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Recent Developments:

Dedicated Polysilicon Incentive: The Ministry of New and Renewable Energy is preparing a dedicated
Production Linked Incentive scheme for polysilicon manufacturing to address a major upstream gap in
India’s solar photovoltaic supply chain. The proposal is aimed particularly at reducing dependence on
imports from China, which dominates global polysilicon production.
Policy Approach: Earlier discussions indicated that the government was considering capital expenditure-
based support for polysilicon, ingot and wafer manufacturing because the existing sales-linked incentive
structure has not been sufficient to establish these capital-intensive upstream industries.
Existing PLI Framework: The existing solar photovoltaic Production Linked Incentive scheme has an
overall outlay of ?24,000 crore and seeks to establish high-efficiency solar photovoltaic manufacturing at
gigawatt scale while reducing import dependence.
Upstream Sourcing Mandate: In March 2026, the government expanded the Approved List of Models and
Manufacturers framework to ingots and wafers, with mandatory requirements scheduled to apply from 1
June 2028.
Solar Cell Sourcing: The Approved List of Models and Manufacturers List-II for solar photovoltaic
cells became applicable from 1 June 2026, strengthening domestic sourcing requirements for solar projects.
Important Qualification: The proposed polysilicon incentive should be treated as a policy proposal under
preparation, rather than an already-notified scheme, because the government has been examining different
support structures for the upstream solar manufacturing segment.

Solar Photovoltaic Manufacturing Value Chain:

From Raw Material to Solar Module:

Polysilicon: High-purity silicon forms the basic feedstock for crystalline-silicon solar photovoltaic
manufacturing.
Ingots: Polysilicon is melted and solidified into large crystalline blocks known as ingots.
Wafers: Ingots are sliced into thin semiconductor-grade discs called wafers.
Solar Cells: Wafers undergo semiconductor processing to form solar cells that convert sunlight into
electricity.
Modules: Individual solar cells are interconnected and assembled into finished solar photovoltaic modules
or panels.

Upstream and Downstream Segments:

Upstream: Polysilicon, ingots and wafers constitute the foundational segment of the solar manufacturing
chain.
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Downstream: Solar cells and modules constitute the downstream segment closer to final electricity
generation.
India has expanded rapidly in downstream manufacturing, while the upstream segment remains
comparatively weak, creating dependence on imported inputs.

India’s Position in the Solar Manufacturing Chain:

Current Structural Imbalance:

India has developed substantial solar module and cell manufacturing capacity, but domestic production of
foundational inputs remains comparatively limited.
Polysilicon remains the critical upstream bottleneck, with India historically having negligible commercial
production and substantial import dependence. The Parliamentary analysis has also highlighted the country’s
lack of polysilicon manufacturing capability and dependence on imports from countries such as China.
Existing PLI awards have included integrated manufacturing proposals covering upstream components, but
actual commercialisation of polysilicon capacity has remained a major challenge. A 2025 parliamentary reply
noted that PLI-awarded projects included about 20.7 GW of proposed polysilicon manufacturing capacity.
Therefore, installed module capacity alone does not establish a fully self-reliant solar manufacturing
ecosystem.

Why the Upstream Gap Matters:

A country can possess large module-assembly capacity while remaining vulnerable if the critical raw
materials and intermediate products are imported.
Disruptions in polysilicon supply can transmit through ingot, wafer, cell and module production, creating
cascading supply-chain effects.
Upstream dependence therefore affects energy security, manufacturing resilience and the cost of India’s
renewable-energy transition.

Importance of Polysilicon:

Strategic Importance:

Polysilicon is the foundational material for crystalline-silicon solar cells, which constitute the dominant
technology in global photovoltaic manufacturing.
Dependence on a concentrated international supply base creates strategic vulnerability during geopolitical
tensions, trade restrictions or supply disruptions.
Domestic production can increase value addition, supply-chain resilience and manufacturing security.

Semiconductor Linkages:

High-purity polysilicon also has applications in the semiconductor industry, making its domestic availability
relevant to India’s broader ambitions in semiconductor manufacturing.
Developing domestic purification and refining capabilities can therefore generate technological capabilities
extending beyond the solar sector.

Industrial Characteristics:

Polysilicon production is a highly capital-intensive, energy-intensive chemical and purification process,
rather than merely an electronics assembly activity.
Its distinctive production economics explain why a conventional downstream manufacturing incentive may
not adequately attract investment in the upstream segment.

Proposed Dedicated PLI for Polysilicon:

Kamaraj IAS Academy
Plot A P.127, AF block, 6 th street, 11th Main Rd, Shanthi Colony, Anna Nagar, Chennai, Tamil Nadu 600040
Phone: 044 4353 9988 / 98403 94477 / Whatsapp : 09710729833



Objectives:

The proposed scheme seeks to promote domestic polysilicon manufacturing where commercial
investments have remained limited despite existing policy support.
The proposal aims to support more than 10 GW of manufacturing capacity, according to recent reporting
on the government’s plans.
The proposed intervention is intended to operate separately from the existing incentive framework for high-
efficiency solar photovoltaic modules.
The broader policy objective is to establish a more vertically integrated domestic solar manufacturing
ecosystem.

Why a Separate Intervention Is Being Considered:

The existing solar photovoltaic PLI scheme covers integrated or partially integrated manufacturing, but
upstream projects face distinct capital, energy, technology and gestation-period constraints.
The government has therefore examined a separate mechanism involving capital expenditure support for
upstream manufacturing.
A dedicated intervention could address the specific economics of polysilicon purification and upstream
processing rather than applying the same incentive logic across the entire value chain.

Expansion of India’s Solar Manufacturing Ecosystem:

Production Linked Incentive Scheme:

The national programme for high-efficiency solar photovoltaic modules has an approved outlay of ?24,000
crore and provides incentives for selected manufacturers for five years after commissioning.
Tranche-I had an outlay of ?4,500 crore and awarded capacity for fully integrated solar photovoltaic
manufacturing.
Tranche-II received an outlay of ?19,500 crore, with awards for substantial fully or partially integrated
manufacturing capacity.
The scheme seeks to promote domestic manufacturing, technology adoption, local sourcing, employment
generation and import substitution.

Approved List of Models and Manufacturers:

The government has progressively expanded the Approved List of Models and Manufacturers framework
from modules to cells and subsequently to ingots and wafers.
Approved List of Models and Manufacturers List-III for ingots and wafers will take effect from 1 June
2028.
The initial list for ingots and wafers requires at least 3 independent manufacturing units with a combined
capacity of 15 GW, ensuring adequate domestic supply before mandatory implementation.
This approach links domestic manufacturing capacity with domestic procurement requirements, thereby
creating demand for Indian upstream products.

Round-the-Clock Renewable Energy:

Renewable Energy Round-the-Clock Model:

Renewable Energy Round-the-Clock projects combine renewable generation and energy storage to provide
a more reliable electricity supply across different time periods.
Such projects can integrate solar, wind and energy storage, reducing the intermittency associated with
individual renewable sources.
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The model is important for integrating high shares of renewable energy into the electricity system while
meeting firm and dispatchable power requirements.
The latest Solar Energy Corporation of India firm and dispatchable renewable energy tender sought
1,000 MW of round-the-clock renewable power, demonstrating continued movement towards firm renewable
electricity procurement.

Impact on Distribution Companies:

Lower Procurement Costs:

Increasingly competitive renewable electricity can help distribution companies manage electricity
procurement costs.
Combining solar, wind and storage can provide a more reliable renewable electricity portfolio while
reducing dependence on expensive conventional generation during certain periods.
Lower procurement costs can improve the financial position of financially stressed distribution companies.

Wider Economic Effects:

Lower electricity costs can improve industrial competitiveness by reducing energy expenditure.
Competitive renewable electricity can support the expansion of data centres and other electricity-intensive
industries.
Greater availability of reliable renewable electricity can accelerate India’s green transition and
electrification.

Broader Clean Energy Transition:

Non-Fossil Electricity Capacity:

India is rapidly expanding non-fossil fuel electricity capacity as part of its long-term energy-transition
strategy.
India’s broader national target is to achieve 500 GW of non-fossil fuel electricity capacity by 2030.
Strengthening domestic solar manufacturing is important because rapid renewable-energy deployment can
otherwise increase dependence on imported equipment and intermediate products.

Green Hydrogen and Green Ammonia:

India is creating early domestic demand for green hydrogen and green ammonia through applications in
sectors such as fertilisers and petroleum refining.
Such demand creation can help develop domestic electrolyser, renewable-energy and green-fuel
ecosystems.

Green Methanol:

Green methanol pilot projects are being pursued in sectors such as shipping.
Demand aggregation can help reduce the initial market risks associated with emerging clean fuels.

Cross-Border Energy Cooperation:

India is expanding regional energy cooperation through hydropower and renewable-energy projects with
Bhutan.
Discussions on a broader South Asian electricity market can support regional power trade and improve
energy-system efficiency.

Significance of the Polysilicon Push:
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Import Substitution:

Domestic polysilicon production can reduce dependence on foreign suppliers, particularly highly
concentrated Chinese supply chains.
This can support India’s objective of strengthening Atmanirbhar Bharat in strategic clean-energy
manufacturing.

Supply-Chain Security:

Domestic production can reduce exposure to geopolitical tensions, trade restrictions, shipping disruptions
and international price volatility.
A vertically integrated supply chain can improve resilience from polysilicon to modules.

Semiconductor Ecosystem:

High-purity silicon capabilities have relevance for India’s emerging semiconductor ecosystem, although
solar-grade and semiconductor-grade requirements differ in purity and processing specifications.
Investment in purification technologies can therefore contribute to broader advanced-material
manufacturing capabilities.

Domestic Value Addition:

Upstream manufacturing retains a larger share of the manufacturing value chain within India rather than
concentrating domestic activity mainly on assembly.
Greater domestic value addition can create opportunities for employment, technology development and
ancillary industries.

Energy Security:

Solar power is central to India’s renewable-energy expansion, making secure access to its critical
manufacturing inputs an element of long-term energy security.
Domestic solar manufacturing can therefore complement, rather than replace, diversification of India’s
energy sources.

Key Challenges:

Capital Intensity:

Polysilicon plants require large upfront investments and involve long gestation periods before reaching
commercial scale.
High fixed costs increase the financial risks for new domestic manufacturers.

Energy Intensity:

Polysilicon purification requires large quantities of electricity and heat, making power cost a major
determinant of competitiveness.
India therefore needs reliable and competitively priced electricity to support globally competitive polysilicon
production.

Technology Dependence:

Advanced polysilicon purification requires specialised process technology, equipment and technical
expertise.
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Limited global availability of such capabilities can create continued dependence on foreign technology even
after domestic manufacturing begins.

Competition from China:

Chinese manufacturers benefit from economies of scale, integrated supply chains, large domestic demand
and lower production costs.
Indian producers may therefore require temporary policy support to achieve competitive scale without
permanently creating inefficient production.

Environmental Concerns:

Polysilicon manufacturing involves energy consumption, chemical inputs and potentially hazardous by-
products.
Domestic expansion therefore requires strong environmental standards, waste management, pollution
control and resource efficiency.

Way Forward:

Build an Integrated Solar Value Chain:

India should move from a predominantly downstream manufacturing model towards an integrated chain
covering polysilicon, ingots, wafers, cells and modules.
Policy support should address the distinct economic constraints of each upstream stage rather than relying on
a uniform incentive mechanism.

Prefer Targeted Capital Support:

For highly capital-intensive upstream segments, capital expenditure support can complement production-
linked incentives and reduce initial investment barriers.
Support should remain linked to efficiency, quality, domestic value addition and technological
performance.

Ensure Competitive Energy:

Polysilicon manufacturing should be integrated with access to reliable, affordable and increasingly
renewable electricity.
Competitive clean power can simultaneously improve production economics and reduce the carbon intensity
of solar manufacturing.

Strengthen Research and Development:

India should promote domestic materials science, chemical engineering, purification technology and
semiconductor-grade silicon research.
Collaboration between industry, universities and research institutions can reduce long-term technology
dependence.

Avoid Permanent Protectionism:

Domestic manufacturing support should be designed as a time-bound capability-building instrument, not
as permanent protection from global competition.
Policy should progressively shift from subsidies towards productivity, innovation, scale and export
competitiveness.
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UPSC Relevance:

Essay:

The topic can illustrate the transition from energy security to clean-energy supply-chain security, where
generating renewable electricity is insufficient unless the technologies required to produce it are also
resilient.

Value Addition for UPSC:

Key Concepts:

Solar Photovoltaic Value Chain: The sequential manufacturing chain of polysilicon ? ingot ? wafer ?
solar cell ? module.
Upstream Manufacturing: Production of polysilicon, ingots and wafers, which determines the
foundational strength of the solar manufacturing ecosystem.
Downstream Manufacturing: Production of solar cells and modules, which is closer to the final
electricity-generating product.
Vertical Integration: Integration of multiple stages of the manufacturing chain within a single industrial
ecosystem to reduce external dependence.
Production Linked Incentive: A policy mechanism under which eligible manufacturers receive incentives
linked to incremental production and specified performance conditions.
Approved List of Models and Manufacturers: A regulatory framework used by the Ministry of New and
Renewable Energy to specify eligible solar models and manufacturers for designated applications and
procurement requirements.

Important Data Points:

The existing high-efficiency solar photovoltaic Production Linked Incentive scheme has an outlay of
?24,000 crore.
Production Linked Incentive Tranche-II received an outlay of ?19,500 crore.
Approved List of Models and Manufacturers List-III for ingots and wafers will take effect from 1 June
2028.
The initial Approved List for ingots and wafers requires at least 3 independent manufacturing units with a
combined capacity of 15 GW.
The proposed polysilicon intervention is aimed at supporting more than 10 GW of manufacturing capacity.
The Parliamentary analysis identifies capital intensity and shortage of skilled manpower among the
factors constraining domestic production of upstream solar components.
The latest Solar Energy Corporation of India firm and dispatchable renewable-energy tender seeks 1,000
MW of renewable-energy capacity.

Mains-Ready Conclusion:

India’s polysilicon push represents a shift from merely expanding solar deployment towards building a
resilient and vertically integrated clean-energy manufacturing ecosystem. A balanced policy combining
targeted capital support, competitive clean electricity, technological capability, environmental
safeguards and time-bound protection can reduce import dependence without compromising cost
competitiveness.
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