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STATE=0F-THE-ART OF SOLAR ENERGY R & ® ARD
AND APPLICATIONS IR SINGAPORE, THAILAND AD
INDIA s URNIDD MESSION REPORT
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In epite of the fest that Singupese is ¢ small falami-oity coumtry snd
resserch in the field of selar emsrgy started fairly resently (1900%s),
the present R & O status In tsras of expartise ond knewladge in
Singepore, particulscly, iR the Netienal Univereity Sinpepese (WUS) 1o
quits impressive ond smmmsndedle,

.50 Statwe An Simepere

T™he R & b estivitics on soler snstgy bystene 40 WIS Lo meinly howsed

in the Mechenicsl and Predttion Enginsering Separtanit of whioh
Tcosdynmics ond loat Tryulue aree is e prinpigel Wit er he growp.
Vore s 9 Tasulty asbere in the Thesuoiyhenics csbe Nbviny Sntedust
and oxpezience Sn colae evengy R € O, lowaves, ot Oy MBI OF W

ot logst foae of Uhe sine Posulity evvhers semuln fulbatise Snvelved in
Solar onongy R £ O,

e suln seurses of funding Pur oolar onengy & & 0 4n TS have Vuon
tin Soterce Cowholl ADAS echeney the Inlveridly Aeslf, sns the ASEAN
fwstzelion oenwals Coupsrotion poograme. IR sddition G72 of Gsonwnty
hes alge funded sume segsessh prejeste (Sow Tebis 1 todw).




Teble 18 SOLAR DIERGY RELATED PROJELTS IS WIS

Preject Title Grast Conmanoed/ Stotwe Ffunding
Assust Year Agenoy
1 Seles Alzeconditioning § 25,008 1979/00 Onegaing WS
$ 36,908
$ 29,000
$ 15,000
2 A exporinsntal ond ¢ 20,000 1983 On-geing NUS
snslyticel study of heet
and nass tranefes
precesees in colar pends
3 Pezformsnce of o 1,k 14,508 1983 On-geing WIS
solsr oell arrey
4 Stugy oF eslee woll
doslgn parenstere 5,00 11993 one-geing WUS
S Selee Neoomth
-n.:;::uu
A. Gplrasnt
9 Selge Mo-Comitioninp OR 155,000 990 Cunploted
2 Solar Muteveltels
Yystens m 3,00
9. Othame
S sannths of Sesaun engeed
4.9 aonatin of tedng
Niteedim S Sepmhy 6v: Gulmnny




WS startad R & O on selar ohergy oystan as early s IR 1975 with it
oun fund sbtained frem the Rinletry of Soience gnd Tushnelegy, Singepore.
Te bogin with the R & D verk ves neinly eoncemtzated en flat-plete
cellscter and hat watsr syctem. IR sorly 19880° the 872, Germany funded
roscateh on oolar sbsesption goeling system and pheteveltaic systea, At
sbout the same time, WUS iteelf funded R & D activities in tiw same
direstion (sss tebls 1 sdevs).

Wnils the sall=equipped leborstory facilities snd Mohly professiensl
regsarcher nonpaver thus evolved in WIS, the Energy Project developed by
the ASEAR-Australisn Eoonomic Coeparstien Programss devsloped in mid=-1983,
ssleoctal Singepese to undertske ressasrch development and demenstretion
wotk en Energy Conservation Technelegy. Mfunded by the fsetrslian Develop-
asnt Assisterse Burean with g tetel budget of A § 340,008 ever the first
theee ysars, the Science Cewncil Singepore is the exseuting sutherity eof
the preject. WIS s expocted §o be the ebvieus majer recepient 3f this
rescarch gremt and responsibilitiss, The Singapare sub-prejects ae
Persulsted by (AAECP) is bseically to mest the reeds of the building
ond induetrial sscters &n the ASEAN pregion. Research sctivities covsr
the follesing sreses

1) Onorgy snelysis and medelling sf buildingss

11) Industrisl emergy manegemen’

118) Optimisetion of insulation sateriale; ond
iv) Neat pumpe,




Precontly, the week an this AMISP prejest 1o being cerried awt ot the
Thernsdynenics depecinent of IS, with the ssllaberstion of or in consulte-
tien with the Nenyang Tesimslogical Jnstituts, the Devslepment and
Suilding Centzrel Division, AD, oid the Publis Utilitise Besrd. Although
thegs RID werk s basiselly on chorgy sehestvation Ssohnelegies in
buildings and industries, the IUS scientists expect serns epill-ever
zelovat sslsr R & O and spplicetions in the course of their weck.

Severmment Interest and Durzent freogamms

Nosever, thers ars presently ne goverfment incentive or plamned conmitmont
and progremms fer the promotion of solar ensrgy technelogies in Singapore,
oxcept in the field of snergy conssrvation in bulldings and industries.
The ecientiste of WIS evs of the views that the goverrment incentive in
onhergy conestvation techneleglies ean be taken sdvantege of in premeting
solar energy technelagies in Singepere.

Glven the lack of gevernment incentive snd definite somsitasnt, there is
hardly any field spplications snd demongtretions of solsr snsrgy tschnole-
gies n Singapore. Cxospt some eolar hot watsr systems in o fes hetsle
and Ain NS Stself, there ere seported o be snly twe msjer eslar energy
spplication-denenetzation prejectss 1) s 25-tcnnes solar znesgy sefri-
geretion aystem in Bechk Librery) 2) o 600 squace meler sola® hot watsr
systsm foe the kitchen in the mewly cenetructed Changl elrpect ecwplex,
The cecond preject is presently under planning ond implementetion.




It 4s intsresting to nots thet in Singepere umet of the fleld applice~
tien prejects ere plamned end isplesanted by A, eften wiih sssy elp
and consultation sith WS scientista. Nevesver; might frem prejest
plamning, febrication of the systeme end implomantation aze the ssls
zeoponaibilitiss of AD, which is bensfitted with having engimering
steff trainsd &n NS, The owpply of sslar energy tralned manpeser 80 AD
ond sther related goverrment departsentie is certuinly s significemt direst
conteiution of R & D Pecilitiss 4N selsr onergy syetems in WIS, which in
the event of comait\’d goverrment pregrenms can be of great help, Fer ths
pregent, however, sxoept AD there ere o otiwr cammercisl Lndustzisl enter~
prise in Singapore opersting sctively in the field of selsr emergy

PrOgTImME.

Perhape the contimging governmsnt suppect ond WIS ecientisie interest in
oolar enozgy R & D nay be net oo such keeping on ays sith the dmertic
sarkot in Singepers but mainly te creste mxpertises end knesledge in this
technolngy te serve e¢ sell in the bigoer rvwgiensl marhkets, Added to it
10y of coures, the scedenic interest in this emerging fleld of technologies.
The fnterest in the regicnal aatkzt is clsarly and epenly velced by the WIS
sciontists in arder to be able to do szesearch and training students in
salar energy systems en s continuing basis sith sppreprists lsvsl menpower
and finencisl imvesteente.




In ceder to enter ints the regional sethet, over the yoase NS heve
erganiesd seversl regiongl werkdhaps R ehergy smalysis, therwel eystem,
host tranefer insulation and other oslar smergy spplications. In sddition,
in beth its undergraduate snd Nestars degeee pregranms, MUS offurs spesial
preject courses R sslar emergy. NS ecientists are presently megetiating

solar pond
sith Thallaend Per implenenting g/preject in that sountey.

Sesed on the fecegeing chestvations, it 19 cleer that tiwre o s famedists
necessity to e neitize the government and the indistry sbout the potsntisl
ues of selar snergy systems im Singepore iteslf. Muenwhils, WIS expertise
and fecilities, which ere of high order, con be utilized fer the regional
serket, Based on this twe-pronged appreech the follswing projects from WIS
are sertheconsidesing fee financial eupperts

1) Oovelepnent of teaching saterigls snd decumentstisn on selas
onezgy applicstions sneng the schesl end eellsge students of
Singapere.

2) Salsr erergy demsnstrstion prejects (1.0, het weter eystes Sn
doruitorios and seler air-conditisaing of cemputer centres end
1ibrazies) £n echeals end colleges of Singspere.

3) Regienal treining pregranes en solcr energy Sechnologies «
beth pessareh end wplications, » threuph regular snginessing
studenteoxchange progeaned end by ergenising shest tsre
training esurses.

4) Glven the sxssllsnt infrestrustisrel fecilitics, beth in terms
of physical and scisntists, the WIT esuld be weed ss ons of the
regional eptimizetion and ovaluation oentre fer seler systes
oquipnents end spplisnses, M8 hes pertiocvisr mperisnce in
optinizstion of systes siluwilee, ohich usn be hermesesd on ¢
sustalnod gnd ceerdinated beais fur esles systeme.




Cver the last ons desade, Thailand csems 0 heve develeped guite on
ispressive infrestrustural and fretitutionel fecilitiss in sslee orergy
R 4 D and epplicetions. The precesa started uith the smergy-crisds in
1978 shen Theiland imparted 708 of hor snergy requirenente ameunting
shnuslly to 40K of expest sarnings. Mance the iaitisl sbjective fur
solsr snergy RED was o divereify Theiland's snergy supply and ssurces
indigensusly in exder ts "making eurgslves be quite prepered”® far the
day vhon the swpply of cornwentionsl fessil fusl is sunning desn, One
of the moet intsresting and perhaps widque SN seny ways in the regien
ie to develep & clese sganisstional snd pregrametic interfece with
the Clsctricity Generating Authority of Theilsnd (CGAT) = g state-cwmed
onterprise sesponaible solely fer the generstien end tranenicsion of
ulk slestrisal pever in Thailand.

A.A0 status in Thallend

A brief account of selar energy R & D ectivities of the thuse fmpertent
institutions in Thelland vieited during the mission should give s
fairly comprelensive idea of the State~sf-the-art in this fleld.

1) £

As aentioned esrlier, LCAT, created in 1969, e the stato-eunsd wtility
onterprice An Theiland solely recpeneible fer generating and tranemitting




slectrisity in the smmizy, Namce, CEAT's rele in pepulerizing and
cemmsroielizing solsr eneryy epplisations 1% Thellend is srweially
inpestent. Direct invelvement of o wiility entespriee like EGAT, almost
1like s nodal agency sakes this Sfnetitution g prime sever in the field,

EGAY became invelved in the field of eslee onecgy spplisstions amd
regsersh sterting Prem 1977, Absut 20-23 scientists of EEGAT have been
oxtlusively werking en thersel and phetoveltgic systess. Ousing the
lest 10 ysars o 90 E£GAT hus opent a total mm of 47 sdllien bahts on
desonstrations, tests and svalustien of salar srergy systeme,

The asin focus of EGAT's R & O 1s s eystem sppreech theough fleld

demcnetratiore snd epplications, For example, starting frem around ‘
1977, spproxdastely 43 1P of pv sedules were procured frea teenty
sshufacturers e 20, sbout 10 kWP, heve Deen evsluated, snother 10 kWP,
are schaduled with their applications in radie commmicstions, ifghtings,
nevigstion aide, ato. os the bypreductis., By ssans of evalustion,
pecfornance date sre recerded. This includes simpls styip chaert
zecording smpers=heur cherpe/discharge, insulation isvel, pansle end
anbient temperaturs, individual string voltsge end cusront sts, by
sulti=chentel digital dats logpere, CGAT slse tested snd evalusted the
hybrid system of PV § diesel, PV ¢ sind Nuzbine Cenezater ote.




CEAT is alse studying lew Meaperature thersedynusis eenversion eystem.
Soler hot water hesters were inetalled ot EGAT's resste sites i erder
te osllest date of belling systems fer Purtior dovelepments wnd to meke
use of them ot the sene tims.

lln.ucbrhm.hotﬁuﬂuhuhmm
ond equlpments, diml‘-munmaﬂnm&bpw
ECAT's hosdquarters. The lsberatery is oquipped fer osllscting deta on
wind end 2cisr energy. Newsves, EGAT's recent peolicy is te contrect eut
n»aouh.uug-m-ndmuwu-mxmummu
MW._“‘@WT&Q&.MMNW”MM,
1t continues with all R & D sotivitiss in this field,

€GAT's strength, therefere, liss in its pioneszing vele in sol-t emszgy
ﬂouhwmw-nmdll..mthMrm
Snstitutions and prectissl demonetrations and evelustisn, Wuing o»
wtility entesprice, CGAT is prebebly eme of ¥he fus ergefostions hesnly
lmaﬂduimm&lmw.m#vdﬂﬂh
enezgy systems (See Appondin 1)
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MWcﬂmnmuw"thMﬂ
Reteriols ond strsngly coneslidated threugh supperts and coesperation of
the Fagulty of Engimeering and the faoulty of Industziel Cdusation snd
Sciences. mmuy.mu.un-ummwumum
n.cchndththdnmnn@lywmorm
ond undergraduats students.

mfumoftthmﬁWhMlﬂupulmwb
nicslly tréined indigensus sanpaver in the field of sslee energy tschho-
legies. There isy for exanpls, a regular fester Degres Pregramss in
tnezgy Technology, first effered by KRIT by the Schoel of Energy end
Meterials in 977, Sretes approach to energy technelegy i integrated
theough courses in energy enalysis snd enecgy systes eptisization. I
19804 o eno~-yser Graduste Diplome Pregremme wes lswnched. Theze ace
pessently sbut 30 graduste students in thess tws energy technelegy
poogsanses. In sdditien, s graduste pregrance is doveleped in 1985 en
oneegy mansgement technelogy focussing en optisal wtilizstion of energy
fren o» spprepriate supply mix, By 1988, this gradusts peegremme is
pluaned to be follewed by 2 Mestsr Pregramig.

In ® &0 sotivitiss KNIT sesne o be fecwesing peincipally en eolar energy
aneng oll othes sencughls onergy SOUrces, Topics en therusl selae system




"

whdee otwdy ares

o 9oiar distillation waing difPerent conrtrzuntion meterials and

e Selsr drying snd sale-asnsisted drying of cesh sveps, asat, figh,
pice; tshacce ots. Simwlstion study and field parfermence are
»1ing evelusted.

= Les tempersture solsr ssllsctars such as flabt-plats csllecters
incerperating differemt materials ee ressiving surfaves end
cesings, comatrusticn techniques, reverse flate plats cellecters
shd sempeund pershelic osllecters.

= fefrigerstion s dr-eonditioning based = .’ ond UUBr end LICL
Systems respectively,

= Pilet study on s 10 kih ssler slectric poser systsm ueing
pezsbelic cellectoss.

- Expurisentel study en o 78 o selar pend.

In exder to suppert the abeve ensrgy R & D ectivitiss WUT has established
a stlar measuremsnt facilitiss. Cempilation snd statistical imtespreliation
of dats are regularly wndeztaken, Anetiwr aajer suppseting facilitise is
solar selective suzfeces preperation end evelwetion, A pilet-ecals slactro-
plating wndt for the preparation of blackhozwme has been conetrwcted and

s otudy on techno-econamic fessidility is completad., Slack sickel end
ccpper exide suxfaces are sleo under otudy, In eddition, cenetruction of

o solar simulstor hoving a teet ares of wpte 4 & Ss nearly eompleted.

KNIT alse has s regular RED programms on PV systens In the aress of¢
o dosign end somstruction of pewer senditioning squipsent
engociated vith Py oystene)
o fleld ssnitering of dizest ssupling PV vetes mmping systenss
sedelling of W eystemey and
o constrvction of PV ester pumping systen twet fasilitiss.




3) SOUCORUCIR PCYICK SEREMCH LABORATINY (som)

Altheugh Aot eriginelly scheduled in wy aission pregremme, IGAT wes intsrested
in oy vigiting this Sapectont ressarch fecilitise in Owilslengkin Univereity
in Bengkek, T iand. This gregsereoh lsbevstaty sas howsed in the Ulsctrical
Enginsering Departasnt of the Univereity in 1973 with eriginelly fremsh
sellaberation shd denstions of equipments nscessasy fer initiel zessarch on

ol licon technelogy. Over s peried SORL hes grosn $9 @ well-oquipped lsborstory
with a stef? of five resesrchirs, three technicians, end ere pegsareh sseiste™.

It s interesting to nete that the originel research goal fer SOML. wes set

for power semiconducter devices and solsr cell fabricstion snd spplication.

Since its setsblishment, SDRL has besn receiving s ressareh grant frem various
governaent agsncies including EGAT snd extsrnal egencies es well, Till the

1985 year ond, the tetal fimencial suppert was 6,365,935 bahte. Quite o
swbstential part of this fund sre baing repertedly spent en eolar ensegy research,
particularly, en PY pysteses.

The Pellowing ave eome of the intereeting end iapertent resserch results o0
far obtaimed in SORLs

= By 1991, SORL hed sucosssfully develeped its sun techaique shich
ves believed to be apprepriste fer selar sell fubringtion in s
doveleping countsy 1ike Thailand: The techalique was slee chegpsr
than the cenventional ene shile the cest perfermsnce vas otmparable
te thewe pracuced slsevhere, Colls with 10K efficisrcy were
routinely fabeiceted weing SORL doveleped Sechnigue,
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= SORL designed end developed & iz
panels which wes funded by the Femul
of the Wndversity. :

= In the device teshnelegy, DAL, Nndad by the Netieonsl
Resssrch Coumpil of Thailend (NERT) coniucted zossecuh
on poly-piliosn solar cells. Cells were later fabricated

1
:
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In fact, over the ysess, SDRL had become not enly Thailand’s leader in eelar
oell fabrication end design, Wt aleo s Tecegrized ssmiconduster R & D
sonmmity In Asis ond Peaific region fer its contzibution tc solar cell
fabrication technique end design.




AVEug Sure is oiill a0 eiinite cuulitted povestaut plan ol pregeenmd
for cbler stongy ool o ppiisstionn, the sasuit P Infesdtewiurel
s tettienel Nnilitise ertoted Sn Wnilew o dlssumeS shove cleerly
ohost govertmest ‘e Gapliicit Lstegeet ond oomumen in U viljest. Tw vesy
secet ptlicy ovsunomtt th gttty svtiton n enler ooll alesrly
shows governmunt®s Thtentien ¢ gesnste this Suchnalegy In Wl lund.

Sind 1arly creatier of 11 ssxking growps wnder the Ministry of Science of
Teshnelogy and Energy, in shich the geoups en $olae Thermel end Solar WV

are two ispertent elemsmts. In fact smeng ell other werking greups, the

greups on MY ong selar thermsl ere reperted to be mest active (e tie structume
of MY werking growp SN Appendix II).

Newsven, fnepites of Uw deow witisrned signe of goverrment®s iaplicit
Snterest, the lask of sxplinit pim ~maiteent both in tsrms of physical
tergets end pusitive incentive schems, coupled with recent crop Sn fosell
fuel price, sees $s have crestead stme doubts both smang the R 3 D infra~
strwcturs ond §n the potential vanmugetsl surkets. This sesns o be clesrly
zeflectsd in the replidly diainiehing interest smeng the fdt!cohn/'
industries/enterprises 4n sulax energy R & 0 ohd product develepmente.

] contrest, there sems to existonce quite s largs mmber of PV and eolar
thersal penel serufectursrs 0 serlisr ysess (thers ate meny seler hot
=390 systen installsd mainly in hetels n Theilend). 3In Pact, sithout even
soverrment finencisl sseistanse in the fure of subsidy o8 other Sacentive,




thave oo’ estusese wese s 0 o enmnedial Wi@ie. I teonkt Yam,
cafy of Gun we vepeitetly gite Gt oF Gusinses o0 sensinlng es & slawpiny
o sPuden.

Tere §5 clee ot cepricsiionl muiee 4 She sonee ek U0 Bbiowml
Swutgy Atiaistection asteted IS gusts Sulk with e seepuudbiitty of
plasisy, switentag and seeaniion tn Yo field W gy Wisslivges, e
sopurted O hove felleg Sn A% Geth. Dnotess of Guieg 5% GneBRiel Gtk

1t beosip oluset o puraliel ispleasniiag ond Speeating capieuttion, M &
resulty thece has boen Ro ssherent energy plan develeped. On the sthes hand,
the sacreplaners in Thailond eppser to be net yot convinsed cheut tiw
effectivonses end wsefulnese of sslee shesgy, both perheps due to its relative
eoet disedventags snd emall-esale applisekions,

Cosneniss of slar enengy systens {8 Theiland i partisularly net favsursble
because of @ veey large res aetoriale inpost osmpenent fer S30 seamulscthume

in Thedlend. Addsd to this 5o the reletively ensll eizs of She Barket shish
Laiibits ness precdwiion end thereby st sedustion, A ssricvs offeet,
theseface, sheuld be neile fer iaperiveubatitution of ses seterisls. On tie
othey hand, pezheps the govermment sheuld tzy te crests sssket theeuph largs
ossle denenstzstion prejecis ticowphaut the sasnisy. UEAT, fap example,

Pound that sisple slsctrensshenisel ehezge/discharge sentszelles and sonventionsd
ontisenial 1sed scid bettsry (whish eze lscally evallshble oo sutensbile spere
pazts) is quite prectisshls fox epplications §n ¢ slimetis cendition ond




N“M“‘*~Mﬂ“.
uuumm*n.‘-ma—n—

tion prajunie. CT'e elviing plen fur etlie aayy FURiste 0 eth

tn figwe 1 (i 155) 6 Nals £ tabe, MDA oF Suse pue. b e ehewn

-

.ﬁﬂmﬂaﬂdﬂnmﬂmﬂd”“ﬁh
assningfully eveluets W grid corneeted syelten.

ux-umum-wuuumuquuunamm
“anhhcndumwumm Ughting, pmping,
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finaneial suppert, sueh invelvensnt veuid senein masginal.
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Axess of 800 swxth-esraiarite for fletaial Bumeasts.

It cseme thet P & O otatwe of selap oneegy Seshnslegy An Theilend have
tosched & otege shese & large svele demeretratioss weuld leed S0 dovelep

vishble surirete. b ovder to help in this precess the fullewing RO arses
-qhn‘.‘“ﬂhw

Multiplicetion of demeratrations of Pu-lighting oysten
g‘m.-znqu-m»mummamg-.

fultiplication of demenstrati
peegstive end-uses (e.g. PV aystes fer exidizing sater
to grew sheinp for the Shrianp farmer nese Bengkak shere
noo;utucuymuhnuﬁ-hlmhﬂnunl
orea ).

wuitizlicetion of demenstyations of Py-eyeten fur
decontzelized olectricitly gensration and grid connestiene,

Large-sesale Field desanetretions in sslar drying of high=-
velussedied sanh sreps, fish sts, sslee pummpling.

KINET offese on exnsellont lsberstary fasility to develep
1tealf into s Sesting/stenderdizstion/eptinizetion Contse
for Thailend and the region Par sslar snespy eystens

I8 sey be ussful te ssenciets CGAT and DAL in doveloping
oush foetiity,
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Y
b |
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Althaugh the R & § offezte S0 Mo erves oF seler churgy wore Snitiches in
Indie in eexly 1938°%, Wues offerts stve compenivebed on csustion of esstain
fesilitics only 20 & fuu R 4 D Lidegetesiss. Wis asee gt o cloer boosh
oftee the spestion of the Camissien en Additiensl Swusess of Oremgy in ceely
1981 emupled sith govesnaent of Indie’s fise plan end budpelesy cenadteent
fer premction of ihis ensegy Soshvalepy. Oueing ths past cdaul ol n-esven
yosre Aot mnly snepncus enswnl of BAD wesk has bosn due in Indis o hartines
sslsg snergy teshnslepies; But ales o lerge sesle field dsmsnetestions of
these tschnalegics ers being casvied M. As 6 Pesully, sany of Shess eolap
tesiwelopies have new bactne setuze ond popular snd eses of thea heve beceme
ssmnercielly visdle, Indis §o peabably eme of the fes csunteise whish heve
sctavely pureved sslar energy RID ond epplicstion pregeanng IR ¢ scale which
hoe Aot nly genersted » lasys bady of knesledge ond supariense 1n tNle Plald
et alse s vigeeews infrestowsturel facililies.

240 Matmin ingia

In exder to harnese verious oolee onergy spplicstions officiently, Indis hee
nitisted Whresepranged sttask Remely, intencdfication end gsceleration of R 8 0
offects, lamge ocele demsnsisetionsf ond extensien,

With the finencisl suppest feen She government (beth Pedarel and otats gavesraents)




es vell oo fren o irtspsaticnal sgensies verious nstionel and sepiemal
lsberstesicn, universitise, toshnelegy end enginsseing instlitutes wnd
pelyteshniques ato pesscntly Savalves 3 R & O offerts Sn ooles emegy flodd,
™e ssjes Yhewsd azess of B & O on solae Whernel and W systams ese brlefly
docesibed balw?

Salec Thasmal

R 8 © offects 4n the eslar thurmal aree are mainly being purswed far dovelosp»
ment of sediun snd M¢h teapersture soler thermsl dovisse in edditisn to eysten
engineering fer Lfapreving tbnlotln.,“lntcnofiﬂhmhm
o csst. The ehjestive of theee R & D efferts wse to develep systoss far
gonezution of pever theawgh selse thetasl sewts, selsr sefrigesation ond sl
oonditiening englneering, sdvanced oollscters fer sedium end Mgh tempersture
output, insluiing pre~ess otosn, astetials far officient cellester systism,
soler pessive housess ord hwis ond green heuses 1A hgh eltitude arees ots.

A Jet of RID peojests being auppested by govesnuent finence dueing 190687
1s elven 1n Appendix IV o )

Sane of the salisnt sshiecyousnts §n R & O pregeeaan 4N otler thessel Sechne»>
legiee sces

1) 900 end 1009 wotls cepenity (hydrauiic) sdier thewesd
mmp have boen dovelaped ond Sheee oush pmpe ere
for field denangicetions and flold evelmtion,

E
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R 00 progemme o M oysten, A lezge mmber of R & § prejests covering
vezious sepests of M tesinelogy ob netisnal lsheesteniss, IIVe, and
tniversitios are spersered (o 2iet of R & D projests spansuted duping
190687 S0 glven in Appendin Vi Jo

™e R & O progranss on salay MY syeten has Bede eignificent pregeese end
e bage hae been crested fep sctivities an o lsyge essle, Seme of the spevific
ashiovensnts in this fleld ey

1) tlsctyenie grede silissn Lo new boing prediced in Indis,
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kneochen,

2) Tes public seoter ergenisstions nemely Contrel Clestzenties
Ltd. (CEL) and Bharat Neavy Clectricel
sarufectusing single crystal besed eelss sells en segules
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4) Reaegnizing the petentisl of mesphous silison
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munmmmmumsw
Sog. &in single chanber giow dissharge oystens.

sifferent condusting eoetings hove besh ctudied fur wee
s substrets

™e chazecteristiss of plasns daponition have besk
studied end cerrelsted with fila peepertice.

ﬂnmp.auno'.umo.h.”madw
different routes including ene sterting fros sioe tumke

O» the busis of ths sbove schisvements and develepnente,
e Ngh pevered Science snd Technalogy Lesion prejest en

developaent of Assrphous Silican Soles hul’dnohx.
mmmumuuummmnml

o« intonsifisation and sceslsration of R & § offet.

o« setablisheert of a Pllet Plamt with @ capesily
of 308 Nigferum o» o single shift besis,

= davelopnet of gystens «A%h ensephove
ol licon sedules snd their « .alustion,




apust Fuun # 8 6 offerte, Wuee are Jargeonals fleld demmmptration seejeste
oporobing O Snlle siieh provide very ssweisl and peefesnsrao-ovelusting dete
e & fostidask 1oep foe the R & D eystens The prinsipel cenpamanta of the
mm-m—-mmnmnddmpmmn
of stzect lighte, senmmity 1ighting/TV systens, supply of weler pmping
mmntﬂmmnﬂmwﬂquh“w
tien ond eignelling, nhHMMMNwMM‘I
stotions. During 1906=87, the demonetration progranace aie schisved o
over-sohioved, ’

Ishls 31 % Demenetsetien In 1905-00
Systems Tegget for 1906~07 Systeme owpplied Uplp
9%=15-1908
1  Veter pumpliry oysteme »0 4
2 steest lighting eysteme n® 3048
3 CommundSy Mohting/TV
oystann ) 10
4 Oatbery Chazging wni e " 308

S N seser plamie 1000 B 27 nip

SR B e e




Sansexsh Cendlities A8 She lashitwies Riskind

Ouzing Whe NIDO-aiosien, Wo Indien Anetitules vieited seres Indied Inetitutes
umumumuw&mm
Asessiation, e chove ssosurk an & & O ststus gives ssme ides hewt tw
tmlu-ut-fhc-lmmmullidﬂcugm-u
luMﬂ“MMﬁlnmﬂbmWﬁﬂyh“
onorgy R & 8, but alse 1n fisld testing ond dumsrateation rogeemmss.

Nhﬂnhntomtmlhwdlm&ﬂummllo
ummunmumummm»wum
fng selas cosker snd seles wetat=hesting Perhape It umdd be wezthuiils to
sention sone distinguishing festuses of these institutes in Serse of their
capabilities and fecilitics fer oclss svorgy R & 0,

Il kd

Seing lessted Sh Delhi, this fnetitute is sether feveurshly benefittes fren
mn-umormgmmmunmuquamnmm
esler enetgy R 3 0, I8 has seested & sspesete Contre fer Crergy Mudiss wnit
wndes the Fysies Depertsent, Mbewt 30 scisntiste staff sesbere wesk on solsr
enorgy ‘sohnelegiese It alee effere scursse oA celer onetygy and eRsrgy
sensgenent 18 its DoTesh snd M=Tosh. studente. Aperd fyen thet, & mmbes of
PhoDs students serk oA seler erorgy technelegy preblens.

Ae mentioned caslier, 117, Ssihi hes boen wesking both en eslse themmel and
oolee BN oysten, 117 Dol S the lesding geeup on sediliing of seles applicstion




-

In Indie 10 teres of tectnical ond ssenentis perfornchoe and desloR pessnetors,
Te 11ivstrate, en selaz theresl, the 11V SelMd hes sich AID esparicnce in
seles possive buildings, sslar seter hosting systens, esler alr hesting wng
deying systemgyecliar sveperstive coaling, sslap distillation ong oslan punds.

On By gystemg, IV Dol hes dons extonsive develepment of spray pyselized Cde/
Cus and wOsF/SL thin file gelar eolls fug shich officiencies oo Nigh e 108
heve besn ehteined, P-J-i cells have beoh nede sn FTO/ITO eubetretes and an
sPficiency of Bf 10 ebtained. A tresking aystes has besh designed, febricated
and tested shich £¢ being weed fer svalustion of 500 ¥ panels,

Over @ paried, 117 Delid hes developed s wesy well ecganized lsberastery fecili-
ties for oolar svargy RID. It has & plan to dewelop @ cemputer=based dste
systen for gystam optinisstion werk, It alee orgsnizes beth netiensl and
internetionsl tradning progresnse snd werkshepe on snesgy technelogy syetems
in uhigh eoles emrgy technelegiss are ene of the prinsipal Linputs,

AL haxastaz

I8 1o one of the largest 11Ts in Indie with seny departaents like Aquaswiturs,
Agrioultural tnginsesing, Nevel Sechnelegy and Architectuze plasning wnique in
517 systens Meoently it hes erganized s fullefledpad B-Tesh pregrenas on energy
onginesring in shioh seler snsrgy teciviclegy is sne of the peinsipel sub jects,
Absut 30 scientist fesultly are Snvelved in varicus aspects of soler enezgy AN
slong with glacet squal mmber of R Toch and Phed. students Snvelved in the
fleld. Mot 10-15 students do O=Tesh in ensegy teshnelogy pes yess.




Interestingly, solae enacgy A0 is prirsipally hemed Sn Matesisl Ssisnce
deparinot with & fairly well equipped labasetory and dets stovages ond
potriovel eystem. '

Seing Jessted ssey Crem Unl wits metrepelis ereund & tumal eatting, IV
Kharsgeus acens 5 be nive ottuned to sutel or sgricuitupel applicstions

of sslar onsrgy tschnslagiese Thm, its RID ond fleld demsmtretion sesh

on selar deying Por Figh, greine ond asny sthes hghevelus sgrioultural
ommdities ere sorth enphasliing, Nallarly, I8 hes dovelsped s einple
soler eosling systan fer presstving vegetshlss and sthee egriswltural praducte
in a typloal hei Srepical hmid canditions in ceder ts {nceesse the keeping
quelity,

One of tihe aest intereating ond signifisant seeke has Desr: the preductien
opuzation snd etesuge of calinse fren rice mke fer prepering enerphewe
esilisen and pelyeryetallioe slliomn feee rice hushe, @Glven to awplw of
zies husk ovaildls In the gegien, this ® & O hes sbvisusly tsemendewe
petontislity fur agresintusteial cemplex L0 the Returs of egricultursl
Sefinesy end swssquent enployment pobenticl. IV Whersqgrus hoe beoh quits
sucssssful end sdvenced in this sescasch preject with very erceureging Fesults,

Apazt Pran the sbove sentianed ssses, Whis 15T e aled dene wesk &0 vesioue
oslar tharael eplisstions like seler hel velse and esler thasnal power systems,
Gut & asve algnifisent sosk hee Dosn on selavent dete stesage and setyisvel
oysten fesslities for eptisdastion of dosign pesumstors of vesiows eoles
tevimeiogy syotens.




AR Lk

™his is on evbonsmeus bedy (WES) with fesus en develepuont of srpeepulote
teshnalegies uith pasiicuias fusus on surel afplisstions. The stvength of
thie fnetitution hoe beon dovelopuent of neod-based slaple tachnelegies
selovert fer fousdietes nwel epplications, Glven its divest Mikege adth
extonsion and dovelopnent werk AR rursl arees, AWA o pecheps v oF the
fou srgaenisstions fdeally ouited to prenete and extont veriows soler avergy
toshnaicpios in the rural areas.

ATOA dess Ast hawe s very esphisticated laberetowy ar woghshap, Resgwer, it
serkohep has sufficient facilitiss te fairicste ond ssemble eispls tachnelegies
iike solar cvsker, oelsz het seter oyotem ond onler dxies. It has cealgred
1its sun ooler essker (beu type) and presontly smsking on 8 seler eotker dselgn
for fndese sosking ond fer solse soshing ot Might,

ATOA hes o muber of comuitind end experionned scimntisls in ite steff slem
oith equally ekilied tecinistiens, It has secently ehifisd its sarkelup in ¢
bigoer ey 4n e ruzel setting In the autghirts of Lusknew eity,

As sentioned seclice, Indis £0 porheps one of Uho fov ssuntzies in the werld
siidh has hor government’s fise ooundtasn: both {n Gests of erpanizstisonal
infesstructuye, plenned pregremw and budgetesy allecation fag e presetion
of sonsueble orurgy ssaivte, of shich soler energy teeivalegics eve are of
the sein esapenents.




Segenizstionnlly the sensushle emnegy grogramin @it & spmnifis disestion
and fosus shen "The Camnlegion fur Additional Smmess of Dnergy® (CASK)
ass egesied In the Suparinsnt of Seiense end Tesineloy in fereh 118Y,
It gt & Arthee boset ot on She Departaent of NansConventional Chasgy
Seurses (DNES) with CASE sttashed to £t wes csnated in Suptesies, 982
in e Rinietey of Onepgy. The DNES elanp oith CAKE is Vs tiv mein
mlmmnawomm-ﬁmsnm
esler enesegy MID ond epplicetions In the sauntey, AS Mw Stste level,
nedel sgemcice in ccch Stete has besn crestied to fnplenesnt the planned
peegranns, The DNES hes & tetal plan Dudget of & 194,13 ereres in whish
& 015,00 laiche vee for Seler Thorsal Ohergy ond & 795.00 lakthe fer solee
PV pregremns.

In erder %0 propegets the lergasecale we of scler shergy doviceq; Govesrnment
of Indie fio peeviding financial help $o the sonmmere in the fese of eubeldise,
™e aseunt of abeidise vary fren 3% (o 1001 dapanding wpen the selogeey of
veers to shish 1t belange swsh oo peivete/mblic ssvter, Sovie ageneles,
edcationsl Lretitutions sts, Apsrt fren fudorel swbsidics, otme slete
sovesnaents sled provide ssme edditionnl svbeidiss fur cezteln dnviese

(0ege o0lex coshior, oolar Not-watar ots.)s

In gddition %0 the ovbeidies ¢ the wesre ar sonomerey Govesraat of Indie
hove oxtended vasious fiesal incentives %9 indueliziesy and seccassh inetitv~
Siene engeged in Bes and Rensushle Seutess of Degy (WAST) eystens Sneluding




selse snergy systens aond doviene by sey of csnssseione/enmptions wndee
contrel tense ouch as Inomne Toxn, Custams Suly end Daies By, Veriawe
Stete Severrments hove olse allewnd snmmplion undes Statss Salse Texn,

Sesides finmmsisl help, Coverrment of Indis slse hes sede veriam finencisl
inell tutions sgreed to tzeet Snsil tull enal cpedit fer the ssnulastute end
tnetalletion of sonsuehle onstgy systens on the same tsrae ond sonditiene
oo are sppliceble te the prierity sester. flinencial ineti tutiene will the
provids lsang on guitsbls terwe both fer ssrufesturers and for weers ohe
sioh to inetal peler enargy oquipments. Apert fyes fineneisl inekitutisns,
the Indian Rensweble Dnezgy Developaant Agsnsy, wnder the direct santrel of
the DICS, slse providee lesns fue renessble ensrgy devises.

As & sesult of the Covernasat's pesitive intsrest and puehy 8 largs mubes
of osamsraisl ssrulesturing entesprisse (mese then 130), Sneluding ssme well
neun orant public enterpeisse end privete bueiness howes heve tehen the
business in seler energy tsshnelspics, Thess entespeisse are mainly satering
to the nesds fer the large-sesle denenstizstion prejeste ~ a goverrment
initisted serhet, Nossver, Deing in the serhist ond & 0 densnetzstion
ommmmmmgm‘nmmn-unum
dencnetzstisg-pue ject privete methets, pertiovisely, in the atee of eoler
thersel hoboster oystan, soler sosker end oolsr drior oystams The sonounes
sbeidies sre, of coures, o pesitive fnoentive fer sresting suoh privete
canasreial nathets. The eise of the meskot osuld be sppreciated frem the
dots given belows




Ishla 82 Sales Sevisee Ihntallad A0 the COMACE NN 2io1=A0NT
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Savliese e,

__:1LM

Oemsetic Nat Wetse Syetems

Sekes Kilee
Sen<benostis Selez Net Weter Syotens
Seler Gnep Oriess

Selag tater Bletilladien Wnits

Selex PV Stsnet Lighting Syetens
Seles PV 2ampe

Sales P¥, TV & Community Lighting Syetmme
¥ Nedical Refrigeretes

Integrated Cnergy Villegee (ﬂcmm‘
ons of the majer emmpenents
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PY Pener plants

N Ssttery Ohasging Unite
9 Selas Coskore

IM

As mentioned swrlicr, govesrnet subsidics snd other fingneisl Snsentives
¢id help grestly in praneting lewgs sssle dessnstzationd, IS 4o nes felt
thet fee sy devisss, thete has boen euffisient damanetestion effests in
sonvincing the sonsumers of thels adventages end benefite., Wth this
muummmun‘;ﬂ;mumwm
Nevoves, it i3 alse sealized thet for seny of the selse dovices somnamier 1o
net Povourshle in conpenioan with the conventicnal energy souress, pecticulasly
the initisl Savestaent end seee fapertently shen the senventisnel sewsces of
onsgy 19 teslf ovbeldizes, It io 2100 tsue thet fur omme epplicstions 1ile




in senote surel axeas, etlsr doviese have ths dishinat eset sdvaniages.
Uhils there has boen senssicwe RED offurts to sodune the esets, 4% 1o wide-
otesd thet tine has Ret yot otme 00 otupleotely sithiver Ve wbeidise ohigh
sest likely veuld ensicusly dunpen the mashel damend,

Uhile & fsw subeldy retes e Deing considernd, OIES hap peepoasd Vhe Pallep~
ing expanded pregeemse Por otlep emesgy Tur goverrnent sonel qlien dusing
1990-95,

Isale 31 _Mveal Shecoy Saneatisn/Sevisg frex Yesime Selem Darew Sadices

<R - e

Slbe.  Items wite _
1 Pestr fren Soles Syotems “ow
2 Soler Toarnel Systm ¢ nTcR
3  Metereltals Ampe Y
N Solar Battery Orargee o
Stand Alens Systame, 3.0 W

Aseerding 10 this expended preposed plan of ORCS, the Govervaant shese of the
sost for eslar therenl sill de 26K in 199093 ond oan be besught doen S0 10%
in 1995-2000, Similesly, for photevelteis, the Govesrmant gh=2re will be @S
in 1990-99 ond 105 in 1975-2000. Wis prepesel 1o Wndes discussion presently,




feensidis, ONCE das vealized 0o Sspestanse of heving & conivalized esles
onsegy testing ond ctandesllisstion fusilitise. WIRh tNie alay ONIS hee
ctegted the Saler Durgy Contye neer Dol with chjestivent §) Freamt
dovelopasnt, §1) Tost ant Stgndendisstiion of vesriows ooler duovisse,

154) Pilsk Plant Studly of Govisse/Byotummefistanicls dovelaped wRdee s

R & 0 pregrennse} iv) Tralining of Numpeses, v) Syetes Dnpginsering and Fleld
Osasratration; vi) Cossdinetion botusen RID inetitutiow ond Induetirics eitin
the sounicy ond suteide, The develepuent of this Contse with a buiget of
® 37,75 luhe in 1908=07 is 4n peegrocs and 19 likely 1o Us coupleted by
carly 1900, Nesswee, sith sess fasilitiss already stested in the Contsw,
omme of the sbove smtionsd sstivitiss heve already besh wndurtehen .

Arnse of B AR Mecib-sesreering Atcexdion. ia WNIOO-Vemkahes Aeldalires

Sane of the spexifis asves of R & § vegk opeaific $o the thees Inetlituies
visited, shich in uy view vertiiotrni dazing for funding en prissitly beels
are os followes

AlRAe LpiRiom.
1) ossign ond Desansizetion of Soler Comias fus Andose cssking end
oosking §n the shesnse of seler invidenes sith sudtadle

ond Mesy
fesilitios (sop ATDA S9 t2ying with slseteis bud)s
2) Seler hooting in bivges systen » deeipgh Govel-ment and dansretestion,

3) fleld denaneisstions snd prenetion of sslse ceskes, solep duler and
ooler hal seter gyeten 1M the susal ereans




L. halkd

1) Sisizetion of therenl aysten desigh n tesns of secnenies and
officionay wrier various fleld eonditions. )

2) Sesll dssstzalized W pouse plants ond flsld damsneteetions.
3) fegisnal tesining pregrames en o sentinuing besle,

piiie '
A}

1) Q@ & 0 Seler drying of fish ond etiur high valwe egricultuesl
and snined procmtis ond fleld dmenstzations,

2) R 30 on Saler Cosling System ond flald demcnetration,

5) Seler Call precustion fose $ies Muke ond feasibility study
ﬁﬂ”MthﬂOﬂo

4) Tedining mmrormmumm
eankize.




Sessniin s Salsc Thezsnl Sessacsh snd Sucalemmend Praimia (1PRE-AT)
| ouﬁmutmwmmmm
oysten sithout sevesee flss, 15V, DelM.

2 Odrestion of (Wl clethal Pyen Fesnenied uise by Selee
Ourgy = Mase=il, WAoRoley Felten (

S Cveluetion of Seesenal Thermel Slevsge in squifur fer hosting ond
Cesling, Punjeh University, Chandigarh,

4 Design, Develepmemt and Evelustisn of Seler Kisey IIT, Delhe

] mwumumndhn-ummmm
seteriel, Punjed University, Chandlgerh,

6 mmwmnmm-qmmmummm
of grapes o preduce Maigine, University of Pesns, Pune.

?  rield pemenstiration of Beles Therss) Amp, BIEL, Wydecebed,

¢ Devslepment of Nigh Perfetnsnce [thyleme=Frepylens, Dions Wrpelyner
System, Shri Ren Instituts few Mdvetziel Resserch, Cel,

’ mmnsmmuwuuummud
Drvergy Stevage, Andhes University, wsltelize

[ Utilizstion of Seles Dwegy Pue deying of Ageiculwesl and Feed meterials
in taproved otler dzyer, Ndevpur Wiversity, Calowtis,

1" lmunhdodnmmdudmm.lhu.lﬂ.w.

12 Ossign Dovelepment of Instsuments and Devices fer Pessive Selas
Azchitesture Applicstiens, 11T, DalM.

1} J mm:mnmmumwmupumd
Solar Pessive Suildings, 117, BelN,

14 Design, febrisstion, tzaneportation and swpply of spesinmntal salas
TAP sallg/Disest gain sidings fuv 30 Mute in iiaschal Predesh end Wtes
Peadesh, Secters ¢ Snde=Tibeten Gexdre Pulice, SIT, Wuw PelNd.

15 Osvelopnont of Selas Therasl Amp with svesveted tube ssllisstor fug
inotalletion in the peenisss of stler svurgy santsey, ONCL, Wydershad,

16 Deaigr, Melysis ond Studies e Selse Collsstore uith Mook Tranefes
fluide fee thels App in Indueteiel /et Presssaing, Refrigeretion
ond AMs-esnditioning, 117, o




27 Constzustion of Seler Peoered Chish Scunder @ Geligeen, Lughnes,
X0y Lamichon,

18  Setting wp Seler peversd sl )l shilling eontse ob Agthasely, BEDA,
Lushnas,

19 fensuable Durgy syeten st Sericultyze Roscassh Station, Fumpere,
/e Canmsres, Pumpore-192 121,

28 Owelepnent of Sticling engine based sulohenswe eslae pevesed pland
in scllsbesstion sith USSR, C.S.M.L.R.1090 Shavnagee,

2%  Teshnossenmmis Meseibility etudy by PRIC Per setting wp of & 300 W
Selae Therugl Pemer Guneretion plant, PRIC, Chandigarh,

22 Osvelepment of Pansls of veriows deslgie wing svesusted sullsstess
ond estting wp s donsnstretion systsa for watar stetilizstion, IOP
Coo Lbdey Sauri (Caot), Dambey.

23 Deaign & Develapaent of vapour chosspiion pumpe snd host teanefesmes
for demeetis and egeiovlturel Indmtirial epplisstions; 110s, Sengalese,

24 90 X¥ Power plant st Oval Pehaxi (Qurgesn), 3EC, New OaiN.
Seler dzying of Fandu Lgeves, DST & (N, Orisce, Bhubaheswer,

Instalistion of Sclar Vater Vesting Systen Pur 68 Guazters of Inde
Tibetan Sordor felies in Lohy Srinegesy CoP¥Dep Wes Ould,

Seles Pend, GIOA, Surede.

Ossign Developusnt of offieient elr=hesters for ossler drying spplicetions,
537, Oslng, '

Osvelopnent Gptisizstion and Study of Selez Thesual Syelens weing
1ineer sslny soncemtizster, 11V, DelM,

2
30 Stirling Engine, SEC, Mes Delnd,

3%  oovelopment of ¢ misresetnputer nsdsl of Therael behevicur of building,
ToloRolop Naw Dol

32 Anelysis of Selar het seter, 117, DelN,

33 Ossigny Develspnent, Fedcication ond Testing of vessnm Nwbe callosters o
Phose 15, Seheel of Dresgy Studies eond Matenial Ssione, 414 007,

Pune
34 Cenperetive Stutise n the awteitive velw of fesd wing selsy ang
othes fwsls fer sssking, Svi Pupasehind College for WMmmen, Courtsllam.




CPrest of Intenditial Progeure snd tenpetaiuse on thetmal sondustion
mnnua.uuqu-ummmumw
starage, University of Rajesthen, Jeipe,

uu-.:.u- Dretgy Sewrees SN Kunsan Nille, KuneeR Uniwereity, Nelnital
%3

de«m-u-smmuxmmm
fies Delnd.

Nediue Tonpesstute High Effiaiency tresking ssleg sneryy eallestese fer
susel and indusizial epplisetion, 5188.¢ Sangeleve,

Slack Sotton Trelles seles pend Technolegy Trensfue, L.De Collsgs of
Owinsesing, Musdebed.

Design and Development of sentinuews shossption refrigorstion and siv-
sonditioning sytens, 11T, Redras,

uupm«oumem.u-mm-n.
337, New DalMl.

Investipations for doveleping Luniniscent sollestier fes sonveteion of
seise enesgy osnsentzsters inte cslestricsl and thesmal energy, Rumesh
Univereity, Nedndtal,

Cheaical Stsvape of Sslag Gesistion, Oelhi University, Oalihd,
Conmuni ty Solse Coskep, SEC, New Deld,

Oynenice of Seles Pend, 1188y Sengaless.

Osvelapset of Salar Refrigeretien weing zeslites fog rurel eres:, Sesdes
Patel Reneehis Eneagy Noscsseh Inetituts, Vellsth Vidyeneges, Oujeret,

Tese Ten Seles Pante Maf3igesatisn plant fen Subeceve operating
Senpesatuse o Maese 15, Vellshh Uidyenapes (Sujaset).

Yoot fesilitioe feu Seler csllestor, 9L, Ssv- SsINM,




i ,,,,,, ﬁ,.,:plgcﬁ@t g“

% TR IR '!l’lt

'g"g § |reverggrerigoigegeges

] g [fs{ee meseoanneantrgeny 4
HE

e .
]i l § |&° " 8§ an"K2e ;a ng
!i : :;

nhi; :ﬁdifﬂ} g;

cunenercse-aagagee Ry i




fppendin ¥is Liag of & 3 O peojests suppasted by Wi Depertnet
© uring the yoar un'er youiee (o8 & F11=1987)

AR SR AR A SRR

Title of the Prajest Sastitution
1  Ssvelagnent of Anssphsues Eillcon thin 3859, Calowtts

fiia Ssles Calle,
2 Mecsarch, Dovelapnent end predwmtion of

Aagephauee Silicen Solaz Calle, i veraity of Posra, Ao
9 Ocvelapnet of Anesphoue 8L ligen Solw

Cellse 11V, Dolnt
& DOuvelapnent of tesivigues far the peedun~

tisn eperetion and eterage of of lomee

fees vice huaks fee prepeting eo-ud. 117, KPazagpur
9 Precuction of Silsnes fer smespheve

silicen § Pelyniliosn epplications, 118c,4 Sengslese
6 Asesphtue siliesn Seler Cells =~ Osvelepsent

and Cvaluction Stwiiss, 11V, NMadres
7  Investigetlien en hydregensted Amcophewe

Slleen files, WPy Naw Delind.
¢ Fulysrystelline Mliom fren Rise-lugh 117, Khecegpum,

9 Meteslentrechenisel Selsr Colls weing
teoneition fatal Dichalsogenide m Sopder Potel Universlty

VYallahh Vidyamuger.
19 %lee Owegy Conversion Wtauh phoben 1130.¢ Bangalers
elostresivalesl sysiene.
1% Dnergy eowersion in Photecisstr mhenissl
oyotens, 117, Sedd,
12 Meteslestecsheni cal Brergy Convereion, 517, ool

99 oOovelotmant gnd Omenntration of geroentssr
tor Photoynlitale oystese fer apeeifie ‘m
elene swal spplicstion, Relyani Univessity, Kalyend

96 Oovelopment of tharaselwmstsie ganoretese
fos Selar (and other) emengy senvession
shase 3. S5V, Dalied,

M




appondin V3 (eamdh)

Yitls oFf the Prejest Instituttion

15 Metevoltals Solsr Cnsigy Conversion and Sherapo~
Son fsplanteiion ond lesse onealing otudies. 117, SelM

%6 Chacecterizstion of copper~Indiun-Di-Slenide and
formetion of Whin Piln heterajunction Selse Cellse

CéosCulniet IaCS, Calowtte
17 Indlu=-Tin-Giide besnd fMtexfesial loyas Nestege-
mction S5olar Colle=-Fhase I1. 1%, Seld
18 Oevelopnt of Nontsesking lusinsscont serwanire-
Sese Por Convereion of Sular omergy. 11V, Radvep
19 Studies on In P Dased heterejurctism Seler Calle
in B/IT0 and InP/Che. 1ACS, Calawttis
28 Study of Ternary cheloepyrits cenioendusting filss
as photoyolteisslly ective ssterisle, Undversity of Mejesthe,
delpme
29 Oevelopasnt and demenstzation of ssler emergy
soncontrste fer Photeveltalc panels. 117, OelN.
22 feasibtilily studtiss en the covelspasnt of sspenis
dye selar oslle, 157, SelM,
25 Osvelopuent of thin Pile C4T hetsrejunstion oslas Oud Verkslowers Niverslty
oells. TNswpeti.
24 Seler Colle Technelegy Asssesment TR, M SolN,

29 Cvelustion of individuelly nensged stlap pheles Aduinistizative Stef?
veltais vatsy punping oystems in the Ststes of Cellage of Indiey
Mdhse Precash, Criess, Teull Nedu, Nyderabed,

26 Pyoject on study of Wigh efficiensy Dsep veter RETLy Jndpur,
2ampe fax appliocstion in seler PV systenns

27 Preposal fer gossarch on Decentrelised enesyy TERS, Ses Dol
eptions in Rurzel Sester,

20 Cvsluation of individuelly senaged Soles fNigtional Preguetivily
Photeveltaic veter pumping eystome 4n the Counsil, oo SN,

Staten of Giher, UP gndg Vest Banysl,

P e e e o o






