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Solar Photovoltaics in India
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Outline

What is the potential for solar PV in India”?

What is the status of the solar PV industry in
India?

What is the status of PV research in India?

What is the status of PV system deployment
in India?

Future for solar PV industry, research and
deployment



Annual Insolation
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Area for Power Generation
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Photovoltaic Generations; 1st 2nd & 3rd

&
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2 Ref: M.A Green, Progress In
Cost, US$/m Photovoltaics, 9 (2000) 123.

1st generation: Si wafer based technologies
2"d generation: Thin-film technologies
3'd generation: Advanced nanostructure based concepts




PV Technologies {2}

2nd Gen, Thin-film a-Si CIGS
M & Poly-Si Multi-dJn GaAs

Organic PV DSC
34 Gen, beyond Nano-material Hot carrier Spectrum
single Jn eff. limit multi-Jn conversion




PV system
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Annual PV cell Production

PV Cells (MW)
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Annual PV Module Production
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Solar PV Manufacturers in India — Installed
(2)

Capacities 2008 end
500 MW 700 MW

Manufacturer Cells (MW) | Modules (MW) | Expansion Plans
Tata BP 180 105 300 MW by 2010
Solar Semiconductor 50 50 60 MW cells, 120 MW modules
CEL 2 10 10 MW cells by 2010
Reliance - 30 1000 MW cells in 10 yrs.
Moser Baer 80 60 580 MW cells, 540 MW modules
Maharishi Solar 2.5 3 15 MW by 2010
Webel 10 10 102 MW by 2010
BHEL - 2 -
Titan Energy Sys. - 100 500 MW by 2010
REIL 2 2 -
Signet Solar - - 340 MW in 2010

Velankani Renewables

1500 MW of each

Lanco Infratech

250 MW modules

KSK Energy Ventures

700 MW in 10 yrs.

Sharp

8 MW by 2010

Others? IndoSolar Ltd. 360 MW



Publications year wise - India

Key words: Solar Cell or PV or Photovoltaics and India (Engineering village)

Year

380 -
250 4 - Sharma, G. D.(106) Roy, M. S.(94)

330 Singh, S. N.(88) Saha, H.(88)

Barua, A. K.(80) Lokhande, C. D.(77) Ray,
S.(60) Chopra, K. L.(58)

300 - Sharma, S. K.(56) Dutta, V.(50)

280 -

340

320 214

2E0 -
240 -

220 214

200 - 194

Fecords

120
1 GG 1G7 IG5
G0
140 -
120 - 08
ag

100 -
20

(10

20 -

P - &5

] ] [ "

: A % o o
f\ék n{‘-“'{:?‘ nl‘q-é-:% ‘{H - {{h -{‘P '“\?
L -

& 20028 Elsewvier Inc.

7!



Publications year wise - United Kingdom

Key words: Solar Cell or PV or Photovoltaics and United Kingdom (Engineering village)
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Research in first generation PV {2}

1970 —
" Natonal Solar Photovolai Energy Development (NASPED) Programme (1980-55) |
77 BHEL wit NSW, Austala and NPL 15-16% effcency |
Independent testing of PV systems — IIT Delnhi,
Solar Energy Centre with Sandia Labs
2000—



Research In second generation PV

1970 —

1980 —

1990 —

2000 —

a-Si lIT Delhi — Indian Association for

Cultivation of Science, Univ. of Pune

a-Si Mission Project- IACS, IITD, Univ of Poona, NPL, IITM, IITKGP, lISc
CEL and REIL — Industry partners a-Sin 11-12%

Pilot plant a-Si SEC
BHEL- batch process




Solar PV - policy framework

Manufacturing — Special Incentive Package Scheme
— ‘Fab unit’ /'Ecosystem unit’ Min investment Rs 1000
crores — Capital subsidy of 20% in SEZ and 25% in
non SEZ, SEZ policy — 100% FDI, several incentives

Generation Based Incentives-MNRE 50 MWp

minimum of 1 MWp- guaranteed tariff of Rs 15/kWh
(State policies — Gujarat, Rajasthan, Punjab, West
Bengal, Haryana)

National Climate Change Action Plan — Solar Mission

7!



Deployment status

e

Grid interactive solar power 2.12 MW

Off grid solar PV and street lights 3.00 MWp
Home lighting systems 4,34,692 nos.
Solar lanterns 6,97,419 nos.

SPV pumps 7,148 nos.




Potential Deployment

Grid connected PV (~3 MW now), signed 50
MW (250 MW by 2012 — ISA)

Distributed generation

Back up power for Telecom (3 kW- 9 kW)
Roof based building integrated PV

Solar PV devices

Solar PV home lighting

Solar PV for electric vehicles




SPV power plant ()

16 kW solar PV power plant at
¢ Nurda village, Jharkhand

No. of house holds: 350
Connected load : 10 kW
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Isolated SPV power plants in India

Installed capacity (As on 31/01/2009) : 2.8 MWp
Total number of SPV power plants . 230 Nos.

S.No. State PV(?(?NDS)C 1ty No'pcl’;ftc;wer

1 Maharashtra 5 2

Chattisgargh 1to 6 108

3 Rajasthan 17.25 82
34.5 1
4 Jharkhand 28 1
5 Orissa 2 11
6 Haryana 10 -
7 Mizoram 25 1
8 UP (NTPC) 11.9 kW 1
9 West Bengal 25 kKW 15




Isolated SPV power plants in India

(kWp) | Invert | Charge Battery | Battery | Distributi | Connect Plant
Plant er controll | capacity | Voltag on ed Capacity
(kVA) | er (kW) (Ah) e Voltage Load factor (%)
(Volts) (Volts) (kW)
Dound II, 1 1.5 - - 48 230 0.3 5.8
Chattisgargh
Latdadar, 2 3 - - 48 230 0.7 7.1
Chattisgargh
Chatal, 3 5 - - 48 230 0.7 4.4
Chattisgargh
Gudagarh, 4 5 5 800 48 230 1.2 6.3
Chattisgargh
Rajmachi, 5 7.5 5 800 120 230 1.4 8.2
Maharashtra
Sura, Udaipur, 17.25 15 20 1200 120 230 5.0 7.3
Rajasthan
Nurda village, 28 20 25 1200 120 230 9.5 8.5
Jharkhand
Anandgarh, 34.5 2*15 2*20 2*1200 120 230 10 7.5
Bikaner,

Rajasthan.




System Design iIssues
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PV Roadmap In Japan

PV Electricity Cost 23 JPY/kWh 14 JPY/kWh 7 JPY/kWh

2003 2005 2010 2015 2020 2025
1

| | |
Advanced Cuncept PV Cells

High-Productvity ( 100 ) )Next Gene Process
|

JPY!‘W GNMam Prod. Demao

Higher Efficiency Higher Eﬁ iciency
New Type Il".ah:ud_
Long-
Stable Si ‘?rllpph Purified Si Supply. Very - Thin Wafer Handling

Higher-Autonomy Interconnection

| |
Clustered PV > Active Network Control - Energy Metwork Control

| Hybrid with Other RE 1 Community / Broader Net

| I
Wider Range Modules, e.g. LighUHexibIE;

VLS-FV,
PV-Hydrogen

Advanced Array |

BIPV / Factory - Roof - Integ. _

Baseline R&D Manitoring, Energy Forecast, Recycle/Reuse, Certification, Added Value, efc.

Source: PV status report (2008)




India — Future needs

b
=

Road Map — 18t generation —process improvement, cost
reduction-industry link, 2" generation —repeatibility, efficiency,
life, 3" generation — fundamental work + scale-up.

Cost effective power electronics, micro inverters, MPPT,
batteries

Independent Performance assessment

Innovative solutions — devices, business models, ideas —
‘Renewable Energy Search’ , Business Incubation

Missing lab to plant link

Create critical mass of researchers — PhD,post-docs, industry
links

Consortium models — reconcile competition v/s collaboration,
open domain v/s commercial
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India and UK (2005 Statlstlcs)

Source: |IEA
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Population 1095 m|II|on 60 million
GDP (PPP) 3362 Billion US$ 1627 Billion US$

Primary Energy

224 EJ

9.8 EJ

Energy/person

20.5 GJ/person/year

163.3 GJ/person/year

Electricity/person

480 kWh/capital/year

6254kWh/capita/year

CO2 emissions
Per person
Per GDP

1147 Million tonnes

530 Million tonnes

1.05 tonnes /capita/year

8.8tonnes /capital/year

0.31 kg /US$

0.34 kg /US$




Synergies- Possible collaboration

|dentification of ‘win-win’ options
Deployment potential better in India
Leveraging availability of cutting edge
facilities, characterisation and manufacturing
Creating research fabs

Manpower training , capacity building

Mechanism for two way exchange of PhD
students, researchers, faculty

White paper — wish list — collaboration goals
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