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Introdu-tion

In Indis, Selar Energy wes first harmessed during the esrly fifties, but
did not gain much impetus. Ouring recent yesrs, incrsssing attention hes
been divertsd towerds renswable scurces dus to the sharp increass in oil
prices, difficulties in producing snd transporting incressing ssounts of
fossil fusls, supply uncertainties snd erwiruvnmsntal degradetion casused
by conventional fuels.

Solar ensrgy is a majer fecus of nen~conventionel efergy scurces. It hes
spplications in all sectors and {s capsble of supplemsnting existing
sources of emergy. It plays s pivotal tohmdhuhnohull.pctof
the Indian way of l1ife.

A muber cof reputed national ln;utuum are ifswolved in doing ressarch
ond putting up fleld demonstration units to pepularizs non-conventional

sources of eneryy.

The Conedssion fer Additisnal Ssuzces of Cnergy has tsken up prejecte
for the establisihment of precuctien fecilities for selar celle, solexr
thermal systems end varicus other renesmable energy devices. Tedey, India
is capsble ef meking solsr photovoltaic devices and systsxs, solar water
hesting systeme, solar crep dryers, solsr stills, stc.




Inspits of all this, there is a grest nesd to build up a countrywide
infrastructuze for preduction, distribwtion, salss and ssrvicing of

Temewsis1e ensrgy systams and alse to premsts sserensss of the rols end .

petentiasl of rensuablo snexgies and the impertence of smergy conssrvation,

The present paper Mohlights the impertancs of renswebls sfergy sources
by cataleguing variews ressarch irwestigetions and field and demonetration
trisls which in their turn have created public sserenses regarding these

ssnowable snezgy sources.

Seonesic and Finercial Cene'raints

- one of the mest important constraints in ths wider utilizstion
of ronseshls energy scurces is the high initial cost of ths
systens. At present, a ss’ar devics msy cost more then a product
besed on conventional fusl, This acts as a detsrrent to the
potentisl wsers of renewsbls snezgy systems. On the other hend,
the lew lewsl wmummummtntnuw. This
has becoms a visieus circls,

- These pzableass can only be svercome throwgh teohrical improvement
saterial and msnufecturing develepment and o udugo of fiecal
and other prometional messures.

- Incentives and subsidies intzeduced st the initisl stagen will
holp the nes end renewsbls seurces to become economicelly
sonpotitive, :




Saasaroh gnd Qeyglopgent of Selar Therpel Energy

Osspits variows incentives snd subsidiss, the renswable shargy sources have
not besn fully expleited. Thus, it mould be desirsbls to comoentrate on ways
ond means of ainimizing the use of conventisnal energy by supplesenting it
with nes and renessbls sources of snergy.

The Departsent of Nen=Corwentienal Ohergy Sources hes premoted end funded
resoarch snd developuent sctivities in the area of Sslar Thermal cmm‘
theough various Universitiss, Nationel Lﬁonh;ln. with s view to dewsloping
newer asterisls end efficient systems and devices, improving relisbility and

_ pexforsance of the systems wsi Zeducing cests. Thess ressarch and developmental
efforts include cellsction of besic metereslogical dets like isolation, wind
velocity, seinfell, relative humidity at various locations in the country which
ars the key factsrs fer sffective utilizatioen of solsr energy.

The thrust arses, In seler thermel ehergy conversion, includs development of
materials fer officisnt cellsctor systes, development of sdvenced collsctors
for q-dtm temperature and hgh tsmperstuze output, dsvelepment of solar
refrigeration, sir-gconditiening systems, developoent of heat otom- system
end studise on systeme enginsering.

The Seventh=Fiv. Yesr Plan decument hes outlined the importance of research
end demonetration and field trials 4n cresting puhlic swerences towards

‘ronsweble ensrgy sources.




T™he Advisery Seard on Cnergy has suggeetsd tha t besides incressing

the RID efferts, a large mmber of systsms may bs installsd through the
denonstration pregramms as well ss the extensien programme of privats
mun.cuWilgM. T™he Bserd has also recommsnded that the
fecilities for eeft lesn flmencs may be provided for weers of such syotsms,
The Covernesnt has recently intrscuces sdditionel subsidiss end incentives
for the prometion of Solar Thermgl Systsms. lundred per cent subsidy is
nes svailable for installatien of Seler Thermal Systems on public buildings
whare the ces t of convantienel fuel end ensrgy is paid frem the Coneolidated
Fund of Indis. This has urcuesd considersbls intsrest from various public
end privats industries and establisiments like hotels, textilss, hospitals,
’gté. Mth this it 15 hepod thet the Solar thermal prograsms will pick up

snd sssme unprecedsntsd proportions.

The svsrall sbjsctive of the Solar Thermel Programms is te develop systems
through RID activities, put up field demunetratisn unita to collsct psrformance
dats undsr actual fieid conditions and letsr on commercialize the systems

for large scals utilization theough en extensien pregrasss.

Work has been rarried cut in Institutions like
Shiationsl Physicsl Lsberstory, Kew Delhip
*Contzal Salt an¢ Marine Chemicals Regsarch Instituts, Bhavnager;
SContral Building Regsarch Institute, Restkee
7 Contral Arid Zons Ressarch Inetitute, Jodhpur
on various preblcas Sncluding water heeting, discillatien, drying, cooling eind

spece heating since ecrly sixtiss but the work wes scattesed snd spersdic.




- At present the industrial erganications participeting in the RO
sctivities ere ‘

e Bherat Hesvy [lectricals Limited
= Central Elsctronics Linited

= Tungsbadra Stesl Products Limited
« flational Instruments Limited and

seversl other firms in the privete sestor,

Selex \pter FHegting Jysteps
They have becoss pepular due to various technical and fiscsl promotional

ssssurss. 460 rvelar watsr hesting systems with a total capacity of

11,71,303 litres par dey and approximately 24,147 -2 cellector aree have

bsen instalisd, uptil now,

® Teo selar mater hesting systams of capacity 54,000 lpd with 1082a%
of callector ares were inetelled st Bhopsl deiry, Madhye Prasdesh, and

® Capecily 48,000 1pd with 1m2 callsctor arss at Erods Textile
Iﬂh. Tomil Nedu,

® Solsr Watsr Neating Systea of Cepecity 2,000 ipd was installed
at Aly ferce Mesile Schooi and Centre, GCepslpur sn Ses, in Orlces.

® Anether systes of 2000 lpd at €5°C wac ineiellsd at the Hindustan
Orgenic Chesfcels Ltds Resaysni, Dombay. The hot water is baing
wtilized fe: dissolution of sodium sulphite to be used in menufacturing
eporations of Mats Oinitrochanezens,

® Ansther system of copecity 2000 1nd was insialled at Begger Homs,
. Delhi. Such s facility for pesr peeple hes been previded for the
fizst time in the countzy.

. ® four solar weter hesting systems of sl capacity 1, 76,000 lpd at
' 05C with the collecter ares of 564 have been generasted for
Ordinence fectory, Itersi, Medhwe Pradesh,




*Solar VWatar hegting system was inetalled for 68 quarters of Indo-
Tibetan Border Pelice in Leh.

*3elsr heating, cosling and hot water system was inetalled in tie
ONES building.

*Teo sslar water heating systens installed at Perag Dalry, Kenpur
with (1) ty of 30000 }/day to heat watsr to a temporsture
of 60°C; (2) capecity of 20000 1/day to heat water te a tesmpsraturs
of 85¢C,

Selar Crop DEyers

o3 pilet plant Per tes drying sas installed st Tocklsi Tea Research
Station, Jorhat in Assam,

%A 10-tenne per dey grain drisr has been installed in Ludhiane, -
S5 30~tenne psr day grain drier is installed at Allgthwe.
oOptimisation of Seler drying system fecr agricultural preduce (in
collsborstion with the Colorado Stats University USA) Annamalal
m‘"mt’o

op wosl drying plani wos instslled st Kesbal Kondrs, KVIB, Gwalior,
Nadhys Pradesh.

*Investigetion of Soler Drying of Fish for Food and hol. Indian
Institute of Technelegy, Kharagpur.

atilization of Solar Onhergy for deying of Agricultural end food
moterials in fmproved golar drysrs, Jadsvpur University, Calcutta,

*Solar drying of Kendu Leaves}y sum. Yechnolagy and Onviromment
Ospartmont; Orisse Goverrment.

*Alnost 30 eolar kilne for drying timber with capecity of ¥ cubic
motres to 10 cubie metres have bean fretalled in s fes places and
have shown premising resulte.




Jolax Therpgl Pewer Gangretion

Davalepuent of a thermal storegs systes suitable for svlsr
therassleciric and total energy systems was inestallad
fhase I - BHEL, Nyderabad,

'E"-ct.on intenslitinl pressure and temperature en thermsl
conductien through porous and dispersed system and its applice-
tion to selar themmdl storage; University of Rajasthan, Jeipur.

*Test facilitiss far sclar collsctor, NPL, New Delhi.

“Desigh, dovelopment end tssting of parsboloid dish collector,
BIEL, Hydersbed.

*Development, Optimisztion and Study of solar thermsl system
weing the lineasr svisr concentrater, Indien Institute of
Technelogy, des Delhi.

“Demonstration of a selar thermel power generation systes for remote
rursl sres, Jyoti Solar Energy Instituts, Vallebh Vidysnager,
Kairas, Qujarat.

*Sstting up of salt gradient solar pond for the deiry plant ot
Jamnegar fer supplying of process hesat for hot water snd poser
gene ration desion (Phase 1), GEDA, Vadodara and Gujsrst Deiry

Develepment Cocperstion, Gendhinagar,

*Propesal fer development of a micro computer model of thermal
behevisur of buildings, TRI, New Dslhi.

*Status repert with g visw ¢o desighing standarde for tssting
of Solar Thermal Oevices, Indian Institute of Technolagy, Delhi,

Concentrating end Advesced Collsctors

*For generating steam end providing hest in temperature renge of
109-300°C, perabelic trough concentrsting collectors sith one
8kts tracking heve bsen developed through an Indo=US Ald project.

*System for generating oiu_n for we in s mn* fectory in Mysore
is undsxr iretallation,




*Osaign, develepment, febricatien and testing of vaouum
tubs collsctses. PMase I Schesl of Energy Study, University
of Pesna, Pume,

olnstallation of TAP collestsr for psseive heating system and
for 1TBP quarters st Leh. Central Odvision, ORID, Srinagar.

spesenstration and develepment of low coet plastic solar
collsctors fer air and water heating. Maee 11, Indian
Institute of Technelogy, Delhi,

®Thres ton soler powered rsfrigeratien plant for sub zero
eperating tsmpsrature, Vellabh Vidyenscer District, Kaire,
Sujerat. ’

Cesign, development end testing of s paraboleid diah collector,

BMEL, NHyderabed.

Selss Caskers

The pregrasme for senufscturs snd subsidised sale of solar codkers
wse Lusrched in Novesber 1981, 30 far sbout 46,000 soler cockers have
besn s0ld, Sales are exscutec through agencies designated by the
sespective state governments.

opreparstion of selsr cocker status repost, GEDA, Sarode.

®A Study on the performsmce of the Soler Codkers, S University,
Sarede.

*Design and Oevelopaent of inexpensive wslsp codkevs for spplice~
tion both in zumal and uchben hewess, CLS, IIT, Delhi,

*Cenparstive studiss en the Mutzitive valus of the feed Using
Saler and other fusls fee cocking, Shei Pereshekti Collegs
for Wenmn, Ceurtalliwm.




Solor Refricerstien end Ceeling

“Design eond dovelopment of optimel certinuows soler abeerptien
refrigeration snd asir=conditioning systems (sith Jemss Cook
University of Nerth Jueensland, Australis under Inde-Australias

Progranme of BT, IIT Madres.

®Installstion of & sslsrwater chiller at Delhi Public Scheol,
RKX Pures, Now Bulhi, OEC,.Nes Delhi.

Sther R4 Projects

*Preject to survey alternative snergy sources in the Kumson hills,
Department of Physics, D38 University, Neinital,

opilet plent for oxtra.tion ofekhyl Alcohol from Fermented Sweet
Serghus Jice by Solar Energy, Misbkar Acricultural Ressarch
Instituts, Phaltsn.

*Davelopesnt of sclax dehydration systea for field trials for
dehydretion of gxcshs to produce resin, Univereity of Poons,
Ame.

*Solsr Oesalination, 117, Delhd,

*Augssntation of network of radiatien stations of Indis, 1IN,
fiew Delhi,

°Study of the sfficiency of the use of renswable scurce of srergy
in tea precessing, NIDC, New ODslihdi.

Use of Solss Crepgy fur Dalzy Deyelgpwent

In order to promote tre agricultural sllied snd ancilliasry astivitiss
during the 1970% assistance wes extended to emall and marginal farmers
and alee agricultural lsbourers to purchase milch cattle. The purchase
under the SfDA, end MFAL schemes was heavily subsidised. Apart from
thuse incentivvs, the Gevernment hes also attespted to intzaduce solar
enezgy to improve the dairy unite efficiency. A nusber of dewonetration




pregramans heve besh lsunched by the Depertment of Science and Technelogy.

Thess sslar inetsllations prepess to seve a substantisl amount of zonventional
fusl and to improve the proftability of the dairy units.

Pereg Dairy st Kenpur hes installed two solar water hesting systemst

1 Firet of the cepecity ef 30000 1/dey to heat watsr to &
tesporature of 60° C, :

2 Sacend of the cepscity ef 20000 1/dey te hest water to a
teaperst: .9 of 85°C,
Vet ™ heated to 60°C 1s used for washing and clessnding utansils, and the
latter will be used as @ boller fesd.

Salsx_Dheiqy Centre

This Centpe has been established to promots epplications of selar technologies,
through product development, systsme engineering snd dmlop--ni. testing and
certification of materials, fisld desonetration testing end certification ﬁf
sslar compenants end systems,saterial camponents, product and system
standerdisstion, arranging training courses and seminars end providing the
neoessary links between RID srganisations and Industrise within end outeide
the country,

At present the Centre is Punctioning in s ehed in District Gusgeon, Haryans,
Ths permenent facilities for the Centie are being est up st Gealpshari
District, Gurgeen, but it is still under conetruction,
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The concept of preckcing elestricity direstly from sunlight without the
intermsciats traneforsation to hest snd mechenical emergy is bassd on the
®photovelteic® sffact. It hes grest petential in Indis shere there is plenty
-of -n end a great nesd for slactrical energy for dece:itralised applications.
" These systems ere perticularly suited far varicus sursl applicetions ss they
provide for en=sitno generatien of slestricity. Varieus phetovelt.l: systems
include « water pumpests for microeirrigetion and deinking water wpply. radio
beacons for ship navigation at perts, community radis snd telsvision, cathadic
protaction of eil pipelines, weather monitoring, railmay signalling ecuipment,
battery cherging etc.

The present cost of photovoltaics being febricsted in Indie fe sbout & 100/~
per pesk watt, A!t is sstimated that st a cost of about & 40 per peek watt,
solar Mmitic water pumping systeme weuld besc.e coet effestive in
conparisen to the present day diesel pumpests. Though initisl costs are con-
sidezed high compared to other systems bassd en conventional snergy sources,
they ars compstitive st current prices in certain remots aress which are not
served by slestric grids, where it is difficult to tramepert corwentionel fusls,
and vhere powss in smsll capecitiss is required.

The ecops fer utilizstion of these devices will incresss with peduction in
prices theough technelegy develesment end incressed production, Indis is one
of the few ceuntries in the world to heve deweloped preductive cepebility based
on indigencus teshnique.




The PV Devices are portabls, require me fusl, offer s psliution fres
sourcs of pswer, they are sssy to opsrats, ssintinance fres, have long
offective 1ifs and are extremsly relisbls, These features maskes PV
systass most suitehle for installaticn in remets and iscleted sreas,
forest and ﬁuy aress and desert lecations,

Sesesrch gnd Opvelepment

During tha eixth five yssr plan, s comprehensive pregrasse of ressarch

shd development; pilot productien and demonstration were implesented.

This prograsme lesd to the development of indigshous technology for production,
creation of initial infrastructurs for the mehufscturs, installation and
asintenance of mxnu systoms sihd presetad ssarensss among potsntial

users., Thegs sctivities have been further diversified and expanded in the
Ssventh Five Yesr Plan,

*gilicon in diffezrent forme is the primary msterial wsed for solar
c31l preductien, Some projects relating Lo casting and amcuml
solidification of silicon have besn completed.

*an Aintegrated progreaue on amorphous silicon solar cells has meds
stcady pregress. Plesna depcsition Pacilities for experimental work
have been ssteblivhed at Indisn Associstion for Cultivetion of Scisnce,
Caloutte, 11T, Delhi end University of Poons. MNew equipment has been
ordered by Netionzl Physical Laboratory. $ilans gas which is on ssssn~
tial input to amorphous silicon production has besn produced in smell
guantities st IIT, Kharsgpuy and I18c. Bangalore end is being tested
for-its quality.

et kiR
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®Asecphove $ilicen selar esll technalegy hes alese been
* Sdenti Pied as ons of the Science and Technulogy Missiens in
the Seventh Plan, The DIES has
plant for msking amerphous silicen solar cslls end medulss. A
¢ A prelininary prejesct decument has besh prepersd and
- to UNDP fer pessible aseistance regerding the
made in India.

*Research on othar aspects of PV tschnolegy iike phetoslsctro-
chemical selar cells, thin fils devices based on compeund
senicenducter saterisls such es cepper indium disslenides on
implantations and lasssr swmaling, systsm develepaent etc.
are alse being supported.

*The RAD pregramme sleo covers testing snd svaeluetion of deep-
well pumps end medicel refrigeratozs. Import of photovoltasic
sodules frem 7 fereigh senufacturess is being arranged for
purposs of esvaluation and triasl in Indien conditions,

MASPED Pregrames

A five~ysar Nstional Solar Photovoltaic Energy Demonstration (MNASPED)
bnpu- wes spenscred by the ODspertasnt of Non-Cerwentienal Bnergy
Sources at the Centrel Elsctronics Ltd. Sshibsbed frem Octeber 1980,
The main sbjectives of the programms were the establishment of pilot
pro&wuon mzuu-i for solar cslls end modules and the dsvelopment
and demonetration of PV systems for verisus applications. The pilot

productien hes led to the establishment of production facilities on

commercial iines., The echicvements of the programme gre ss follaves

o TYecnnolegy for solsr cells and module productien wes developed

‘ frem bench scale $0 commerciel scsle procuotien,

o Varisty of systeme have besn designed, desveloped and Pisld tested
. shich irelude water pumping systems for drisking wetsr supply
and mioss irrigetion, steeet lighting units, cemmunity 1ighting

systene, sonmunity TV ets,
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« The pregeease hag helped te oreats s posl of technical
aenpesse capadls of technelegy develepment, spetame
enginesring, preductisn sensgensnt,

= A total of 401 systess were supplied under the NASPED

pregremns bstoeen April end September 1985. Thess

included 246 pele-asuntsd strest lighting units, 47 watsr
pusping systems and 101 TV eystemes.

Pempretretion Activiting

Theze has been & significent rise in the demonetration sctivitiss. The
fellgwing are the M ghlights of these activitiess

1 ¥illsge Qlecipificatien

After the successful demcnetration of photovoltaic powered strest lighting
unite Salojipslly village in Andhra Pradesh end five other villeges in
Temil fadu more inetallatien of strest lighting units 4in villege Orche in
the Baster District of Medhya Fiaduh were srranged,

A programms for iretallstion of scler pewered street lights in 250 villages
wes taken uwp during 1984=85 through the Mural Clectrificatien Corporation,
Stats flsctricity Beerds, end Nedal Agenciss of sews of the Stats Governments.

2 Centraliead PV vsteme

A central PV power system hes besn inetslied in the Village Achheje in
Gazisbed district of UP to previde powes for sbeut 30 street lights end
community TV end vadie sste. A PV water pumping system hes alsc been
installed, AN oxperimental programms is clso baing teken up in co-operation
with Aursl Elsctrificstion Cerporatien in reepect of 4 villages.




3 Neter Pmping Systoms

A special project fer ths demorstretion and pespularisatien of solar photo-

voltaic water pumping systens was taken up in the Statss of Andhea Pradesh,
Sihar, Urisse, Temil Nadu, Uitar Pradesh enhd West Bengal by a recommendetion
sads by ths Advisory Beard on Energy. This programms of demonstestion and

fisld trial is bsing expended and arrsngesents afe being sade for the supply
of 300 pumping ssts.

4 Sosmmity TY Sets
A totel of 200 PV poversd direct receptisn sets are being installsd by
Doordarshan in Uttar Pradesh send Biher. The PV pover packs for these systems

have besn supplisd with the support snc sponsorship of DNES, Thess systems
ensbles uninterrupted viewing of TV brosdcasts received directly from INSAT-18,

Industsls) Pregvotion

DNES 1o responeible fer regulating the industrisl and impert licsneing of
solar photovoltaic devices.

= During the ysar Contral Elsetronics Ltd. (CEL) has inetalled
new gquipsent for productien of medules and vslls and is
expectad te achisve a total cell preduction cepecity of 20
end module preduction capecity of 1,35 M by March 1986,
laninstion technolegy hes been introduced into production,
The production at CEL between April end December 1985
emounted te 243 WM, The production st DMEL during the
same podied was epproximetely 70 KVp,

Rejesthen Electronics and Instruments Ltd, has aleo commenced
peoduction,

« Poth CEL and DHEL meke supplies fer photevelteic systeme for
specialised applicstions like telsmetry pswer supplies for
off=ghore oil platferme and communicstions,




The systess supplied by CEL end BHEL during the year 1985-06 are s
fellowss

Systes CEL BMEL
Weter Pmping Systems 69 »
TV and Th-oun=iLighting Systems n2 1
Conmunity Lighting Systeme | 7 -
Strest Lighting Units 7 338
Systeme for off=ghare oil platforms - [
Medulss for Sattsry charging units 300 300
Other Systems : (4 1

A NMEl~neds PY system for batiery cherging hes been moumuy vsed
by the Indien Expeditien to Antartice in 196586,

o T e T - Adnannadit St A i e T T R T
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Annex 1

® Production of Solar Crada: Silicon by het sstal RRI, Shubaneshsar
Solvent extrsction snd directional sclidification

¢ Studies en Pely=Cryetalline Silicen for photo-

voltsic Solse Emipgy Conversion = Phese 11 NPL, New Delhi

®* [Electrowinning of High purity, low cost Amne Undvereity,
Silicon suitsbls for Solar Cell Devices Medras.

¢ Polycrystalline Silicon frem Rice=tusk 517, Kharzgpur.

Asorphoye Silicon Solap Cells

¢ Develepmant of Amerphous Silicon thin film IACS, Calcutta.
solar cells,

® Ressarch, Development end Procuction of University of Poona,
Amcrphous Silicen Solar Oslls . Pune,

® Development of Amsepheus Silicon Selsr Cells I17, New Delii

~® Develepment of the tschniques for production 117, Kkheregpur

operation end storage of silenss from rics husk
for prepering e~ei.

* Production of Silancs forsmorphous silicon end l!&.. Sangelors,
pelyst 1icon spplicetions, ‘ '

¢ Asstpheve Silicen Soler Cells « Development 17, Madras.
ond Evaluation Studiss.

® Investigstien on hydregesnated Amosphoue NPL, New Delhi.
Silicen fiime.
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Ehetselsotzeshenical Cells

Phaceslestreshenicel corwersion snd sterage
of Solar Enepgy.

Motaslsctrochenical Selar oslls using
trangitisn Metsl Dechslosgenide Crystals.

Selaz Emergy Conversien using Narrew Bendgep
ssmicOnducter Elsctrodes in Photoslsctire-
chemicsl oells.

Solar Cneqy Conweesion through photo-
slsctrochisical systoms,

Studies hfpl\otmd.cal conversion of
Solar Energy.

Enargy corwersion in Photoslectrochemical
systoms, V

fhotoslectrochenicel Energy Conversion.

Zhotovoltale Systems

Development gnd Domonstration of Concentrator
Photevelteis Systems for opecific stand alone
ruxsl spplicaties,

- Photovoltaic eslar Elsctric Pewer for Mural

Developmeni in Sunderban

Sthex Projegts

Developaent of thersoslectric generaters for
golaer (end other) energy corwersion = Phase 11

Study en lergs sres Semicondustes liguid
Junction Phetaveltaic Celle.

B); Varohasi

Saxder Patsl w'.’
Vallebh Vidyensger

Gorahpur Univ,,
Gozakhpur,

115c. Bangalore.
NLS University,
Udal pur,

117, Delid.

117, Delnd.

Kalyani Undversity,
Kalyand.

Bidhen Chandra Krishi
Vishws Vidyalay,
Kelyani,

117, Kharaopur,

Shiveji University,
Kelhapuz.
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Photovoltaic Sclar Energy Canversien and Storsge 17, New Delhi,
ion implentation snd laser annealing studiss.

fnuastigstions on tsrnery semiconductors eith Zosaible
applicebien as photeveltaic deviges. 117, Madras.

Characterization of Cepper=Indiun-0i-Sslenide and IACS, Calcutta.
forsation of thin film hetsecjunction Solsr Cellss
CdasCulnsE,

Indium=Tin-Oxide based interfacial layer Hetsro- 117, New Deslhi,
Junction Solar Cells = Phese II.

Osvelopnent of Non-tracking luminsscent concsntrators 11T, Medras.
for Corwersion of Sclsr One rgy.

studies on InP based hetsrojunction Selar Cells InP/ IACS, Calcutta.
170 ond INP/Cds.

Study of Ternary chalcophyrite semiconducting filme University of
ss photovoltaically active meterials. Rejeciltian, Jeipur.

Development and desenstration of soles enszgy 11T, DelM.,
concentrator for Photovoltaic Panels,

feasibility studies in the development of sn erganic 11T, Delhi,
dys solar cells.
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