
The Czochralski ingot-pulling process followed by diamond wire cutting enjoys complete dominance of the ingot 
wafer production stage. However, these processes have two major drawbacks – ingot-pulling is the most energy-
intensive step in the entire solar manufacturing process, and diamond wire cutting wastes up to 30 per cent of the 
polysilicon in the ingot (Woodhouse et al. 2019; ITRPV 2021). To reduce these losses, manufacturing start-ups have 
patented new wafering technologies. Two attempts are noteworthy – direct wafering by CubicPV (formerly 1366 
Technologies) and epitaxial wafer growth by Nexwafe.

In the direct wafering method, a multi-Si wafer is lifted directly from a bath of molten silicon, drastically cutting 
energy consumption and material wastage. However, as the process was developed before mono-Si wafers 
became the market standard, it is likely to face low adoption unless it can switch to mono-Si wafers. CubicPV is 
currently focusing on combining perovskites and tandem cells with its direct wafering technology (CubicPV 2022).

Nexwafe employs epitaxial growth, wherein a polysilicon layer is chemically deposited over a seed wafer and is 
then detached to form an independent wafer. Nexwafe claims that the process can cut wafer thickness by 17–20 
per cent, costs by 50 per cent, and CO2 emissions by 75 per cent (Nexwafe 2022). While the process is not ready 
for mass deployment, it is a promising contender for the future. In October 2021, Reliance Industries led Nexwafe’s 
series C financing round with a USD 29 million (INR 218 crore) investment (Gupta 2021c).

BOX 3 Direct and epitaxial wafers – a potential gamechanger

Source: CEEW-CEF compilation

funding initiatives, there is no concerted national strategy to deliver long-term results from 
this scheme.

As Indian solar manufacturers integrate backwards, industry must be a central pillar for solar 
R&D. Simultaneously, India will need to increase its spending on solar R&D through both 
public and private sources. In the next chapter, we discuss various nations’ R&D approaches 
to solar manufacturing.

21What next for Indian solar manufacturing?



Making India a Leader in Solar Manufacturing: Ways to Achieve Technology Leadership and Global Competitiveness16

Image: Alamy

Nations have provided multiple support 
measures for manufacturing from subsidies 
and capital to targeted R&D programs.



Globally, many countries are working toward scaling up their domestic solar 
manufacturing. India must take into consideration the lessons drawn from their 

successes and failures when drafting new legislations to scale up solar manufacturing. In 
the next section, we look at the policies and approaches adopted by the United States and 
countries in Asia – China, South Korea, Taiwan, Malaysia, Vietnam, and Thailand.

    CHINA

China’s current dominance of the PV supply chain is the result of long-term strategic 
planning. The Chinese government significantly ramped up its manufacturing strategy in its 
2011 five-year plan. While Chinese policymakers and manufacturers have leveraged a variety 
of methods to achieve their current dominance, we detail some of the key policy steps below:  

• Subsidy support from all levels of government – Chinese central and local governments 
have provided solar manufacturers tax incentives, input subsidies, R&D grants, equity 
infusions, technology upgradation grants, subsidised land, and even pre-built factories. 
Further, the central and local governments provided relief to companies facing financial 
difficulties. For example, the Wuxi government provided a USD 150 million (INR 1,125 
crore) cash injection to a solar manufacturer in 2013 after it defaulted on its public debt 
along with a five-year exemption from revenue taxes (Ball, Reicher et al. 2017).12 The 
Chinese central government is now tightening previous subsidy regimes and focusing on 
the financial sustainability of these manufacturers (TERI 2019).

• Access to financing – Chinese central and local state banks have provided continuous 
access to debt funding for Chinese manufacturers, critically when manufacturers faced 
significant financial distress. For example, the China Development Bank made USD 43 
billion (INR 3.2 lakh crore) available through Renminbi-denominated loans to 15 solar 
manufacturers in 2010 after the global financial crisis (Wiedenbach 2021). State lending 
programmes allowed manufacturers to rapidly expand their factories, while shielding 
them economic and financial challenges. 

• Manufacturing clusters – Local governments built industrial parks to support the solar 
panel ecosystem and attracted manufacturers through subsidy support. The support from 
local governments allowed Chinese players to concentrate manufacturing in clusters. 
Many such parks offer manufacturers low electricity prices. PV manufacturers and 

23

5. How have other countries supported their 
solar manufacturing sector?

12. USD-INR conversion at USD 1 = INR 75, based on average USD-INR exchange rate in 2021 (data from Financial 
Benchmarks India Limited).

Continuous access 
to credit and subsidy 
support from all levels 
of government helped 
Chinese manufacturers 
overcome financial 
challenges
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upstream raw materials and equipment suppliers have also constructed production centres 
in the same area, enabling the ecosystem to cut costs and achieve co-development between 
manufacturers and their vendors (Wiedenbach 2021; Ball et al. 2017). 

• Technology transfer and domestic R&D – The Chinese government invited foreign 
players to set up joint ventures with Chinese companies and thereby gained access to 
new solar technologies. In turn, foreign investors obtained cheap labour and government 
subsidies. Domestically, the Chinese government set efficiency targets through its five-year 
plans and accordingly allocated R&D funding to academia and corporate R&D efforts. 
For example, in 2012–13, the central government provided R&D grants ranging from USD 
170,000 (INR 1.3 crore) to USD 4.4 million (INR 33 crore) to different players (Ball et al. 
2017). Further, Chinese manufacturers provided grants to foreign universities pursuing 
solar research and partnered on projects (Hopkins and Li 2015). In 2020, the government 
mandated solar manufacturers to spend at least 3 per cent of their revenues or USD 1.4 
million (INR 10.5 crore) annually on R&D (Ranjan 2020). Expenditure on R&D varies 
significantly across big manufacturers. For instance, LONGi spent upwards of 5.5 per cent 
of its revenue on R&D in 2018, while JinkoSolar spent around 1.5 per cent in 2018 (Osborne 
2019).

• Top Runner programme – The Top Runner programme creates demand for next-
generation technologies through efficiency-linked deployment programmes. For example, 
the third phase of the programme was launched in 2017 with a reverse auction for 6.5 GW 
of PV capacity at dedicated sites. Bidders had to be meet minimum efficiency requirements 
to qualify (Wang 2020). PERC products accounted for 67 per cent of winning projects in the 
phase, while bifacial products won 50 per cent (Beetz 2018). Both these technologies were 
in the early stages of growth at the time. Projects based on n-type modules were also set up 
under the programme (Clover 2018).

• Import tariffs – Chinese tariffs on American imports helped the country develop a strong 
domestic polysilicon supply. In 2012, the US imposed high tariffs on solar cell and module 
imports from China. In retaliation, China imposed anti-dumping and countervailing duties 
on polysilicon imports from the US (55–60 per cent) and South Korea (4.5–9 per cent) in 
2013 (Bellini 2020a; Bernreuter Research 2020b). These duties led to a massive spurt in 
Chinese polysilicon manufacturing, which now makes up 77 per cent of the global capacity 
(Garg et al. 2021).

While China dominates global solar manufacturing, it is important to note that recent 
developments have raised questions over the use of forced labour in the Chinese solar 
supply chain, particularly for polysilicon (Murtaugh, Murphy et al. 2021). In June 2021, the 
US effectively prohibited imports containing products made by Hoshine Silicon Industry, a 
prominent manufacturer of MG silicon (Stoker 2021a). The order caused module shipments 
to be detained at US ports (Stoker 2021b). A wider bill to restrict all imports linked to the 
Xinjiang region in China, a hub for polysilicon manufacturing, is currently being considered 
in the United States Congress (Rai-Roche 2021a). Such a ban will have major consequences on 
the solar industry and may encourage similar actions by other countries.

China’s Top Runner 
program provided 
demand security for 
new technologies, such 
as bifacial and n-type



    SOUTH KOREA

South Korea’s solar cell and module manufacturing capacity is highly concentrated among 
three large players – Hanwha, LG, and Hyundai. Each of these companies is an established 
solar manufacturer and a unit of a larger South Korean family-owned conglomerate. 
South Korea’s solar deployment plans have provided these players with a strong domestic 
market. Domestic companies provide over 75 per cent of South Korea’s solar modules as of 
2019 (Bellini 2020b). The South Korean government has focused efforts on advancing the 
domestic industry through R&D funding to achieve end-of-decade cell efficiency targets. The 
government is also planning to invest USD 23 million (INR 173 crore) to set up a common 
PV research centre for testing crystalline silicon technologies (Bellini 2020c). In 2020, the 
government allocated over USD 60 million (INR 450 crore) to different solar technologies 
(PVPS 2021). In 2020, South Korea introduced carbon footprint rules that prioritise modules 
with low life-cycle carbon footprints for deployment. These regulations can support domestic 
manufacturers against Chinese competition (Bellini 2020b).

    TAIWAN

Taiwanese companies have established a significant cell manufacturing presence in 
conjunction with their strong semiconductor manufacturing presence. To ramp up its solar 
deployment programme, Taiwan has introduced domestic content requirements and fiscal 
support to promote local industry. Taiwanese regulations restrict the purchase of Chinese 
modules and provide a 6 per cent bonus on tariffs for power procured from energy generators 
that use certified, high-efficiency domestic modules (GlobalData Energy 2020). Further, 
Taiwanese cell manufacturers have restructured their businesses to expand into module 
manufacturing (TERI 2019). In a strategic move, three leading players consolidated their 
businesses into a single entity to leverage each company’s individual expertise in wafers, 
cells, and modules, respectively (Clover 2017). The merged entity also received an investment 
from the Taiwanese government (Osborne 2018).

    SOUTHEAST ASIA

To avoid duties imposed by the US and European countries on solar imports from China, 
large Chinese manufacturers have set up cell and module production units in Southeast 
Asian countries such as Malaysia, Thailand, and Vietnam. Local governments have welcomed 
such collaborations and provide tax incentives to new entrants setting up large-scale 
manufacturing facilities. For example, a 3 GW cell and module factory is being planned in 
Malaysia with administrative support in the form of a government incentive scheme that 
provides five-year tax exemptions to companies relocating to Malaysia. The government 
expects to generate over 3,000 employment opportunities through the planned factory 
(Duggal 2021b; MIDA 2020). Similar investments exist across Vietnam and Thailand (Shumkov 
2021; Roney 2021).

25How have other countries supported their solar manufacturing sector?

Tax incentives helped 
foreign manufacturers, 
particularly Chinese, set 
up factories in Southeast 
Asia and avoid US tariffs
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Figure 10 shows that exports to the US account for the majority of Vietnam’s and Thailand’s 
solar exports and over 40 per cent of Malaysia’s exports. In August 2021, an American solar 
manufacturers group filed a petition with the US Department of Commerce, highlighting 
how Chinese manufacturers are using factories in these nations to circumvent tariffs. The 
petition proposed extending duties to Chinese factories in Malaysia, Thailand, and Vietnam 
(Murtaugh, Eckhouse, and Saul 2021). However, the Department of Commerce rejected the 
petition in November 2021 (Reuters 2021).

Figure 10 Exports to the US constitute the largest share of 2020 solar exports for Malaysia, 
Thailand, and Vietnam

Source: Export statistics for commodity code 854140 from United Nations (2021). 
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    UNITED STATES

Silicon-based solar technology was first developed in the US. The US has been a leader 
in allocating R&D funding across energy technologies. In 2010, the Department of Energy 
launched the SunShot initiative, which targeted a 90 per cent reduction in solar power costs 
by 2030. Through this initiative, the US government poured R&D funding into early-stage 
solar technologies. Further, the Advanced Research Projects Agency – Energy (ARPA-E) funds 
potentially beneficial technologies across energy sources. Estimates suggest that ARPA-E 
channelled USD 2.8 billion (INR 21,000 crore) of government funding into clean energy 
technology between 2009 and 2021, which attracted USD 5.4 billion (INR 40,500 crore) in 
follow-on funding from the private sector (St. John 2021). However, while ARPA-E companies 
produced patents at double the rate of peer companies outside the programme, they did not 
attract significantly higher follow-on funding / acquisitions than peers not included in the 
program (Goldstein et al. 2020). Wafer maker CubicPV (formerly 1366 Technologies) is one 



Despite investing heavily 
in R&D, the US failed to 
establish a significant 
domestic manufacturing 
base for solar PV
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of the success stories of this programme with its first-of-its-kind direct wafering technique 
(Sekaric 2015). CubicPV is now looking to set up manufacturing facilities, with India being 
one of the planned investment locations (Rai-Roche 2021b). It is important to note that while 
the US has invested significantly in R&D, its solar industry is almost entirely import-reliant, 
with imports contributing to over 90 per cent of solar deployment in 2021 (Feldman et al. 
2022). The failure to ensure market deployment of technologies which received investment is 
a key reason.

Today, the only major American manufacturer of solar cells and modules is the thin film 
manufacturer – First Solar. In 2012, the US imposed anti-dumping duties on solar PV imports 
from China and Taiwan. However, these measures only succeeded in diversifying the 
manufacturing base of leading Chinese players. Further, the Chinese government imposed 
retaliatory tariffs on polysilicon that spurred the rapid growth of polysilicon production in 
the country. More recently, in 2018, the US imposed a safeguard duty on solar cell and module 
imports, initially at 30 per cent and which was then reduced to 18 per cent by 2022. The first 
2.5 GW of cells and modules imported into the US were exempted from the duty (Prabhu 
2018). Exports from India were exempted from the duty; however, the exemption was removed 
in 2019 (CEEW-CEF 2019). The US also supported its solar players with bailouts and grants, 
particularly in the wake of the 2008 recession. Despite interventions, the incentives failed to 
secure a robust manufacturing base in the US. In 2011, prominent thin film module maker 
Solyndra defaulted on a USD 535 million (INR 4,013 crores) federal loan guarantee, one of the 
most high-profile setbacks of the American solar industry (Wingfield 2012; Dlouhy 2021). 

In 2021, American policymakers proposed a production-based tax credit for domestically 
manufactured solar PV components. The details of the incentive are provided in Table 2. 
The bill proposes that the incentives be phased out from 2029. The proposal also provides 
incentives for solar trackers and inverters, while the wider legislation includes incentives 
for different forms of low-carbon hydrogen production. The proposal is a part of the US’s 
climate and social spending legislation, the Build Back Better Act, which is yet to receive 
congressional approval as of January 2022 (Diaz 2021).

Table 2 The proposed incentive structure under the US Build Back Better Act

Source: US Congress (2021)

Solar grade polysilicon

Solar wafer

Solar cell

Integrated solar module (wafer to module produced in the US)

Non-integrated solar module

USD 3 / kg

USD 12 / sq m

USD 0.04 / WDC

USD 0.11 / WDC

USD 0.07 / WDC

1

2

3

4

5

S. No. Component Tax credit amount
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Long-term technology development, 
export demand creation, and ecosystem-
building initiatives must be the next steps 
for solar manufacturing in India.
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As discussed earlier, the MNRE has made significant progress in setting up a clear policy 
landscape for domestic solar manufacturing in 2021. India now needs to consider 

long-term strategic measures to make domestic solar manufacturing a pillar of industrial 
growth. Our recommendations are geared towards the long-term actions required to make 
solar manufacturing advanced, competitive, and global. This will be particularly critical 
as the government tapers and withdraws subsidies and duties in the future. In the absence 
of a coherent ecosystem, the upcoming facilities may not be able to keep abreast of the 
latest innovations and may become redundant by the end of the decade. We present our 
recommendations in three parts – establishing a long-term solar manufacturing technology 
roadmap, strategically approaching export demand creation, and supporting manufacturers 
in setting up and scaling up upcoming manufacturing facilities.

6. Recommendations

Identify thrust areas and timelines based on key research 
requirements and establish solar research funding grants.

Incentivise industry-led R&D by (i) setting up a 
central R&D centre, (ii) providing capex subsidy for 
manufacturers setting up R&D facilities, and (iii) 
mandating a minimum spend of 3 per cent of revenue on 
R&D from 2025.

Target partnerships with reputed international solar 
research institutes and leverage these connections to 
apply for international research funding programmes.

Set up an independently managed investment fund with 
anchor investment from the Government of India.

Mandate that solar projects awarded under government 
tenders use products developed under the solar 
technology roadmap for a minimum of 5 per cent of their 
capacity.

Grants

Capex outflow, 
subsidy 

Nil

Nil

Equity

2022–2028 MNRE

1

3

5

2

4

S.No. Recommendation Timeline Implementing 
authority

Nature of 
expense

Table 3 A focus on technology, demand, and scale is essential to support domestic solar manufacturing

Set up a long-term solar manufacturing technology 
roadmap with enhanced funding, a dedicated R&D 
division in the MNRE, and an advisory board.
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Source: CEEW-CEF analysis

6.1 Long-term solar manufacturing technology roadmap
If India is to establish a self-sustaining and globally competitive solar manufacturing 
sector, it must approach research and development strategically. So far, research on solar is 
fragmented and disconnected from the industry. We recommend concretising the structure 
and direction of solar research and bringing R&D under a long-term national strategy. To 
this end, we recommend creating a solar manufacturing technology roadmap with five 
elements – (i) identifying thrust areas and timelines for research funding, (ii) providing 
support for industry-led R&D, (iii) leveraging international support, (iv) commercialising 
laboratory concepts, and (v) providing demand security for novel technologies. The first three 
elements focus on developing new technologies. The fourth measure provides a means to 
help new technologies survive the transition from the lab to early market deployment. The 
fifth measure creates a demand-pull to scale up mass deployment.

We recommend that the MNRE acts as the implementation authority for this roadmap. 
Implementing the roadmap will require a multi-year funding allocation with significantly 
increased annual spending from current levels. To manage the technology roadmap, the 

Create markets for low-carbon manufacturing by 
(i) providing approval and support for open-access 
renewable power consumption, (ii) trade deals with 
nations that have stated a preference for low-carbon 
products.

Nil2022–2023

MNRE, Ministry 
of External 
Affairs (MEA), 
state regulators

6

Strategically create export demand for Indian modules

Support scale for upcoming manufacturing capacity

Enhance financing for solar projects in developing 
countries that are members of the International Solar 
Alliance (ISA) through India Exim Bank, securing export 
demand for Indian modules.

Consider expanding the ALMM list and bilateral 
duty exemptions based on trade deal negotiation 
requirements.

Raise the share of loans to the RE manufacturing sector 
to 20% of Indian Renewable Energy Development 
Agency’s (IREDA) loan book by 2026.

Set up manufacturing hubs with attractive land rates, 
labour availability, deemed open-access approval, and 
thrust sector status for solar manufacturing.

Apply BCD on polysilicon or wafer imports from 2027, 
start tapering BCD on cells and modules from 2025.

Loan

Loan

Nil

Nil

2022–2026

Rolling

2022–2023

Rolling

2025 onwards

IREDA

MNRE, MEA, 
India Exim Bank

State industrial 
development 
corporations

Revenue 
outflow

MNRE

MNRE

9

8

11

7

10

Recommendation Timeline Implementing 
authority

Nature of 
expense

S.No.
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MNRE should set up a dedicated R&D division with an advisory board comprising Indian and 
foreign domain experts. The R&D division must engage with both academia and industry and 
prioritise increasing the role of industry in defining the research questions. Our indicative 
roadmap runs from 2022 to 2028. However, timelines and targets should be subject to the 
inputs of the advisory board.

(i) Identify thrust areas and timelines based on key research 
requirements in solar technologies

India’s solar manufacturing R&D funding must target technology-specific outcomes that 
address existing challenges and opportunities in commercialising new solar technology. 
Table 4 lists the recommended thrust areas and corresponding targets. The MNRE must 
ensure that the research grants awarded are in line with the thrust areas. Further, the 
MNRE must prioritise proposals with joint participation from academic institutions and the 
manufacturing industry. Industry participation is essential while defining the exact research 
problem and assessing the commercial suitability of research outcomes.

It is important to note that the research themes and targets listed in Table 4 are indicative. 
The MNRE must consult relevant stakeholders from industry, foreign R&D institutions, and 
academia to develop a final list of focus areas, targets, and timelines. The proposed R&D 
division and advisory board must be responsible for evaluating the roadmap’s goals and 
progress and updating targets and timelines in line with global market developments.

Table 4 Indicative thrust areas for the solar manufacturing technology roadmap

Source: CEEW-CEF analysis.
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Research theme Target outcomes (baseline 2021)

Reducing silver consumption

Reducing wafer thickness

Optimising processing costs and throughput 
for TOPCon and HJT

Cutting the cost of low-temperature HJT silver 
paste

Alternatives for critical materials

Cutting energy consumption and material 
wastage in polysilicon and wafer stages

Thin film 

Perovskites-only modules

Tandem cells and modules

Direct wafering / epitaxial wafers

New application areas such as building-
integrated PV, flexible cells

Designing low-cost solar PV manufacturing 
machinery

Reducing module weight

Cost-competitive modules with (i) silver-free cells (all 
technologies), (ii) indium-free HJT cells by 2027

15 per cent by 2025

20–25 per cent by 2025, 50 per cent by 2028

10 per cent by 2025, 15 per cent by 2028

Production cost must be competitive with PERC by 2025 on a per 
watt basis

Cost-competitive with high-temperature silver paste by 2025

Copper indium gallium selenide and cadmium telluride cell 
efficiency of 19–20 per cent by 2025

Cell efficiency of 25–26 per cent by 2025; mass-production ready, 
stable module by 2028

Cell efficiency of 29–30 per cent by 2025; mass-production ready, 
stable module by 2028

Cost-competitive, commercial-grade wafer production by 2027

Cost-competitive, commercial-grade module products for 
specialised use cases by 2027

Commercial-grade machinery particularly, Siemens CVD, 
Czochralski ingot pulling, PECVD by 2027

Cost-competitive solar module with 25 per cent weight reduction 
by 2025
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(ii) Incentivise industry-led R&D and mandate R&D spending 
requirement

The MNRE must encourage and actively facilitate industry–academia collaboration under 
the solar technology roadmap. Solar manufacturers face hurdles in generating the initial 
investments for setting up R&D facilities. We recommend that the MNRE provide funding to 
R&D manufacturing facilities to bridge this gap. The MNRE has two pathways to provide this 
support: 

• Establish a central solar PV R&D centre – 

 » The facility must have at least a 100 MW manufacturing capacity. Such a facility would  
 cost USD 20–27 million (INR 150–200 crore)13 (Bellini 2020c). The centre must at least  
 have manufacturing capability across the wafer, cell, and module stages.

 » It must have required machinery for different technologies, such as epitaxial wafers,  
 TOPCon / HJT / thin film / perovskite / tandem cells, etc.

13. USD-INR conversion at USD 1 = INR 75, based on average USD-INR exchange rate in 2021 (data from Financial 
Benchmarks India Limited).
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