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As India rapidly moves towards meeting its NDCs, indigenisation of cleantech manufacturing is critical for

an Atmanirbhar and Viksit Bharat

India has national targets and projections across ... but cleantech supply chains are heavily import-dependent
renewable energy and solar for 2030... and need to be indigenised for an Atmanirbhar Bharat

Cleantech manufacturing import dependence across the value chain, 2023
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“:. NGHM; MNRE, Ministry of Power; Economics Times; BNEF's installed and announced capacity; IEA, India - World Energy Investment 2024 - Analysis; NITI, India's Power (E.

Council for

International Economic Dalberg" 2

Understanding

ﬁ:ill\: gmgp';gaﬁ Sector | Capacity & Generation Mix; PIB, India's Ethanol Push: A Path to Energy Security, CEEW, Strengthen India’s Clean supply chain, 2024; Bain, India Electric Vehicle Report,
P

| |
|

2023; Policy circle; Economist Impact, Scaling clean energy: financing and transition strategies for India's sustainable future


https://www.pib.gov.in/PressReleaseIframePage.aspx?PRID=2064829
https://niti.gov.in/sites/default/files/2025-08/Electric-Vehicles-WEB-LOW-Report.pdf
https://economictimes.indiatimes.com/industry/renewables/investing-in-tech-workforce-to-reach-100-gw-of-wind-energy-target-by-20230-iwtma/articleshow/120869213.cms
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/

The Platform could support the National Manufacturing Mission to target at least 50% indigenisation of

cleantech manufacturing value chains by 2030 enabling net-zero ambition with indigenous production

The Platform’s potential to accelerate development of incremental indigenous capacity can be observed across sectors

Sector-wise goals
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Solar i Wind i BESS i E-mobility i HGreen i Transmission
| | | i ydrogen |
| | Installed capacity‘ | |
i . 230-240 4 | . 648,1907
2030 targets 300 gwt % 100 cw? % GWh % 30@30 i 5 MTPA¢ % ckm
| % vqlue chain indigenisqtion* | |
Current levels (est) ~20% ~35% ~20% ~35%s ~35% ~55%
2030 target ~50% | ~60% |  ~45% | ~50% | ~60% |  ~70%
(Proposed) | | 3 3

May decline due to shifting and unstable demand of
domestic components amid intensified global competition

Note: *Indigenisation is domestic value contribution across cleantech value chain from raw materials to end production for all components; : (1) MNRE; (2) ET; (3) Estimated requirements under National
Electricity Plan (NEP) 2023 of CEA; (4) NITI Aayog ; (5) For EV Motors and controllers; (6) MNRE - NGHM (7) 2032 target from National Electricity Plan Volume Il - Transmission of CEA

eggtor
Er'v tional Economic Dalberg ] EEE\N.’ 3

erstanding

» Source: MNRE, Ministry of Power; Economics Times; BNEF'’s installed and announced capacity; IEA, India - World Energy Investment 2024 - Analysis; NITI, India's P

“' O,
‘;!'ii‘ bhorOt | Capacity & Generation Mix; PIB, India's Ethanol Push: A Path to Energy Security, NEP 2023 of CEA; EV Reporter, India’s electric vehicle supply chain landscape | An Ge
”'!\ CLIMATE FORUM 2024


https://www.pib.gov.in/PressReleaseIframePage.aspx?PRID=2064829
https://economictimes.indiatimes.com/industry/renewables/investing-in-tech-workforce-to-reach-100-gw-of-wind-energy-target-by-20230-iwtma/articleshow/120869213.cms
https://niti.gov.in/sites/default/files/2025-08/Electric-Vehicles-WEB-LOW-Report.pdf
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/
https://mnre.gov.in/en/national-green-hydrogen-mission/

A detailed strategy and action plan for the focus sectors would be developed to achieve these goals and

objectives and build the cleantech indigenisation pathways for these sectors

Sector-wise gaps would be identified and addressed with all stakeholders across each cross-cutting theme in alignment
with the National Manufacturing Mission

Enablers: Sectors
Policy recommendations; Trade partnerships; Public 2 7y @, P
and private stakeholder recommendations; Demand 22 éﬂ\ ) {%J i} %
and supply drivers; Leveraging Al for Climate and . . o
. Solar Wind BESS E-mobility Green Transmission
cleantech manufacturing Hydrogen
iy Demanq & Market Drive demand and adoption of output,
O Architecture incl. Quality Control Orders (QCOs)
w - '_ R&D & Product Drive technology sharing, adoption and
g g Innovation indigenous R&D
B
< Upstream Raw Materials Strqamline raw material sou',quing (e.g.
o0 & Critical Inputs critical rare earth elements; bio-energy
£ feedstock etc.)
= A ..., N L, s ., B, LA EE
5 B7aN Capital Equipment &  Address machinery sourcing & .
o ! Infrastructure infrastructure requirements (e.g., grid
- e ————— i
E n 0
@) .@" Talent & Workforce  Bridge skilling gaps for specialised and
A= non-specialised workforce

Identify financial instruments and
Financing & Taxation = mechanisms to reduce the funding gap

Identify levers to improve Ease of Doing

Business to attract investments
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SECTION ONE

CURRENT SOLAR LANDSCAPE IN INDIA




India’s installed solar capacity has grown at 39% CAGR over 2014-2025 with targets to triple installed

capacity to 300+ GW by 2030-31

Strong policy support and reducing costs drove record capacity additions - challenges related to high DISCOM charges,
increased costs from storage mandates, fixed-rate PPAs, and delayed PPAs need to be addressed to accelerate further

Deployment policy landscape India’s cumulative installed solar capacity, GW
« Solar deployment growth of 39% CAGR (2014-2025) driven by:

o Supportive government policies such as RPO, Green Open
Access, PM-KUSUM, PM-Suryaghar yojana

o Favourable solar LCOE 30-35% lower than thermal power
(INR 2.5 /kWh vs. INR 3.5-4/kWh)

* Recent policy shifts could impact this demand growth:

I Actuals M Targets

o Higher DISCOM charges on renewable energy 1 at INR 3.4 -
3.7/kWh for RE vs. INR 2.9/kWh for thermal power

o Fixed rate PPAs limit flexibility and risk cover for developers

o Delayed PPA signing leads to project delays (avg 8-10
months) and erodes investors’ confidence

o 15-20 % increase in LCOE for new solar projects with

mandated 2-hour BESS system, however, most of this could 55005 01 % 01 501720182019 2020 2021 2022 20232024 2030 2031
be met through viability gap funding for applicable projects 15 16 -17 -18 -19 -20 -21 -22 -23 -24 -25 -31 -32

Ny Note: 1. Includes charges such as green tariff, cross subsidy surcharge
\.==’£ bhorot Source: ET World Energy, Ministry of Power, State Electricity Regulatory Commissions, Ministry of New and Renewable Energy, Wood (E_ el omic Dalberg 7
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https://energy.economictimes.indiatimes.com/news/renewable/renewable-energy-projects-facing-up-to-12-month-delay-in-signing-of-ppas/116437092
https://mnre.gov.in/en/physical-progress/
https://www.woodmac.com/press-releases/india-leads-with-lowest-renewable-cost-in-asia-pacific/
https://www.woodmac.com/press-releases/india-leads-with-lowest-renewable-cost-in-asia-pacific/
https://renewablewatch.in/2024/03/26/mop-issues-vgf-guidelines-for-bess-projects/

Efforts in recent years have also been focused on increasing domestic production of modules and cells

through fiscal and non-fiscal policy support of INR 19,500 Cr PLI on solar and ALMM and BCD for imports

However, further capacity expansion would be required to achieve 50% indigenisation by 2030 - this could be enabled
through strong fiscal and non-fiscal incentives across the value chain

Manufacturing policy landscape Current solar manufacturing capacity, GW

Non-fiscal policies provide long-term demand stable demand signals Module Cell
and protection against import price fluctuations for manufacturers 75

* ALMM on modules (upcoming on cells) secures domestic demand, 57 63
but also leads to 0.5 INR/kWh LCOE increase

* 40% BCD on imported modules and 27.5% on cells supporting price
competitiveness for domestic modules (and subsequently cells)

.. . - . . 18
« ADD on solar glass, aluminium frames helping competitive pricing 9
[ 1]

39

for indigenous production and has led to incremental capacity _; &

announcements for both solar glass and aluminium frames 2021 2022 2023 2024 2025 2022 2023 2024 2025
PLI scheme supporting upstream integration, but industry expressed
concerns on overall benefits due to stringent timelines eligibility
criteria and delayed disbursement

«  >80% of PLI outlay awarded to Polysilicon-Wafer-Cell-Module 95
(PWCM), Wafer-Cell- Module (WCM) integrated capacity

* Incremental capacities announced at 3x the PLI support

* Industry players less enthused by PLI support due to delayed
incentives on front-loaded capex investment with stringent
commissioning timelines (1.5 - 3 years, with incentives reduced for
delays) and delayed PLI disbursement over 5-years Module Cell Ingot/Wafer  Polysilicon

Announced solar manufacturing capacity till 2030, GW
I Non-PLI capacity Il PLI capacity

69
53

10 GW capacity
of Adani Solar
may be reduced?

Detailed in Annex

3‘“{- bhOrOt Note 1. Adani Solar has reportedly paused plans to build 10 GW of polysilicon capacity due to market conditions (E :C‘I:Fgfr‘ll;::omalliconomlc Dalbero 8
’rﬂ‘ CUMATEFGRUM - Soyrce: Central Electricity Authority National Electricity Plan 2022-32, MNRE, Skill Development Programme; MNRE, PLI details; Energy, Economics Times nderstandng



https://energy.economictimes.indiatimes.com/news/renewable/boosting-innovation-the-impact-of-pli-schemes-on-renewable-energy-technologies/107256169

There are several opportunities that could be captured through solar value chain indigenisation - the solar

indigenisation pathway could help capture these opportunities till 2030

ﬂﬂﬂ’ S

INR 85,000-98,000 Cr USD 14-15 Bn 92,000-112,000 jobs!

Annual solar module domestic Cumulative import bill Across solar manufacturing
market potential by 2030 savings from 2025-30 value chain by 2030

Vo 36’ <)
e i) A
INR 14,000-22,000 Cr Up to INR 1.1 Lakh Cr

Annual solar module export Capex financing gap closure
potential by 2030 for solar PV and ancillary
manufacturing by 2030

(1) Workforce estimation does not include solar ancillaries Detailed in Annex: Domestic Market Potential; Import Bill Savings; Potential Jobs; Export Potential; Capex Financing
-ﬂllt- < bharat . iy (E ima W”?' weonnc  Dalberg 9
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The solar indigenisation pathways have been built on two demand scenarios - conservative and optimistic -

to identify potential pathways and key enablers to achieve 50% indigenisation for solar value chain by 2030
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CONSERVATIVE
SCENARIO

Scenario criteria

Government policy
landscape

Continue existing policies and 50% of off-grid
and C&l consumers adopt domestic modules

1

Solar use for green
2 hydrogen generation

Solar / solar-wind hybrid meets 70% of green
hydrogen energy demand

Africa: Extend Credit to 4 priority Africa

3 Export growth countries conditional on use of Indian modules

US: Module deployment grows at 8% CAGR

2030 annual demand

w
for modules , GW 80G

Incremental capex investment required

for 50% indigenisation by 2030, INR Cr INR 52,500~ 64,500 Cr*

Total government support
needed till 2030, INR Cr

Potential import bill savings
(2025-2030), INR Cr

INR 26,000 Cr?
INR 119,000 Cr

(1) Does not include input side capex subsidies

5% (INR 22,000-25,000 Cr)

(2) Does not include potential tax revenue impact of proposed import duty waiver on key raw materials (INR 3500-4500 Cr) and proposed GST rate reduction from 12% to

OPTIMISTIC
SCENARIO

70% of off-grid and C&l consumers adopt
domestic modules

Solar / solar-wind hybrid meets 100% of green
hydrogen energy demand

Africa: Extend Credit to all Africa countries
conditional on use of Indian modules

US: Module deployment grows at 10% CAGR

97 GW

INR 89,000 - 109,000 Crt

INR 43,000 Cr?
INR 131,000 Cr

( E‘ IC:tLlen:::af:;onal Economic Dalberg
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India could achieve 50% indigenisation on solar manufacturing by 2030 across the value chain from

polysilicon to module and ancillaries through focused interventions, fiscal and non-fiscal incentives

Solar Indigenisation Pathway Manufacturing capacity required to achieve
50% indigenisation, 2030, GW?

B Current capacity (Mar 2025)
I Announced Capacity till 2030

® Demand acceleration ®R&D A Workforce A Fiscal incentives
== Domestic, indigenously manufactured == Import dependence

85 1~
80 4 80 D Additional requirements (Conservative)
w o . . . . .
75 N\ p I e —— Additional requirements (Optimistics)
9 . ae e
70 - \ / ITI revamp, course design, Train % Capacity utilisation, 2030
- the trainers + initiating training
+ 65 - for cells .II.DOIY E 90 85%
e 60 - 22% cell efficiency? for ALMM ~stiicon
> to encourage commercialization Ingot / E 105 80%
= 35 A v of indigenous innovations Wafer
3 = 50 A 50 Workforce training for wafers Cell 80%
~§ S 45 | \ and polysilicon - o
S odule °
8 % 40 \ 50% DVA for ALMM
— m H .
-§ S 35 - N 40% DVA for ALMM A'”Tr';';rgs Required 80%
= 30 A A | Interest subvention Solar mOdl{::e .
- \ . slas 93  capacity, 90%
° 25 - 20 ALMM-equivalent for cells, 2030:
O 20 - | . 30%DVA for ALMM Encapsulant 114- 80%
2 -G i i 138GW
8 15 | | | | | | | | Ilnput side Capex incentives Junction 118 oo
(o)
2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 boxes
Ny (1) Cell efficiency for Utility scale solar for c-Si modules compared to 20% today (target efficiency for other applications such as rooftop and off-grid could be adjusted in-line) Detailed in Annex
}"ﬂ{z bhorot (2) Chart excludes ancillaries such as Silicon sealant, Interconnects, Backsheets due to limited information available and lower contribution to Value Addition; (E_ Courlfor e oomic Dalbero 12
‘,‘.;:;\‘ cumattrorum  Source: Company announcements, PV Tech, Solar PLI, MNRE, Industry experts (industry associations, key manufacturing players); Dalberg analysis Understanding =


https://www.pv-tech.org/re-adani-solar-pauses-polysilicon-plant-targets-10gw-of-solar-cells-and-modules-in-next-18-months/

=

| |
|

Demand acceleration interventions such as DVA for ALMM could fuel indigenous manufacturing across the
value chain, while investment in R&D and upstream raw materials could drive innovation and self-reliance

=

Demand & Market
Architecture

 Integrate DVA lrequirements into
existing ALMM policies (30% by 2027,
40% by 2028, and 50% by 2029)

Increase BCD on ancillary components
to enhance domestic cost-
competitiveness

Leverage EXIM Line of Credit to boost
solar module exports to key African
markets, while prioritising EU and
Middle East countries with high solar
demand, strong trade ties, supportive
RE policies
Overall Government fiscal incentives
required:

INR 700-800 Cr

y
S bharat (1) DVA: Domestic Value Addition; (2) Infrastructure and project grants; (3) Upgrading current/ building new labs; (4)

% CLIMATE FORUM

R&D & Product Innovation

50-50 co-financing from government
and private sector to scale solar R&D
ecosystem?

Develop shared R&D labs?3 for R&D on
10-20 indigenous solar technologies

Efforts led by a Core Working Group#
with industry-academia-government
representation

Increase ALMM cell efficiency to 22%°
from 2027 to boost commercialization
of indigenous solar innovations

Overall Government investment (50%
of total investment required):

INR 675-1,050 Cr

Upstream Raw Materials &
Critical Inputs

Target capacity of 75-90 GW
polysilicon refining by 2030, including
45 GW of announced capacity

Provide INR 7,500-12,500 Cr worth
capex subsidies and interest
subvention to drive cost
competitiveness for domestic
polysilicon

Explore Metallurgical Grade Silicon
capacity expansion post achieving
cost competitiveness on domestic
refining

Incremental capex investment required:

INR 18,500 - 34,000 Cr

Detailed in Annex: Demand Acceleration; R&D Ecosystem; Upstream Raw Materials

Council for

Potentially set up by MNRE/ANRF; (5) Cell (& iémfomeonne - Dalberg
efficiency for Utility scale solar for c-Si modules compared to 20% today (target efficiency for other applications, e.g. rooftop/ off-grid could be adjusted in-line)

Understanding



Fiscal incentives combined with public-private partnerships for R&D and workforce skilling could accelerate
indigenisation at cost-competitive prices for integrated solar module manufacturing in India

&

Capital Equipment &
Infrastructure

* Support MSMEs to indigenise
building select equipment for solar
manufacturing (less-specialised
equipment having synergies with
existing industries)

* Leverage bi-lateral G2G partnerships
to enable accelerated capital

equipment import for solar (for highly
specialised, advanced equipment)

Incremental capex investment required:

INR 52,500-109,000 Cr

(Includes capex for Polysilicon, no subsidies)

Talent & Workforce

Launch "Train the Trainers" program
and industry-linked fellowships and
international PhD for R&D
researchers

Introduce cleantech manufacturing
courses in engineering colleges, with
industry co-delivered modules and
internships

Develop standardized courses, and
allocate up to 12% ITI upgradation
budget for low-skilled workforce

Overall Government investment (83%

of total investment required):

INR 4,200-6,000 Cr

Financing & Taxation

Driving additional investment for
capacity expansion of Polysilicon,
Ingot and Wafer, Cell, and Solar Glass

Targeted input subsidies on capex,
interest subvention to improve cost
competitiveness for Indian solar cells
(including polysilicon) of INR 20,000-
35,000 Cr till 2030

Proposed import duty waivers on key
raw materials, and GST rate reduction
with potential tax revenue impact of

INR 26,000-29,000 Cr

Overall Government fiscal incentives

required:

INR 20,000-35,000 Cr

Detailed in Annex: Capex and
Infra; Workforce; Financing

Council for

International Economic Dalberg

Understanding

W Achieving 50% indigenisation across the solar value chain requires INR 26,000-43,000 Cr total government
Zéss bharat investment by 2030 and could result in USD 14-15 Bn (INR 119,000 - 131,000 Cr) of total import bill savings.
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Increasing solar value chain indigenisation to 50% could support cumulative import savings of USD 14-15

Bn (INR 119,000-131,000 Cr) by 2030, including capital equipment imports for domestic manufacturing

Annual Solar deployment imports could increase from ~USD 6 Bn in 2025 to USD 19-23 Bn by 2030 without increased
indigenisation beyond current and announced capacities across the solar value chain

Key insights

Comparison of cumulative import bill savings of USD 14-15 Bn
till 2030:

Legend: @ Potential Savings/Income @ Cost/Investment

Import savings comparison Cumulative impact

2025-2030, USD Bn

Cumulative import bill savings USD 14-15Bn ¢

Cumulative capex investment required USD 9-18 Bn

for 50% indigenisation*

Government investment / fiscal
incentive support

USD 3-5 Bn °

Import bill savings resulting from 50% Indigenisation of the solar
value chain outmatch the investment required

b

M4
JéE% bharat

;;“\ camnartronum  Sources: EXIM bank database, Fortune India, Economic Times

| |
|

Expected annual import for solar deployment, USD Bn
= Current + Announced capacities = 50% indigenization

Conservative Scenario

20 ~
15 +
10 ~
5 -

O T T T T 1
2025 2026 2027 2028 2029 2030

Optimistic Scenario

25 A 23
20 15 l
15 ~ e
10 -

5 ]

O | | T T 1

2025 2026 2027 2028 2029 2030
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https://economictimes.indiatimes.com/industry/renewables/indias-imports-of-solar-cells-and-modules-declined-by-20-and-57-in-first-eight-months-of-2024-25-report/articleshow/119159010.cms
https://economictimes.indiatimes.com/industry/renewables/indias-imports-of-solar-cells-and-modules-declined-by-20-and-57-in-first-eight-months-of-2024-25-report/articleshow/119159010.cms

SECTION THREE

SOLAR INDIGENISATION PATHWAYS
FOR INDIA: DETAILED BY CROSS-

CUTTING THEMES




Demand | Non-fiscal demand drivers across the value chain and targeted export focus could fuel domestic module

demand to 80-97 GW by 2030

Non-fiscal policies such as DVA requirements for existing ALMM, higher BCD on ancillaries could boost domestic module
adoption, while up to INR 800 Cr in interest subvention could support solar module exports to five priority African countries

Annualized solar module demand 2025 -2030, GW Key policy interventions

Utility scale sol Offgrid + hybrid sol Total export . . .
= it "fty scaelso a,rd e = . & ) dy rid solar MMl Totalexport /110 chain drivers: Protect domestic manufacturers from global price
cortop selar gricrconnecte reen nydrogen fluctuations and accelerate demand by:

Conservative scenario 80 o Integrate phased Domestic Value Addition (DVA) requirements
into existing ALMM policies (30% by 2027, 40% by 2028, and
50% by 2029)

o Increase Basic Customs Duty (BCD) on ancillary components to
ensure cost-competitiveness of domestic manufacturers, and
consider complementary measures such as Anti-Dumping Duties
(ADD) in response to global price fluctuations on a need basis

* Downstream demand drivers for indigenous modules: Increase
domestic adoption and fuel export demand by

o Integrate DVA requirements for solar modules used in solar or
solar-wind hybrid powered green hydrogen projects

o Leveraging INR 15,050 Cr (USD 1.75 Bn) EXIM Line of Credit! at
the interest subvention of INR 700- 800 Cr to boost solar
modules exports to key African countries

o Promoting exports to EU and Middle East by prioritising
countries with strong solar demand, strong trade relation,

2025 2026 2027 2028 2029 2030

Optimistic scenario

w

2025 2026 2027 2028 2029 2030 supportive RE policy, enabling infrastructure
b, (1) India announced USD 2 Bn support to solar projects in ISA member countries in 2018 of which only USD 250 Mn has been allocated, USD 1.75 Bn Detailed in Annex
;E;i_ bharaot remains unused (Eiﬁt"gfﬂ.';ﬂo?mcommic Dalbero 17
EP, nderstanding =

Fpgan commterorum - Source: MNRE, Physical progress; MNRE, Press release; @ ISA, India EXIM bank ; PV Magazine, Industry experts (industry associations; Dalberg analysis



https://mnre.gov.in/en/physical-progress/
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2100603
https://www.eximbankindia.in/lines-of-credit
https://www.pv-magazine-india.com/2024/07/23/budget-2024-25-india-introduces-duty-on-solar-glass-imports-exempts-equipment-for-solar-cell-and-module-production/

° R&D | Build a collaborative R&D ecosystem with industry-academia-government collaboration to support

prototyping to commercialization for 10-20 indigenous solar innovations

The R&D ecosystem would require industry and academia participation and shared investment of INR 1,350-2,100 Cr
on infrastructure investment, grants and capital access to fuel R&D and innovation for indigenous solar technologies

Steps for solar cleantech R&D acceleration Key insights on R&D ecosystem development

MNRE/MST  Academi Indust . .
® / Cal emia @ Industry MNRE and ANRF could set up a Core Working Group with
Research papers %’ii? e ae % industry-agademia-government representfation to Ie.a.d .
/ TRL 1-2 TRL 3-4 efforts on infrastructure set up, grants, private participation?
5 o o o o b
) * Industry participation crucial from beginning to identify the
y T‘f*?h . Partnerships g Ipffra . Infra setup right, focus 10-20 innovations where industry could support
entification With academia identification Upgrading / commercialisation
of 10-20 solar and industry for  Forsolar R&D ~ setting up solar . .
cleantech tech and infrastructure R&D INR 1,350-2,100 Cr? total solar R&D investment required
innovations knowledge upgrades / infrastructure o R&D infrastructure: INR 750-910 Cr;
transfer setup required : .
Qoo 000 3 000 o Project grants: INR 600-1,200 Cr
o 50:50 co-financing from private sector and
P government (INR 675-1,050 Cr fund share each)
TRL 4-5 . . TRL 6-7 . TRL 8+ . Open-access, shared R&D labs to be set up across HEls,
- public and private sector3 focusing on select, high-quality
Grants Prototyping Capital Commercialization labs maximising resource efficiency and public-private
in-line with Enable Access Enable accelerated collaboration
_ focus solar accelerated Catalyze commercialization, Increase solar cell efficiency threshold in ALMM to 22%*
'nnovalt'ons to p:cOtOtyp'ng private capital, industry tie-ups from 2027 onwards to encourage to encourage accelerated
accelerate or grant PE/VC . 1. . . 4. .
prototyping winners participation commercialization of indigenous solar R&D prototyping
o o0 o0 Detailed in Annex: Steps; Infrastructure; Funding

’

l‘.'

PP CIMATERSRIM 5o urce: Academia and industry experts; US Small Business Administration, Annual Report, 2022

R (1) Tech identification and funding; (2) Grant estimates based on USA’s Small Business Innovation Research (SBIR) program; (3) Upgrading existing/ building B oot
pil Iy bhorot new; (4) Cell efficiency for Utility scale solar for c-Si modules compared to 20% today (target efficiency for other applications, e.g. rooftop/ off-grid could be adjusted in-line) ( Hn;;;r:::;oﬂrﬂsgconom.c Dalbero 18


https://www.sbir.gov/sites/default/files/SBA_FY22_SBIR_STTR_Annual_Report.pdf

e R&D | Focus R&D and innovations across the value chain and required infrastructure could be aligned with

industry and academia to ensure commercialization potential and pathways prior to investment mobilization

Potential focus technologies for tech-transfer / indigenous R&D  India could invest in 14-17 R&D labs to upgrade existing labs,
could be identified basis impact potential and global TRL levels set up new ones, and ensure efficient operations

Focus R&D and innovation technologies: Solar DEVELOPMENT LABS TESTING LABS

M Solar cells M Encapsulants B Coating Busbars M Tracking systems M Other materials Number of 10-12 development labs 4-5 testing labs
— . . S 5-6 each for existing and new labs ~4 regional testing labs under 1
o D Limited impact A Tech transfer/ commercialization labs f 3 g, i 3
TR . central facility
-l

0 TOPCon
a El POE enc.apsulant Back Contact cells Cost per INR 750-900 Cr INR 4-10 Cr
J) HJT cell N
£ o RTeels Perovskite-silicon cells * INR 50 Cr/ lab for upgrades; INR INR 1-2 Cr for upgrades/
S o lab, INR Cr
T Busbar-less cells 100 Cr/ lab for new setup new setup
& Cu plated busbars
> . .
EO Existing I gk - - Central
2 ® Advanced tracking tech labs for IIT Bombay IIT Delhi IIEST tes!:i.ng HLS_E_;
e '} International Advanced Research (_:entre for facll |w
o < ) ) u pg ra d e Powder MetalIur:i:::‘::z‘Ma!er|alictl:’l3£:)
2 gl € Waitand watch B Indigenous R&D focus DST

~
; o Nanotech coa?ing o i . . . . .
£ CdTe bifacial module Dyle-serlmlsltlzed * Material synthesis and » Material testing equipment
2 and tandem products solarcels Machinery deposition machines « Efficacy testing machines
£ . Organic solar cells bure perovski:e candem cells needs » Coating machines (lab, field, and commercial
5 Fresnel lens » Device fabrication machine testing)
3 ™ Quantum dot cells
= - i ..
8 = [Molecular solar thermal ® DC materials ® Self-healing coating Manpower Advanced training for new * PPP-led lab management for
Q| [energy storage systems materials. equipment maximizing utilisation and
O and support » €qUIP :

Low impact High impact industry connect
Impact: Cost reduction, efficiency improvement needs « Market needs assessment to
Prioritised solar technologies could be integrated into solar R&D inform relevant research
i infrastructure planning, aligning with TRL requirements Detailed in Annex: Technologies; Infrastructure
> 7 ouncil for
;iii§ bhorot Source: Sansad and PIB reports; US Department of Energy; NREL; IEA; World Economic Forum; PV Magazine, PV Tech, Mercom India; Energetica India Magazine; (E'Ell:zgrié:iaonraaiLgconomic Da.lberg 19

FpeAt CUMATEFORUM - Eraunhofer Institute for Solar Energy Systems ISE; Company websites and news reports; Academia and Industry experts



e Upstream: Raw Materials | India could secure two-thirds of solar and semi-conductor polysilicon (10N-12N)

supply domestically by 2030 with INR 18,500-34,000 Cr incremental! capex investment in polysilicon refining

75-90 GW of domestic polysilicon refining infrastructure could support two-thirds of polysilicon annual demand by
2030 however this would still depend on imported metallurgical grade silicon

Raw materials annual demand, including solar and semiconductor Landscape and potential for domestic Polysilicon and Metallurgical

sectors, KTPA (GW) grade silicon refining till 2030:
B Additional - Optimistic [ Announced Capacity * Polysilicon: Domestic polysilicon production would require:
" Additonal - Conservative . % demand met by  Incremental® Capex investment of INR 18,500 - 34,000 Cr for
domestic capacity? 30-45 GW capacity by 2030

« INR 7,500 - 12,500 Cr subsidies on capex and interest
subvention required to be cost-competitive by 2030

c0-e0% 3o Metallurgical grade silicon: Import feasible in short t
etallurgical grade silicon: Imports more feasible in short term as
955(139) 25(139) domestic production is 2-3X import cost
« Announced capacity of 50 GW?2 could meet 35-45% of demand
domestically once commissioned
341(139)

* Raw material imports for ingots, wafer such as quartz crucibles and

5(139) o :
graphite likely to continue

270(139)

Key Benefits:
« Co-evolution of solar and semiconductor industries by domestic
availability of polysilicon

Polysilicon, Metallurgical Quartz, Graphite Quartzfor - Raw material security for domestic solar module manufacturers
2030 Grade 20304 H tfor Crzugékgfs’ - Potential to become a polysilicon export hub in the long term and
Silicon, otzones, le i
verage for India plus many strate o
2030 2030° g P y &Y Detailed in Annex
‘\}:{9 (1) Incremental investment for 30-45 GW additional capacity, above 45 GW announced; (2) Refers to 50 GW of upstream (raw material) capacity and 40 GW integrated B condiin
pil iy bhorOt module capacity; (3) Assuming announced capacities are implemented; (4) No clarity available on sourcing of Quartz; Sources: WITS, India Quartz exports by country, 2022; ( Il?;zgr:::iaonmcommic Dalberg 20

SRR CHMATERSRIM T Elactronics for you Business, Indosol aims for world’s first whole solar module manufacturing, launches plant in Andhra Pradesh, 2024



https://wits.worldbank.org/trade/comtrade/en/country/IND/year/2022/tradeflow/Exports/partner/ALL/product/250610#:~:text=India%20exports%20of%20Quartz%20was%20%2494%2C900.57K%20and%20quantity,60%2C676%2C800%20Kg%29%2C%20Korea%2C%20Rep.%20%28%246%2C805.42K%20%2C%2060%2C544%2C600%20Kg%29.
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/

Capital equipment & infrastructure | India could reduce capital equipment import dependence by up to 30%

across polysilicon, ingot/wafer, cell, module (50%) manufacturing by building select equipment domestically (1/2)

Domestic capacity for capital equipment manufacturing could be built for equipment with cross-sector synergies and
economies of scale potential, low tech expertise needs, and low efficiency and cost gaps vs. imported machines

Potential pathways for catalyzing India’s capital equipment manufacturing: @High @ Medium @ Low
r r
Domestic manufacturing for select, non- Import highly specialized, advanced solar
—~ specialized solar equipment capital equipment
) N N
Pathway criteria
Syfnergies Existing synergies with adjacent industries (similar ‘ No existing synergies
with other machine/ components/ processes like solar)
sectors
Tech Need marginal improvements/ tweaks to existing China leads in technical expertise; India to face very
expertise machines long lead time to build comparable domestic know-
how
Efficiency Potential to attain global competitiveness in tech Highly tech and cost-efficient Chinese capital
and costs and cost efficiencies equipment; domestic production unlikely to catch up
@ 20-30% 70-80%
% Capex Potential domestic manufacturing for machinery across Continued import dependence for machinery across
contribution Polysilicon to cells (modules could be higher: up to 50%) Polysilicon to cells (could be lower for modules: up to 50%)
| Examples: Distillation columns, Wire sawing machines, Examples: CVD Reactors, Ingot pullers, PECVD systems, cell
Diffusion and IR belt furnaces, Lamination machines, etc. testing/ sorting machines, layup stations, etc. Detailed in Annex

‘::{’ Council for

;ggi bharat  source: Money Control; BHEL, Renewables Solar, 2025; Business Standard, “L&T’s first electrolyser factory to start commercial operations soon”, 2024; Bharat Forge, Power (E- Intemationa Econome Dalberg 21
PPN CHMATERSRUM B isiness; SolarPower Europe, Solar Production Equipment - Key players in the EU’s industrial ecosystem for solar PV, 2025 ; SaurEnergy; Industry experts ’



https://www.bhel.com/sites/default/files/2025-02/Renewable%20Brochure.pdf
https://www.business-standard.com/companies/news/l-t-s-first-electrolyser-factory-to-start-commercial-operations-soon-124101701223_1.html
https://www.bharatforge.com/businesses/power
https://www.bharatforge.com/businesses/power
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://www.saurenergy.com/solar-energy-news/wafer-process-reliance-backed-nexwafe-gmbh-announces-breakthrough

Capital equipment & infrastructure | India could reduce capital equipment import dependence by up to 30%

across polysilicon, ingot/wafer, cell, module (50%) manufacturing by building select equipment domestically (1/2)

Domestic capacity for capital equipment manufacturing could be built for equipment with cross-sector synergies and
economies of scale potential, low tech expertise needs, and low efficiency and cost gaps vs. imported machines

Potential pathways for catalyzing India’s capital equipment manufacturing:

r r
Domestic manufacturing for select, non- 2 Import highly specialized, advanced solar
specialized solar equipment capital equipment
@) - x
Key benefits - Potential to repurpose and build on existing * Leverage existing foreign capabilities to procure

at effective costs and diversify supplier base

Quick access to capital equipment supports rapid

production ramp up

* SEA partnerships to enable trans-shipment of
highly efficient Chinese capital equipment,

capacity

» Reap benefits of economies of scale and long
term market opportunity

« Initiate building resilience against foreign supply

shocks : :
helping overcome supply constraints
@ Identify equipment synergies for solar equipment Potential to explore partners beyond China for

with other sectors capital equipment sourcing

Pathway unlocks . Synergies with other industries, e.g., Wire sawing .
machines with stone crushing industry; Distillation solar Polysilicon INgOLS,  colls Modules Glass Aluminium

| ttinle ind gt : Y component wafers frames
columns across multiple industries ,
 Synergies in same industry for other applications, Existing E ‘e} | ! - - Ncc)rr:r?éor

e.g., Glass industry equipment for low-iron solar capacty |l ‘e o, O alternates

glass, aluminium frame from metal casting and
shaping industry etc.

=
L

Wiy Detailed in Annex
Council for
;ﬂii bhorot Sources: Money Control; BHEL, Renewables Solar, 2025; Business Standard, “L&T's first electrolyser factory to start commercial operations soon”, 2024; Bharat Forge, Power (E' International Economic Dalberg 22

LT 1A .
PPN CHMATERSRUM B isiness; SolarPower Europe, Solar Production Equipment - Key players in the EU’s industrial ecosystem for solar PV, 2025 ; SaurEnergy; Industry experts ndersanding



https://www.bhel.com/sites/default/files/2025-02/Renewable%20Brochure.pdf
https://www.business-standard.com/companies/news/l-t-s-first-electrolyser-factory-to-start-commercial-operations-soon-124101701223_1.html
https://www.bharatforge.com/businesses/power
https://www.bharatforge.com/businesses/power
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://www.saurenergy.com/solar-energy-news/wafer-process-reliance-backed-nexwafe-gmbh-announces-breakthrough

° Workforce | 8-12% of ITI budget could support training infrastructure and training for ~90,000 low-skilled

workforce for solar sector across polysilicon to modules till 2030

To build a ready workforce, targeted interventions would be required across four critical levers including trainers, training
modules, employability, finance; with skilling efforts focusing on strengthening industry linkages and global partnerships

Current and projected (2030) workforce requirement for solar Levers: @ Trainer @ Training modules @ Employability @ Finance

manufacturing value chain,'o00 = ~---------- - - - ------ Focus -------------------

@ Develop “Train the Trainer” program for 200 - 300 trainers /

B Current workforce I Additional requirements academicians / professors from Top 100 engineering colleges!

(optimistic) @ Attract global solar and cleantech experts to train faculty at Tier

| Additional requirements 1 engineering institutes

(conservative)
80% are low-

skilled roles, 112
~90,000 jobs

@ Launch industry-linked fellowships and international PhD
programs for 500-600 researchers annually in solar R&D

@ Introduce cleantech manufacturing courses for Top 100
@ cngineering colleges

High-Skilled

Co-deliver cleantech manufacturing modules, and internships at
manufacturing plants for engineering students

@ Create standardized courses and qualification packs aligned with
industry-defined competencies

Polysilicon Ingot/ Cell Modules Total @ Allocate 8-12% of the ITI upgradation scheme to promote public-
Wafers Low skilled private skilling partnerships (apprenticeship - using NAPS, joint
Q trainings by ITls and manufacturers)
1 .
Total budget Share of ITl upgradation budget @® Launching a Digital Cleantech Training Platform - an online
o . . o re . . _
INR 5,000 -7,200 Cr ~8-12% learning hub with courses, certification programs, and job
matching services —
Mdy, Detailed in Annex
_‘:“==z bhor‘ot .. Sy .. . . . E f::g:;:;:;onalEconomic Dalbero 23
i (1) The total budget covers training costs and demo facility investment, focused on training for additional low-skilled workers required Undorstanding =

”"\ CLIMATE FORUM



° Financing | INR 0.80 to 1.54 Lakh Cr would be required during 2025-30 to achieve 50% cost-competitive

indigenisation across the solar value chain, build a cohesive R&D ecosystem and train the required workforce

Government funding of INR 26,000-43,000 Cr would be required across demand acceleration, R&D, workforce skilling
and subsidies on capex and interest by 2030 to achieve these goals

Total Funding Government
Theme Required Funding Required Key Activities Potential outcomes
(INR Cr) (INR Cr)
— Demand & EXIM Line of Credit? interest subvention for solar ~ Boost solar modules export and reduce risks of
oo Market 700- 800 700- 800 module export (Africa) dependency on the US as the main export market
Architecture
<% R&D & Product R&D infrastructure: INR 750-910 Cr for Prototyping to commercialization of high-
‘,: Innovation 1,350-2,100 675-1,050 upgrades/ set up across 14-17 R&D labs; and potential 10-20 solar tech indigenously with
= R&D grant funding: INR 600-1,200 Cr industry-academia-government collaboration
Upstream Raw 18.500- Detailed in cost Capex for additional capacity to develop Meet two-third of polysilicon demand for solar

&. Materials & 34’ 000 °°'“'°§““"e"ess domestic polysilicon refining and semi-conductor sectors through domestic

.re , elow 8- ops

Critical Inputs refining capacities
5 Capital 34.000- Detailed in cost Invest in capex expansion across the value chain; Reduce import dependence for capital equipment
A X Equipment & PO competitiveness Support MSMEs to build select solar equipment where feasible; Ensure accelerated capacity
] 75,000 below
— Infrastructure ’ domestically expansion to meet 50% indigenisation
5 A Talent & Training additional 60,300 low-skilled workers Ensuring a stable supply of workers, reducing
'_@‘ Workforce 5,000 -7,200 4,200-6,000 across solar value chain (polysilicon - module) attrition and lowering training costs for
e and set up demo training facility at ITls manufacturers
Cost Input subsidies on capex and interest subvention Increased cost competitiveness of domestic cells
Competitive- C’é‘) 20,000- 20,000 - till 2030 and import duty exemption4, GST rate - potentially bringing within 5% of Chinese
3 3 . - .
ece 35,000 35,000 reduction to 5% from 12% leading to potential landed costs
tax revenue impact of INR 26,000-29,000 Cr
80,000- 26,000-
TOTAL 154,000 43,000 Detailed in Annex

iii bharat (1) Does not include capex for polysilicon (2) India announced USD 2 Bn support to solar projects in ISA member countries in 2018 - USD ~250 Mn has been allocated, USD (E Inernatonal cononic Dalberg 24
CLMATEFORUM 4 75 B remains unused, (3) Includes Input side capex subsidy and interest subvention till 2030 (4) On select raw materials - quartz crucible and graphite Understanding



@ Cost Competitiveness | INR 20,000-35,000 Cr of targeted capex subsidies and low-cost financing, could

improve cost competitiveness for indigenous Indian solar cells to within 5% of Chinese cells landed costs today

Indigenisation of upstream components, subsidized capex and interest subvention could reduce domestic cell costs by
26% vs. current costs, ensuring no impact on LCOE and cost competitiveness with current landed costs for Chinese cells

Current landscape indicate strong need for cost competitiveness Comparison of Chinese and Indian Cell Landed Cost1, US

- Global prices for solar modules reduced significantly due to geo-political ~ cents/ Watt, ex-GST
shifts and over-capacity in China leading to a wider cost-gap of up to B Chinese Cell I Indian Cell
75% for Indian modules (Latest Chinese modules cost: 8-8.5 Cents/Watt)

» Limited impact of existing State-level incentives on capex, interest
subsidies for large manufacturers due to low ceilings

50% indigenisation could increase LCOE by 1-2% (3-5p/kWh), proposed
subsidies could keep LCOE flat at current level:

« Upfront capex subsidy of 25% up to INR 10,000-22,000 Cr
* Interest subvention of 25% up to INR 9,500-13,000 Cr

Proposed interventions:

* Import duty exemption on quartz crucibles (23%) and graphite for

graphite hotzones (7.5%) up to INR 3,500-4,500 Cr till 2030 Current Landed Costs Scenario 1: Integrated Scenario 2: Integrated
) Indian Production  Indian Production with
» Reduce GST rate on modules from 12% to 5% - potential tax revenue without Subsidies Proposed Subsidies

impact of up to INR 22,000-25,000 Cr till 2030

* Improved EODB policies could also lower risk perception and improve
attractiveness for financiers, potentially at better cost

Targeted subsidies on capex and interest subvention

INR 20,000-35,000 Cr till 2030

Ny (1) Chinese solar cell landed cost is assumed to remain consistent through interventions like BCD, ALMM for cells etc. to ensure demand for domestic manufacturing Detailed in Annex
.}‘ﬂ'{i bhorot Spurce: MEC+,.RI.E Supply Chain Repor‘t 2024, CSTEP, Feasibility Analysis for c-Si PV Manufacturing in India, Economic Times, Press Report, December 2024, Industry experts (E_ Courlfor e oomic Dalbero 25
‘);:;\‘ comaterorum  (industry associations, key manufacturing players), Dalberg Analysis Understanding =


https://energy.economictimes.indiatimes.com/news/renewable/domestic-solar-cells-capacity-to-be-over-47-gw-by-june-2026-crisil/116439673
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Demand for indigenous solar modules (and upstream value chain) could increase to 80-97 GW by 2030

driven by domestic deployment, green hydrogen and augmented through exports

Annualized solar module demand 2026 -2030, GW Scenario description
Conservative scenario assumes:
B Utility scale solar I Offgrid + hybrid solar B Total export + Existing policies continue and 50% of C&| consumers
I Rooftop solar grid-connected [l Green hydrogen could adopt domestic modules due to enhanced cost
competitiveness
Conservative scenario 80

« 70% of green hydrogen generation is through solar /
solar-wind hybrid and integration of DVA requirements
for solar modules in green hydrogen projects

* Exports growth is fueled by EXIM line of credit for
Africa and in-line with deployment growth in US (8%

CAGR)
2025 2026 2027 2028 2029 2030 Optimistic scenario assumes:
97 « 70% of C&l consumers could adopt domestic modules

Optimistic scenario

« 100% of green hydrogen generation is through solar /
solar-wind hybrid and integration of DVA requirements
for solar modules in green hydrogen projects

* Exports growth is fueled by EXIM line of credit for
Africa and in-line with accelerated deployment growth

in US (10% CAGR)
2025 2026 2027 2028 2029 2030
: lél‘- bhorot (E' IC:tug:r‘llaf::onalEconomlc Dalbero
‘;:;\ cmartrorum Source: MNRE, Physical progress; MNRE, Press release; Industry experts (industry associations; Dalberg analysis Understanding
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https://mnre.gov.in/en/physical-progress/
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2100603

90-138 GW capacity is required to meet this demand indigenously by 2030 across polysilicon to modules and

ancillaries to achieve 50% indigenisation across the value chain

Manufacturing capacity required to achieve 50% indigenisation,  Key insights:

1 .
2030, GW *  Modules: Current and announced capacity of 160-170 GW
B Current capacity (Mar 2025) || Additional requirements (Conservative) capacity for modules is likely to be under-utilised
. . w o, . . . . .
I Announced Capacity till 2030 Addltlonal requirements (Optimistic) « Minimal future demand for ~47 GW of PERC capacity as all
- % Capacity utilisation, 2030 new deployment contracts are/expected on TOPCon/HJT
« Cells: ALMM-equivalent expected on domestic cells by 2026
85% 80% 80% 70% 80% 90% 80% 90% could support additional expansion to 128 GW by 2030
10 GW capacity of 170 Required module * Ingot/wafer: DVA requirements in existing ALMM policies
Adani Solar may capacity, 2030: would drive deeper indigenisation across value chain and
be reduced? 114-138GW encourage domestic production of upstream components like
128 ingots and wafers
118
105 23  Polysilicon: Co-evolution of solar and semiconductor could be
90 15 11 supported through 90 GW of polysilicon refining capacity
15
35 * Ancillaries:
30 * Solar Glass: Leading players are co-locating solar glass
75 capacities to minimize logistics costs and have stronger
quality control
5 28 * Aluminium frames: Module manufacturers like Premier
Energies and large players like Hindalco among those
Poly Ingot/Wafer Cell Module Aluminum Solar Encapsulant Junction & . & tp yf lar f fg turi
silicon frames  glass boxes announcing capacities for solar frames manufacturing

(1) Chart excludes ancillaries such as Silicon sealant, Interconnects, Backsheets due to limited information available and lower contribution to Value Addition; (2)
bhorot Adani Solar has reportedly paused plans to build 10 GW of polysilicon capacity due to market conditions (E_ ol o onomic Dalbero 29

Understanding

A >

- 4
4...#
‘;:;\‘ CUMATEFORUM — Soyrce: Company announcements, PV Tech, Solar PLI, MNRE, Industry experts (industry associations, key manufacturing players); Dalberg analysis
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https://www.pv-tech.org/re-adani-solar-pauses-polysilicon-plant-targets-10gw-of-solar-cells-and-modules-in-next-18-months/

Policy interventions such as integration of DVA requirements in existing ALMM policies, increased BCD for

ancillaries and leveraging EXIM line of credit for Africa could fuel domestic solar components demand

Recommendations Rationale
Manufacturing

Fm—m——————— , * Integrate phased Domestic Value Addition (DVA) * DVA requirements would drive deeper
: : requirements into existing ALMM policies (30% by 2027, indigenisation across the value chain
: Value chain 40% by 2028, and 50% by 2029) * Raising BCD on ancillary components would
I dem:n d driver : * Increase BCD on ancillary components to ensure cost- enhance the cost-competitiveness of domestic
: I competitiveness of domestic manufacturers, and consider manufacturers
I : Anti-Dumping Duties (ADD) in response to global price * ADD on a need basis protects domestic
et ’ fluctuations as needed manufacturers from unfairly priced imports

Deployment

- o o -

I« Nointerventions needed. 50% of C&I consumers would

I

| Distributed solar : adopt domestic solar modules due to enhanced cost

e e competitiveness

r ___________ : * Integrate DVA requirements for solar modules in green * Encourage the adoption of domestic solar

1 Green hydrogen | hydrogen projects that used solar/solar-wind as a source of modules. No financial subsidy recommended due
: projects : energy to existing financial support provided for green
] I hydrogen under National Green Hydrogen Mission
I’ """""" : » Leverage USD 1.75 Bn EXIM Line of Credit! at the interest » Export diversification by leveraging India plus

I I subvention of INR 700 - 800 Cr to expand solar modules Many strategy could reduce over-dependence on
: Export : exports to Kenya, Morrocco, Nigeria, South Africa US exports and provide an alternative supplier to
: P : «  Expand exports to EU and Middle East with prioritisation of global trade partners to reduce their dependence
I | countries to be done based on strong solar demand, strong on China

| |

trade relation, supportive RE policy, enabling infrastructure

s,
sé&zbharat

""\ CLIMATE FORUM

( E‘ ICr?tngfg:af:;onal eoomc  Dalbero 30
Understanding =

India announced USD 2 Bn support to solar projects in ISA member countries in 2018 of which only USD 250 Mn has been allocated, USD 1.75 Bn remains unused
Source: ISA, India EXIM bank; Sustainable Energy for all, Africa Renewable Energy Manufacturing - Opportunity and Advancement, 2023; Dalberg analysis



https://www.eximbankindia.in/lines-of-credit
https://www.seforall.org/system/files/2023-01/%5BFINAL%5D%2020220115_ZOD_SEForAll_AfricanManufacturingReport.pdf
https://www.seforall.org/system/files/2023-01/%5BFINAL%5D%2020220115_ZOD_SEForAll_AfricanManufacturingReport.pdf
https://www.seforall.org/system/files/2023-01/%5BFINAL%5D%2020220115_ZOD_SEForAll_AfricanManufacturingReport.pdf
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India could accelerate indigenous innovation on solar from identification to prototyping and commercialization

through an industry-academia-government collaborative approach

MNRE and ANRF could establish a Core Working Group (with representation from industry, academia, government)
to spearhead this effort and engage relevant stakeholders across various steps

@ MNRE/MST and Academia @ Industry ® Detailed ahead
other line ministries

Steps for solar cleantech R&D acceleration

) N O
Research papers %ﬂ_ %9 @

/ TRL1-2 TRL 3-4

O O O @ >
@ Tech Identification @ Partnerships @ Infra identification @ Infra setup
of 10-20 solar With academia and For solar R&D Upgrading / setting up
cleantech innovations industry for tech and infrastructure upgrades solar R&D
knowledge transfer / setup required infrastructure
00 000 ® 000
= TRL 6-7 TRL 8+
® ®
@ Prototyping @ Capital Access Commercialization
in-line with focus solar Enable accelerated Catalyze private Enable accelerated
innovations to prototyping for grant capital, PE/VC commercialization,
accelerate prototyping winners participation industry tie-ups
3 bharot ® @ ce ce (5 iz Dalberg 32
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Identification and discoverability | It is critical to identify key solar technologies with inputs from relevant

stakeholders for targeted R&D efforts and pathways to commercialisation

NON-EXHAUSTIVE

Solar technologies can be prioritised based on their impact potential and TRL levels globally to identify focus technologies
for tech-transfer or indigenous R&D and innovation

Focus R&D and innovation technologies?: Solar Key Insights
n m M Coati Tracking syst Other material . . .
Solar cells Encapsulants M Coating Busbars M Tracking systems W er materials Steps to |dent|fy focus solar R&D technologles:
S . D" Limited impact A Tech transfer / commercialization « Conduct global landscape assessments and engage sector-
7S POE encapsulant  Bari Cantact cells? specific stakeholders to build a validated pipeline of
RS * HIT cells Perovskite-silicon cells @ potential solar technologies
[} . . 0,0 .
B Busbar-less cells « Undertake impact-based prioritisation to focus on solar
& Cu plated busbars t h | i th th h h t I d tenti | f
> Ieg nologies wi e highest relevance and potential for
> .
3 ndia
_g ~ ® Advanced tracking tech « Use Technology Readiness Level (TRL) frameworks to map
u 1 . . . . . . .
8 ; C Wait and watch B Indigenous R&D focus ?ppr?cprlate pathways for solar technology indigenisation or
; = Nanotech coa:ing Q\D g ranster
2z . ensit
5 nd tandem products- solar cells Next steps:
2 Organic solar cells . * Integrate these prioritised solar technologies into solar R&D
) ) Pure perovskite tandem cells . . . . .

s Fresnel lens infrastructure planning, ensuring alignment with TRL- stage
-8 ™ Quantum dot cells req u | rementS
© - DC materials : :
o = EMolecul lar th |® ® Self-healing coating . . .
S E energy storage systers « Increase solar cell efficiency threshold in ALMM to 22%3

Low impact High impact from 2027 onwards to encourage to encourage accelerated

Impact: Cost reduction, efficiency improvement commercialization of indigenous solar R&D prototyping

(1) Already mature and commercial technology in India (e.g. TOPCon) not featured here; displayed tech in early R&D/ lab pilot stages; (2) Combination of TOPCon and IBC, i.e. (Interdigited Back Contact) cell

‘5.-' architecture type; (3) Cell efficiency for Utility scale solar for c-Si modules compared to 20% today (target efficiency for other applications, e.g. rooftop/ off-grid could be adjusted in- Ingn(:.ﬂzm

;i““ bhorOt Source: Sansad and PIB reports; US Department of Energy; NREL; IEA; World Economic Forum; PV Magazine, PV Tech, Mercom India; Energetica India Magazine; Fraunhofer ( International Econornic Dalbero 33
Fpga CHMATEFSRUM Institute for Solar Energy Systems ISE; Company websites and news reports ’

’
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R&D infrastructure | There is need to assess R&D infrastructure requirements (upgrades/ new setups) to drive

prototyping to commercialization for solar technologies (1/2)

NON-EXHAUSTIVE

Establishing select, open-access R&D development and testing labs across HEls, public and private sector research labs can
help maximize resource efficiency and encourage public-private collaboration

KEY LEVERS

o Create new, open-access
infrastructure

6 Focus on developing select,
state-of-the art facilities

e Upgrade existing R&D
infrastructure

o Ensure operational efficiency and
alignment with industry

=

M4
JéE% bharat

;;"\ cumateForum  Source: Academia and industry experts

| |
|

RATIONALE

Improve access to R&D infrastructure overcoming current issues like lab
use restrictions and complex processes of academic R&D labs

Promote public-private collaborations and resource sharing across
stakeholders from academia and industry

Advance multiple solar tech ideas under one facility to maximize
infrastructure and talent use (e.g. global solar labs like Fraunhofer, Germany)

Reduce fragmentation, duplicity of solar tech research across many labs

Enable financial efficiency by optimizing India’s existing labs progressing
on solar tech, e.g. lIT-Bombay; vs. setting up new, costly infrastructure
Build on trained human resource and existing solar tech know-how

Robust operational management can help maximize capital utilisation and
sustained use of infrastructure (currently not optimum in R&D labs)
Mapping to industry trends and needs could ensure solar tech innovations
are relevant and can move beyond TRL 4 to commercialization

( E‘ IC:tLlen:::af:;onal Economic Dalberg 34
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R&D infrastructure | India could invest INR 750-910 Cr across 14-17 R&D labs to upgrade current solar

R&D labs, establish new facilities, and ensure needed human resource for efficient lab operations (2/2)

DEVELOPMENT LABS TESTING LABS

y@? Number of 10-12 development labs 4-5 testing labs

ol labs 5-6 each for existing and new labs About 4 regional testing labs under 1 central facility
INR 750-900 Cr INR 4-10 Cr
Cost per lab INR 50 Cr/ lab for upgrades; INR 100 Cr/ lab INR 1-2 Cr for upgrades/ new setup
for new setup
@g;ﬁ;";@; 8 Central testing facility
-\'- PF?SIS)eCtIVE [IT Bombay lab SH‘,bH ﬁE§T7;B NISE
i € ) eXIStIng Iabs for International Advanced Research Centre for i
upgrade Poder Metalrgy and Now Mterials (ARC) NISE lab
DST lab

* Material synthesis and deposition * Material testing equipment

<~ Machinery machines « Efficacy testing machines (including lab,

! needs » Device fabrication equipment field, and commercial testing)
» Coating machines

5@& Manpower and Advanced training for new equipment/ * PPP-driven lab management team for max. capacity

Q=h Support needs materia's; |everaging researchers’ pre- Ut|||Sat|On, avoid delays, and deVQIOp |ndu5try connect
existing tech know-how * Market needs assessment of upcoming tech trends to

inform relevant research
VY !
_;“EE‘; bhorot (E'Elnlfgir‘iiiml";conomic Dalberg 35
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The private sector, alongside government support could help orient solar R&D priorities to industry needs,

provide needed financial investments, and unlock shared R&D infrastructure

NON-EXHAUSTIVE

Private sector role ","\ Government support
I",

o Provide strategic input for industry-aligned R&D

* Support identification of scalable, high-impact solar  Ensure private sector inputs are incorporated in decision-
technologies and commercialization pathways making; MNRE could potentially coordinate and help align
* Designate nodal representatives in industry associations to government-industry priorities

drive solar R&D beyond firm-level efforts

e Increase private R&D investment

* Invest in prototype development and commerecialization, «  Co-finance with private sector basis alignment with focus solar
and support tech transfer by investments in academia, R&D technologies and clear TRL-based commercialization pathways
* Investin infrastructure building (e.g., equipment in HEIs, INR 675-1,050 Cr government funding for solar R&D (from INR 1 lakh crore

IITs, incubators) R&D fund), as a 1:1 match for equal private sector contribution?

e Enable greater R&D infrastructure sharing

* Create public-private partnerships, joint R&D mechanisms, etc.

« Enable shared t isting R&D infrastructure t .
nal’e shared access o existng rastructure to to setup shared R&D labs, accessible to start-ups

maximise resource utility and collaboration
* Design incentives/ mechanisms for shared use of private labs

while ensuring protection of intellectual property

» (1) Total investment required for solar R&D INR 1,350-2,100 Cr (R&D infrastructure: INR 750-910 Cr; Solar R&D grants: INR 600-1,200 Cr); Grant estimates based on USA'’s
3---» bharat small Business Innovation Research (SBIR) program (E-ucﬁ:"e”fr‘.';i:ona|scomm.c Dalberg 36

“pmre. L. . Understanding
Source: Academia and industry experts; US Small Business Administration, Annual Report, 2022
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SUB-SECTION THREE

-AM RAW MA

CRI

|CAL IN

RIALS &

DL)_

S




Increased indigenisation for wafers, cells and modules could lead to cumulative demand of up to 967 kT of

polysilicon between 2025- 2030, 86% of which might need to be imported from China

Polysilicon is currently imported in wafer or cell form, however, with upward integration, this could change. Current
imports for raw materials are primarily critical minerals for thin film solar and for module frames and interconnects etc.

Critical minerals nearly entirely imported but not major demand Cumulative demand 2025-2030, kT

component: Critical and major minerals in solar value chain

* Primarily used for thin film modules, 6-8% of PV demand till 2030 B Conservative [l Additional - Optimistic B, Chinc's share of global primary refining
* Mainly obtained through co-refining of byproducts during Polysilicon ,-_ 123 967 o
refining common ores like Bauxite, Copper, Zinc Quartz for crucible ,-I,‘ 43 247 ]
* India currently lacks co-refining capacities for domestic Graphite 0953 90%
Bauxite, Copper, Zinc Tellurium =

» Estimated cumulative critical mineral import demand: INR 507 Cr Cadmium Annual demand: e

(USD 59 Mn) till 2030 Selen 223-270 kTPA i
. . elenium (114-139 GW) 50%

* Import dependance for Quartz crucibles (on China and North ndium (o
Carolina, USA) and Graphite hotzones (China, Madagascar, Cal 5 ;
Germany, etc.) expected to continue for ingots, wafers production atium 8%

Demand for other metals in solar value chain such as Aluminium KeYMetalslnsolarvaluecham -------------------------------------

Iargely Imported desplte domeStIC reserves: I Conservative Additional - Optimistic = % of total domestic reserves

* India has 646 Mn Tons of Bauxite reserves, but limited capacity for
refining required grade of Aluminium for solar frames leading to Aluminium
high import dependence Copper
« Silver is primarily imported as silver paste for interconnects and
busbars due to no domestic capacity for producing silver paste
« Germanium is primarily used in thin film solar Germanium  [0] 0.5

8292593 qu
202 1591 1%

Silver -

<0.1%

.—

Sources: Polysilicon is obtained from quartz which was recently classified as a Major Mineral by the Ministry of Mines; Press Information Bureau, Ministry of Mines classifies
}.=.¢_ bhor‘ot Barytes, Felspar, Mica and Quartz as Major Minerals, 2025; BloombergNEF China extends cleantech dominance over US, 2024; US Department of the Interior, USGS - B Gt economic Dalbero 38

‘;:;\ CUMATEFORUM — Mineral Commodity Summaries, 2025; Ministry of Commerce and Industry, Export Import Database; Estimated cumulative import demand based on current costs of imports Understanding



https://www.pib.gov.in/PressReleasePage.aspx?PRID=2105215
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2105215
https://www.bloomberg.com/news/newsletters/2024-04-16/china-extends-clean-tech-dominance-over-us-despite-biden-s-ira-blueprint
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf
https://tradestat.commerce.gov.in/eidb/commodity_wise_import

Total domestic polysilicon refining capacity of 75-90 GW is needed to achieve 50% indigenisation across

solar value chain, requiring incremental investment of INR 18,500-34,000 Cr

Of the three potential pathways to reduce import dependence for polysilicon, two-thirds of the domestic demand
could be met by increased domestic refining capacities by 2030

Pathways for reducing India’s Polysilicon import dependance in the solar value chain

2030 Potential
1o Domestic Total capacity required
&=, mineral by 2030: 75-90 GW
refining for 50% indigenisation
capacities
Sources of R&D in early stages,
minerals —» ,S’ Scaling currently low potential
and metals CQ circularity ll‘o(:I reuse in solar in
ndia
Diversifying Addijcional imports
N{d,; import required to meet
\_) oy
partners polysilicon demand

worth 39-49 GW (76-95
kTPA) unmet capacity

Investment / Enabler

Incremental investment for
30-45 GW additional
capacity? - INR 18,500 -
34,000 Cr

To be estimated i
Leverage bi-lateral, i
multilateral G2G partnerships |
with other polysilicon |
producers - Germany, USA, i
Japan, South Korea %

Key insights

Domestic capacity could meet
two-thirds of 2030 annual
demand for polysilicon (worth
114-139 GW capacity)

R&D in early stages on module
delamination and material
purification technologies to
drive closed loop circularity for
polysilicon

The domestic polysilicon
refining capacity would still
require imports of 185-222
kTPA metallurgical grade silicon
to meet 75-90 GW domestic
polysilicon capacity from
producers such as Brazil,
Norway, France, etc

(1) Additional capacity beyond currently announced 45GW capacity; (2) Solar panel recycling machines by Ecoprogetti are being commercialized in EU (Italy, Spain, Greece)
and indicate potential for recovering 95% silicon (98.4% purity metallurgical grade), 100% aluminium, 99% of both copper and glass, and 98.5% plastic from solar panels

===== bharat

”"\ CLIMATE FORUM

consultations and Dalberg Analysis;

Sources: BloombergNEF China extends cleantech dominance over US, 2024; US Department of the Interior, USGS - Mineral Commodity Summaries, 2025; Expert
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https://www.pv-magazine-india.com/2025/05/26/ecoprogetti-releases-fully-automated-solar-panel-recycling-line/
https://www.bloomberg.com/news/newsletters/2024-04-16/china-extends-clean-tech-dominance-over-us-despite-biden-s-ira-blueprint
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025.pdf

Domestic refining | Strong potential to drive co-evolution of solar and semiconductor industry by setting up

75-90 GW domestic polysilicon refining capacity to achieve 50% indigenisation by 2030

Successful implementation of announced 50 GW of metallurgical grade silicon refining capacity could result in raw-
material self sufficiency for 35-45% of polysilicon demand

Potential for domestic polysilicon and metallurgical grade silicon Annual demand for polysilicon, metallurgical grade silicon and
refining quartz, including solar and semiconductor sectors, kKTPA (GW)
* Polysilicon: MNRE promotes upstream indigenisation of solar PV . L )
manufacturing: >80% of PLI outlay targeted at Polysilicon, Wafer, ] Add!tlonal ) Opt'm'St'C_ Bl Announced Capacity
Cell, Module (PWCM) and Wafer, Cell, Module (WCM) integrated " Additonal - Conservative . % demand met by
-, domestic capacity?
capacities
« Metallurgical grade silicon: 50 GW (30 GW for raw materials and 20
GW integrated quartz to module) capacity has been announced by 60-66% 35.4594
Indosol and Reliance Industries 955(139)

Co-evolution opportunity for polysilicon refining:

* Rising semiconductor demand has the potential to add an estimated
additional polysilicon demand of 6-7 GW, of 10-12N polysilicon 341(139)

* Investing in polysilicon refining of 10N-12N? could support raw 270(139)

material sufficiency for both solar and semiconductor industries

Investment required:
« INR 18,500 - 34,000 Cr incremental? capex investment for 30-45
GW additional polysilicon refining capacity, over announced 45 GW

Polysilicon, Metallurgical Quartz,
2030 Grade Silicon, 2030°
2030

(1) New solar cell technologies (e.g., TOPCon) require polysilicon purity levels similar to semiconductors (10-12N); (2) Incremental investment over 45 GW announced capacity;
(3) Refers to 50 GW of upstream (raw material) capacity and 40 GW integrated module capacity; (4) Assuming announced capacities are implemented; (5) No clarity available on
R, . sourcing of Quartz; Source: Ministry of Mines and Indian Bureau of Mines, Indian Minerals Yearbook 2022 Mineral Reviews - Quartz and other Silica Metals; Expert B canito
35=;~> bhorOt consultations and Dalberg Analysis; IEA, Solar PV Global Supply Chains, 2022; Electronics for you Business, Indosol aims for world’s first whole solar module manufacturing, ( ll?ternatwnaliconomm Dalbero 40
\ CLIMATE FORUM . nderstanding
2N launches plant in Andhra Pradesh, 2024
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https://ibm.gov.in/writereaddata/files/17127561246616959ca1068Quartz.pdf
https://ibm.gov.in/writereaddata/files/17127561246616959ca1068Quartz.pdf
https://ibm.gov.in/writereaddata/files/17127561246616959ca1068Quartz.pdf
https://www.iea.org/reports/solar-pv-global-supply-chains/executive-summary
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/

Domestic refining | Raw-material self-reliance for polysilicon could be achieved post 2030 but is contingent

on success of private players in establishing cost competitive domestic metallurgical grade refining

Roadmap for self-reliance on polysilicon and metallurgical grade silicon refining

Domestic polysilicon refining (2025-2030)

e Target 75-90 GW total capacity (including 45 GW announced capacity) to
achieve 50% indigenisation

* Import Metallurgical Grade Silicon as current estimated domestic cost is 2-3X
import cost
* INR 7,500-12,500 Cr Government support required for cost competitive

polysilicon production across input-side capex subsidies and interest
subvention

Metallurgical grade silicon refining readiness (2027-2030)

* 50 GW upstream (raw materials) capacity has
already been announced

* Identify pathways to reduce projected domestic
Metallurgical grade silicon cost; e.g., explore G2G
partnerships with Australia and Africa to source
Bituminous coking coal at favorable costs

* ldentify domestic suppliers for Electric Arc
Furnaces as per required temperature ratings

Domestic Metallurgical grade silicon
refining (Beyond 2030)

Target Metallurgical grade silicon
refining capacity expansion to 75-90
GW if announced capacity is
successfully installed, and achieves
cost competitiveness with global
Metallurgical grade silicon prices

E

Wl

5“25 bhorot Source: Electronics for you Business, Indosol aims for world’s first whole solar module manufacturing, launches plant in Andhra Pradesh, 2024; Industry announcements,
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https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/
https://www.electronicsforyou.biz/industry-buzz/indosol-aims-for-worlds-first-whole-solar-module-manufacturing-launches-manufacturing-plant-in-andhra-pradesh/

SUB-SECTION FOUR

CAPITAL EQU

INFRASTRU

PM

CTUR




India’s solar capital equipment ecosystem is heavily import-dependent, particularly on China — posing

potential risks to long-term indigenisation goals and energy security

Despite rising solar manufacturing capacity, India has negligible domestic capital equipment production — 65-100%
of capital equipment imports come from China

Current landscape | China leads global solar capital equipment Solar capital equipment imports across key value chain
supply while India heavily relies on imports components
« China, home to top 10 solar capital equipment manufacturers is Import Capacity
globally leading on efficient, cost-effective solar equipment Components dependence on tev e s required for 50%
with ~80% value add? China indigenisation?

* India’s solar capltal.eqmpment is hef';l\{ll}/ |mport dependent and % share GW Till 2030
enabled by supportive government initiatives (customs duty

exemption on cells and module manufacturing equipment - No imports
P . & equip ) . Polysilicon as no polysilicon CVD reactors 75-90
» Other countries such as Germany, Korea and Japan have some capital refining in India today
equipment production capacity, but unable to match cost and
efficiency of Chinese machines Ingots, wafers Solar Cz pullers, 88-103
4 ’ - diamond wire saws
Risks | Complete import reliance, especially on single source, could Cells ‘ PECVD system, 80.103
increase supply chain and capital equipment cost risks By metallization
« India’s impqrt depen.dence for capital equipment .could increase as Modul ‘ Tabbing & stringing o5
manufacturing capacity grows (e.g. Module capacity expected to increase odules A lines, laminator
from 75 to 170 GW by 2030) :
. e . . . . Glass furnace,
* Trade barriers, geopolitical shifts could disrupt capital equipment supply Glass etching machine 49- 69
« After-sales support like maintenance, spare parts etc. could lead to 60.80%
increased and continued foreign dependence Aluminium frames ‘ Furnace, anodizing 16
equipment
100%
Current incentives do not focus much on capital equipment sourcing - addressing current risks requires a fresh strategy (detailed ahead)
My
;‘;:;’i_ bhorot (1) Components adding ~80% value based on respective share in total Bill of Materials (BOM); (2) Refers to total manufacturing capacity for solar (Ef;:g:;';:;m,mm Dalbero 43
1 Understanding =

PPt CIMATERSRIM saurces: IEA, Solar PV Global Supply Chains, 2022; Union Budget 2024-25, MEC+, RE Supply Chain Report, 2024; Dalberg analysis



https://www.iea.org/reports/solar-pv-global-supply-chains/executive-summary

Indigenous solar capital equipment manufacturing in India would need to overcome challenges such as limited

economies of scale, technical expertise, large efficiency and cost gaps vs. global players and long lead times

Key challenges in developing domestic capital equipment manufacturing: CASE STUDY: Lessons from China
Limited Nascent, small-scale domestic solar manufacturing in India (e.g. @ Context: In the 2000s, leading capital equipment
economies of modules: total 160-170 GW till 2030 vs. ~180 GW added by China manufacturers, e.g. US and Europe shifted base
scale in 2024 alone) may not justify future, large investments needed to to China due to lower costs

set up capital equipment base
@ China’srise in capital equipment manufacturing

High technical expertise needed, to keep pace with fast-moving
and rapidly evolving PV technologies; India currently lacks this
and could require a long time to ramp-up

Limited tech

@ Imported machines; started domestic production
expertise

* Imported machinery from Germany,
especially more advanced ones (e.g. PECVD)

* Began domestic production with simpler
machines (e.g. thermal machines)

« Significant government support (up to 80%
subsidy on domestic machinery) enabled low-
cost production of capital equipment too

Chinese machines are highly efficient and cost effective which
Indian capital equipment manufacturing may not be able to match
Global example: Germany, once a leader in machine supply, is how trying to
catch up with China’s efficiency improvements on their own machines

Large gap vs.
global efficiency
and costs

@ Gained technical knowledge

Long timelines to develop indigenous capital equipment capacity . - .
* Reverse engineered imported machines to

Long lead time could result in machines lagging technological advancements by

for development  the time of commercialization absorb technical know-how
India example: In oil refining sector, government incentives target local @ Built efficiencies and became market leader
machine sourcing increase from 20% to 50% over 10 years (2017-26) « Made marginal improvements to machines;

within 10-15 years became self reliant and
export leader in low-cost, high-efficiency
machinery

Considering the priorities for solar manufacturing in India, indigenous CAPEX
manufacturing, particularly for highly specialised equipment could be deprioritised

Council for

3===i bhOl’Ot Sources: MEC+, RE Supply Chain Report, 2024; IEA: Renewable Energy Market Update - June 2023; Ministry of Petroleum and Natural Gas, Circular for Minimum Local (E International Economic Da.lbero 44
’m‘ CLMATEFGRUM - Content (MLC) for purchase preference, 2017 and 2023; Industry experts Understanding



India could reduce its capital equipment import dependence by up to 30% across polysilicon, ingot/wafer, cell

and module (50%) manufacturing by building select equipment domestically (1/2)

Domestic capacity for capital equipment manufacturing could be built for equipment with cross-sector synergies and
economies of scale potential, low tech expertise needs, and low efficiency and cost gaps vs. imported machines

@ High Medium @ Low

Potential pathways for catalyzing India’s capital equipment manufacturing:

r r
Domestic manufacturing for select, non- Import highly specialized, advanced solar

—~ specialized solar equipment capital equipment
) N N
Pathway criteria

Syfnergies ‘ Existing synergies with adjacent industries (similar ‘ No existing synergies

with other machine/ components/ processes like solar)

sectors

Tech . Need marginal improvements/ tweaks to existing China leads in technical expertise; India to face very

expertise machines long lead time to build comparable domestic know-

how

Efficiency Potential to attain global competitiveness in tech Highly tech and cost-efficient Chinese capital

and costs and cost efficiencies equipment; domestic production unlikely to catch up
e
&) 20-30% 70-80%
% Capex Potential domestic manufacturing for machinery across Continued import dependence for machinery across
contribution Polysilicon to cells (modules could be higher: up to 50%) Polysilicon to cells (could be lower for modules: up to 50%)

| Examples: Distillation columns, Wire sawing machines, Examples: CVD Reactors, Ingot pullers, PECVD systems, cell
Diffusion and IR belt furnaces, Lamination machines, etc. testing/ sorting machines, layup stations, etc.

““’ ouncil for
;iiii bhorot Sources: Money Control; BHEL, Renewables Solar, 2025; Business Standard, “L&T's first electrolyser factory to start commercial operations soon”, 2024; Bharat Forge, Power (E' ImermationalEconomsc Dalberg 45
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https://www.bhel.com/sites/default/files/2025-02/Renewable%20Brochure.pdf
https://www.business-standard.com/companies/news/l-t-s-first-electrolyser-factory-to-start-commercial-operations-soon-124101701223_1.html
https://www.bharatforge.com/businesses/power
https://www.bharatforge.com/businesses/power
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://www.saurenergy.com/solar-energy-news/wafer-process-reliance-backed-nexwafe-gmbh-announces-breakthrough

India could reduce its capital equipment import dependence by up to 30% across polysilicon, ingot/wafer, cell

and module (50%) manufacturing by building select equipment domestically (2/2)

Domestic capacity for capital equipment manufacturing could be built for equipment with cross-sector synergies and
economies of scale potential, low tech expertise needs, and low efficiency and cost gaps vs. imported machines

Potential pathways for catalyzing India’s capital equipment manufacturing:

r r
Domestic manufacturing for select, non- 2 Import highly specialized, advanced solar
o~ specialized solar equipment capital equipment
k \
Key Benefits - Potential to repurpose and build on existing * Leverage existing foreign capabilities to procure

at effective costs and diversify supplier base

Quick access to capital equipment supports rapid

production ramp up

* SEA partnerships to enable trans-shipment of
highly efficient Chinese capital equipment,

capacity

* Reap benefits of economies of scale and long
term market opportunity

« Initiate building resilience against foreign supply

shocks : 1
helping overcome supply constraints
@ Identify equipment synergies for solar equipment Potential to explore partners beyond China for
with other sectors capital equipment sourcing
Pathway unlocks * Synergies with other industries, e.g., Diamond wire -
cutters with stone crushing industry; Submersible solar Polysilicon INBOLS,  Cells Modules Glass Aluminium
ELIJ i V'Z\' c EJEA;:)g I'thuSt y’l EL,JA\F ¢ ' component wafers frames
ectric Arc Furnace wi ee etc. .
» Synergies in same industry for other applications, Existing E ‘e’ | 5 - - Ncc)r?r?gor
e.g., Glass industry equipment for low-iron solar capacty |l ‘e | o, O alternates
glass, aluminium frame from metal casting and

shaping industry etc.

=
L

‘5 v ouncil for
sﬂii bhorot Sources: Money Control; BHEL, Renewables Solar, 2025; Business Standard, “L&T's first electrolyser factory to start commercial operations soon”, 2024; Bharat Forge, Power (E- E';Zﬁ:iam.?°"°mi° Da.lberg 46
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https://www.bhel.com/sites/default/files/2025-02/Renewable%20Brochure.pdf
https://www.business-standard.com/companies/news/l-t-s-first-electrolyser-factory-to-start-commercial-operations-soon-124101701223_1.html
https://www.bharatforge.com/businesses/power
https://www.bharatforge.com/businesses/power
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://api.solarpowereurope.org/uploads/SPE_Production_Equipment_Briefing_Paper_March_2025_dec6ada065.pdf?updated_at=2025-03-05T13:12:34.488Z
https://www.saurenergy.com/solar-energy-news/wafer-process-reliance-backed-nexwafe-gmbh-announces-breakthrough
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India would require up to 90,000 low-skilled workers across solar manufacturing by 2030, who could be

trained with 8-12% of ITl upgradation budget

Workforce for cell manufacturing will be priority to prepare for upcoming production. Further, a higher focus would be
required for training ultra-skilled R&D talent as majority of lower-skill workforce could also be hired from adjacent industries!

Current and projected (2030) workforce requirement for Skill levels and sources of talent for solar manufacturing Industry insight?®
solar manufacturing value chain, in ‘000
B y B Add | C Focus ———————————— ] Cells:
Current workforce Additional requirements | « Short f high-skilled
imisti | R&D and Innovation Experts ortage o high-skille
N . (optimistic) N Ultra- . | workers who can meet
|| ?ddltlonallc.rec;uwements : skilled R.esearch Iqbs, I.DhD./Po.stgrad programs, | cleanroom and process
conservative | Tier-1 engineering institutes | discipline and ultra-skilled
80% are low- e e e e e ! .
; workforce for R&D in cell
skilled roles, technology
~90,000 jobs Engineers & Technical Specialists Ingots/Wafers:
46 Tier-1 and Tier-2 engineering colleges «  Potential to hire from

8

33 adjacent industries like
automotive and
15 20 mechanical industries
25 Low- Production line workers Polysilicon: .
Skilled ITls, vocational training programs * Potential to hire from

adjacent industries like

Polysilicon Ingot/ Cell Modules  Total petrochemical industry

Wafers Q

Total training cost? Total demo facility investment? Total budget (estimated share of ITI upgradation budget?)

INR 2,000-2,700 Cr - INR 3,000-4,500 Cr INR 5,000-7,200 Cr (~8-12%)

(1) Assumption: Current workforce for polysilicon, ingot, and wafer assumed to be zero as no domestic capacity yet; (2). Training cost for additional low-skill workers required; (3)
W Assumption: 2-3 ITls tagged to each manufacturing plant (total 25 plants today; assuming 20% new plants will come up by 2030 to total of 30 plants); (4) Solar glass industry coﬁﬁt
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To successfully build this workforce, action would be required across four critical levers: reducing foreign

trainer dependency, standardizing training, improving employability and securing financing

LEVERS CURRENT STATUS RECOMMENDATIONS
a2 Trainers Dependent on foreign trainers for capital + Launch a ‘Train the Trainer’ program for professors and academicians
' machinery set up, especially for at Tier-1 engineering colleges, with overseas immersion in advanced
upstream manufacturing solar manufacturing hubs like EU, Korea, Japan, China
Training Varied training approaches and modules Standardise qualification packs and courses through collaboration with
modules across different industry players industry, academia
Expand initiatives like Suryamitra to include manufacturing training
Utilise R&D infrastructure® to train ultra-skilled workforce
Employability Employability impacted due to limited Co-delivery of cleantech manufacturing modules by academia and
manufacturing job-ready skills for industry
graduates from ITls, engineering colleges Internships and apprenticeships at manufacturing facilities for
engineering students, can help reduce retraining costs for
manufacturers
Finance Disaggregated investment in Invest INR 5,000-7,200 Cr for training and demonstration facility set up
manufacturing skills - either directly at through innovative financing instruments (e.g., skill bonds)
ITI level or manufacturer-led on-the-job Catalyze private sector investments in skilling, CSR and private
training foundation funding for ultra-skilled talent development and ITI
investments
‘\}:fl, (1) As per recommendations for R&D infrastructure upgrade in R&D section, leveraging the upgraded infrastructure for training is imperative E. cowcitor )
:;355\: gmgpi;8$ Source: Industry experts (industry associations, key manufacturing players) ( Wﬁggr::féﬁ.'ﬁﬂfgmmmm Da'lberg- 49



Skilling efforts for solar manufacturing across skill levels could focus on strengthening industry linkages and

global partnerships, along with offering specialized courses in engineering colleges and ITls

Skill level Recommendations Responsible Ministry/Agency
«  Develop "Train the Trainer'® program to train 200-300 trainers/academicians/professors from Ministry of Education, Ministry of Skill
Top 100 engineering colleges with the help of 25 leading global trainers through government- Development and Entrepreneurship
to-government (G2G) partnerships with academia and industry in countries such as EU, Korea, (MSDE), Directorate General of Training
Ultra- Japan, China (DGT)
Skilled « Attract solar/cleantech experts from the EU, Korea, Japan, China to train academicians and MSDE, Ministry of Education
professors at Tier 1 Engineering colleges (top 25-30)
« Establish research fellowships and industry-linked PhD programs with institutions abroad Ministry of Education
(Germany, China, Korea, Japan etc.) on solar R&D for 500-600 researchers per year
* Introduce specialized courses specifically for clean tech manufacturing for Top 100 Ministry of Education
High- engineering colleges
Skilled Strengthen industry-academia by co-delivery of cleantech manufacturing modules, and Ministry of Education
internships at manufacturing plants for engineering students
«  Develop standardized qualification packs and courses that reflect a superset of competency  National Council for Vocational
requirements defined by private sector manufacturers Education and Training, DGT, Skill
Council for Green Jobs
Low- *  Repurpose 8-12% of the ITI upgradation scheme to promote public-private skilling MSDE, DGT, ITIs
skilled partnerships (apprenticeship programs using NAPS, joint trainings by ITls and manufacturers)
between 15 solar manufacturers and ITls in proximity (total of 60-90 ITls)
* Launch a Digital Cleantech Training Platform - an online learning hub with courses, MSDE, ITls
certification programs, and job-matching services
:;:az bharat (Ein:fggag?;nnﬂn:mmmm Dalberg 50
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SUB-SECTION SIX

FINANCING & TAXATION




Financing | INR 0.80 to 1.54 Lakh Cr would be required during 2025-30 to achieve 50% cost-competitive

indigenisation across the solar value chain, build a cohesive R&D ecosystem and train the required workforce

Government funding of INR 26,000-43,000 Cr would be required across demand acceleration, R&D, workforce
skilling and subsidies on capex and interest by 2030 to achieve these goals

Theme
Demand &
%-—-e- Market

Architecture

R&D & Product
Innovation

vy
-
2
O ~

A

Upstream Raw
Materials &
Critical Inputs

Capital
Equipment &
Infrastructure

Talent &
Workforce

Cost

Competitive- Cé)

ness

TOTAL

iii bhOl’Ot (1) Does not include capex for polysilicon; (2) India announced USD 2 Bn support to solar projects in ISA member countries in 2018 - USD ~250 Mn has been allocated, USD
1.75 Bn remains unused; (3) Includes Input side capex subsidy and interest subvention till 2030; (4) On select raw materials - quartz crucible and graphite

CLIMATE FORUM

Total Funding

Required
(INR Cr)

700- 800

1,350-2,100

18,500-
34,000

34,000-
75,000!

5,000 -7,200

20,000-
35,0003

80,000-
154,000

Government
Funding Required

(INRCr)

700- 800

675-1,050

Detailed in cost
competitiveness
below

Detailed in cost
competitiveness
below

4,200-6,000

20,000 -
35,0003

26,000~
43,000

Key Activities

EXIM Line of Credit? interest subvention for solar
module export (Africa)

R&D infrastructure: INR 750-910 Cr for
upgrades/ set up across 14-17 R&D labs; and
R&D grant funding: INR 600-1,200 Cr

Capex for additional capacity to develop
domestic polysilicon refining

Invest in capex expansion across the value chain;
Support MSMEs to build select solar equipment
domestically

Training additional 60,300 low-skilled workers
across solar value chain (polysilicon - module)
and set up demo training facility at ITls

Input subsidies on capex and interest subvention
till 2030 and import duty exemption 4, GST rate
reduction to 5% from 12% leading to potential
tax revenue impact of INR 26,000-29,000 Cr

Potential outcomes

Boost solar modules export and reduce risks of
dependency on the US as the main export market

Prototyping to commercialization of high-
potential 10-20 solar tech indigenously with
industry-academia-government collaboration

Meet two-third of polysilicon demand for solar
and semi-conductor sectors through domestic
refining capacities

Reduce import dependence for capital equipment
where feasible; Ensure accelerated capacity
expansion to meet 50% indigenisation

Ensuring a stable supply of workers, reducing
attrition and lowering training costs for
manufacturers

Increased cost competitiveness of domestic cells
- potentially bringing within 5% of Chinese
landed costs

® Detailed ahead
( E IC:tngrcg:;izonal Economic Da.l.berg|I
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e Capex Equipment & Infrastructure | Despite announced capacity additions, additional capital investment of

up to INR 1.1 Lakh Cr required to achieve 50% indigenisation across Solar PV value chain (optimistic scenario)

Availability of subsidized financing and clear demand signals across the value chain are required to catalyze
additional capital investment required to meet 50% 2030 indigenisation target

Cumulative capital investment required by 20302, INR ‘000 Cr (Capacity in GW) Key initiatives required

" Funding for Planned Capacity Additional Funding Required - Optimistic * Non-fiscal demand driving incentives
|| Additional Funding Required - Conservative Total additional® funding  such as introducing progressively higher
. required, INR ‘000 Cr DVA requirements in ALMM
Polysilicon S ° 11 (1> GW) 18-34 + Domestic market rate protection from

global price fluctuations through BCD,
with ADD as per global market conditions

Cell 67 (11 GW)? 16 (23 GW) 6-23 Ana!larles. Mix of BCD and DVA
requirements under ALMM required for

solar glass, encapsulants and aluminium

Ingot and " - .
Wafer 19-24 (35 GW) 8-10 (15 GW) 19-34

Module -
frames
Aluminium
frames i Incremental capex investment required,
2026-30
Solar Glass 9-11 (30 GW) 6-7 (20GW) 9-18
Conservative Scenario:
Encapsulant - INR 52,500'64,500 Cr
Juncti Optimistic Scenario:
unction
boxes - INR 89,000'109,000 Cr

(1) Chart excludes ancillaries such as Silicon sealant, Interconnects, Backsheets due to limited information available and lower contribution to value addition. Module capacity
as per ALMM April 2025

W i, !
.;‘ﬂ:g% bhorot (2) Assumed that planned capacities have already been funded ‘ o ' ‘ (E_ fﬁ:"e”fr‘.';ﬂonmmnomic Dalbero 53
;;:;\ cmartrorum Source: MNRE, MECH, RE Supply Chain Report 2024, Company announcements, Industry experts (industry associations, key manufacturing players), Dalberg Analysis Understanding =



e Cost Competitiveness | INR 20,000-35,000 Cr of targeted capex subsidies and low-cost financing, could

improve cost competitiveness for indigenous Indian solar cells to within 5% of Chinese cells landed costs today

Indigenisation of upstream components, subsidized capex and interest subvention could reduce domestic cell costs by
26% vs. current costs, ensuring no impact on LCOE and cost competitiveness with current landed costs for Chinese cells

Current landscape indicate strong need for cost competitiveness Comparison of Chinese and Indian Cell Landed Cost1, US

- Global prices for solar modules reduced significantly due to geo-political ~ cents/ Watt, ex-GST
shifts and over-capacity in China leading to a wider cost-gap of up to B Chinese Cell [ Indian Cell
75% for Indian modules (Latest Chinese modules cost: 8-8.5 Cents/Watt)

» Limited impact of existing State-level incentives on capex, interest
subsidies for large manufacturers due to low ceilings

50% indigenisation could increase LCOE by 1-2% (3-5p/kWh), proposed
subsidies could keep LCOE flat at current level:

« Upfront capex subsidy of 25% up to INR 10,000-22,000 Cr
* Interest subvention of 25% up to INR 9,500-13,000 Cr

Proposed interventions:

* Import duty exemption on quartz crucibles (23%) and graphite for

graphite hotzones (7.5%) up to INR 3,500-4,500 Cr till 2030 Current Landed Costs Scenario 1: Integrated Scenario 2: Integrated
) Indian Production  Indian Production with
» Reduce GST rate on modules from 12% to 5% - potential tax revenue without Subsidies Proposed Subsidies

impact of up to INR 22,000-25,000 Cr till 2030

* Improved EODB policies could also lower risk perception and improve
attractiveness for financiers, potentially at better cost

Targeted subsidies on capex and interest subvention

INR 20,000-35,000 Cr till 2030

(1) Chinese solar cell landed cost is assumed to remain consistent through interventions like BCD, ALMM for cells etc. to ensure demand for domestic manufacturing

Wiy . . e . = S . i o
;ﬂii£ bhorot Source: MEC+, RE Supply Chain Report 2024, CSTEP, Feasibility Analysis for c-Si PV Manufacturing in India, Economic Times, Press Report, December 2024, Industry experts (E_ E'ﬁﬁ;’iég",.'ﬁ?:.f,“""mm Dalberg 54
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https://energy.economictimes.indiatimes.com/news/renewable/domestic-solar-cells-capacity-to-be-over-47-gw-by-june-2026-crisil/116439673

e Capex and financing costs, and key raw materials are key cost drivers targeted for subsidies and duty

waivers along with restoring GST rate on modules to 5% from 12%

Category Intervention type Inputs and assumptions Key recommendations Total Impact, INR ‘000 Cr
Conservative  Optimistic
Scenario Scenario
”:115.5.3’0?0 109’00(.) CJ *  25% capex subsidy proposed
CAPEX Subsidy additiona capexrequire « Covering incremental capacity 10,000- 18,000-
» Cost contribution ranges . s ’ ’
o required for Polysilicon, Ingot and 12,500 22,000
from 1-15% across value .
hain Woafer, and Cell manufacturing
Input ¢
Subsidy .
I . Ilnltf/ris: rates assumedat 25% interest subvention proposed
nterest Rate o p.d. . i 0
Subsidy * Cost contribution ranges | Eigecsgleilr?greaonjniﬁﬁc/;g.:ﬁ d ~9,500 ~13,000
from 1-16% across value bC . .
. additional capacity required
chain
° 1 _ o,
Import Duty Contributes 15-20% of BCD, CVD, ACD waiver proposed
Wai Ingot and Wafer cost at 8-digit HS Code level
C a“{g[ o Czjuartz * Import duty of 23% Coveriﬁ all Ingot and Wafer ~3,500 ~4,500
Tax rucibles an (Crucibles) and 7.5% ‘ gt Ng
Revenue Graphlte (Graphlte) Mmanuracturing
Impact
GST Reduction ¢ 12% GST on Modules « Proposed GST reduction to 5% ~22.000 25000
currently * Covering all module manufacturers ’ ’
Wi,
;iii; bhorot (E'InternationalEconomic Dalberg 55
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e Financing costs could also be lowered via concessional capital from DFls, MDBs, bilateral funding, and

lowering domestic borrowing costs through credit guarantees, concessional lines of credit, among others

ILLUSTRATIVE NON-EXHAUSTIVE

Government must create an enabling environment to facilitate tapping of domestic and international capital sources at
concessional rates - targeted policies for solar and other cleantech manufacturers required

Structured guarantee instruments and grants to Leveraging DFls and Multilateral concessional
reduce guarantee fees to promote green bond capital potentially backed by EU, bilateral guarantees
issuances among first time issuers E.g. EU Global Gateway strategy, India-ETFA TEPA

Extending Priority Sector Lending and
concessional line of credit to banks for solar
manufacturing (similar to China’s CERF program)

Utilising GIFT-IFSC’s regulatory flexibility and
lower transaction costs for green/transition
bond listings and attracting foreign equity

Establishment of proposed National Green
Finance Institution with dedicated corpus and
relevant enablers to provide low-cost financing
for solar deployment and manufacturing

Developing structured bonds with DFIs and MDBs blending I

Easing access to equity capital by relaxing
exchange listing requirements on profitability
for solar manufacturers to reflect their longer
path to profitability

Exploring bilateral concessional funding with Middle

INR and foreign currency denominated tranches to fund Eastern nations for setting up overseas manufacturing and
projects requiring significant imports of capital machinery deepening trade partnerships
vy _
Jé:= bhorat G

E‘I ionaleconomic DAl
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Thank you!

Disclaimer and Use Restriction notice

This document has been prepared by Dalberg Development Advisors Private Limited (“Dalberg”) and contains strictly
confidential, proprietary, and commercially sensitive information. It is intended solely for the exclusive and internal use
of the designated recipient(s) in connection with a specific advisory engagement.

The content, data, analysis, methodologies, and intellectual property contained herein are the sole property of Dalberg
and are protected under applicable copyright, trade secret, and other intellectual property laws. Any reproduction,
distribution, dissemination, disclosure, copying, or use of this material-whether in whole or in part, and whether in its
original form or any modified form-without the prior written consent of Dalberg is strictly prohibited.
This document not be shared with, or disclosed to, any third party- including but not limited to competitors, partners, |
vendors, or affiliates - without express written authorization from Dalberg. Unauthorized use or disclosure of this ‘
material may result in appropriate legal action.
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