ also apply to e-waste management. Therefore, these principles may also be extended to solar panel
waste management to hold producers liable towards the environment. Apart from these, the Supreme Court of
India has recognised the right to live in a clean and pollution-free environment several times through its

landmark judgments, as it comes under the purview of fundamental rights under Article 21 of the Indian

2: E-Waste (Management) Rules, 2022. Ministry of Environment, Forest and Climate Change Notification (NOV.2, 2022).
3 W.P. No. 306 of 2005, Delhi High Court.
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Constitution.* Therefore, even though there are no specific laws and judgments on solar waste management,

if this waste is hazardous to the environment and harmful to the people, then the state has an obligation to
protect its citizens from hazardous waste material. It is not only a fundamental right but also a fundamental

duty of every citizen under Article 51A (g) to protect and improve the environment from these waste materials.
Comparative analysis with the European Union, the U.S., and Japan

Indians do not have solar-specific recycling facilities. Their weak enforcement and lack of awareness about
solar e-waste make it worse to handle. India should learn from other countries like Japan, Europe, and the U.S

to strengthen solar waste management.

In the United States, the solar waste is not addressed at the federal level, however, state has their own
regulations for their waste management. For example, California has classified end-of-life solar panels as
‘universal waste’ and prohibits companies dealing with solar from dismantling this waste by using chemical,
water, or heat; however, physical dismantling (such as removing glass) is permitted. It also mandated that the
handlers who generate more than 1000kg of PV modules annually submit their report to the Department of
Toxic Substance Control (DTSC). Though California has adopted a proactive approach towards solar waste

management, it still lacks recycling infrastructure, which makes it challenging to manage this waste.>

The European Union has the most comprehensive and effective regulatory framework for solar waste, which
comes under the directives of the EU’s Electrical and Electronic Waste (WEEE). It emphasises Extended
Producer Responsibility (EPR) as it mandates the manufacturer of the solar panel to collect, treat, and bear
the cost of recycling the end-of-life panels. Unlike those in the U.S., these regulations are uniform across the
member states. The EU has established ROSHI solar recycling plant in France to manage solar waste. The

European Union also encourages R&D in PV recycling.

As far as Japan is concerned, it has the most comprehensive and effective legal framework on solar waste. The
regulatory framework on solar waste is governed by the Waste Management and Public Cleaning Acts, which
categorize end-of-life solar panels as ‘industrial waste’. However, Japan's EPR (Extended Producer

Responsibility) is not mandatory.
Conclusion and Suggestions:

India should learn from these countries and bring a comprehensive and effective regulatory framework to
manage this solar waste. The problem of solar waste can be tackled by investing in solar recycling
infrastructure, holding manufacturers responsible for solar waste management, and mandating an annual
report by them to an appropriate authority, mentioning the date of waste generated every year and other details.
Apart from them, the strict enforcement of these regulations is also necessary, and violating these rules must
be punished with hefty fines. Penalty should also be imposed for dumping or disposing of this solar waste in

landfills.

4 Subhash Kumar vs State of Bihar (AIR 1991 SC 420), M.C. Mehta vs Union of India ( AIR 1988 SC 1115).
5 A Comprehensive Reviewing Framework and Policy Solution for managing Solar Photovoltaic Waste in India, CSTEP ( September
2023).
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Along with stringent regulatory frameworks for solar waste management, initiatives like providing green

certificates to companies and manufacturers will encourage sustainable recycling. This Green certificate is
provided to producers of renewable energy, including solar panels. The Central Electricity Regulatory
Provisions (CERP) laid down the provisions regarding the green certificate. Companies that want a green
certificate will have to follow higher environmental standards, including proper waste management of solar

PV panels.

It is important to have specific rules on solar e-waste, which expressly include PV Modules and EPR mandates.
Having solar waste management rules will eliminate the confusion over compliance, make informal sector

dealing with solar panels more responsible, and strengthen India’s climate commitments.
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