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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANl7_.\ TION 

PROJECT DOCUMENT 

Projec.1 of tire Goa·tmrnrent of the Peoplt:s Rt:public of Cl1i11u 

Title: Photornltaic Power Utilization 
(Project 4-5A. Pan I. in the Priority Program ofChina·s Agenda 21) 

Budget Estimate: USS 2.946.860 

Starting Date: September 1995 (estimate) 

Projccl Site: Beijing and Hangzhou 

Host Counti-y 
Implementing Agency: China National PhotO\'Olla1c Technolo~· De\·elopment Center. Hang1.hou 

Backstop1•ing 
Officer. 
Di,ision/Scction · 

Brief dcscri1•tion: 

R. Kaulfersch 
ISED/EM 

The project seeks to promote the de,·elopment of the photovoltaic industry in China b~ strengthen111g research 
and development of silicon solar cell technologies. by lowering the production cost of solar cells and n•odulcs. 
by upgrading the reliab1ht~/hfe11111c '°lt photornlta1c systems. and by initiatives to enl;!rgc the market for 1hcsc 
technologies. In panicular. the follO\\ mg ac11ons arc envisaged: 

Develop. procure and set up a production faciliry for poly-crystalline silicon wafers of !Ox IOcm s11.c. 
aiming at a production cost of < 2S/wafer at an out out equivalent 10 I MWp/a of solar cells. 111 order 
to privide an intJigenous source of poly-silicon waf~rs for the Chinese PV solar cell/module industry: 
Set up a solar cell pilot production line with O.S MWp/a capacity for idcnti(ving suitable processes by 
which current PV solar cell and module ma1mfacturing facilities in China can be upgraded. thus 
strengthening the know-how base in the field of higher-efficiency (> 13%~ mono-crystalline silicon 
solar cell pr.'lduction technologies: 
Establish a fac:ility for the performance testing of balance-of-system components of PV systems 111 

order to assist development of high-qualit~· and reliable/long-life components for IO\\- and medmm­
power PV systems which are suitable for deployment in remote and/or rural areas. 
Demonstrate the \•iability. uscr-satis(ving perfor~ncc and cost-effectiveness of lo\'. - and med111111-
power PV systems operatmg in remote arc-as. and test financing instruments to enable !Jnva1e users 10 
acquire PV ~·s1c111s. 111 order 10 show how li\'ing conditions in remote areas can be unproved; 
Set up a high-qi.ali1y l<1bora10~ to perform research and development for c~ stalhnc s1hcon 1hrn films 
and other no\'el ~.olar cell technologies with promising cost reduction potential. in order 10 strengthen 
the solar cell R~D know-ho'' base 111 Cluna: 
Establish a q11al1fic;111011 :ind test labora10~ for ccn1fy111g. on national level. 1he quality and perform­
ance of pho1ovol1a1c modules. 
Carry 0111 an assess111c111 stud' ;iho111 the long-1er111 opcrallng/pcrformancc h1s10~ of PV s~s1c111s 111 

Chma. 111 01Ckr to 1dc11t1f\ tcch11olog1c;1I dc\'clop111c11ts needed 10 1111pro,·c PV S\ s11.:111 1ech11olog\ ;ioid 
lo dc\'clnp stra1e;.:1es h\ '' l11ch these 11111>rm cmcnls can he effcc1cd on nalmnal lc\'d 



•. 
A. Context 

J _ L)_c~!1p_t1011 of the_subsector 

Although the electric power mdustr} 111 Chma dcH:lopcs rapidly. the grO\\th rate of this 111dus•n did nm keep 
pace 111 past years w11h that of the national econom~ Elcctnclly supply docs not match dcnw1d. rcsult111~ 111 a 
s1gmfican1 underutih;r~1t1on (by 20-311%) of 111d11s1n;1l .:;1pac11ics_ panicularl~ 111 lhc So111h and So11thcas1 re­

gions of the count!')· h rL-Cent years_ clcctric11~ cons11111pt1on grc\\ b~ 7 •J"-,Ja to abo111 )oo T\\'h 111 I •JX'J and the 
share of electricity in energy end-use increased s1g111fic;rntly1 

By 1989. also \'arious measures of energy conscn:at1on were adop1cd ;md 1111plemen1ed the amount of pnnt<tl} 
(fossil) energy allotted for elecmcity generatton was mcreased_ energ~ consump11011 per urut output value 
(cnergv m1oos1~·) decreased and the share of electric11~ 111 energy end-use rose from IX <1":..-.. 10 22 X'X, 

The demand for electricity expected by the yc;1r 2000 demands fun her exp;111s1on of clecmc11y generauon by 
about CJo/o/a. Consideriny •'1at coal is the main (and abundant) indigenous primal}· energy source Ill China. this 
generation expansion will. in ala likelihood. be based on coal. C1Jns1dem1g fun her that 1he e·.p;md1ng demand 
for industrial and domestic heat will probably remam based on coal as \\ell_ the result mg en\ 1ronmc111al danger 
from CO: and toxic emissions is ob\·ious. The Gm·crnment of China is highl~- concerned about the potential 
thrc.,1 to the \'Cl}' base on which economic and social dc\·clopment depend 11 seeks 10 dcH:lop and to 1111plemen1 
methods and technologies by which this threat can b.: counteracted and the Countn ·s dc\clop111cn1 111 the f:tture 
sustamed 

E\pans1on of energ~ generation also calls for an e\tens1on of the elcctricll' suppl~ hn.::s Such ck-.:tncn~ suppl\ 
nctnork extension is highly capital intensi,-e as well. also m the lo\\ to medmm rnltage le, els In general_ in­
\'estmenls 111 low-,-oltage clcctrici1~- supply Imes arc 111stified if elcc1r1c11~ d.::mand 1::; reasonabh brge (or 1s 
cxpcc1cd 10 increase in the foreseeable future) and th.: aggregate demand is no1 100 d1s1:1111 from low- or (at 
most) medium-,-oltage power lines. Such s1111a11on 1s not al all characteristic for the large and onh tlunl~ 
populated Western regions of China. For cost reasons 11 is unlikel:- that 1hcsc arc<1s_ where demand for electric 
services 1s a11d most probably will remain small_ \\Ill become exte11sl\-eh connected to the nauonal po\\er grid 
111 the foreseeable fu1ure. 

lr11pro' 1ng hnng conditions in rcmo1e areas of Chma remains a nauonal task of 1111111cd1:11c and lugh pnoni' 
nonetheless. Exploiting local solar and wind resources to satisfy at least 1111111111al needs for elccmc sen·ices 
such as home lighting. communicattons (radio tclq;hone). entenamment (radio and TV reccpuon) or the suj)­
ply of small quantities of water supply for human and ;11111nal consumpuon can be a' 1ablc_ cm 1ronmentally 
bemgn and in many cases cos1-cffecti"e soluuon 111 comparison to com·enuonal altcrnall\ cs -- pro\lded that an 
appropriate and reliable technology is available 

i_ Host Countn· Strategy 

A1mmg. inter alia_ at applications such as these_ the Go,·ernment of China smce the late l97o·s 111111atcd a 
number of m~asures to encourage the cxploita11on of renewable sources of energ~ in general and the de, clop· 
ment. application and dissemination of appropnale sol;ir 1cchnolog1es m p;inicul.ir ln tlus regard_ a number of 
R&D pro1ects and m;11111facturing initiati,·es 111 the photovolta1c sector h;l\·e been 111crrpora1cd 111 the l<1st t\\O 
h'c ·Year Plans As a resull. sc\'eral R&D mstit11t1011~ were supponcd 10 address 1ss11.::s of basic ;ind ilpphed 
re~arch 111 photO\'Oltaics. independent fro11·. th•.:se re~;1rch acti\'ities_ the GO\ern111cn1 ofCh111:1 \11pponed the 
b111ld·11p of ii l11111ted mdustrial bav. .1s111g t.1..: t!1en star.dard prod11c11on technolog' for photo\ ol1a1c cells and 
module, Ann~\. C-J pro\'1des an idea aho111 lhc c'pcclcd C\pans1011 of the market for l'V S\ Sll:lllS Ill r11111a 

It 111111~·11 0111 not lo be possible. h0\1nc1 to np:111d .met ~tead1ly upgrade the prod11ct1on c:1pa<.:1t\ nf the photn-
1011:111 111d11s1n. as well as 1hc 1nfras1rn1:1111c 111H&I>1nst11u11on<. for <101111! ;1d1:111ced phn1molt.1K 1.::search 
!0<1:11 thl· prod11cl dcl1\·en c;1pahil1I\ of the dorm·\lll" pho1m·olta1c 111d11s1n •~ ~1g111f11.:a111h lo"c' 1h;111 11' pro­
cl11L 11011 • .. 1p:K111. \\ 11h product ci11;1hl\ and pc• lo1111:11Kc hm er_ and procl11c11on co~I h11'.l1L·1 1 h.111 po,sihk 11 
( 11111.1 'phn1t1\oll;;1c 111<111~1n 1' lo 1c111.11n lPllllK'ltll\•_' ;1ml the c:.1p;ic111 IO L;1111 c111l 111,·.111111_1•l11l .1.l1.111u:d ph11-
lmnl1.1i. r,·,c.ird1 ;•11.t ;1<1\ancl" dc1l"l(lp111.-111 ''In h, lll.llllL"cl. (1) 11uh1,111 11111'1 h,· c·11.1hkd "' 1111p1mc th 
111.111111.1111111111'. (;1pah1hl\ lo fo1h l"\plo11 ''' p1ndm l11111 l.1paul\ ;111<1lo0.:'-1'-llHl th 111.11~, I I" 1>,·11c 1 .111d 1111irc 

111<· ""'""'>JIOll Pl clclllll'll\ L011'11111pl1011111 l'JX'J h\ 'l°t:lor 11;1\ 71 )\" .. ''" llHhl'll\ 1-·; -.... '"' h..:.11\ .111d 
11 ., .... 1.,, lwl11 11ul11,llll"•) II• t"" Im .:_1'.llL•ol11111· 'I •J":,, fo1 11111111c1p.il111c·' .111d 111111,, hPld, .11111 I •r'-,, 101 !r,111\· 
poi 1.1111111 
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cost-effcctt\C produc1s. and (i1) eqmpmcnl and infrastruct111c for c,md11C1111t: pho10,oha1c research Qf (al lcasl 
some) R&D 111s1111111011s must be brought up 101he s1a1e-of-thc-art k'd 

The poli0· of the Go,·ernmenl of China is therefore 10 ass1s1 !he modcrn1n11on of 1hc R&D and induslrial base 
in !he pholo\'oltaic scc1or and 10 render it. in comparison to 1111crnat1011al standards. compclitivc for 1hc fu1ure 
The O\"C!all poli0· objective remains 1he diversifica1ion and d1sscn11n:111on of photornltaic applica1ion lcch­
nologies in China. auning in p.1.ticular 10 provide cost-dfccti\·c electric scrnccs m mral China for the beller­
ment of local li'"ing condilions 

3 Prior and Ongo!._!!g Assistance 

Having recognized !he importance of photovol1aics as a key 1cch11olog • s1111ablc for improving living conditions 
of population segmenls which cannot be served by com·cmional means. 1he Gm·ernment of China promoted the 
terrestrial applicalion of pholovoltaics since aboul 1980 and supponcd p!1oto' ollaic l~chnology development in 
a number of instilutions (universi~· laboratories: universi1y-indepcndcnt R&D 111s111u1cs) and by the cstablishe­
men of an indigenous PV cell and module production capab11i1y (o,·cr 20 111s111utions in lotal). Starting around 
1980. sc'eral collaborarions were entered with UNDP and foreign Go,·er11111c111s for !he demonslration of PV 
sysrems~ Ongomg collaborations wilh assisrancc charac1er arc no1 kno" n 

.t. lns1i1u1ional Framework 

Begmning m 1he lale 70ics. R&D in semiconducror malcnals s1111cd for pho10,:>lta1c solar cells was undertaken 
by several universi1ies and research institurions. supponcd by d1rcC1 or 111d11cC1 public fonds Also. on pro101ypc 
basis. solar cells and pho1ovol1aic modules were fabrica1cd ;md 1es1ed 

In Seplembcr of 1983. 1he Chinese Govcrnmenl cs1ablishcd 1he Cluna Phot.J\Oha1c Technology De,·elopmenl 
Cenl<'r (CPVC) in Hangzhou and charged ii to sel up a program and 10 formul;nc an annual plan for PV 
R.D&D. manufac1ure :ind application in China. to oversee 1hc no,\ and use of pubhc funds to research ins11-
1u1es and indusuy (provided by lhe Slale Science and Technolog~ Co111n11ss1on (SSTC)). and 10 promo1e the 
application in and dissemination of PV S}'Slems to different p:ins of1hc co11111ry Presumably. a coordina1ed 
n;itional program for the promoli')n ofR&.D in pho1ovol1a1cs and rcla1cd fields in lhin:i. requiring 1hc suppon 
of a coordin;i1ing agency. \\ill not be an elemenl in !he Nin:h F" e-Yc;ir plan ( 19%-2000. 

ln the course of 1his program and beginning in 1987. prod11c11on eq111pmcn1 cf h111i1ed c;1paci1y (- I Mwp) for 
crystalline silicon so1ar cells and PV modules was instalicd in four md11str1;1I entities (equipmen1 imponcd from 
1he US). while equipmenl for the production of amorphous silicon P\' modules was ins1allcd in 1wo fac1ories 
(ef!uipmenl ;ilso 1mponed from the US). 

This fledgling PV industry was not supported beyond lht eq111pmcn1 purchase and has ocen obliged to earn 
operating expenses (and financial gains, if any) on •he marke1 Afler 111111al sucess. 1he industry suffers today 
from inadequate supplies of mono- and/of poly-crysralline silicon "afcrs and the lack for upgrading production 
technolc.~· and improving product qualily. 

B. Project .Justification 

..Lfrob~!!' IQ.~ Adrel..scd I The Present Si111a1io11 

Today, about 900 million people in China li\'e in mral ;m:as of 1111.:sc. aho111 120 n11lhon people 111 28 coun11es 
and 1housands of small villages ;ind islands still arc mthoul clcc1m11\ (and b' end of 199-t R(~ 1111lhon s11bsis1 
with incomes hC:O\\ the po\'eny limit of 100 RMB/111on1h and f;11111h l IJ1srq!;trd1ng 1ha1 an elcc1ric power 
shon;ige prc~:ntl~ ex1s1s (and probably will prevail under cond111011~ nl rapid eco110111:c expansion) 1n 1he 
So111hcrn h1ghh 111du~1nal' 1ed provim:es of China. th.: CO\I of ;ibo111 I IS-$ 1.-\. 10.000/km 10 extend 111ed111111· 
\'Ollagc 1111lm po11cr Imes will render ii 111os1 unlike!' th;lf 1h1' ,..:,1llllccl pop11L11urn segmcnl will hecomc n11l111 
co1111ec1ed 111 I ht• foreseeable f111 u re 

For 1111p10\ 111g 1hc II\ mg cond111ons 111 areas where ,011\ c1111<111.d '11pplic, ;n,· l11)'."11..:;llh 1111;1\ a1bhk or nol 
\lahlc for olhl"t rca,nns. the Chrnese Govern111c111 ;iclopr..·d .1 p•ili. \ nl 1111c~:1.1r.·d 1k1clnpmc111 ;111cl cfh..:1c111 

: i:,ampk' 11) <"h111;1-Cicr111;111 Coopcra1ion 011 Rc11•·\\,1hk i 11l·r.1·\ ·\ppl1L;il1<11" 111 Pm.ii Arc;i\ ln..:.11nl 111 
l>;i\ln <"011111\# lll-111111: (r.:omplctccl). (1i) UNDP Cl'H/XX/IHI.' l'rnw, I l>n d11p111c111 nl l'hn1m·oll;m: S• \ll'lll\ 111 
\Vc\lcrn Ch111;1 ncc111ccl In the (ia11s11 Nalural F11crr.1 fJ.c,l·.11d1 li"1111111· (L11;11pk1l·d1 



ullh7A"lllOll of the .... nous forms ol loc1lh ;I\ a1bbk rene\\ablc energy sources lo\\;mh ..:0111pk111..:ntK' u.,e w11h 
conventional (fossil) energ~ supphe., 1-'urthcrnhirc II s11pula1cd pooling ofr.:sour..:e., frlllll d1tli.:r..:111 Cio,crn­
mcnt departments for the support of R&D and D ol rcnc\\ahlc energy tcchnolllg1cs. 'duh: .,111111l1:111co11-.I~ en­
couraging the cooperation \\llh of other p.:1nne1., 10 suppk:11cnt the na1ioaal cITons \\'11h s11111br mlcnt and as a 
direct follow-up of ils commrtment ;11 the Jun.: I 'J'>2 UN Conference on Em·ironm.:nt and Oe,dopmcnl. 1hc 
Government of China has dr;1wn up a program of pra..:ltcal actions to guide Ch nu·!> O\ er all dc' dopmcnt 11110 
the 2 lst ccnltm This .-lgencla ! I l:Jutt' /'aper o-:.icentratcs on ameliorating the prcss111!! problems of popula­
tion grO\\lh. sustainable c.xploitalton of natural resources. prcscrYalton of th.: cm :ronm.:111 and co11111111.:d de­
\.:lopmcnt 

China's Agenda 21 gl\·cs pnori:y to the 111troduc11on of modern science and tcchnolog~ for 1mpro\111g produc­
tivity and stimulatrr.g ccononuc gro\\lh. \\ lulc at the S."lmc time ensuring that natural ri:sourccs arc used cffi­
ciemly and tha1 the national and global cm rronmcnt 1s preserved_ thus ensuring a ll\ahlc cnnwnmcnt for the 
1.3 Billion inhabitants expected b~ the ~car :!OOO These goals will be embodied in the mcdmm- ;md long-1crm 
plans for national economic and social den:lopment. panicularl~ in the formulation of the Nmth Fl\e-Y car 
Plan ( 1996-2000) and the plans up to :!II Ill a1 'anous l~·cls. b:1scd on do111es1ic resources and 1111crn;111onal 
support. 

In the course of clabora1111g the 1111plcmcn1a11011 of Ch ma· s Agenda 21. sixt~ -1wo e-..cc111ablc pro_1cct propos;1ls 
were identified wluch address urgent p110lll\ issues and \d11ch were sclcc1ed for re\ IC\\ dm111g a . .lhgh-lc\cl 
Round-table Conference - Agenda 21 ·· tBc1_1111g. Jul~ 7-•J. 199.J) \\uh the objccmc 10 secure c-..tcrnal financial 
as well as 1cch111cal assistance for 1hc1r 11nplc111cnta11on. In this conference. UN agencies 111cl11d111g UNDP and 
UNIDO particip.1tcd. together with rcprcscnt;lll\ cs of foreign go,·crnmcnts_ i111crna11011al financial 111st11u110115 
NGO's_ private-scc1or comp:1111cs and more than 21K> Chmcsc go'"ernmcnt officials ;mended 

Thts project on __ Pho10,·oha1c Po\\ Cr U11h.1;11101f· 1s ;11nongs1 the p11ority projects selcc1cd for C0tlpcr:111on be· 
tween China and UNIDO and 1s based on progr;:m ;1rcas 128. l 2C and I JD of Ch111a · s Agenda 11 

From 1983 to 1987. se\cn largcr P\. s1;1nd:11d prod11c11on Imes ''crc imported ;md 111stallcd cf\,111..:h fl\c 1-'rcs­
ently are operational \\llh s1g111fica111 0111p111 and sales (sec Anne' C-2). Four ind11s111al 1111.:s pwducc monoc­
rystalline silicon wafers . .:dis and modules. :111compamcs1ogc1hcr ha,·e a comb111cd ;111n11al prl-xl111:11011 .:::1p:K­
ity of 2.2 M\Vp/a fer modules and. ln the end of I ')'H. oaly abo111 I 0 Mwp/a (111ono-ls1hco11 \\a fer pJOd11c11011 
capacity; a pilot lmc 111 a Na11onal R&D bbor;11ory tGRINM) has a c;ipac11y ofabo111 1110 kW1;';i of io, IO.::m 
polycrystalline silicon \\;ifcrs The 111d11s1nal amorphous silicon production lines of 2 II M\\'p/a capac11' dell\ c1 
about 700 k\Vp /a Anne-.. C- 1 pro' ides an men IC\\ m·cr cell efficiencies obtained c'1>.:r1111cn1alh as \\di .:ts 111 
production 

By 1994. about 5.2 MWp cu11111lat1\ c c;1pac11~ of PV sys1c111 has became installed 1n Cluna (see Anne-.. C-!l 
While early applications addressed commerci:il applications such as cathodic protection or po\\ er supphc~ for 
repeater stations_ the SCl'pc of applica11on gradu;1lly e'pandcd i1110 fields such as agricnllure (home hgh11ng 
systems). animal husbandn· (clcc1nc fences). fores1ry (111scc1 traps). culture and ed11ca1ion (remote TV recep­
tion). medicine and heahh care(\ accmc cold store) Su!Jscqucnll~- supplying electric po\\ Cr 111 re11101c areas and 
offshore islands by photornl1a1cs pro,cd a11ract1\e and nable to pla~ a key role 111 prondmg dcccnrrah1cd 
power. However. further markc1 np:111s1on 1s prcsenth hampered b~ h111i1cd domcs11c produc11on capab1hl\ 
(induced in part by a shortage of er. s1;1I p11lhng/cas1111g and \\afcr111g capabil11y. b\ a shortage of Im' -cos1 oil­
grade silicon for mono- :111d poh s1h..:on 111;11cri:1I) h' 'en lo'' module efTic1cnc~ (or amorphouc; s1 Ii con mod­
ules). and by the 111s11fTic1cn1 q11;1l11' of PV modules. hal;i11cc-of-s\Stc111 components and PV S\Slcm lcchnolo!!' 
in general In the apphca11011 :md d1c;~.:1111n:111011 s.:llor l'V S\ s1c111s frequent I~ do 1101 prm u.k 1h..: n1i:.:..:11:d 
scrYice due to s~ s1c111 design ckf1c1..:1i..:1cc; 111:ukq11;11c pcrfomance and/or IO\\ rcl1ah1hl\ and hfc11111..: of h;1l:111c..:- · 
of-system componcn1s 

S1111il:irly. ;id\;111ccd t:\pl·ri11Kn1;1I Lk"1h11c' for p1..:p;i1111;'. ,.1111pk' nf 1110110- ;111d P•)l\-..:n,1;1lh11..: 'lh..:011 cdl' nl 

l11gh dlic1cnu (·I~" .. fill p11h --ilru111.111d ·I-\"., fo1 111111111·,1hu1n l·dl\) ;irl· h11111l·d 111 Ch111.1 ;1ch.111cc"d Li. d1 
lies do not c'"' ft>r <.•HH!11<:1111_:' 1,·,,·.11, I: 111 1h,· ""''·I f11·ld ·.•ft "'1.1ll111c· (1.1llil"I th.111.111w1ph1111,)1hr11-lt1111 '"' 
con c;ol;i r n: II• 

It 1s c~sc1111al lh;ll 11,·" 1 .... 1, .11_- 11111 .. d11"·d .111d 111·" 11111h1•d' ,11,· .11l.1picd \\l11ch ,11, 11<."cc''·'" ''' """'"' 1 '1.11. 
of-the-art phounPll.11, ,,_."·.11, h "' "!11, !t .111 '" ,·d.-d 111 11p!'1.1<k 1h.- dn111c·,11, 111.11111r.1,1111m!'. ,.1p.1ha!11' 111 1111·. 
COlll•.'\I. l"\lll:ll<"n<.<" \\llh lhc p111d11,11,111 .l'p,·, ;, 111 id!'.h, Iii. l<"lh \ "1!.11 lc"ll' (;111d 111<>d11I.-,) I' p.lllh 1d.11i1 11·1. 

\·;1111 For allc1r,.1.11111r 1li,· ,11,111.1_!'_,. nl ''"''·r ''"' ,,, .. 1.dla1i.· '"""" •.\.1kr• ft>r ,,ll.11 ,.-11 ptnd11tl11>11 tit,· <'-Pl" 
~ion of llir poh,il1c·o11 c.1'.f11w .11ul 111:·111·.l1t111!·, .. p.ilHlll\ "all 1>,· 11l uH1,11!,·1;1hh: \lr.ilq'.ll ".1:111111 .int.· 



To accekr;Hc 111;11ke1 pcnc1ra11u11 :md 111;1rke1C'-p:m-.10111111J areas 1111por1:1111 fo1 :!>USl:1111:1bk de'd<llu11c111 ,p .. :­

cificall~ 111 rural're111ote rcgw11s of the i:ou•ll~ s.=- •:r:1l mea ;mes 11111s1 be 1111dcrtakc11 

the q11;1h1~ ol I'\. :-o\-.IClll (llllllll.lll<.:111\ 11..:cd' 1t1ii.:1111pro,cd and (111 ;1 suh..cquc·nt ph:1,c1 h,: ·''":r,·,! 
and ccna fo.:d b~ :m 111dcpcndc111 Na11011:il 1~·:-.til:er11 fu:atwn bbora10~ _ 
the capab1h1' for PV S\ stem des1!!n and for 1 la: de' clopn;cnt of P\' s~ stem 1cd111olo~1e-. ! 111'1.-i 1 li.111 I'\ 
modules) '' l11d1 arc ;1daptcd to applri:auon i:ui:umstanccs needs to be est:1bhshcd_ 
the \Uh1ht\. i:ost-cHcc11\cm .. -ss and '. no11-1nst111111onal) user ;1cccp1;111ec of P\" s~ stems 111 1.:11111;.; .11c·.1, 
and Ill a numli.:r of non-stand:ird apphc111om :111d con:igm:111on;; needs to oc tested. denum.,tr.li·:J :11h! 
publrc11.ed to spur repl:c111on :md tcchnolog~ d1IT11s1on_ 
the financial mstnaucnts need to be de,·clopcd by wluch the purch;1se_ kasc_ repayment 111 111s1;1il111e11b 
of PV systems b~ the population II\ mral or remote regions or by third-pan~ ownerslup c;111 oc buli­
t:11cd 

It finall;.· is of strategic ,-alue to deme par:11ne1ers for policy fornml;111011_ 111tel'\ention :ind/or ;rc1wn lro111 1hc 
(substantial) experience 111 opcra11ng small- :md med111111-si1.e PV s~ stems in urhm and naralirc111011.: :11.:.1, of 
China For this purpose. the opcr:t1111g hrsto~ and opcra11onal status of the about 5 MWp of mstalkd c.1paut~ 
of PV system grca1er tl1<111 ;100111 llKI Wp shall be sune'.'ed on a selected b;1;;is_ user rc;1c11ons li.: solic11cd 1e­
sults be as...ccsscd ;md concl11s1om. ;111d recommcnda11ons for future <1ct1on be dr;m n 

For addressing these issues. th rs pr~1ei:t arms 10 broaden the mdus11i;1l supply b:1sc of pol~c~ s1;1ll111c s1la~o11 
wafers. to dC\·clop l11gh-q11ah1' lonc:-hfc hal:1ni:c-of-s~ stem components. 10 demons1r;11c the 1ed1111.:.1l '1.1hdll\. 
mai111ainab11i1y and pcrfonn:m.:c or s1:111d-;1lonc s111:11l- to 111edi11111-s11.e PV s~slems 111 remo1c ;11c;" h• re~• fi­
nancing instruments \\l11ch enable 1he ;1cq111s111on of small PV S'.\Stems by low-income rural pop11l:111011 ;as ''di 
as to cnham .. e the R&D base for solar cell resc:rrch (by cs1;1blisl11ng a thin-film e~stallrne s1hco11 rcscar.:h l;1ho­
ra1ory) and to fun her the .1d' anec of more ::ost-cITcctl\C manufacturing tccitnology (b~ estabhsht11!,! :1 p1h11 
production lme for mono..::r:· s1:1lhne s1hcon cells '"th cflic1cncics > 15% cell cflic1cn0) 

a fac1l11~ for lhe .:0111111crual manufacture of I fix IOcm pol'.' -c~ s1alhnc silicon "afcrs '' 11 h .1 ~.1p.r..:1I\ 
cqui,·ak111 ;.-. I !\.tWp ;1 of sol:tr cells'' 111 be es1:1blishcd. full~ opcra11onal ;111cl 'idhn!! 111,,,,. 1it.111 
R50.<KIO \\afcrsi:t at ;1 1111!1 price < "l. US-S. 

2. a pilot faethl\ "uh a ..:;1p;1c11' of fl 5 M\Vp/a for the produc11on of c~ s1alhne s1lrcon soL11 cdb '' 11h 
an eflic1en0 lug her 1h;111 IV~ .. at s1andard test conditions \\"Ill ha\"e been SCI up. "111 h;I\ c become op­
erational_ and me1hodolog1cs ,,,11 ha,·c been identified by ,,·hich the pho10,oha1c cell- and 111od11lc 
produCllon facihl~ of :11 lc;1st one con11nerc1al en111y in China has been 11pgr;1ckd (111ghc1 dTic1..:1k' re­
liability and prod11e11011 ~1cld. lower cost). 

3. a test fac1l11~ has been sci up and 1s opcra11onal for the purpose of de,clopmg ;111d pcrforu1:1n,..: 1cs1111!! 
of high-rc!1ab1hl\ and wst-.:fkcll\e balancc-of-syslem PV S\Slcm componcn1s '' luch ;11..: llp1111.1lh 
adapted for ti!~· speofK ;1pph.:.111011. as "ell as for 1he dcsigr!. opt1m11;111011 and pcrlo1111.1n.-..: 1.:q111J.! of 
low- 10 111ed111m-po"cr srand-alonc PV S\Ste:ns smlablc 10 render essc1111;rl -;en ace<. rcrp11r111!! ck.:1r1c-
11~ for rhe pop11l;111011 111 oIT-J.!rid rcJ.!IOns of Cluna~ 

a number of -;1;111d-.1hui..: or h' hml \lll:tll- 10 111cd111m-power PV s~ stem\ h;I\ c bccn t!.:\1~:11,d "'''-'111 
componcms de' clop..:d and/•" ;1d;1p1ed. the PV s~·srcms 111stallcd 111 rcmo1e ;irc;r<. or Chm.1 rhc P\. s' .,_ 
IClll 11\CI' Ir llnc'd .111<! lhC ll(l\.'1.111011 o( lhcse J>V .'~Siems pcrforma11<.:C·lll1ll11lo1ccl for ;II k.1,11111,· \<'.,II 

;1 l11J.!h-q11.1l11' ,,.,,.,11, h I 1li.11.1h•I\ h,1, l'<.·u1111c e<o1;1hh~hcd and opcr.111011.rl '' h11.:h 1x·11111h 111'""""'1 
\l:lll'-Pl-1h,- .. 111,·,,,,,_1i '" '"'1.sllr11l· 1h1,I..- .mil 1h111-r11111,1hcon 111.11cs1.sl' '1111cl1111·, ci:''·'' .111d 
1dl.;. """ h i111ld th<!"''""":,,• ""!-1c·d11d1t111 111 rhr 111;111111.Kfurc ol l111:h-q11.sl1I\ ph1>l<11 .il1.11, ,, 11, 

h ;1 \Ill\\"\ .111d ·""·· .·,111. II( "'"'" h.1·- 1 ... -, .. c.llllc"d lllll ,,ho111 rho.: Pl"l.1lllll.lll1c· .llHI "P' 1.1111'11 i! I"''"" ,,, 
lh1' 111111111111!.- 111 'l.i:i.! il,111, I'\ ""ll°lll' \\htch h.l\r l....-..:1111. .1.i!f.-d .rlr..:.uh 111 I h111.1 i.. ·""I, .1r1i. d 
h,I\ \.. tx 1.:11 lL·' I\~ d .1111 i I ' t 111tllh.' lhl.11 hHl'- lof \.l "'"''°' or ,H,. I 1<111 .111d ( j, 1\ \.'.'fllfth• llf IJll ,"I\ I.. Ill It'" Ii I\ ,· b\ t'lt 

d.1ht'r.111 d 
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7 the sp...-.::ificataon a11d financial requirements for the c .. taM1shment or a N;111on;al PhotO\'olt;i!c Qua!afi 
cation Test and Cutification Facility han~ been 1tknl!llc,1 and the decision<; and required courses of 

a.:11on d\.-.:1d\.-d upon. 

These SC\ en t\\O end-of-pro_1ect results may be grouped aci:ordm!'. !O common ob_1ec11n:s 

(1) 11nn 0111.: and two adrcss the enlargement of the supph b;1sc for PV \\arers and the impro\·emcm of l'V 

cell/module production technologies an~ capab1h11cs 

(11) Items three. foUf. six and se\'en address issues of 1mpronng the technology and quality of PV system 
and PY system component. i.e. optimi1..at1011 of component/system design. performance assessment of 
e:-.1stang and optimized PV systems. and the quaht\ assurance and cenific;11ion of PV components. 

(111) 11cu1 5 addresses the issue of imprO\·ing the capabaht\ Ill earn out ad\·;anccd state-of-the-an R&D an 
the field of c~·stalline silicon solar cell technolog~ 

Whale the O\-Crall ob_jcctive of the project addresses 111a_1or issues on na11onal le\-cl. each of the SC\·en end-of­
prOJCCI results can only make a limited contribution to\\ards these 11;111011;11 goals. their ;1ggregate indirect and 
direct dfcct tow;irds the sustainable dC\clopmcnt in mral regions of China can be s1g11ific:1111. howc\·cr. Each 
end-of· project result is related to a specific technological issue or present I~ e:-.1stmg dcficicn0· m the PV sector 
\\ hich need to be addressed or rcsol\'cd in order to dcme the social and economic benefits from PV tcchnc,log\ 

on the macro le\ cl 

To ach1e\ c the end-of-project results in a focused manner. e'ecu11on of the pro_1cct \\ 111 be stmctured into dis· 
1111c1 pans In these pans. technologically quite spcci;il11cd acm 111es need to be carried out which requires 10 to 
formulate anda,·idual objcc1i,·es for each pan: such stmuurc not onl~ as useful for 1he e:.;ccution of the project 
bu1 also because 1hc project pans arc carried oul b\ four d1ITcrc111 o·g:11111a11011s \\ luch ;1rc. or arc 10 become. 
spcc1ah1cd 111 1he1r respecti\'c fields. While the shon-tcrm s1!'.111l~c111cc ( 111 \IC\\ of m:tcro-lcvcl goals) of the 
results of the md1nd11al project pars \'aries. the success or e\e•1 p:1111;1l f.,ilure of all\ of the project pans docs 
nol 1mpa1r the (then p.utial} success of the O\·crall pro_1cc1 

The org.11111a11ons/111sti111tions responsible for the c'ec1111011of1~1c sc\cn d1s1111c1 p:1ns of the pro1ec1 (..Tasks··i 

and their code names arc 

for fask I !POLY) 

for Tasl. ? (PVLAB) 

for Ta~k 1 I SYSLABi 

for 1 a~~ l tOEMO) 

for l:i"~ 'dll(ill·q) 

'"' f ,1,~ . I ( J .\I \ f \I 

'• 

the Gcr-.:ral Research Ins1it111c for Non-ferrous Metals (GRINM). operating under the 
ministerial-level Chin:i Na11onal Non-Ferrous Metals lndnst~· Corporation (CNNC). 

the SUNPU Corporation. operated as manufacturing cntili~ of BSERI. 111 collabora­
tion ";1h the Qinhuangdac HUA MEI Photo\ ol1aic Electronic Co .. Lid (altcrnati\·el~ 
with the KAIFENG Solar Cell Co Ltd . and/or the YUNNAN Semiconductor De­

vices Plant\. 

the New Energy Dcpanment INFDl of the Bc11111g HUA SUN Hi-Tee Co. Lid. op­
erating as a m;rnnfactunng cnll!\ of The S"1h Research lns111utc \\ luch 111 turn opcr· 
ates under the Mmistn or ElcctronK l11d11~1f\ (Mfll. 

the New Energy Ccpanmcnl 1NFD) of 1:1c Rc1_1111g HlJASlJN Hi-Tee Co Lid. 

the Bc11111g Solar Encrg\ Rc,c;mh ln,111111L· (RSl·.R!) 01i.:1;11111g under the /\c1<k111\ 
of Science of the n11111<1crr.tl .fl.:, d < ioH·111111L·111 11f the C11' of lk1_1111g 

the (hma Ph.:-ilo,oltair lL'• h11oln:'' I ,_.,,1,111111L·n1 Cc111c1 !Cl'\'Cl ll;111;.:1ho11 np.:r.11 
111g on c'.lntra<.:I ha~" 11111k1 rh, \1.11<" '" 1,·11,_- .111d T,·,·h11Pln!'.\ C'o1111111\'>1011 (SS IC1 
and th.: Slate Pb11'.111w Cp111f111,,1,,11 1'-l'f ·, 111,nll:tl""111011 \\llh BSl'.RI ;111d NI I> 

the Ch111;a Phoio' oll;11r I,·, 111101111·, 11, ', l11pr11,·111 I »·111cr 1 I ·1 ·vc l I l.111;'.1ho11 .. 1 

<.:olLihor:11m11 \\llh NI I l 



The di rec; and 111d1r.:ct bcncfic1ancs of the Task oulputs arc .. 

- 1 
l'nmnn· Secondan; Tt!rfrmT 

-
Ht·m.-jicwn· IJt?neficr~n· /Jene/icr.1n 

T1uk I GRINM PV mdust~· ACCA 11 
(POU) 

ACCA2f'~ Task 2 BSERI PV indus1~· 
(1'"1,.AHJ 

Task 3 NED PV system component induStl)·: ACCA 21 
rsrsL.f.B> PV user communil\ 
Task./ NED PV user communit)· ACCA 11 
(DEMO) 
Port 5 SUNPU/BSERI PV industl'}· ACCA 21 

-
(HIGll-11> 
Task 6 CPVC SSTC: SPC ACCA 11 
(STUD>) 

Task 7 CPVC PV indust~ ACCA 11 
(0AL48) 

The ultimalc beneficiaries \\ill be 1he populalion of China at large_ but espcc1;1lh 1hc pop11la11on in rural and 
remote arc.is such as islands . 

.i Project S1ratcgv and Institutional Arrangements 

7 

The O\"crall project C..Projccr-) is structured in pa:1s/Tasks and can therefore be nc"bl\ c\cc111cd The Tasks arc 
listed in 1hc1r approximate imponance relati1·e to the o,·erall Project objecti' c T;isl..s 1--t arc viewed as the 
more imponant Tasks_ while Tasks 5-7 may be delayed and executed cont111gc111 011 the ;11 ;ulab1hty of funds 
With possibk C\Ception of Tasks 6 and 7. the close c.ooperntinn hl·firc·en pri111t1~ mrcl '"' mulnl'I" beneficiaries 
111 each Ta~/.: 1111/ he cruc1nl. The responsibih1y to effect thi!' coopcra1ion rcs1s '' 11h 1hc pnma~ bcnclic1a~ 
mstitlllion. spcc1fically mth the 111di\'id11al \\hich is assigned O\'erall respons1h1h11 for the rcspccli\'e Task 
(..Task Dircclo(·) 

The project funhcr aims to contribute to Project :;ucccss by spccify:.1g spcc11ic goals 10 be acl11e1cd in each 
Task, defined by quamrji'lhfe measures of.mccess defined by the Task D1rcc1or Tl11s 11111 allo11 to bencr assess 
the measure of succes in each Task at the end of the Project. Hence. ;icting on bch;ilf of their ms111111ions, Task 
Directors become personally and identifiably responsible. 

The Chma National Photovoltaic Technology Oc\'elopment Center (CPVC). b~ contract from ACCA2 I or 
SSTC, shall monitor the progress of Tasks 1-5_ alcn ACCA2 I or SSTC of 1mpcnd111g or existing difficulties in 
project execution. and shall check the validity of expenditures of funds in each Task For Tasks 6-7. a different 
national organi1ation will ha,·c to be charged to monitor status ;ind progress on behalf of ACCA2 I or SSTC. 
CPVC shall be assisted by a Project Technical Advisor. being engaged on a pa11-11111c basis (sec Annex A-I). 

National contributions wich arc expected to be made available by SSTC and/or SPC. rcspcc11vcl~. ;ire chan­
neled directly to the primary beneficiary institutions. based on the counsel of CPVC .1:-s1s1;incc pro\'ided for the 
Project b~ or via UNDP/UNIDO (or other inrernational bodies or foreign go,crn111e111cn11111es)111 terms of 
funds for cci111pmcn1. pro1'1s1011 of c'pcns or of opportunities for 1ra111111g "ill be ch;111nclcd 10 the Tasks \'ia 
ACCA21 

lJNIDO through 1s1 in1crna11011al ;11 r;111gc111enh. has the ah1h1~ to p1oud.: ;1 p.1, l..;1r,· of ~,,,,,,band sen ices 
"11ho111 na11011al rcs1nc11ons ;111d lo prouck 1cch111cal ass1s1;111cc q111ckll" rliro111·h 1-i link''' 11h inch1s1n· 111 dc-
, .:Jopcd co11111r1cs This Pro_1cc11\lll prc.1.lc mcreascd capac11' h111ld1ng 1111h1· !•11111of1111.~:1;1Ch:d PV 111a1111fac-
1111111g and H&D capah.lillcs \\llh111 China. ;1lo11g \\llh fostering of long-lc1111 r1.·l.1111111,h1p\ hcl\\1.·cn Ch111a ::1•d 
forn1:11 11!d11"1n IJNIDO·s lack of cnn1111cru;il Ina' or 1111c1cs1 perm II'> rh,· q111, ~.,.,1 p1•"1hk- 11a11,fc1 of the mosr 
.1ppropr1:11r rrchnolog:. and prncr'~ kmm-ho" 10 Cl1111;1 llNIDO 1101 onh "ill ti,· .1hl,· 111 '11ppn111hc Pro_1cc1 b1 
1hc pm' l\tn11 of ;1 Pro1c r T1.·(h11H ;ii •\cln\m Ill 1111crna11on;il co11~11IL1111' .111d ''' kllP" 'h1pitr;111111H'. of 1!11nc~c 



scicnllsts/engmcers 111 l'V 1e..:h1i.,log11:s. but also 1s aiilc 10 solicit the fu11d111t ~1:pport for 111;1_1or eq1fti1mcn1 Hl'lll' 

from the intcm:111011al n1111111111111i-:' 

For reasons of cost ;111d need for eucrgy storage. solar e11e1gy 1111!t1a11011 b\ photo,·oha1c 111ca11s \\1111101 bc a 
competitor to bulk clcctnc11\ gener;111011 from fossil 01 1. ·Klear sources Howe,·er. PV power u11h1~11mn \\ill not 
only be one of the ennron111ent:1lh most bemgn forms of clectm: cnerg~ generauon. but II also "111 be the 111os1 
economical form of prondrn!! h111111:d amounts of clcctncal cncrg\ 1:1 (frequently ccologica?h fra!!1lc) remote 

regions of Chma 

PV power u1iliza11011 11npr0\ cs the hnng cond1t1011s 111 ofT-gnd regions of China without addmg 10 CO: cnus­
sions (after 1he energy pa\"-back 11111c of - 6 months for a111orpho11s s1hcon and 2-3 years for Cl!Stalhnc s1hcon 
solar cell modules) or d1smpt111g the ecological balance 

7. Coordina1ion Arrangc111e111s - L111ks/Coord111a11on \\Ith other Pro1ccts in Subscctor 

(i) Coordination Arrangem.:nts 

Close cooperauon with 111dus11~ 111 Tasks 1--1. and of Task I and 2. '' 111 be \Cf) esscnual to aclue' c :111 o'er all 
Project success. Also. the collabora11011 \\llh users of P\' s~ stems aud the accou111111g of user 11eeds 111 the PV 

system design will be a \Cr. 1mpon:1111 clc111c11t 111 Task .t 

O\'erall Project coord111a11011 on a co11111111011s basis" 111 be carried out b\ the National Pro_1cct Coord111;11or 

(ii) Links/Coord111a11011"11h other Projects 111 Subscctor 

None required. as there arc no other 111a_1or R&D ac1m11cs 111 the photm oha1c fic!d at present :n Ch111.1 

8 Capabilit\· and Con111111111.:111 of 1hc Hos1 Counm 

China has co111111111ed to sakg11.1rd111g 11 · s future b~ adop1111g the A~:cnda 21 While Paper and cs1ablisl1111g an 
administrative center al the l11ghes k'cl for carl!rng 0111 the 111111atl\cs defined. II is 10 be e.\pccted that fund~ 
adequate to cart! out the 1111t<1tl\CS \\Ill be made a\a1l:1blc b~ Ch111a (national funds) The 11lt1111:11c success of 
this Project in terms of 1mpro' 111g II\ mg eond111011s 111 remote are;1s depends. howe,·er. also IC' <1 s1g111fic;1111 
degree on the e111hus1asm and '' 11l111gness of regional and lool ant hon Iles to accept PV systems as alternatl\ cs 
to provide local needs The ;n ailab1h1y of funds or fin:1nc111g 111ccha111s111s for the purchase of PV s~ s1ems b' 
private users is another factor \\Inch Wiii be dectSl\e for PrOJCCI succes on the IC\-cl of objecti\'es pursued \\llh 

China· s Agenda 21. 

Upgrading of 1he PV R&D capab1h1y towards state-of-the-art lc\'cl of research will require in\'estmcnts 111 111-

frastructure which ha,·e nol been accounlcd for in budget calc11la11011s of 1hc Priority Program. The clean room 
facilities which will h;l\"e 10 be created for Task 2 (PVLAH). and pan1cularl~ for Task 5 (HIGH-TJ). arc ;1 case 
in point this 111fras1mcure 1s a prcrcq111s11e for meeting the Task success criteria. 

C. Dcwlopmcnl Ohjn:tiH 

The priorit~ program Ch111a·s Ag..:11da 21 s11p11la1cs the lo11g-1e11n oh1ccll\C of tlm Pro_1ect . .to promote 1'1..: prog· 
ress of the pholm olta1c 111d11~1n 10 ~11cng1hen rcs.:ach and de' clop111c111 of solar ccll tcchnolog1cs. malo.e pro­
dnct1011 costs co111pc11t1\C and 10 C\p;111d the 111arkc1for1h.: 111d11,1r' ·, p1od11c1s·· 

The Pro1cc1. 1hcr..:f1Hl'. ;11111' f;m·:1111'I (1) 10 broaden the h;1'..: for ;111d 1111ecl11ce the cosl of. 1he do111..:~t1l 111.11111· 
facturc 01 PV sol;•r u·ll' ;111d 111Pd11k'. (II) 10 1dc1111h 111.:tho1h lu111 10 11pgr;1d..: lhc Ch111csc PV 111ch1qr1 1\111.1111' 
larger 0111p111. prPChllllllll 111.:ld ;111d q11:il1I\ and (111) lo d111·1,1(\ 1hl· ;1ppl1..:a11011 or a1110110111011sh opc1:111111· I'\" 

and l'V In hr1d ~' '''n" 10 1i:l1.1hh rc1Hk1 '''"111:11 ''" 1c.·, 111 1111.il 1q'.to11' of Ch111:1 The oh1ec111 '' ol 
,1rc11~1he11111r tk H.~ I> h.1,i.: IP• , .. 1.11 cdl 1i:d111olo)'.ll"' rn1 1111: 01hc1 h.111d ";111 1111 "11111.:111 for lhl· 1111111,· 111 
hl)'.h COSI a11d '"!.. ;i11d l.111 h..: p111-11c·d \\hc111hc l1111d1111• Ill•" 1'11111'· .Ill' ;11kq11;11\: 

'• 



D. Immediate (Task) Ohjccti,·cs. Outputs and Acti,·iti{·s •. 
Ta.fk I (POl.Y): 

Objective: 

Output~ 

Activities: 

To broaden the supply base for iugh-quahty and lower-cost (poly-)crystallinc silicon 
wafers to make fuller use of existing production capacit~· of domestic PV manufacturing 
iodustf)· 

Establishment of a full production line for the casting of poly-crystalline silicon mgots and 
the culling of lih IOcm poly-crystalline silicon w:tfers with a minoril~ earner hie111ne equal to 
or greater than 2 µm (suffici.:nt to n1..,nufacture smglc-diffusion solar cells with >= 12% 
efficiency). at a production rate of >K00.000 wafers/a and at a cost pcrnulling the sale of 
these wafers al < 2 0 S/wafcr 

1-1 

1-2 
1-3 
1-t 
1-S 

1-6 
1-7 

Design and specif~ polys1hcon wafer production facility and 
infrastructure( complc1ed) 
Assemble production (connterpan) team (completed} 
Procure fundmg for i11\'estment in equipment 
Tender and procure equipment (from foreign or domestic suppliers) 
Fellowship of up to ~ persons for I m/m each to receive training abroad on how to 
operate a poly-c~stalline casting and wire-culling machine 
Install. commission ;md tes1-nm cquipmenl and production line 
Fielding of 2 1111c.rna11onai e'pcns on poly-crystalline silicon ingo1 casting. 
for I m/m each 

1-8 Fielding of 2 in1erna11onal ex pens on the adaptation of pol~·-silicon solar cell 
processing. for I rn/m each 

1-9 Fielding of I 1111crna11onal expcn to adnsc on wire-culling techniques and on wa~s to 
impPJ\C culling skill'.:. for OS 111/111 

1-10 lmpro,·e output quality and quantity 111 full-production mode 
1-11 Assume full production mode 

Task Director: Dr. An-Zhong Lin. Photo\ olta1cs Group Bei_1ing General Research lns111u1e for Non-ferrous 
Meials (GRINM) 

New equipment required (costs es1ima1ed. not 111cluding transpon;i11on a'1d impon taxes) 

r-~~~~~~~~~~~~-...~~~~~~~~~~~~~....-~~~~~~~~~~~-~ 

Type of Equipmenti-
Activitv 
Silicon Ingol Casling Furnace 

Co_,, ojLq111p111<!11f'· 

Acf11'tf1· (tn US-S) 
S 890.000 (irnponed). or 
S I S0.000 (domesticallv procured) 

Remarks 

for 1~5 kg ingots 

Wire-cutting Machine S .J50.000 (imponcd) 3.000 wafers/d ( IO.x IO cm) 
...-~......,~-""'"-~~~~~-~-t-'--~~-.;___._~.......:.--~~~-+-~~ 

Ingot Cutter S I00.000 (imponed). or 700 111111 di;ime1er saw blade 
$ 30.000 (domcsticallv procured) 

~S~1p_1i_n_D_1ry~1e_r~---~--~~+-S~-'_O_.O_O_O~(_d_o1_n_e_s1_ica_ll_v~p-roc_1_1rcd___,)___,~2_S_O~p~1i_cc_e_sl_c_h_a~rg~1e _____ ~ 
Square Graphite Crucible Produc- S .Jo.ooo (domeslically procured) 5~0x550x220 111111 cmciblc 
lion Machine 
Infrastructure None room. power line conneq1ons. c1c 

a,·ailablc at GRINM 
1--~~-~~~---~----t~~-~~~~~~-~~~-+---'--~~~-~~~---·~ 

Training abroad: Fcllowslups S 2xooo .J x I m/m 
Expcns: Consul1an1s SWl_S_o._o __________ ___,~2--.-2-,-n-/1_11_+_1_,-. _0_5_1_11_/1_11 ___ _ 
~-~--~-~~~~--~-+-

To 1 a f- S /(i50. 500 (1111por/c'1/J 

~-----------·-- _'\ .~'.!~ _i{J() (tfulllt'\/I( n/fi f'l'llC /ll'C'tf) 

I'. ~1'~~111g eq11ip111en1 (sen cs research 1111q10,c~ .'cl s1111ablc for use) 

~ 
-

lfl<' nf /~'q111p111c111 __ _ 

1hcon Ingot Casting Furna<:_~--. 
1col Culler --- --·--
)Saw 
·------r------ .... 

) ,.,,,. "' 
I ')'J.I 

l'JXI• 

l»XX 



-------------- --

Design and specify equipment 
Assemble production (countcrpan) te;1111 
Procure funds for equipment 

{ rnmplctcd) 
I completed) 
Sep '>:i - Dec 9:i 
1f 11nponcd· 

Tender and procure equipment Jan - Jun 96 
Fellowships Jan - Jun % 
Install equipment Jul - Sep % 

Stan-up and test runs Oct - Dec 96 
Fielding of first three international expcns Oct - Dec 96 
Fielding of last two international expens Jan - Sep 97 
Improve output quaiity/quantity Jan - Sep 97 
Allain full production Oct 97 - Sep 98 

Subacti,·ity duratior. -37 M 

•, 

if domestically procured 
Jan - Dec 96 
Jan - Jun 96 
Jul - Sep 96 
Jan - Mar 97 
Jan - Mar 97 
Apr - Dec 97 
Apr - Dec 97 
Jan - Dec 98 

--to M 

IO 

Suggested Acti\"it,· Funding: 

--
Equipment· (ost Government r 0111111 Lonn ... Gron/ . .;; from Intl Fur,.1g11 
Act wiry (in US-SJ Gron ts (do111e.fltc cur- Orynni:ntum., <lo n·rn 111£' 111 

(SPC · S.'>T(j renc1) (C:VDP. l <Vl/JOJ Grnnl.\ 

Tech. Assitance~ s 130.500 IOO'Yu 
Trainin~ 

Ingot Caslin~ S 890.000 (imp) 25% 25% 25% 25%. 
Furnace S 150.000 (dom) 50% 50'Yu 
Wire Saw S 450.000 (dom) 25% 25% 25')1., 25·~1;, --
Ingot Cutter S 100.000 (imp) 40% 25% 35'X, 

s JOJ)()(l (dom) 60% -to'Y.. 
-

Spin Drver s -t0.000 60% -to% ----
Cru...:iblc Maker S -t0.000 (dom) 60% -to•x. - ·-

Collat/9rations GRINM intends to closely coopcra1e ''1th all four lll<lJOr PV manufacturers in C'l1111:1 111 the 
e,·aluation of wafer characlcristics and s111tab1hty for cell prod11c11on. cspcc1all~ ..:lose rcla11ons 
exist \\ ith the Nll\.IBO and KAIFENG factories which use GRINM technology 10 produce 
limi1ed quanlities of polysilicon solar cells 

.. 

100% success if after 2.5 years. respectively 3 years (in case of domestic furmice 
procurement). the following is achieved 

full production at a volume of 83.000 wafers/M 
minority carrier lifetime of 90% of wafers produced is > 2 µs 
1hc wafers can be processed to solar cells by 111d11st~ 
all wafers are profilably sold: 

50% success if after 2.:'i. respcc1"·c1~· 3 years. the following is achic,·ed 
produc1ion al a volume of -t0.000 wafers/M 
minority carrier ltfct1111e of •JO'Y., of wafers produced 1s onh < I fl'•· 

1hc prod11c1io11 1s sold al cosl 

1hc prod11c11on hne Wiii be SCI up at GRINM 
1he design of an 111got c;is1111g furnace has been discussed" 11h 1hrct· po1t·1111;1I 
domesllc suppliers 
con\ldcra11on 1s gl\ en 10 cs1ahllsh :1 101111 'c111urc com1M11\ on I he p1c111"l'' ol ,111d 
\\llh GRINM 111 case suhs1a1111al foreign g1a111s a1e offered 
(iRINM 1s the 0111~ RX:D enl11\ 1111hc field of p<'l\·l"r\\lalh111.: ,11tw11 l(th11ol111'.' 
(s111n· ! ·' \CilrS) ;ind <,o(c producer of pol,stl1co11 sola1 111ocl11k' 111 C ·11111.1 
;1 p10<1111.:11011 capac1I\ fro111 111go1c:i,1111g11p 10 111od11k p1ocl111.:11011 ,·q11" .1k111 10 11111 

k\\'p/;1 cq111\alcn1 c"s'' ;11 CiRINf\.1 """J! 1111:01' of 17 l..1: 11c·11:h1 .111d '1dd1111• t,·11 
df1ucm:1c\ of 'J-12';1,, 
;1 h11111rd cap;1b1hl\ lo niodm:c \q11;1rc q11a111 and rc11<,;1hlr u11, 1hk' ;111d 111 p1odmr 
\lll):k·JlllKllOll \Olar cells e"''' al CilUNM 



II 

a s1hco11 block of 145 kg will )'ielci 1110 kg or blocks su11able for wafcnn~ al 1hree 
1·ro\\1h mnslweek. more 1han 15 10 or Si-blocks can be produced From these. 70 
wafers/kg Si of IOxlOcm wi1h a thickness or "1511 i1111 can be cul. resuhing in a wafer 
p1od11ctaon volume of997.000 wafersl:i at 95% yield (disregarding elCClronic quality) 
GRINM produces currently about I 0% of monoc1~ stal!111c S1 111gots (Czochralski 
process) m the country (CNNC produces abo111 :'ill'~{. of poly-Si base 111a1crial in the 
cou1~· using 1he •• Siemens .. pr-xcss) 

about 20% of oIT-gradc silicon will be obtamcd from GRINM ''lule the rest of silicon 
stock musl be procured from outside sources (at about 511 RMB/kg prcscn1ly) 

Ta.di. 1 (PVl..AJI): 

Objective. - To strengthen 1he know-how base in the field of higher-c!Tic1cnc~ mono-c~stalline silicon 
solar cell produc1ion technolog_v and to identify mer hod~ and mc1hodologies b~ which cur­
rently cx1st111g PV manufacturing capabilities 111 Cluna cm be upgrndt.d: 

Es1abhshme111 of a pilot production line 
(a) for lug:.cr-11 mono-crystalline silicon solar cells from :;··o cz-,,afer ma1cnal with an 

c!Tic1en0 > 15% at standard test condi1ions and a1 a capac11' or .mo.OtMI ~ells/a and an 
acrual produc1io11 r.ue of>26.000 cclls/m ('Jj'X, '1ddl al :1 cos1 < ' 75 !ii/cell or 
)X yuan RMB/cell (<2.5 $/Wp or 26 ~'\Ian R!\.IB/Wp1 ;1ml 

(h} b~ ,,111ch 1hc process characteristics can be elabo1a11.:d 10 01>1:1111 lugher-q pol~-c~·stalline 
silicon solar cells from IO.x IOcm wafer:; with an effac1e11n > 1 •·x. at s1;111d;ird 1es1 con­
d111ons 

2-1 

2-2 

2-~ 

Fellowship of -'persons for I m/m each to recc1' c 1r:1111111~ 111 1h.: fields of 
production processes and other technologies needed for a higher-c!Ticien0· 1110110-

and poly-silicon solar cell pilot produc11011 l111e 
F1cld111g of 2 inlcrnational expcns or I o 111/111 c;1d1 10 ad' 1sc 011 111a1111fac1uring 
1ech111ques for higher-cfficien0· mono-s1hco11 sol:ir cells. on p~od11c11on equipmenl 
use. opcralional principles. qualily assurance .111d olhcr i..c~ issues 
Consul! industrial PV producers and conclude ;1 coopcra11on agrcc111c111s with al 
lcas1 one of 1hem 

2-~ Specify clean-room facilities and infras1ruc1urc 
2-~ Make (j nal specification for equip111e111 
2-<• Assemble COUl?!erpan team 
2-7 Procure funding for all intended im·cs1111e111s 
2-l! Tender and procure equipmenl 
2-•J Procure and install clean-room and i11fras1n1crurc 
2-10 Fielding of I i111ernational expcn for-' 111/111 to supcn 1sc and coordim11e 1he 

111s1all;uion of the equipment procured. as required. and 10 ad,·ise on commissioning. 
s1an-up and optimi1.ation of opcra11ons 

2-11 lns1all production ec:uipmcnl 
2-12 Perform coi111nissioning and s1an-11p proced111 cs 
2-1 \ Modify prod11c1ion processes 10 imprm c ou1p111 q11;1h1' 
2-1 ~ Perform economic analyses of lhc en111c prod1Kl1011 1no1.·ess hascd on pilol line 

C\llCflCnCC: 
2-15 ldcn11f~· prod11c1ion processes lransfcrablc 11110 C\1s1111g PV prod11c11on Imes 
2-1<• Specif, :ind design a complele prod11e11011 hnc for h1gh-11 ~olar cell prod11c1ion of 

:' ~IWpfa 0111pu! capacily 

P1of /.h;i11 Y1mcn, Pho10,·ol1aics Technolog' lkp;111111e111 lk11111g Solar Encrg' ~cscarch 
l11s1111111.: ( ll'il'.RI) 

Ne\\ c11i11p1111.·11111.·q11111.·d (l<"I\ c-;11111;,..::d. 1101111cl11di11g 11a11~p1111.111n11 .11ul 1111p1111 Ll\cq 

[
-·- ·- .. --- -- . 

Tip<' n/ /-, .,,,1,,,,,.,,, . 

I (//I If I ---- . - ----- .. -- -- -
1-~~~~~1_1_1_1_'.!~' -·- - -. 
l.~~C:~~'._rm_11il_i.'._~Lich111,· 

----- -------
< ·,,,, 11//·."r1111p1111'//f·· 
I 111111i- (111 l .S-SJ ----

_'S 1~0.000 (1111por1ed) 

·~ . _1_2_~~~!,il_!!_lj_lOrlC~ ... 



----- -- -----~ 

Laminator s I :!0.000 (1111por1c<l) I uml. SPl-L1111111ator ; 'ill •. 
·-----

Diffusi.:>n Furnace s 1.1>00.000 (1111poncd) ]. units: 6 .. 0 tubes. four tuocs c;1d1 

Spraving Machine s 50.000 (imrioncd) I unit ---
r lassificr and So.1cr s 50.000 (imported) I 11ni1. SPl-Cell QC& -· 
Sinterin~ Furnace s JOO.ooo (imported) 2 units 
Dicin~ Saw s 50.(\00 (imported) I unit --
LPVCD Eqt.i,Jment s 300.000 (imported) I unit --
Software s 250Jl0tl 

Consumables s 100.000 fo• project duration 
Infrastructure s 100.000 ·clean room Class 10.000. IOO m' -
Training abroad, Fellowships s 5b.IK}0 Ir. x I m/m 
Experts. Consultants $ 111 _!Kltl I x ..i m/m + 2 x O.:i 111/111 

Total: -- s :!. 6.J9. fJOO 
~. 

Equipment existing (yet suitable for use) 

Year o{Ac 111.\/fum l :.w!fttl l.1 et1111c', Rc•marks 

1993 15 \'Cars: nc\\ 

Schedule: Fellowships 
Field first two l111crna11onal E\.pcrts 
Consult with user 
Specify infrastrnctmc and cq111pment 
Assemble cou111erpa11 team 
Procure funding 
Tender and procure eq111pmc11t 
Tender and procure mfrastrncturc 
Install infrast r.ic111re 
Field third l11tcrnat1011al E \.pert 
Install production cq111pmcnt 
Perform start-up procedures 
Modify/impro,·e production process 
Assess cost-clTcct l\·cnes~ 
Transfer process to mdust~ 
5 MWp/a Pl:lnt Design 

Subactinty Durauon 

Suggested Activity Fundil!g; 

Equipmenfl 
Act1l'ity 

Techn. Assis­
tance;Training 
Simulator 
Screen Printer 

Cost 
(m l !S-$) 

s 167.000 

s 1-111.000 

(i111'('r11;;wn1 
(imnts 

(.\PC SYIO 

Aug 95 - Apr 96 
Jan - Jun 96 
Sep 95 - Jun % 
NO\ 'J.5 - Jun 96 
Aug •J:i - Apr')( 
Nm· •J:i - Jun 9<· 
Jnl- Dec% 
Jul - Dec 96 
Jan - Jun 97 
Jan - Jun 97 period 
Jan - Jun 97 
Jul - Dec 97 
Jan - Dec 98 
Jan - Mar 99 
Apr - Dec 99 
Jan - Dec 2000 

C01t1111 1.oans 
(do111est1c cur­
renc i·) 

(irnn/.\ p-0111 Intl 
Or~ani:Of11Jn.\ 

(UN/JP. l ':\'J/JOJ 
IOO'X, 

1..i•y,, 

Fo,-,!1J.:n 
(im•en111w111 
(ira11ts 

IO'Y., 
1 -t •:;., 1 o•x. 

I:! 

s 120.000 ---!-------·- --------- ---
Lamin:llor s 120.000 I(,•~;. (,O'~J.. 1-t"/,, 10% t---------+------------------ ,______ -------+------- ----·-- -- ··--
Diff Furnace S 1.000.000 I(,'/., (,()% Ill% !---------+------- 1----·------.._-----·---------t------- ·------ ---- -- --
~_raver S :'0.000 __ Ji':.'.::'..____ (,o"··~ ___________ I -t_'Y._' ., __ _ 
So11er $ ~o ooo Ir.·:;, (,o"~. 1-J'Y., 
S1111cr Furnace- - \ ;,)()~i)·-- - - -,(,~, ---- (,,)·~:;~-- ----- -,-_..-x-, ----
--------- --- ... -----
_[11c111g s~.._..:_ __ . -~ 

i--'~~o -~~--
sor1w;ue $ --------- ..• 

C onsu mahlc:; $ ------- - ----. 
l11f1:1~truct11m. $ 
--------~--~-- . -

.;o ooo 
1 ()(I ()( 10 
- ----------·-
~ -;:1_000 

I llll ooo 
HUI 01111 

-

I(,•;;. 

J(," . ., 

'''"1;, 
I()".;, 

.Jf)'};, 

(10'!" 

(,()"fl 

------ --------·-
1-t'X. 

1-1% 

1-1% 

10% 
I o•x, 
1 o·x, 
10% 
It;·~~. 

10% 



1-1 

outdoor test facilities for b:1l:111ce-of s~ srcm componenrs and PV systenl6 
3-9 Tender and procure indoor and outdoor bboratory infrastmcture 
3-10 Tender and p:-ocurc labor;tlor\ cq111pmcn1 
J-11 Establish indoor and outdoor facrlit~ mfrastmctnre 
J-12 hstall indoor laborator\ cq111pmc111 
J-D Install 0111door moni1oring ins1mmcntat1on 
1 -1-1 Fielding of I in1crna1ional e:\~n for h I m/11110 adnsc on co1111111ss1l •1ng and stan­

up of indoor test equipment 
3-15 Perform commissioning a11d s1:1n-11p procedures 
J-16 Carry l'UI component dc,·clopment program 

Task Directo.r; Wa•1g Si Cheng, New Energy Department :NEF). Beijing HUASUN Hi-Tech Co .. Ltd. 
(HU AS UN) 

~ew equipment required (costs estimated. nol including transponation and impon laxes) 

Type of Equipmen/1- Cost of Equipment -
Activitv Acil>itv (tn l:S-SJ 
PV Solar Array Simulalor. incl. s 150.000 (impon) 
Control Software 
PV Pump Test System, incl. Con- s 120.000 (import) 
trot Software 
PV Power & Battery Tesl Unit. incl. s 150.000 (import) 
Control Software 
Electric Machines Simulator. incl. s 180.000 (impon) 
Control Software 
Electric Load Simulator. incl. s 65.000 {import) 
Control Software 
DIA & Evaluation Software $ 25.000 (import) 
PV Module Tester s -10.000 
PV Module Flasher s 1-10.000 (imoort) 
Power Analyzer for DC/AC Im·ert- s 30.000 (import) 
ers 
PV Svstem Simulation Software s 7.000 

PV Systems for Outdoor Perform- s 11'0 000 
ance Testing 

Indoor Laboratory $ JCKl.000 
Indoor Lab Basic Equipment $ 80.000 

Outdoor Test Field Preparation s 150.000 
Outdoor lnstrumen1ation s 311.1100 

Project Preparation s 50.000 
Training abroad $ 56.000 
Fellowships s ~-UHJO 

Total. 'i 1.717. 000 

Assemble co11111erp:1r1 1c:1111 
Frllowshrp # I 
Field rirsl 111terna1 rnnal c\1>en 
Design and specrr, lahora10" 
Eq11ip111en1 design & s1>ec1f1ca11011 
Procure r11nd111g for all 1mes1111c111~ 
Tender raci1J1, 111frastnrcture 
Tender ancl prom re lah cq111p111cn1 

Sep · No' 95 
Sep - Nm ->5 
Oct - No' <J:i 
Sep - NO\ 'J5 
IM 

Remarks 

25 kW (Priorily I) 

Ill kW (Pnorily 2) 

5kW/lllkW (Priori!~ 2) 

15kW/25kW (Priority 2) 

25 kW (Priority J) 

(Priorit\ I) 

ponable (Priont\ 1) 
(Priori!\ I) 
(Pnont~ I) 

TRNSYS 
Se,·eral home hgh11ng sys1ems: two 
PV pump sys1ems < 1 kWp: one 
PV-Diescl lwbrid S\Stem 
JOO m': 
JOO kWh batteries. DC power 
sources: oscilloscopes: multi-
meters: computers. prin1ers. tcle· 
phone: copier: fax: furniture 
500 111' 

data loggers. radiometer. anemome-
ter: Wllld \:Ille. lem~ sensors 

~ x I 111/111 
. 

2 _, I m/ 111 

Sep· No·. •J:i 
[)cc •J5 • Feb % 

Dec ')5 ·Jul % 



E~1;1b1t ... h Lib 1nfras:nacturc 
lns1;1ll 1111.loor cq111p111cn1 
h1s1;1ll 0111door rns1nune111ali'ln 
F1dd sc1.:om! 111terna11011:1l expert 
Com1111 ... smn and start-up facility 
Carn 0111 de' dopmert program (indoor) 
Car~ out outdoor measurements 

Subact" "' dur:u 1011 

Mai - Jul •)c. 
Aug - Dec ')h 

Aug - D..:c ')c, 

Feb - !\tar '17 
fan - Jun •)7 

Jul 97 - Jun 'J') 

Jul •)7 - Jun ')') 

-l5 M 

•. 

Suggested Acln it\ Fundmg 

Equipment/ Cost Gon·rn- · • .:,If Comm. /.oan.\ ( irants from Intl /·iir<'tgn 
Activity rm (·.\-SJ Grants - (domcst1c cur- < Jrgam:auo11.\ (icn·('rm11u1i 

(SPC~TCJ rencv) rL "XDl'. l .. \11JOJ Grants 

Tech. Assistance: s I00.000 100% 
Trainin~ 

Indoor Test s •)00_000 50'Yo 50°/c, 
Eouipment 
Simulation Soft- s 7_1Kl0 

wan: 
Outdoor Perform- s I llll_OOO 50% 50% 
ance Test Sys-
terns. 
Indoor l..aboratorv s :wo_orn1 33°/n 66% 
Indoor Basic s XO_l lllll .n5% 62.5% 
Eouipment 
Outdoor Test s I 50.0110 1000°/., 
Field Preparation 
and lnstrumenta-
tion 
Outdoor Test s >o _ ooo 50% 50% 
Instrumentation 
Project Prepara- s 50_(10() 100% 
ti on 

Collaborations: HU AS UN \\Ill collaborate with CPVC and \\ill conclude collaborallon/coopcralion 
agreements ''1th different PV system and balance-of-system componenl dcvclopcrs/-
111an11facturers for lhe performance \'3lidation Of COllljlOne1lls/Sy SIClllS 

Success Criteria - 1011% success if after 28 months 
indoor and 0•1tdoor facilities arc fully operational and all manpower is 
trained to perform all required 1es1s 
cooperation agreements w11h >5 ou1s1dc cn1111cs ha' e been signed 

xo·~;,. success 1r after 28 months 
111door and ouldoor racili1ies arc full~ opcra11011al and all 111anpo\\cr 1s 
1ra111cd to perform all reqmcrcd 1cs1s 
cooperation with< :t 0111s1dc cnt111..:~ h;" c been s1~11ed 

'"" .. ~m:ccss 1r aflcr 2X 111on1hs 
111door fac11ilies arc opcra11011;1I 

15 

1hc l'V component and sys1c111 dcvclop111cn1 a11d lcs! laboralon mil he es1ahl1shcd on 
1h1.· p1e1111scs or HUASUN Co. BCIJlllJ.! 

., 

Nl-.P/lllJASUN Co will cs1abhsh appropriate proi 1 ... 1on ... 10 .,;afq:11ard !he con­
f1<kn11ahlY of ICSI rcsulls of tlurd-pan\ ..:q111pt111'11l. If rcq1tC'>ICd 
;111hc prcscnl lime. no 111door PV S\~lcm i.:0111pone111 1cs1 ;111d dc,clllp1111:n1 lahor.Hof\ 
n1 ... i... al NEP nor al olhcr 111s1111111011' 111 C"h111;1 

I 



Task .J (IJEMO): 

QIDect1~ 

Acti\ities 

((, 

(Ons1dc··;11ion 1s given 10 cn1cr m10 a JOllll \Cn1111c- \\ 11h domcsuc or fort.ign p;tnncrs 
111 case 1h.11 1hc projccl is successful!~ concluded 

cons1dera1ion is g1\·en to transfer ma.1or wdoor lest ~"Q111pme111 10 CP\'C ;11 1hc end of 
the proicct 10 enlarge lhe e:ipabil111es of Q11ahfica1io.1 Tcs1 Center established 111 

Hang1.hou 

Dcmons1•a1c the viabihty. cost-effccti\·encss and user-salis~·ing performance of low- and 
medium-power PV syslems which operate in remote areas. and test financmg and 111:11n1e­
nancc instrumenrs which enable users to acquire and to mai11lain PV S':-stcms_ panicularl~ m 
no;1-urban regions 

Performance demonstration and monitoring of (i) six1~· PV Home S~slems (50 Wp each)_ 
(it) one PV-Wind-Genscr Village Power Supply Syste:n (20 kWp). (iii) three 1 5 kWp PV 
Pump Systems for Greenhouse Irrigation. (iv) four 500 W PV Pump Systems for Po1ablc 
Water Supply. and (v) one PV RO-Wa1er desalination System (JU kWp) (sec Annex 5 for 
further spc-cificalions) 

-J-1 

..J-2 

..J-3 

-J .. ..J 

..J-5 

..J .. (, 

..J-7 

..J-S 
-J-9 
..J-11' 
..J-11 
..J-11 

..J- i:; 

..J-1..J 

Fellowship of 2 persons for 3 m/m each to receive !raining in 1he fields of des1gmng 
lugh-quali1y PV balance-of-sys1em componenls~ and PV ~ slcm design' 
lden1ify demons1ra1ion siles/or regions 
Fielding of international expert for I m/m each to ad,·ise on site selccuon and pre­
sun-ey activities 
Rela1e with users and/or user communities to determme user needs and opcrauonal 
rcqu i rements/cons~ rain1s 
Design demonstra1ion ~-stems 
Fielding of interna1ional experts for 1-2 1111111 each to ad' 1sc on 1hc design of 1he 
demonstration ~·s1ems 
Procure funding for equipment and project ac1"·ities 
Procure and acquire componenls. build and prc-.~st the demo s~s1ems 
Prepare infrasrructurc at demo sires where necessary (e.g. ''ell dnlhng. housmg) 
Transport. and install. PV syslems and DIA cquipmenl 
lnstmct and/or train users in PV system use and maintenancr 
Elaborate options and possibilities how users and/or user co1111111111111cs could finance 
future PV installations or be enabled to pay for scf\·ices rendered b\ PV systems 
Accumulate and evalnale performance data 
Report on performance and opcralional results and 011 lessons learned. recommend 
further C1Ctions ho\\ replicarions could be cITcc!ed 

Task Director Wang Si Cheng_ New Encrg) Department (NEP). Beijing HUASUN Hr-Tech Co. Ltd 
CHUASUNl 

New cg111pmcn1 req111rcd (cos1s est11natcd. not mcluding transportation and 1111pon la\es) 

Demon .• trat ion. 1.1pe o/ l:q111p111£•nfi- Cost of Equipment - R1·111nrk.\ 

Locnuon. .·llf11·111· .-1cu"'~v rm c :s .. sJ -
Durnrmn 
Remote />I · - Eq111p111cn1 s 6K.f)(KI (10 11n11:;. :'11 Wp e:1ch 
l/ome Sv\fC'm.\ - Data Acq111s111on s I lJ)()() (1 sets 
QinghC11 - Transport. lnstallauon s I 0.11011 

Province. - local Tr;1111111g s ..J.500 , 111/111 

12M - [,pen s 22.000 I ' I 111/ 111 - -
Hybrul /'I. ;1'111d - Eq111p111c111 s 1(,0.000 I 11n11. 21l k \\'p/I fl k We. 
VillaJ!1' Suppfr - Data Acq111s11 ion s 10.000 I SCI 

Inner - 1.ocal Cons1n~c11011 (ho11s111g) s 711,0110 21111111'. I km local LV-l111c -----------------

·• DC/AC 1mcncrs. MPP-trackcr~. ballc~ charge controllers. clcctro111c b:1ll;is1~ for DC 1xmcrcd hgh1s. etc 
~ PV '• · pump s~slcms P\'/W111d or 01hcr h\hricl S\Stcms. PV Villare flO\\CI supphc~. C'I<.: 
(,' ' 1or sys1c111 design 



Mongolia. - T r;mspon. Installation s •o.ooo 
:l6M - Local Traimng s -t .500 

- Expcns s . .u_ooo 
/'I"< irt·,·11- - Equipment s 75.IHIO 
hou.\c• - Data Acquisi1101\ s h.tHHI 
I rrigat 11111. - Tr;mspon: Installation s I :i.<H10 
Tibet. - Local Training s -t.5110 

JO M - Expcns :s ::2.IHIO 
Pl · /'otahle - Equipment s 25.1100 

lrdter Pumps: - Data Acquisition s 12.IHHI 
Inner - Local Construction (wells) s 20.000 
Mongolia. - Transpon: Installation s I 5JJOO 
JOM - Local Training s 6.000 

- - Exocns s -t-t.000 

Pl· De.m/matmn - Equipment s 265J}{)() 

System: - Data Acquisition s 111_000 

Chaag Island. - Local Constmction (housing) s j(l_{)()() 

Shandong Pro,·: - Tranpon: lnstallatior> s 20Jl00 
36M - Local Training s '-!JOO 

- Experts s 66.(l(HI 
Site Identification & Selection s 50.000 
Project Mana2emen1 s 30.000 

Trainin~ abroad: Fellowships s 8-UHlO 
Total: s f..157.500 

Equipment existing: None 

Schedule Assemble counterpart (project) team 
Fellowships 
Identify sites and users 
Field mg of inlernation.,I ex pens (pre-sun c~) 
Establish relationship with users 
Design systems 
Fielding of international expcns ( s~ s1cm design l 
Procure funding for all in,·estme111s!aC11n11cs 
Procure components and pre-test sys1cms 
Prepare sitc(s) infrastmcture 
Transpon and install systems 
lnstnict users 
Accmnulatc data: evaluate performance 

Subactivity duration. 

Suggested Act1\·i1\· Funding. 

Eq11ip11w111 ( ·11.~I (itll'C/"1111/t:nl ( "i111111wrc 10! 
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I · ml Ill - ! ' I nVm - ' 
.. ----1 

---
• u1111s. 2 5 k\Vp each. 20 111 hc;1d 
-; ~CIS 

'Ill Ill 

I ' I 111/m 
,, 

-t 111111s. 51111 Wp each 
-t S.:IS 

-t \\dis. 20 m head 

of four p..-oplc 
2 .\I m/m'" 
I mut: 20 kWp 
I SCI 

100 Ill:: 

2 m/111 
I ' I m/m~ ': I x 2 mlm'' 

for 3 vcars 
-t, 2 m/m 

Aug - Sep '15 
Sep - Dec ')5 
Sep· Dec 'J:'i 
Sep - Dec '):'i 
Jan - Mar '.16 
Jan - l\far % 
J:tn · Mar •)(, 
fan - Mar 1J6 
Apr - Dec% 
Apr - Dec% 
Jan - Jun •J7 
Jun· Sep 1J7 
Jul 1>7 - Jun 9K 

i ir1111f.1 from Intl. Forc1}!11 

Act1v111 · rm f S-SJ Grants f.t}(/11.\ ft/111111•\/I r Jrl!tlllt:ntwn.~ (ion•rr 11em 

Tech. Assistance. s I '>I . 000 
Tr:unmg 
Project M;inagc· s 10.000 
men I 
Site 1dcn11fica11011 $ 50.000 

& Selection 
Local Tr;11111ng $ 22.:'00 
Dc111011s1 ral ion \ 7'J\.OOO 

S\Slcm llard,\;He 
·---- ---· 

'for pr.:-su~ n ;111d \\ '1.:111 design 
•' for pre-~ur' n 

(S/'CS.'ff< ·; < /tl.,.c'll< 11 , I \/JI'. ( ".\"1/)0) ( irn11i1 
IOO"., 

-·---· --------------·-----< 
100% 

------··· 
100"/n ---------1 

--·- - - - ----- - -
IOO'X, -- ---------
1~% .ts .. ;, 

I ;-... -. ------."°"2-7% --~ ·_-__ :- 1 
i 

------ ·-· 



DI A Eqmpmenr s 50.llOO 13% ~lit~';, 1-;u.;, 2r;. 
& Software .. 
Local Conslmc- s 140_000 30% 70% 
lion 
Transpon & s 90.000 56% """" ·~··· I nstall«:ion 

Collaborauons NED ofHUASUN High-Tech Co. will closcl~· collabora1e \\llh lhc 1hc users of the PV dem­
ons1ra1ion ~·stems: ii will also mform the suppliers aboul 1he performance of the cquipmcnl 
supplied by or procured from them_ together with recommendauons abou1 possible 1cchnical 
impro\'cmcnts. 

Q!her remarks 

Concerning 1he demons1ra1ion of home lighting~ slcms_ NED will funhcrmore collaborale 
w11h the Gansu Nalional Energy Research Institute (GNERI) m L1111:s!Jou. 

100% success if after 48 months 
all demonstralion and D/ A systems ha,·e been mstallcd 
all demonstralio!l and DIA sys.ems ha\·e been nonunally operating for al 
least 12 monlhs (system operation and useful data collcclion for >95% of 
the time with> HK> W/m' of global radi;mon) 
all user accept systems. ha,·e successfully been 1ra111cd to maintain the 
systems. and arc satisfied with the sen ices rendered 
financing mechnisms for rephcalc ~stems ha,·c been devised in 
collaboralion ;,·i1h lhe respccu' c user co1111111111111cs. and lhe ,·iabilily of 
some of these schemes ha,·c been tested 

80% success if after 48 mon1hs 
only four 1ypcs of demonstrations could be rcah1.ed 
dcmons1ra1ion and DIA sys1cms operated nonunalh for al lcasl 12 months 
users arc 1raincd_ accepl ~stems and arc sa1isfred 
financing mechanisms h;l\c been elaborated 

50% success if afler 48 monlhs 
only three dcmonstralion ~-s!ems h;l\·c been 111s1allcd 
the demons1ra1ion and D/ A sysh.:mc; h;m: acc1111111la1cd less 1han 12 monlhs 
nominal performance histol') 

Allhough dcmons1ra1cd alrcad~ elsewhere in China. P'.' home !i~hung systems are 
included as imponanl demonstrators how li\'ing cond111ons 111 rcmll!e areas can be 
impro\'ed 
NED recogni1.cs thal financing mechanism for the purchase of PV systems or .,f 
1he services provided by them. is cquall~ imponanl as lhc demonstration of the 
lcchnical \'iabilily. life-time and performance of lhc PV s~ slcms 

ru.\k J fllUill-rJJ: 

0~$C.11\ __ C 

0111 p111 

To srrcnglhen R&D capabihly in 1hc frcld of l11gh-cffic1cnc~ 111ono-cf\s1alhnc silicon solar 
cells and high-cffi~iency pol~-c~s1all111c 111111-frlm solar cells 10 11111iro\c com·crs1on effi-
ciency and to reduce 1hc cos1 10 (lo be co111plc1ed) cells 

Es1abhshmcnt of a high-q11ah1v R&D l;ib<lra1ory 10 perform dc,clop111cn1 \\orlo'. 1111hc frcld of 
( 1) high-efficiency crys1all111c silicon solar cell~. 10 C\cccd com crs1on efficiencies > 21 "I., . 
( 11) poly-Cl')'Slallinc silicon 1h111-fal111 solar cells 10 ach1c,·c com ers1011 efficiencies >I O'X •. and 
(11i) 10 dc\'clop largc-vol11111c prod11c1m11 processes suitahlc for rranskr 10 1hc PV 111d11Sll') 

"-I Fellowship of 1 persons for 2 111/111 c;1d1 10 rccci' c 11;1111111~ 111 1hc 1cchn11log1cs of 
cl')·s1alhnc 1hm-f1l111 solar cell' and 1hc prod11c11on prc1<.:cs.;c, ;1ssoc1a1cd '111h l11gh­
cffic1cnc~ 1110110-<.:r\ ~1al1111c stl1,1111 ,ol;ir ..:ells 
rcchnolog1cs 

IK 



5-2 fdlo\\ slup of 1 persons for :! 111/111 each 10 rccel\·c tr;11111ng 111 mcasurcl'Aclll 10 
ch;irac1cri1c c~stalhnc s1lieon solar cells 

l'I 

5-3 F1cld111g of 1. mternational expcns of I m/m each to ad\ 1sc on production pro~;c"'il."' 
of lugh-cfficiency solar cells and on their measuremcnl./ch.1ractcru.a:1011 

5-.l Assemble prod11ction (counterp.·tn) 1c;1111 
5-5 Specif~ and design laborato~ 111fras1mcture 
5-6 Procure funding for laborato~ mfrastmcture and cquipme111 
5-7 Establish collaboration with ad\·anced PV R&D teams m Ch111a \\Orkmg 111 1hc s.1111c 

fidd 
5-8 Tender and procure laborato~ cqmpmc111 
5-9 Tender and procure clear.room and other laborato~· i11fraS1ructurc 
5-10 lns1al'. ~anroom and other laborato~ mfrastructure 
5-11 Field• '·of I inu:rnational expcn for I m/m to advise on 111stalhng and comnass10-

n111g .~ laborat01) equipment 
5-13 Inst... 1aboratol) equipment 
5-1-' Conduct acccp<ancc tests oflaboratory cquipmenl 
5-15 Carry out R.t.D work and idcnlify pilot-line proccssscs transferable lo indust~ 
5-16 lden11fy processes transferable into pilOI production line 

Task Direclor: Prof 7h:io Yuwen. Photo\·ollaics Technolo~ Oepanmcnt. Bcijmg Solar Encrg~ Research 
Institute (BSERI) 

New equipment required (costs cst11natcd. not including transpona11on and impon taxes) 

T_vpe of Equipment·- Co ... r of Equipment -
Activitv . ·lct11·1t\• (m c ·s-SJ 
Automa1ed Photolithograph~ S 150.000 (imported) 
Machine 
LPCVD Facilitv s 300.000 {imooncd) 
1-V Measuring Instrument s 50.000 (imooned) 
Laser scriber s 150.000 (imooncd) 
Minoritv Carrier Lifetime Tester s 30.000 (imooned) 
Diffusion Furnace s 500.000 (1111poned) 

PECVD s 300.C)()(J (impancd) 
Suncr Clean Room s _; 10.000 (domestic) 
PECVD Eouipment s ~00.111111 (11110oncd) 
Consumables s 100.000 

Infrastructure s 300.(l(}(J 

Traininit abroad: Fellowships s 10;.<11)(1 

Exoerts: Consullants s 66.000 
Total: s !.561.000 

Equipment existing (needed for and \Cl s1111ablc for 1•SC) 

None 

Schedule: Fello\\sh1p #I 
Fellowship #2 
Field firs; mo 1111erna11011al consultan1s 
Establish collaborallon 
Design and specif~ 
Assemble resc;irch (counlcrpart) ream 
Procure fund mg for all Ill\ es1111en1s 
Tender and procure lab eq111pme111 
Tender and pr<Xurc 111fras1ruc111re 
lnslall facihl\ 111h;l\lruc1me 
Field lhud 1111crn.111011al cons11lla111 
l11s1all lahor;11on cq111pmc111 

., Perform co1111n1<,<,1011111g and '.'>larl -up 
Conducr R D&I> "ork 

Remarl.: ... 

I unit 

I ur.it 
I unit 
I unit: Quatromx <lln 
I umt 
I unit: (·-0. ~ tubes 
I unit 
I ;o 111 ': Class 11111 or better 
I unit 

new building: UPS: g.1s suoolies 
<> x 2 m/m 
3 .\I m/m 

Aug IJ5 - Apr % 
Aug IJ5 • Apr % 

Jan - June% 
Sep •J5 - Jun % 

No\ 95 - Jun% 
Aug ') 5 - Apr % 
No\' 'J:'i - June •){, 
Jun 1J6 - Dec ')(, 
Ju 11 ')(, • Oec '><• 
Jan •n . J1111 •J7 
Jan •J7 • Jun •}7 

fan •>7 • Jun •J7 
Jul •>7 • l>c1.: •17 
fa 11 • Dec 'JX 



fan - lk"I.: '!'I •. 
Sub:ic11\·11, D111;1111u1 

Suggested Act1\·1t\· Fundmg 

1:·qu1pmen: Cosr I ( ;,, .. ·rr:mnlf C .. 0111111. l.oan ... < inmf\ /r11m /111/ f·,,rt•;gn l .-lctiwty (in CS-SJ ( rrtllll.• (<lo111est1c cur- < )~cm1:arum.' ( ;.,n•r1111w11r 

1.\/ '( . .\ .. \-/( -, n:nn·J tl SDI'. l \1/X Ji ( inmf.\ 

fapcns: Fellow- s lilJM>O HM~;. 

shiPS: Trainin2 
Phololithography s 150JX)() ,,, ... 60% I .• , .. ,. 111~;. 

Machine 
LPCVD Facilitv s 300.000 16°,. 60~'9 . ... ~~ IO~·. 

1-V Performance s 50.(XlO 16% (.0-1. , ... .,,. 111% 

Tester 
Laser Scriber s 150.000 16°·;. 6091. 14'Y. ·~,;. 

Minority Life- s 30 00<1 ,,, •. ;. <HI. l..J'Y .. to~·-

time Tester 
Diffusion Fur- s 500.000 1c,n;,. 6091. l..J% IO'Y. 

nacc 
PECVE s 300.000 1c,•,;. 60% l.J~j, 111% 

Clcanroom s 310.000 I(,'~.;. 6091. l..J'Y. 111% 

I nfrastructurc S 300JXX> l(,n1., <HI. 16•1. 111~1 .. 

Consumables s IOOJMMI C)r1°, .. ..JO"/. 

Collaborations: BSERI will (1) coll;il>.)r;ue '"lh P&D groups in China imcs11ga1111g 1ss11cs of l11gh-dlic1cn0 
of solar cells. 111) u1ll doscl~ consul! with all four major PV m;mufac1urcrs 111 Ci1111.11111hc 
design and spcc1ric;111011 of lugh-cfficic~· solar cell producuon hncs. ;md ( 111) u 111 collabo­
rate closely \\llh 1hc Q11111hnangdao Huamci PV factory concernm!! 1h·~ 1ranskr of production 
tech no lo~ 

Success C ritcria - IOO% success 1f af1er 5 ~cars the following is ach1e\cd 

an dlic1en0 > 210,.;. for 50 cm' mono-cl) sralhnc s:hcon solar cells 
1hc 1cchnolog~ for a high-µ pilot producuon hnc 1c; iransfcrred 10 mduSll) 

811% succe!>~ 1f afler :' 'cars 1hc followmg is ach1e' cd 

;111 dTic1c11c~ > 20% for 50 cm' monO-Cl)Slalhnc silicon solar cells 
1hc 1cchnolog~ for a high-µ pilot production lmc ·~ iransfcrrcd 10 mdu'll) 

°'II"/., ~11cccs' 1f artcr :' ~cars the following is achieved 

;111 cffic1o:11n ~ 11)% for 50 cm' mono-cl)Slalhnc s1hco11 wbr cells 

1hc ;1dL111ccd pho1m oll;11c R&D LlboralOI)' will be s..:1 up :ii BSERI 

T U.\J.. ,, (.'ff( I/) Y): 

-1 

To car'\ 0111 ;111 .1w:,,111c11r ;1ho1111hc long-lerm opcralmg and IY:rfor111;111ce h"t\H\ ol L1rgc-
111ed111111- and l.11gc-... 1pu1' I'\' "s1r;111s 111 China. bolh grid-co11111:·~1ed ;111d ... 1.11ul-.iln11<.: 111 I'\·. 
onl\ or ll\hrul ,n11f1r111;11i.'11' 111 order (1) 10 1dc1111f~· lhc 1cch11olog1..:.1l 1s">11c-. 11<.:c1kd h• he ;111· 

dr"o;cd for 1111pro' 111~: I'\ "\IClll 1cch11olog\. and { 11) 10 de' clop .. 11.11q.:1c' ll\ "111. h 1 h..:'c 1111-
prm c111c11f\ ... 111 1 .... : d kl 1,·d 011 11;111011;11 le' cl .. 

()111p111 



~stems in China. as well :ts :tbout the mc;1surcs 111.-cdcd to be undcnaken Ill 1?11&?ro\"e or to 
better ;1d1pt PV system te.:hnolog~ for dcpl•l\ 111..:111 i:o:1d111ons 111 Clmu 

h-1 
h-2 
6-.~ 

A~mblc Chin~ cou111erpan team 
Establish collaborahon '' ilh other 111s11111tl(l11s 10 suppon 1h..: :iss..:ssmenLlsul"\·e~· 
Sun:::- PV systems installed 111 Chma and sck.--c1 a sta11s11calh representative 
number of differing PV system sil'e. conligurauon :md applsc:.11011 
Fellowship of 2 persons for I m/m C."lCh to obtain 111form:111011 arou1 1he operating 
history of PV ~·stenlS m countries outside Chma 

6-'i Survey selected PV system application si1cs. collcct/obtam performance data and 
interrogate PV ~-stem users 

6~ Fielding of I international c..xpen for I 111/m to adnsc on PV s~stcm perfom;ancc 
measurement and recc;rding tcchnolo~ 

6-7 Select PV systenlS for coarse ar.d dct;ulcd perform;mce mon11oring O\'Cr - 15 M 
6-h Procure funding for measurement and rccordrng cq111pmcn1 
6-9 Tender and procure measurcmcnt/rccordmg cq111pmen1 
6-10 Install measurcmcnl/n:cording equipment 
6-11 Collect an analyze performance data 
6-12 Prepare ~"lion on ~-st':m pcrforma.icc of the rcpon 
6-13 Dc\-olop strategics for technological and/or regulaton. 1m11at1\ cs whi'h would be 

helpful to impro\'C quali~· and performance of PV s~ stems m;mufacturcd in China 
6- 1-1 Issue report 

Task Director: 1': N. the China PhotO\"Ollaic Tcchnolo~ Dc\·clopmcn1 Center <CPVC). Hangzhou 

N~.- equipment required (costs estimated. not including tram.-ponauon and 11npon ta,cs) 

1)-pe of Equipment • Cos• of Eq111p111e111 · 
Ac1n•1f\: .-lctll'1t\.· (m CS-SJ 
Radiometers s 60JIOO (imooncd) 
Data Loee::rs s 200.000 (imooned) 
Temperature Sensors s 15 .ooo (imooncd) 
Incidental Measurement Instrumentation s 100.000 
MC'dcms s 60.000 
Scl'\·cr s 15.000 
Computers and Printers s 50.()00 (domestic) 
Consumables s 30.000 
Domestic Travel s 200.000 
Traimn~ abroad. Fcllowshios s 2K.OOO 

Exocns: Consultants s 22.000 
Toto/ s 780.000 

Em1_1pmcn1 cxaslll_!g (needed for and ~·rt suitable for use) 

None 

Assemble research (countcrpan) 1cam 
Es1ablish collaboration 
SurYcy and select systems 
Stud~ 1111ss1ons 
Sate sur.c~·s and hasto~ collc..:11011 
Sclcc1 s11es 10 he mc.-.sured 
Field an1crna11on01l cons11lt;1111 
Procure fu11d111g for all 111\'Cstmcnts 
Tender and procure meas/record cqmpmenl 
lns1all mcas11reme111/rccord111~ cq111p111e111 
Collcc1/anal~7e dara 
Oc\'clop srra1eg1es: rcco111mcnd 111111;11" cs 
ls~uc 1cpor1 

SuhaCll\ II\ Ouraliou 

Rc11111rJ.' 

(,II 11111 t S -
(111 UllllS 

IXD 11111t 

75 UllllS 

I 111111 
10 units 

200 1111SSIOllS 

2 ' I ni'111 
I ' I 111/111 

Aug· Oct ''' 
Aug· Oc1 ''' 
NO\ ., ' .. Feb ')(. 
NO\ •J:' - F..:h •Ji. 

Fch - Jun •)(, 
Jul · A11g •J<, 
Ju: · Aug'"• 
h:h. •\11~ ')h 

Sep - Ike "" 
J;an • l\l;ir •)(, 
Mar •Ii • Jun >JS 

Jan · 11111 •JX 

Jun 'IX 

·-

2' 



l:"q111pmn1t Co.~t Gow:rnmcnt ( "11111111 l.ntlll\ (;rams from Intl Forl!1;:11 
.·lclll"ll\ 1m l ·.'i-YJ Grants (cit 11111' \{ 1( cur- ( Jrganr:otum.~ < ;m·er11111c11t 

(SPC:~TCJ rClllT! I ( O\"/)f'. { ".\'//){)) (;,.{I/If.\ 

Expcns. Fdlou- s 50J)()0 I c ll I'~.;. 

ships. T ra1 m nJ! 
R.1diometers s 60.000 60% I f,u,~. l.t%. IO'Y., 

Data Louers s ~00.000 60% 16'>;. l.t% 111% 
Temp Sensors s 15.000 60% 16% 1-t'Yu 10% 
Other lnstrumen- s 100.000 60% l<··~·j, l-l% 10% 
tat ion 
Modems - s 60.000 60% 16"/., l.t% 10% 
Server s 15.000 60% 16%. 1-l% 10% 

Computers. s 50.000 60"/o ~0% 

Printers 
Domestic Tra\·cl s 200.000 60% ~o·y,, 

Consumables s 100.000 60% .t0% 

Collaborauons CPVC will (i) collaborate with ins11111t1ons 111 Ch111a act" c 111 the field of PV system tech­
nology for identifying systcn1s suitable to be assessed and momtored. (ii) engage the suppon 
of regional authonties in the obscn;ation of monitored PV s~ stems. and (iii) will consult with 
SSCT/SPC and ACCA 21 on the proposed regu:ato~ and technology-push initiatives 

I 00% success if af1cr 3 years 

the performance assessments and measurements arc succssfully completed 
viable rccommcndat1ons for 1mprm 111g the s1t11a11on in the PV apphca1ion 
sector have been formulated 
the study has been issued 
Chinese government endorses the recommcnrlauons 

MO% success if aflcr:; ~cars 

the performance assessments arc completed 
viable recommendations for 11npr0\ mg the s11ua1ion in the PV applic.11ion 
sector have been formulated 
the study has been issued 

50% ~ucccss ir after :; ~c;irs the followmg 1s :ichic,cd 

lhc study has been issued 

OJJ1er ~e1J1;irks. None 

Ttl.~k 7 ((JAi.Aii): 

0111p11t 

To cst;iblish a q11;ilirica11011 and 1cs1 laborator. for ccrt1f, 111g. 01; national lc,·cl. 1hc qnaht~ and 
performance of of pho1molta1c 111od11lc, 

Es1ablishmcnt of a l11gh-q11al:I\ L1hor;11on 10 1.crt1f\ performance and qnalil~ of PV 111od11lcs 
wl11ch ;ire mam1f,1cturecl 111 or 011h1ck of c h111;1 ;1L"cclfChnc to IE\ Specifications 121 :\(or Fl J 

Spcc1fi..:a11ons :\01 I 

7-1 Fcllo"sl11p of 2 pcrsom for ! 111·111 l·;Kh 10 rcl"ll >: 1r.1111111g 111 the establl,h111c111 ;ind 
opcra~1011 of PV 111ocl11lc q11;1hf1.;;111(111 lc'I Lihor;ll<Hll'\ and 111 !he q11ahfica11n111c,1111g 
of PV 111od11lcs 11-;111g cr"1;ilh1w-,1hu111 ,0J;11 lTlls 



7-2 Assemble counterpart (test laboratory) team •• 
7-~ Specif, and design qualilication test l<iborato~ 
7-..J F1dd111g of I international expert for I 111/11110 adnsc on the spcc1fica11on and design 

of a PV module qualification test laborato~ 
7-'i SJ>L--cif~ and design lest laboratory infrastmcture 
7-6 Procure funding for !aboratory infrastmcture and test cqu1pmc111 
7-7 Tender and procure test laboratory equipment 
7-X Conclnde collaboration agreements w11h 1111erna11onal quahficahon centers for 

JOmtly carrying out round-robbin test 
7-•) Tender and procure test laboratory infrastmcture 
7-10 Establish test laboratory and infrastructure 
7-11 install test laboratory equipment 
7-12 Ccnduct acceptance tests oflaboratOrJ' equipment 
7-13 Acquire multiple PV module specimen from Chinese and other manufac111rers 
7-1..J Car~· out qualification tests 
7-15 Ven~\ test results by carrying our round-robbin tests 

Task Director: N N .. China PholO\'Oltaic Technology Development Center (CPVC). Hangzhou 

New equipment required (costs estimated. not including transportation and import laxes) 

Type of Equipment·- Cost of Equipment!-
Activitv Acti11itv (in US-S) 
Solar Simulator. incl. Control s 700.000 (imported) 
Eauipment 
UV Simulator s 120.000 (imoortcd) 
Mechanical Tester s ..J0.000 (imoorted) 
Environmental Chamber. 111cl s 350.000 (imported) 
ContfOI Equipment 

AID converters s 15.000 (im::><>rted) 
Data Loe.e.ers s 10.000 (imported) 
Computers: Printers s 15.000 
Soares s 200.COO 
Incidental Eqmpmen1 s !50.000 
f nf rast ruct u re s 300.000 
Training abroad: Felio,, ships s 65.000 
Exoerts; Consullan1s s 23.000 
Total: s 1.988,000 

Equipment existing (needed for and yet sui1able for use): 

None 

Schedule 

'• 

Fcllm\ ship 
A:.~emble co11111crpart 1ca111 
Specif\ and design laboralOC) 
Es1;1blish collabor<111on with inti. test labs 
Specif\ and design lab infras1mcture 
Field 1111erna11onal e\pcrt 
Procure f11nd111g for all 111\·es1111cn1s 
Tender and procure lesl equipment 
Tender and procure laboratory infras1mc111rc 
i ns1all labor a Ion 1nfras1rnc111re 
lns1all 1es1 cq111p111en1 
Perform ..:01111111ss1011111g and s1ar1-11p 
Cond11LI q11;1hfic111011 lesls 
Cond11<.:1 r<•11111l-rohh1n test<> 

S11baUI\ II\ 1>111;111011 

Remark.~ 

I unit<-' m': co11111111ous ligh1 
source 1.000 W/m': 100 kVA) 
I unit (h2m li~ht source) 
I unit (stiffness: loadin~: impact) 
I unit (h2m: -.Jo - •J5°C 100°1,, 
humidity: sail spra~. 50 kV A. 
Brabcnder or We1Bl 
3 t:nit 
2 units 
3 units 
lamp u1111s 

buildmg. UPS 
2 x 2 111/111 
Ix I m/m 

Oc1 - Dec •J:i 
Sep· Oc1 •J:i 
NO\ •J:i · Feb •u, 
Jan - Sep w, 
Jan · Jun •J(, 
Feb - Apr •)(, 
Jan - June')(, 
Jul •J(, • Mar •n 
Ju n • Sep •J(, 

Oc1 % - M;ir •J7 
/\pr · Sep •J7 
Ou · IJ..:1. •!7 
Jan - Sq1 'IX 
/\pr . I kL •1x 

.:11 1\.1 



~uggcstcd Actl\·it\ Funding .. 
----------

1:·qu1p111enr Cost C i111 cr111•;n1t ( 

0

11/11111 f.O<lllS ( irmlls from I Ill I /·iwng11 
.-lct/1'1~i· f111 l S-SJ ( iranf.\ r.io111l'.\(/( ( 11r- < Jrga111::11t11 uis ( i1n cr11111t·111 

1.\"/'C .. \SIC·, rt'/I( \•) ( ( -.V/Jl'. l .\J/)01 ( irt111t.' 
··- -

Expcns: Fellow- s 88.000 1(1()'};, 

ships: Trainin~ 
----- -

Solar Simulator s 7!K)JIOO (,()",. 16'Yn 1-1% 1 O" ;, 
-----------

UV Simulator s 120.000 60% 16% 1-1% IO'X. 
Mech. Tester s -10.000 60% 16% U% 10% 
Env. Chamber s 350.000 ()()•';;, 16% l-1% w·x. 
AID Conveners s 15.000 60% 16% f.1% IO'Yn 
Data Lo22ers s I0.000 60% 16% 14% 10% 

Computers: s 15.000 60% 16% 14% 10'% 

Printers 
Incidental s 150.000 60'~{. 16% l-1% 10% 
E<Juipment 
Soares s 200.000 60% 16% l-1% 10% 

Infrastructure s 300.000 60% 16% 16% 10%. 

Collaborations: The CPVC will collaborate with the EU Test Facility. Ispra/ltaly. the JQI Japanese Q11al11~ 
Institute. Tokyo/Japan and NREL. Golden/CO in the execution of round-robbin-tests of PV 

modules 

Success Criteria· -

[. Input~ 

('l1111C\C lnplll~ 

100%, success 1f afl;:r .• 5 ~cars the 

q11ahfica11on test laborato~· has been established :ind 1s full~ opera11011;il 
round-rohbm tests ha\e ,·erified the accuracy of the 111easurc111e111s 
pcrformcc:. 

80% success 1f after:>.:' ~cars the 

quahfica11011 test laborato~· has been established :·nd is opcra11011al 
some tests performed arc off by >5% compared to measurements ta kn 
at collaborat111g i1;s1itutions 

51l'X. success 1f after 1 :'\Cars 

qualifica11011 test laborato~· has been established and onl~ pan•all~ 
opcra11on:il 

the CPVC a~ pre\ 1011s PV program management agcnq (on behalf of SPCISSTC 1~ 

an ins111ut1011 \\ 11ho111 commercial mtercsl and hence capable of safeg11ard111!! rn11-
fidc111iahh of 1cs1 rcs11l1s 

(1) Lach Chinese 1ns111u1m11c1rr\111g11111 ;1 r:1,k of rhe l'ro1cc1 \\ill ass.gn a ·1; .. ;lo. Dirc1.·101 \\IH• •'II heh.ill 
of 1hc 111s11t1111011. 1s person;ill\ rc•,po11s1hlc for 1hc \C1c1111fic results and 111anagcr1;il c'\crn111111 nt thL· 11.· 
'PClll\c Task The Chrnc'e 111,1111111011 \\Ill wnsult \\llh the National Pro1cc1 Coorcl111;1to1 \\h,·111111c·11d 
111g (or a\kcclJ lo rcpl;n:c 1111~ 111dl\ 1d11;1I 

(II) All Ch111csc lllS(l(llllOll\ rc,j)(lll\lhk for 1111.: <:\c1.·111m11 or a T:1sk of the Pro1cc1 \\Ill 11t;1lo.c ·" l.11 ;1, 

1:\l'\1111g and rCflJllJCcl · racil11111.·, ;111cl cq111p111c111 ;I\ ;11l;1hlc and will as'i1g1.1 ;111 adcq11;111.· 1111111h1.·1 ol 
q11ahficcl slarf 'o c;1rr\ 0111 lhc I ;1,i.. 

1 



•. 
11111 The Ch111ese Gmernmenl will assign a Na1ional l'ro1ed ( 111.11d111;11nr \1ho on behalf of ACCA ! I. 

SPC and SSTC \\1ll 111oni1or :he progress oflhe respedn~· r.1,i.., ol 1h~· l'ru1ed The ProJeCI Coord111a-
1or \\Ill alert ACCA 21 in case corrccli\'c measures 1\ 111 h.11 ~· 10 he 111Hk11;1kc11 10 sakgu;ird lhe succc" 
or a Task or lhe Pro_1ccl. The Project Coordinalor \\ 111 furt hc1111ore lllOllllOI 1ha1 national and 1111ern;1-
1ional funds 111:1de a\'ailable to the Tasks arc spent approprr;lld\ rl1e l'ro1ec1 Coordmalor nil also 
wnte and issue a English-language final Projec1 report 

(i\) It is expcc1ed 1ha1 the Chinese Govermnent (SPC. SSTC ACT A 2 I J 11 rli co111ribu1e about US-S xx' 
Mio (111 the form of direct grants and/or loans) 10 1hc 111s1111111ons e\ec111111g 1he Tasks of the Project 

(v) The Chinese Gm·ermncnt will. after the end of the PrOJCCI. con111111c support of the PV Qualification 
Tesl Cc111er 111 Hangz.hou (Task 7) to an approprialc IC\cl 10 assure lls con111111ed func1ioning as a Na­
tional P\' Qualification Center. The Chinese Go\·er11111en1 also com1111ts to encourage the continued 
ut1l11.a11011of1hc Qualification Test Center by Cl1111csc P\' 111d11stn 

UNDP/UNIDO Inp111s. 

11 Interna1ional Experts 

11-0 I Pro1ec1 Techmcal Ad\'isor (PTA): 5 m/m 
this person to be recruited for making \'iSits to the Project 5 limes (for I mon1h) 01·er 
che Projecr"s duracion. The CTA will provide 01·erall guidance 111 che implcmentalion 
of the 1·ario11s Project Tasks and \\ill closely interacl \\ ith 1he Pro_1ect Coordmator and 
the Task D:rcclors The CT A will be an expert 111 PV material- and S\ s1cm technologies 

11-02 Consultanl on Pol~ -crystJlline Silicon Ingot Casting (for Ta~k I: 2 m/m 
the experts 11111 make one \'ISit to assist during com1111ssro11111g and 1c,1-11111s of eq111p-
me111 installed (2 persons~ I m/m each) 

11-0 l Consnlta111 011 C~s1alli11e Silicon Solar Cell ProceSSlllt! (for T;rsk I I l m/111 
the e\pcrts \\Ill make one ,-isit lo assist 111 the op11n111a11011of1hc pol~ -s1lico11 castrng 
process b~ 1de111if~ mg modifications to the processes of solar cell prod11.:11011 ( 2 persons~ 
I m/111 each) 

11-0.t Consul1a11t 011 Silicon Material Wire Cutting (for Task I)_ 0.5 m/m 
the e\pen \\ 111 make one visil to assist in the training 111 \\ m: --;:11\ 1ech111q11cs and 111 

1111pron11g c1111111g skills (I persons~ 0.5 111/111) 

11 -0.:i Consulta111 on C~ stalline Silicon Solar Cell Processrng (for Task 2 I 2 m/m 
the e'perts \\ 111 make one visit to advise in manufac111r111g 1ed1111q11es of higher-effi-
ciency mono- and poly-silicon solar cells. in prod11c11011 eq111pmen1 use. opera11onal 
principles. q11ali1~ assurance and olher key issues ( 2 persons_ I 111/m each I 

11.(16 Consullant on Silicon Solar Cell Production Eq111pme111 (for T:1sk 2). -' m/m 
the e.\pcrt 11111 make one l'isit and will. as required. supcn 1se and rnord111;11c 1he 
nstallalion of 1he solar cell production cquipmenl and 11111 ach r~c oil co1111111ss1011111g. 
slart-up and process op1imi1a1ion (I persons;-' m/111) 

11-07 Cons11lta111 Oil PV S~ stem Tesl Laboratories (for Task 1 I I 111/m 
1he e\pen 111ll 111akc one nsrl lo adl'isc on the spc·~1ficat1011 :111d dc•;1g11 ol :1 ck\ dop-
ment and IC\t lahorato~ for PV halallce-of·s\'slcm 1.:omponc111• .. 111d I'\ \\ \lc'lll' 

(I person. I 111.'111) 

I I -OX Co11s11l1a111 011 PV System Tesl Equipment (for Task 1) I 111/111 

the e\pcn 11111 make one \ISi! 10 ach·ise on ccu111111\\1011111~~ :111d s1:111-11p of :111 111door 
dcn:l<1p111c11t and 1es1 laboralo~ for PV balance-of-\\ \lrn1 rn111pn11l·111' .111d I'\' '"lcms 
(I pcr,on I 1111111 l 

11-0'J Co1v;11lrant 011 f'V S1 slem Test Equipmenl (for Task 1 ). I 111/m 
the ·c,1JCrt \1 rll make one nsrl to advise Oil co1111111ss1011111g aucl ,1;111-11p of .1:1 111door 
de1clop111c111and1cs1 lahoralon for PV bala11Ce-of-s1 s1rn1 l0111pc111l·111' .111d I'\'\\ 'lerm 



(I person. I 111/111) •, 

11-10 Cons11h;1111 on PV Dcmonstr;tton Pro_1ci.:1 Pla111111111g (for Task -' ). I mlm 

1he e"pcrt \\ 111 make one ns11 10ad\1sc 01: 1he de111011stra11011 pm1l·.:1 1w:-,111\ l.\ .1d1· 
\ 111es al'd ~lie sdcct1011 t I person. I 111/111) 

11-11 Consulta111 on PV System Design and Performance Monitoring (for Tasl.. -'l. ~ 111,m 

the ex pen n 111 make 011C visit to adns.: on ti:e design of stand-alone and part 1rnb1 h 
ll\bnd PV demonstration systems and the data acquisition for perfom1;11,.:c 11101111onng 
1 I person. 2 m/m) 

11-12 Consultant on High-Efficiency Solar Cell Technology (for Task 5 ). 2 111/111 

th-: expens will make one \'isit each to ad' isc on technologies of Cr\ stall me silicon 
hrgh-dficicnq· solar cell technologv. me;,surement and characterisation. ;111d produc-
tion (2 persons: I m/m each) 

11-11 Consuitant on High-Efficiency C~·stalline Silicon Solar Cell Production I for Task 5 l. I 111/m 
the expen mil make one \'isit to ad,·isc in thC; process of installing aud rnmm1ss10111ng 
of laboratol)· and production equipmenl for high-e:fficicnq Cl)Stalhne s1hcon solar cells 
(I person. I 111/111) 

11-1.t Consultant on PV S~stem Performance Monitoring (for Task 6J. I 111/111 

the expen \\ill make one visit to ad\'iSf' on the design of d:1ta acq111s111011 s~ s1e111s for the 
performance monitoring of stand-alone: and h~ brid PV systems ( I person. I 111/111 l 

11-15 Consultant on PV Module Qualification Tests (for Task 7): I 111/111 
1he e"pen \\Ill t'1ake one \'isit to ad,·ise on the spcci!ication an~ design of a PV module 
qnahfica11on test labora1ory (I 'll!rsoi.: I m/m) 

16 LNIDO S1;::-fTr;ncl 

Tora I of 1hree nussions: for progress re,·iews ;iad/or resolution of obstacles 
m the e ... ecnuon of the Project (I person: h I m/m) 

JI l_nd1\ 1d11al Fellowships 

; 1-l 

11-2 

:; 1-1 

T r;11111ng in the process of operating poly-crystalline casting. !11go1 c1111111g 
and'' 1re-c11t11ng c.f silicon wafers (for Task I: four persons. I 111/m eachl 

T ra111111g 111 the fields of Cl}Stalline solar cell production processes and other 
1cchnoloi;1es needed for higher--cfficienq mono- ana pol~ -s1ltcon solar cells 
(for Task 2. four persons. I mim each) 

J ra1n111g 1n spcc1fy111g and operating indoor/outdoor performance and hre-111111.:: 
1cs11ng or balance-of-system components and PV systems (for Task >. l\\O 
µcrsons. I m/111 each) 

11--t r raming Ill !he field or designing high-quality PV balance of PV balance-or-
~\ Siem componcnls CDC/AC inveners: MPP-trackers. baue~ charge co111rollcrs 
cleclronic ballas1s for DC-powered hghls. CIC ) and apphca11011-spec1fi( PV 
\\Siem~ !PV pumps. PV/\\llld h~·brid S\Slcms. Cle l (for Tasl.. ~ l\\O persons. 
; 111.'111 ..:;1Ll1) 

·1r;i111111g111 lhC field or Cf}Slalline SlliCOll h1gh-crfic1cm:~ <ol;ir l'.cll 1cchnolog1c~ 
:111cl prod11c11011 (for Task :'i. rhrec persons. 2 111/111 each) 

I r;1111111g Ill li.c field or Cf}Slalhnc s1hcon h1gh-erfic1Clll\ \obr c..:ll 111c;i~11r..:111l0 lll 

;111d l11ara<.:1cr1~a11on (for Task 5. (\\O persons. 2 111/m each) 
'# 

l 1- I lra111111;.: Ill 1hc cslabl1shme111 or;! PV 111oc111lc q11al1rica11011 ICSI l;1hora1011cs and Ill 

' 111/m 

.. m/m 

.. 111/m 

2 m/m 

(I Ill/ Ill 

(. 111/ Ill 

.. 111/ 111 



the qualilica11011 tes1111g of :>V Modules tfor Tasl... "- l\\O lk'.rsons. 1 111/111 each) .t.ut/111 

None~ nsits to rclr,·ant 111stt1ut1ons arc to be orga1111cd \\rthrn thc training nussions 

.f I Expendable Egmpmcnt 

None 

42 Nbn-expendablc Equipment 

See Task description for itemization of required non-expendable equipment and associated cost csu­
mates. 

F, Risks 

Potential Risks £~timatecl ltkefllwod 

Know-How Transfer 10 lndustrv: The ultimate obJeCtl\CS of Task 1 and Task 2 
are reached onl~· after materials resp. processes arc sucessfully transfered to the 
domestic PV industry and ha,·e resulted in PV-modulcs of performance and 
quality better. - and production cost lower -. 1han 1oda~s products. Sucess 
therefore hinges on the willingness. ab11i1~ and capabiht~ of the PV indust~· to 
absorb the know-how which was generated 111 these '''o Tasks As this know-how 
is made available 10 indust~ for free but kno\\-h0\1 1111plc111en1at1on ma:- require 
manpower training and im·csunents. the risk 1s considered 

2 End-of-Project Eouipment Utili1,1tion. Considerable 1mcstmc;11 in pilot production 
and lest equipment will be made in pan1cipa11ng 111s111u11ons (in Task 2/BSERI and 
Task 3/HUASUN) in order to upgrade cx1st111g 111d11st~ as a whole. As panicipating 
institutions like other R&D cntititcs arc asked to earn operating and in\"estment cost 
increasingly by contract R&D or commercial ac111111es. BSERl and HUASUN may 
use this equipment for commercial purposes at the end or the Project. thus competing 
directly in a field which they were asked to help upgrade 

As it is proposed to decide on the final O\\ 11ersh1p or cqmpment in Task 3 at the end 
of the Project. and since BSERl is lo bcccme a center or excellence for ad\'anced 
R,D&D in c-Si technologies. this risk is considered 

J Qm!lification Test Center Operation. In Task 7 the establishment of an accredited PV 
Module Qualifaction Test (enter is proposed. to be :rngmcnted later by the capability to 
also test PV systems and balance-of-system components Income from carrying out 
qualific;1tion tests will be inadequate to pa~ for a contrnued operation and maintenance 
of such a Center. Government authorities 111us1 com1111t 10 marntain operation of the 
Center on a con1inuing basis to just if~ the 1m cstmcnt 111 the Center's infrastmcture. 

As ii 1s propo~.ed that Go\'crnmcnt supports Task 7 IX'\Ond the end or the Project. this 

Med111111 

risk is considered Lm1 

!_lghca11on of PV S\stc111 De111ons1ra11q11~ While larger ~1a11d-alo11e s~stcms s11d1 as 
PV village supplies or \\atcr p11rrfica11on/dcsah11;1110n fac1lr11cs will require funding 
decisions b~ regional or local Gmcrn111c111 ;1111hor111cs. smaller S\Stcms such as PV h:--mc 
ligluing systems will hmc to be acqlllrccl h~ p111 ah.: 111d111d11als The ab1lit~ to defra} 
such e'ipcn,;cs (in case of puhlrc fundrngl or 10 p:I\ for sm:h 1mcs1mcn1 in installments 
(in ~1c pm ate sector) will be crucial for rcpl1C;ll 10:1 of PV S\ s1cms bcrnnd de111ons1ra­
tions and for the intended hcttcrmcnt or h1111,.: t:omh11011s 111 remote oIT-grid regions of 
China 



As II 1s 111tc11dcd to demonstrate not onl~ l11!!h-<111al:t\ \\cll-fun.:111111111g "' st..:111~ 111 1111-
portant apphcat1011s (b111ld111g on the cxpcncn..:c 111 precursor d..:mtms1r;I11llllS) h111 also 
to cxpcnmcnt \\Ilh financmg 111stn1111cnts for prl\atc 111dl\ 1d11;1l' 1he 11,r.. th.11 1hc 

.. 
2M 

demonstrations '"II trigger onl~ fc\\ rcphca11011s 1s considered Lm,/l\.tccl111111 

'i Compctlll\·e Stance 111 PV High-End R&D The 1mcst111e11ts and ad1\ 111es 111 Task :'i 
aim to facilitate R&D in PV senuconductor fields wluch arc lughl~ compctlll\ c and 
fast moving intemauonally (thick- and thin-film k-Si solar cells\\ 1th lughcs! cllic1c110) 
To sJccccd in tins field needs not onl} a !ugh-class laborato~ and infrasm1cturc but 
also the skills and moti,·ation of adequate!~ trained scientific and tcchmcal p.:rsonnel. 
as well as the abilit~ to d<:fray the operating cost of such acti,·it~ O\er an e'\tended period 
of lime. 

As BSERI is en,isaged to become a center of excellence for k-S1 PV R&D. and smce 
income from BSERrs subsidia~- SUNPU 1s a\ailable which can be used to support ad­
vanced PV R&D act1Yities. the risk that Chma \\ill not auain a compe11tl\·e pos111on in 
high-efficicn~ photornhaics as a resuh of acunties in Task :'i 1s considered Mcdmm 

G. Prior Obligations and Prc-Rct1uisitcs 

Successful execution of this Project depends on the a,·ailability of National cost sh:m: funds 111 a limel~ manner 

The Chinese Government (ACCA 21: SPC: SSTC) and the panicipating 111sti1u11ons :BSERl/SUNPU: GRINM. 
HUASUN; CPVC) will pro' ide funds for :ill the counterpan acti,·itics as cnnsaged 111 tlus Project Document for 
the implementation of this Pro_1ect. This includes pro,·isions of counterpart funds for staff salaries. transport. 
tra,·cl costs. domestic trainmg costs. procurement of indigenously manufactured eq111pmen1. cap11al costs and 
other related cost items. The Chmese Go,ernment \\ill also pro,ide the rcq111rcd staff for the nauonal coord1-
nat1on of the entire Pro_1ect 

The Chinese Govcrnmenl ~hall also 

(1) provide immed1a1e English language trainmg to those persons proposed 10 be sent to foreign location-; 
for training in 1he form of fcllO\\Ships. 

(ii) ensure the rclc.1se of these persons from their duties on ihe dates of 1he co111111c11ccme111 of t;1c1r fcllo,,­
ships. 

(iii I provide local and field transpon for 1he mternational consultants 

(iv) defray all ground and air tra,·cl e\pc11.>es 111 the count~ for the 1111erna11onal consultants. 

(v) provide suitable office accommoda11ons. 1111erpreters and other suppon req111r1.:111ents. as r1ccess;1~. for 
the in1erna11onal cons11ltan1s. 

The Project Dccumenl '' 111 de signed b~ UNIDO. and UNIDO assistance 10 the Prn1c<.:1 \\ 111 be IHO\'lded. subject 
to UNIDO receiving sa11sfawon 1ha1 the prerequisites and prior obhg;111ons listed abmc h;ne been fulfilled or 
are likely to be fulfilled When an11c1pa1ed fulfillment of one or more prcreq111s11cs fails 10 111a1eriali1e. UNIDO 
may. al ist discretion. either ~11,1lCnd or 1er1111n~a1e 11's assislance 

II. Project Re' ic" ~. Rq11111ini.: and E' al11alio11 

(i) The Project \\Ill h..: '"h1<.:<.:t to ;111 an1111;1I re\ IC\\ .1s pan of 1he a111111;t! prop;1111re\1<.:1\~ d1aircd ii~ 
ACCA2 I and allrnckd ll\ the :--.ia11onal Pro_1c<.:I Coorcl111a1or ( Nl'CI. 1hc l'lllll'll I i.:chn1-:;il Acl\lsor 
(PT A). 1he Ta'k 1111pli.:111cn11n).! cn1111cs (represented b\ the Task Dircllor,if I> l ;111cl h\ n:presc111al1\ cs 
of the funchng ;1111hor111c·s Task s1a111s to dale \1111 be reported O\ lhc rc,1x·1:11\ c· IU ;;net and o\·erall 
Pr~ccl a~sessmt:nl 11 ill he IHO\ Hied h\ tht: Nl'C (\\ r11ten reports 10 ht: "1h111111,·cl h1 ·r I> ;111cl NP(' 10 1h1: 
UNDP field oITi<.:r ,11 k,1\1 "' \\CCk' hdorc lhesc re\"le\\S} For c;1ch Ta'~ tlic· .1111111;11 re\ IC\\ \\Ill e11· 
compass. 1n1cr all;1 'thnl11lc f1111cl111g. cosls. pcrsonnd 1ra111111g. tcch111c;il r..:,1111, coll;1hor;1!1011 \\llh 



industl}· and users. lcchnolog~/kno\\-hOn transfer to 1nd11st~. and the hld1huoJ ,,1 ;11t;ll'H111g the Cn­
tena of Su..:ces~ 

The NPC shall funhcr prepare and submit 10 each PrOJCCt rC\·1C\\ meet mg :i Pw1 ... .:1 Pcrfomancc fa·a­
lu.1tion Repon 1PPER). addiuonal PPERs ma~- be requested from the NPC 1f 111.:cc.;.s;m _during the 
ProJCCI 

I 11) A Project Term111;1l repon will be prcp.1red by the NPC and TD for cons1dcwwn ;11 the PrOJCCt Per­
formance RC\ iew Meet mg immediate!~ following completion of the PrOJCCI h sh;11l be made available 
in draft at least four months prior to the fin.ii rc\·iew meeting to allon rene\• and tcd1111cal clearance 
by UNIOO a.id im·oh·ed parties 

(111) The Project shall be subject to the first !eview twelve months after the stan of ru:1 rmplcmcntaiion The 
organi1.ation. terms of rc.:fcrcncc and timing of1his m·iew will be decided after consuh;mon between 
the parties invoh·cd m the Project 

I. Legal Context 

This Project Document shall be the inslmmenl referred lo as such in Art I of the Stand;ird 8;1s1e Assistance 
Agreement between the GO\-crnmcnl of the People's Republic of China and the U1111cd N;111ons Oe\clopment 
Program. signed by the p.1rt1cs on June 29. 1979_ The host count~ implcmcntmg agenc\ shall. for the purpose 
of the Standard Basic Assistance Agreement. refer to the Go\-ernntenl coopcra1111g ;igcni.:' dcs.:nbed 111 that 
Agreement. 

The following types of rc\·idisons may be made to this Project Document" nh the s1g11;11mc of the UNIOO 
rcprcsantati,·e only. pro\·ided he/she is assured that the other signatories of the Pr~1cct Doc11111c111 ha,·c no ob­
jections 10 the proposed ch:mgcs 

ti) RC\·isions n h1ch do not involve significant changes in the immcdr;ue ~!CCII\ cs. 0111p111s or activities of 
the Tasks of the Pr~rcct but arc canscd b~ 1he rearrangement of 111p111s ;1lrc;1d\ a~ri.:cd 10 orb~ cosl in­
creases due 10 1111la11on. and 

(11) Mandado~ annual rens1ons which rephasc the deli,·ef)· of agreed Pr~1ec1ff;i.;I.. 111p111s or mcreascd 
expen or 01her costs due to innation or take into account agen0 e'pcnd11mc ne"h1lm 

The contractual agreements entered into by 1nd bel\\CCn the Chmesc Go\crnmen1 and foreign supph­
ers/manufacturcrs of eqmpmcnt shall contain all ncccss.11)· terms. condi11011s and res1nc11ons 10 proHde full 
protection and shall be 111 accordance with applicable international standards tmcl11d111g. b111 no1 hrmtcd 10 
palenls and copyrigh1s. 1f an~) for lhe components and designs of the foreign s11pphcri111a1111fac111rcr 

The Chinese orga1111<111ons/cnti1ies in\'oh·ed in this Project shall fully abide b~ all design and pa1en1 restrictions 
imposed by said con1rae1 

The Chinese Go,·crnmenl shall. on a continuing basis. indemni~' and shall hold UNIDO harmless from all 
cla1111s of any nature 111 connection with patent or 111tellec1ual propcm 111fr111gemen1s 1ha1 ma' ;mse from the 
aCll\·111es of tlus Pro_1cc1 

J. BudJ!cfs 

S11111111.1i;. cs11111a1e of 101.11 cosls b~ major budgc1 categoi;. 

l n/11/ ( ·,,_,, \"nf,,mal < irm1f.• ( ·11111111 !.01u1' 
I 11; I s.s, 111 RI /ff mn11 Ill /(.\Ill 1 ·11011 

(111 l S-S 1111 l "S-S 
eq1111 ·cil<'llf J C'l/llll"flf!'nl) 

Personnel ~ s s 
---

Fcllm' \lup\~# s s 
Tr_'.!~1_s ___ _ --- -

< irm1I• frn111 /111/ < >1'1cr 

I-' 11·r11nl lnpuf\ 
I I \1 >/'I \II>(), I/II I ,\.SJ 

1111 I .\-.'ii 
-·------ --------
~ "'''' '\()!) \ 
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SIU<h Tours s 0 s II ~ II s (I s •. II 

Equipmclll s s s s l.'J:il< .. >f,O s -
Miscellaneous s s s s iOO_(KMl s 
Totals ~ s s s ::. '}.J(,_860 s 
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K.. Annc:\CS 
•. 

An~xA: Joh Dc~ri111ions 

A-1 Project Tcch1111:;1l Ad\lsor lPTA) 

Post Number: 

Post lillc 

Duralion:· -

Duty station: 

Purpose of 
Job· 

Dulies· 

Quahlica1ions: 

Languages 

JOB DESCRIPTION 
OF THE PTA - ProJCCI Tcchmcal Ad\"lsor 

ProJCd Tcchmcal Adnsor {PT A) 

One man/monlh per ~car O\Cr a period of fi\-c years. s1arti11g Odobcr I 'J'J:i. 
''11h 1hc poss1bli1~ of up 10 cwo add11ional man1mon1h O\'Cr 1hc dur.llion of 
1he Project 

Bc1Jmg. wich possible ,-1si1s 10 Hangzhou and 1ra,·cls in 1hc counu~ and abro.,d 
tUNIDO. Vienna). plus work al home base 

To reinforce 1he Cluncse 1cchnical capabihucs 111 manufacturing l11gh-q11;1h1~ ;md 
h1gh-perfomancc photornha1c componcn1s. 10 cxp;md lhc u1iluA,11on of photO\oll;rn.: 
s~s1ems and lhe m.,rkc1 for PV applica1ions in general. and 10 upgrade chc poss1-
b1l111es 10 car~ oul ad\ a need R.D&D in !he field of c~Slallmc silicon solar .:.:tis 
phoro,oltaic ~stem componcnls and photo,·olta1c s~·s1ems .. 

The PT A ''ill closcl~ collabora1e wilh 1hc Nauonal ProjCd Coord111a1or ;md 1hc 
Task Directors m the claboralion. coordination. 11nplcmcn1a1ion and follo\\-up or 
1hc programs of work cs:ablishcd for lhc defined Tasks. Spccilicall~. the PTA "111 
h;n c 1hc folio\\ mg d1111cs 

I 1) To pamc1p;11e 111 1hc annual Projccl/Task rCHC;\\ mcc1111g and 10 assc:>s 
111dcpcndcn1l~ 1hc progn:ss of \\Ork in the rcspccu,-e Tasks. b;;'Cd 011 111p111s rccc" cd 
fro1111hc Task D1rcc1ors and b~ on-site mspcc11ons of 1he Task s11cs. 

I 111 To ass1s1 1he Na11onal Projccl Coordm;uor; •1d !he Task Dir ;er ors II 
rcq11es1cd. m the resolu11on of 1cchnical issues which arise 1111hc c'cc1111011of1hc 
mdl\ 1d11al T:-isks. 

( 111) To assis1 UNIDO 111 the identifica1ion of indi\'lduals "ho could scnc as 
1111erna1ional Tcchmcal Consul1an1s for the Project. and in 1hc \Hilmg of 1he 1crms 
of reference and job descriptions for these consul1ants: 

11' I To ass1s1UNIDOm1he identi!ica1ion of research 111st111111011s or 111dusmal 
enr111cs "luch could suppon 1he specialized 1cch111cal tr;11111ng of mdl\ 1d11als cn­

\15;1J!Cd 111 the Pro_1cc1. 

(\I To ad\ 1sc/ass1s1 rhc Nauonal PrOJCCI Coordanator Ill lhc prcparal;Oll or 1h:.: 

Pro1cc1 Tcrn1111al Rcpon al the end of the ProJCCI 

U111\ crs11~ degree 111 Ph~ sics or Elcctncal Engmccnng. '"th a 111111111111111 of 
I~ \r:;1r~ professional c'pcncnce relate~ 10 pho10,olta1cs (cell~ module~ com­
ponenls. s~ s1cms. s~ s1c111 ;1pphca11011s) and 111 1hc 111anagcmc111 or ~1cn11 fte: · 
rcchnological program' ;111cl pro_1ccts 

F'llCm:w;c 111 rhc collahorauon ''"h foreign panncrs '"II he an ·"'cl 

A·2 C'onsoltanr on Poh-o\~l;1ll111c Sll1eo11 lngo1 C;1s1111g 



A-l Consultant on Cr.st:11l111c S1hcon Sol:u Cdl P11i.:cs,111g ... 

A-.t Consultant on S1hcon M:ucn:tl Wuc C1111111~ 

A-5 Consultant on C~stallinc S1hcon Solar Cdl !'r,xcs~mg 

A-6 Consultant on C~·stallinc Sihcon Sobr Cdl Prod111.:11011 Eq111pmc:11 

A-7 Consultant on PV System Test L1bora1om:s 

A-8 Consullant on PV System Test Eqmpmc111 

A-9 Consultant on PV S~-stem Test Equipment 

A-IO Consultant on PV Demonstration Pro1cct Planmng 

A-11 Consultant on PV S~-stem Design and Performance Monitoring 

A-12 Consultant on High-Efficienq· C~stalhnc Solar Cell Tcchnolo~ 

A-13 Consultant on High-Efficienq· C~stallmc Sol:ir Cell Production 

A-1.J Consultant on PV System Performance Mom1or111g 

A-15 Consultant on PV Module Quahficat1011 Tests 

., 
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Input , 

Fund Flow from UNIDO / Intl. Organizations 

National Fund Flow 

Line of Authority 

Natl. Government 
(SPC; SSTC) 

I . 
I . 
I . 
I CPVC . 
I . 
I 

- Coordination I Monitoring 

ACCA 21 .. '.'' .... '' .. UNIDO 

1 I 

: 1 ' 
CTA 

,.. . - . - . - .. - . - . - . -·. - . - . -·. r • - • - • - ·1 - • - • - • - I ' - • - • - • 1 
I • 

. . t· ............. .. . .•................. .. t· ........... ' .... . ~ . , ................. . .. ., .................. " t· ... ' ............. . I . I . . 
- -

11 T2 I T3 T4 
GRINM BSERI I HUASUN HUASUN 

I ! 

Output Input Output Input Output Input Output , 2 2 3 3 4 4 

PROJECT ORGANIZATION 

• 

TS 
BSERI 

Input Output 
5 5 

. . 
-

T6 T7 
CPVC CPVC 

Input Output Input Output 
6 6 7 

Input: Equipment, Experts, 
Training 

Output: 

7 
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Ann~:.. C: 

- ~ 

Year Annu.-.1 lns1all1..-d Assu1m."d Module P11.:c Assumed System 
Apphcmon '"'"" :l 

Cap."\C1I\ IMwotal IR!\18..'Wpf Cost I Rf\18/Wpl 

1989-1 ')')0 I) 5-1 0 e-S1 :m-ln c-Si: 60-100 Dcccmral1.1cd s, ~•cm•;_ 
a-S1 18-20 a-Si: 50-')(l Commu111ca11011., s~ Siems. 

Small Pumpmg S~ ~•ems I 
(UP to 3 fen k Wp) 

199l-l'>Q5 5 0-10 0 c-Si: <20 c-Si: -40-50 Mcdium-s1.1c PO\\Cr S1:1-

a-S1 .;:12 a-Si 30-50 t101:. L"lrgc Pumpmg S~s-
- tcms. Dcs.-.hn;111011 S~ s-

terns~ CIC ( 111-(INI k\Vp) 

1996-2000 IO 0-50 0 c-Si: <15 c-Si: 30-50 L·ugc-scak S1;111d-alonc 

a-S1 <K a-Si: 25-!5 s~·s1cm~ for c 0111111crc1al. 
Industrial and Rcs1dcn11al 
Uses (II 1-1 o !\1\Vp) 

beyond 2100 > IOO.O 5-IO 20 Central U11h1~ Apphc;i-
lions(> I II l\tWo) 

'• ., Al tl.r llrnc of prcp,uaflon of 1h\.'. Lthlc ( Jl)'J I). 1hc C\<.:han~c ralc \\:~s I US~.\ · ~ ~ H~1B llu.: 1..'.'Lh.u~.l!~ r;1h: ,,, 

oflhc c11d of l'l'l-' \\a~ I l!S-\ s ;11 RMB 



•. 
~· 

11/uumei 
---

)'unnan Kuij'en;: :\' ;,, g/111 <;RJSM llurbin I s,,kun I I.,,.,,.,...,,. s .. ·1111etm- S<>lar c 'd/ .\i•far I ·,·fl ( j,·11. ·ral Cl1rt1nur I ( 'ompan\· 
Manufactu- tme Flee- ductor fk- faeton· Fact on u •. ,,.,1n" 
n:r tromo I.rel \·1ee.~ Fae- f11.,t1!1tle fur 

f(_}mhuang ton: \·,.,,. 
dao -I Ion?. l·-crrut1.' 

<iuan~ Jmnt .\ ft•raf., 

I enture} 

Addresses No. 38 Nob. Har-Ar 
Xinhuadong J1angguo Highway 

- Rd .. Kai- Rd .. Qmhua I 5km. 
feng. H::nan ngdao. Harbin 
Pro\'- Hcbci Pro\·. Prov 
ZIP -175000 ZIP 0661Kl0 
+86r.>1 +X6f55 II 
557722 Hl2H or 

:n5JtJ-1 
Production 1992 1985 l'JXi 

Start 
Technology mono- mono- mono-. and mono- poh- amorphous amorphous 

crystalline crystalline polyc~·sral- c~stallmc en stal!111c !II silicon silicon 
line 

Production )00 kWpla 300kWp/a 100 k\Vpia 100 k\Vp/;i 100 k\\"p!a NIA NIA 
Capacity of 
Wafer Line 
Production 1.0<Kl 500 k\Vpla JOO k\Vpta ~Oil k\\'p/a 11111 k Wp ';1 1.00() 1.000 
Capacity of k\Vpla kWp'a kWp!a 
Cell & Mo-
dule Lines 
Equipment \\hole line whole line key eqmp- !.:c~ eq111p· L11111na1or \\hole line whole line 
Ori gm imoorted imported mcnt Import ment llllport 1111por1cd 11nported imported 
Production :wokWp 2!Kl k\Vp 250 kWp no k Wp ., ., ., 
resp Sales 
in 199-1 
Upgrading puller and entire line puller and puller. sa\\ s cn11rc irnc 
Needs saws saw and la1111na-

tor 

C-J ~ffic1encies of Solar Cells developed/manufactured 111Ch111a_t;!s_12LL'!~)\) 

Cell Tvpe l:ffic1encv (Cell .·lreaJ I c.• • ( "1111tlt/ln11' 

l.ahornton· l'ro.l11c 11011 -
PESC c-S1 211.27% (I cm') Al\! I :' 

·-
c-Si 15 6% (I cm') IO-IJ (:'\"'Diam) AM I :' 
BSFR c-S1 13-1-1%(1 cm:) AMO ------
oolvcrvstallmc c-S1 1.1% (I oo cm') K-111 (I oo cm') AM I·' -----
GaAIAs/GaAs IX-1.'J% (I cm') AM Ill .- -------· -
CnS/Cd K- 1>% (IO cm') AM I:' 

---·---
. ] a-S1 ') )("/,, (IOO cm') ) (l!l\ lO c:m') Al\f I :' _____ ...__ __ ------ ---·- ----

1° Ct)'Slall puller and \l;ifcr ll>-s;11\ 1101 111 opcralmn ;11 thc prcscnl 11111c 
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•. 

Application .'w:ctor .·lpf'ftCtlf/011 /nstal/1:d l'm•t•r /kllp/ 

Communica1ion µ-W:in: Rclav Stations: TV Trans11111tcrs. T.:•rcslnal -lOCl 

S:ncllitc Stations: Carrier Telephone S\slcms: clc 
Rcmolc Areas & Rural Use PV Power Stalions: Lighring and TV S~stcms: Insect 5110 

Trap Lights: Electric Fences: Wa1cr Pump111g Sys1c111s. 
CIC. 

Transportalion &aeons: Light Houses: Highwa)· and Railway Signai- HK> 
in~ Svstcms. etc. 

Catl.odic Protection Sluice Gates: Oil Pipelines: Bridges: c1c 25 

Moniloring Srarions Meteorological Srations: Fire Warning Systems: Eanh- 25 
qu;ikc Staticns: High Waler Wamin~ S\·stcms: crc 

Or hers Tour Boars: Street Lighrs: To,·s: etc. 200 
Total l.!50 

C-S Proposed PV Dcmonstra1ions 

PROPOSEO PRO.ff CTS 

I. Remote P\' Home S~ srem, 

\.;11mh:r ~if th.: ,;1..:-;1..:111,;. 1,11 :-:::r,; 111 -~ r.:gili11,. 
T·•f,11 P•.1w;;r· ~" Wp \: hll · -, K\\' 
l,,1,;Uil111: Qing.hai l'rli" in.;\,'. 
L11cal (\111pera1l1r: Q111ghai Fnergy R.::-:;;ar'h fn:-:ritut:: 
L11aJ Sp::ci ficarilln:'i f\ir Om: s~1. 

Total I ! ! 540 



W;;arh~r an.J G:.·,)g.raph1 ... ll l ·,111Jitt.111s· 

Latiiutk: _--:.<>.~ ' 

Longitud;:: 98.<, L 
Ekvalit1n: 281Hi.u i\1 
Annu.,.; Sunshim;: _:1i•i11 fhiur:-: 
Annual Gltlhal Radi::Uitm: 170.0 f:cah:m2 

Syst~m Diagra..'11: 

·- -- ------
Cho.Y_,e 
(o,.,trolff..t" 

l 

J---1 
~~--~- ~~-.....--~---" 

•. 

D'- I Ac Ac 
Loo..tA 

BKfferie.s 

~.ttv/1 .z,~ A>i L------·---·· 

Project Duration: :! Y;;an: (indude I y('ar test numing and lL-\) 

_ 1!!e_u_t_: ___ -· _ .--- ___ _ 
I 

- -·- ·- -··- ·--------
~ I 

. __ 1... l1ntents I 
:-; places in Qinghai Province~ 

I 
I 

_ _l~put (U§D~_) It~m 

Si!: Td~11titica1i1111 <.\'.. 

S..:l:dil'll . ' ·- ·----· f 
Stl,ar Aln~- . 

- --; 

3 



2- Hybrid PV/Wind Power Suppl)· S)stem 

Capa"·ity: ~O KW (lOKWp frtlm J>\' :uuJ :!Ot.:W frtlm wind> 
Lllt:ati110: On;; village in lnn;:r-1\fongtl:ia 
Ltlcal l\)uperahlr: New En:!rgy Otlic;; nf hm;;r-Mtlg1.1lia 

.. 

Operating ;\ifoJe: Both wind gem:ratllf and PV an-ay ~harge th-:: ban.:ry rhn1u~h 
charging n1ntroller_ DC/AC stand-along inverter :;upply th~· Jh•\\ .-r 
to the local grid and another inverter is backing up. Di:::'d 
Generalor can be us;;J as charger when battery is h1w or i:;m suppl~ 
the power directly Ill the 11.lcal grid when inverter gets inhl tn1uhl::,; 

Daily Working Time: 8 HllltrS 
-B~k Up Pvwer Sour~e: 55 KVA lnn~e Phase Diesel ~neralor 

System Featun: 
PV P11wer 
Wind Power 
Back Up Diesel Generator 
Batteries 
Controlling & Data Acquisition System 
:oKV A DC/ AC Inverter 
Distriburi,1n System 
R::ctifier and Charging Controller for Diesd 

·. ,, 
t·.:1Lr-: 
' I' I..__ 

:---• 

Wincl 
qeMe.~t•v 

Wearher and vel1graphical Conditions: 

.. 

Latitude: 41.2 N 
Longitude: l l 2.0 E 
Ekv;uj,111: 1000.0 M 
,\nnual Sunshin~: 2800 Hours 
:\nnual Gltihal Radiation: 158.0 Kcal/cm2 

4 

IOKW 
20KW 
55KVA 
3000 AH/300\' 

2 set 
2 set 
1 set 

1 set 



•. 
Project nurntion: 3 Y t:ars (include I yc:u· l.:$1 runnmg and (): :\) 

------------·----T--
(\lOtents , 

- . 

In ut USDS) ____ _ 
l pla'e in lm1l!r-M ... mgolia s~e co1nn1 ... 1n 1ssu::: 

~----------+------------1------------· - --- ~ 
20l) M 2 I )0,000 : 

>----------~!----------.-Kr\o-:1-------+-- 20,000 - ----- · 1 
I 0 KWp I 70,000 I 
20 KW I 80,000 ! -----------+---- --, 

l-----------+-·---5_5_KVA ·- I 30,000 - - --l 
3000 AHi.300V I 80.000 I 

I set ! 20~000 ---i 
~----'"'-~..:..:....:.----+--------------

1 set l I 0,000 
I set I 60,ijOO 

:=========================------=._-1_-s_e-=._1-~-~-=--=--=--=--=----:_1-_-_~--~~--~1-~o~,~00-_~o-_-_-_-~----I 

Controller for Diesel ! R~ctifier and Charging I 1 set ~-- 10,000 

-----i ! ._T_r.u_JS~p_ort_at_io_n_&_lnstal ___ l_at_i_o1-i1 ___ ___ ____ 30,000 
I Experts 1 m1m for pre-survey 20.000 

o-l -----------~-l_m_tm for ~\·~t.:m design 
Trainino for Local Peo le 3 m1m • 4.500 

------- _ .. 
!----~------'~--+-------- - ------------. . J 

Trainin Abrtlad <::;;:c CClllllllllO i5:me i see C~"'num•n issu~ I 
!------~-----~---------------------~- ----·-1 

; 3 vear~ i see conunon issul! I 
I 

Project Management 
Total 

T--- --· ----~-------------~-- ·------, 

494.500 
~----· -~---·-·-------___ __..._ ---- ----- ____ J 

3. PV Pumping for Small lnigation 
Unit Pt-iwer: 2.5 KW 
Numbers ofThe Syst;:m: 3 sets 
LC\cation: :; pla&::e~ in Tibet 
Waier Table: 20 M 
Water Needs: 20 M3 in each plcu;e 
Objectives: In the north-we~t part l'fTibet. vegetables can t'nly be planted in green 

house. lffigalitlll for the green house is always a problem since 
electricity is t-inly available in the ewning when diesel generator start up 
for 3 lwurs lighting. PV pumps are the excellent solution for the green 
ht1use irri_;;ati(lO. 

5 
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.. 
'I I 

1>c./Ac 

AC SYST£H 

;-----------, .--- ~ Al Motoy ptit,.,.p 
·1 S O l A R l ; 1> c./A 1.. ~ _. ._ 

A R R A Y l--
1 

-i J, ~ . H L_ - \: '.1 •• 

L_ _____ _J l. .ve.r ~et · _ J . ·--:::::, 

Weather and Geographical Conditillns: 
Lat;nide: 30.0 - 34.0 N 
Longitude: 81.0 - 93.2 E 
ElevalillD: 3500 - 4500 M 
Annual Sunshine: 3000 - 3300 lfours 
Arulual Global Radiation: 180.0 - 2(10.0 Kcal/ cm2 

Project Duration: 2.5 Years (include I y<!ar tl!st nmning and DIA) 

Input:-----------------· ___________ -------·-~---- ______ _ 
Input 1,USD$) 

1 Item 
r--Site ldentiticati'")n & : pla..:.:s in Tibet see ''"lOUll\.lll 1 ssu.: 

Sele,tion ! 
Slllar Arr~y ----~: -- .:.5K\\' · : , ~'--UhlO- --- ---

-- -1.lve.:te-.=-&~.~1~~11e~-=-----. ___ ? ~~·=-· -- - --i --- ---is.ooo-- -~-~ 
Pumps ___ ·-··-----~---·- __ J_~!_s_·----+---- __ 3,00!!_ ____ . _____ J 

L Oala A'quisitillO Svsti::m ! 3 si::ts __ : l>.0011 

~T~~~Spllrtati~r~ In~!~!~'!!~~- ______ .- . _______ -. --+--_ _ _ 15 .oon 
~- Experts I I nv~1 ll)r ~vst~m des1gri _ I O/l0!1 

~- TrainingforLoc_al Petlpk J ________ 3 mlm -1---·---·---~·5(!~~ 
l Trainin2 Abroad j __ . .,,_-:.: _..:.~t!!J~!~!'_!!sue -----+ s.:e 'llffinlllll_!j~l~: 

Projed _M~~,~~n_I - 2. 5 x~ai· L . ----~E.e ~t?.'!~lhlfl i:\SU;.'! 

____ Tl)tal -------~-----·-·. ________ _l _____ J.l0.5!_1~ 

4. PV Pumping for Potahle Water 
Unit Power: 5(HJ W 
Numbers of The Sy~km: 4 sd" 
Loi;ation: 4 pla~cs in lnn~r-\f png11lia 
Water Table: :w M 

6 
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- .. 
' ·~I l ) • ;\ ~· ~i .. fl ; ·, i 1i\. • .. 
; -'~;: !; .1 .:_ ~ ,, ~!''." :'u~n:' ·• : .... ·' · ·!··ft'~ --•tr;'l~- p·)~·lh' · \'. :u·:r 

-, 

So lit-r ! i'1 f PT 

Cont-roller 

11 

I 

DC SYSTEH 

MPPT 

Cotr troJle.\-

Wealher and Geo!!TaphicaJ Conditions: 
Larinu.k: -to_o - 42.0 N 
L\\ng1tude: 87.0 - 120.0 E 
Ekvati•.ln: 800 - I !00 '.\I 
Am1ual Sunshine: 2600- 2900 Hours 
Annual Gl•.'hal Radiaiillfl: 150.0 - 170.0 K(al 'l'm2 

Prn_ji>ct Duration: ~.~ Y::ars linclude l yeart::st nmning and D.·A1 

-- - - - ------- -----
lt::m • Content:i 

-- ___ j__ --~- --- -

Sit;: IJ;:ntifo.:;ui\'ll & I 4 places in lnner-,fong'.llia i 

(_ - _ __:~!~~ti-=-1'! _______ l ----- --- -- : 
: Lt,(al C\l11:-:t111(ti1'n Well Digging • 4 !•i.000 , 
~----- ----- ---- --- ------ -----.--- --- - ---i 
: S1llar :\rrav • 500Wp · ~ 15,000 r----- -c:-~11-~tilt":r-----t 4-sei~--------- -: -- ----- 6.oUii-- -
t ~~~---_- ~-Pun{p; ___ -~_-_j_ 4sets - - ---·-- --L- -~-~ -~4~1~)1~-
[Tr<!!_1sp11rta1_11l1!_~ ~~-;~'!!laiion[ ~ac"s______ _ _ __ 15.0(~Q__ _____ -l 

Exp1:r1:.: I I mim for pre-~mrvey L.0.00<1 

~------- _____________ Li 111/m for system d::s~--~---- _________ _ 
t __ l_~rainm,g for hli:al_p~Clp_I~ _ }_ 4 peoe!~ ____ _ ___ L _ _ _ __ ~oo _ 
1--- __ Tr;i~1i!!g__:\l~r~l_a~---- I see l:Ommon js~l~~---- --L-- --~~~~on is_s~!~ 
[- ___ Pnijt:1:1 _~~·t~t"gt:rnent~- -j---- 2.5 y~-~ --~~-- ~-~--J--~---~--~~--'~s;pf~ issut:_ 
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5. PV Desalination Systt'fll for- Island 

Capa..:ity: 15KW15KW frtim wind-gi:nr:r.lltir. IO KW frtim !'Vi 

Ltii;ation: Ch;m_~ bl;u1d. ~hamh111g Prtivin..:e 

Ctit1pr:r.11t1r: Stat;; ().;~;u1iL Bur.: au of China 
(:;>eralitlllal ri..h1J~: Pt1\vt.:r :-:.:upply for a desalinatit1n system 

Syscem Fcarurc 
PV P(lwer 

Wing Power 

Batteries 
Controlling System 
15KVA Inverter 
Distributil1n System 
Water Lifting System 
(with l.SKW Pump) 
Reverse Osmosis Desalination Syst 
(with 5.5KW high ,>ressure pump) 
Fresh Water Output: 

IOKW 
5KW 

1000 AH/300V 
l set 

I set 
I set 
I set 

I set 

15 M31Day 

>I~\ t"r~ ~(! ... ~ 
f1A"'P r-~llw J tllo. De ,,._I. 

.. 

·,...r;,..J 4c ... e-r11.1ol'.__ ___________ ..., 

. -- - -

c e.".,....""' 
c,,,.+r,,ffty 

Wearher anJ Getigraphical Conditions: 
Larin1<le: 37.5 N 
Longitude: 12 l.4 E 
Elevarion: 16.0 M 
Annual Sunshine: 2400 Hours 
Annual Glolial Radiation: 120.0 Kcal/cm2 
Annual Awrage WinJ Sper.:d: 6-9 MIS 

8 



... 

Project Dura:ion: 3 Yeai"$ 1 induJ:: I y.:~u· test nuu1!ng amt [VA) 

Input: 

Item l ( "t mtent:' : 
--- Site Identification .. ~--t Ch~1glsl-~d i~ si1~-,d~ng l 

Selection --t- Prl)vince l 
Infrastru .. 1Ure &Housin~ • ----- - --1-rn)M: -- ____ ..J..! ____ 50-,-000------

----------+------=---------

Input (USD~) 
see conunon issu~ 

io-- Solar Module _ 10 _ ':;_~.e__ -----4----70-'-','-oo_o'-------I 
Wind Generalor 5 KW 20,000 
15 KV:\ Inverter I S KV A 30,000 -------,1.-------"-------4 

I 000 AH/300V 30,000 Batteries 
Distribution Svstem 

Water Lifti112 System 
RO Desalination Equipment 

Char.ein2 Controller 
Data Acauisition 

!~i>ortalioo & Installation 
Experts 

l set 5.000 
with l.5KW pump 10,000 

with 5.5KW high pressure 20,000 
pump 

l set 
1 set 

I 
: 

I m/m for pre-survey ~ 

10,000 
10,000 
20,000 
30,000 

2 m/m for ~'\"-stem desiti----------~ 
Trainin_g for local people 2 m'm • 3,000 

T raioi112 Abroad see Cllnulllln issue I see conunon issue 
Project Manaizement I ~ vears I see conunon issue 

&.---'~<----->oL---~-----...:__----·---t----'-_.;;.:='-'..:....:.:...-~----

Total : 308,000 

Budget for Common Issue: 

Items Con1en1s I Input (USO$) 
! -

Site Identification & For 5 drotllStrations 50.000 
Selec;tion 

I 

i 
~- -- ---- - . -

Project Man32ement 3ve~ I 30!000 
~-- __ _!r:aining Abroad 8m/m I 40,000 ----- ·---- -- - ---t -- ·-

Total 120,000 
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• 
l/i 

•. 
China Input J),,11,•r Input Total 

t l!~DS) __ __ __ (USD$) ___ ~ _ Items t \:'.)()$ l 
- ------- - -

Grant i Lll::Ul$ i Grant ; S1ltt L'-lans 

90.ll•\(l 
-

2~.500 
..... __ ,-~~Ex_un-~_i-oeo_.~-,:P_:1-oe_~------c_-.:i:-'+i---_2_2_.s_:l_~---_r _____ -_t_~_9_-i_i:._n~_'o - :-------------~;~ ____ _. 

411,000 -
50,000 

Traaung Abro:ir:I I 40.000 -
~-----+-------+------+!--------~,. ----;-, ----

! ! 
Pro1cct survey & 50,000 
pre-conddiooi:12 

· - Consttucbons 40.00U 100,000 140,000 
Equipment 100,000 359,000 100,000 l00,000 759,000 

Transportation 50,000 40,000 90,000 / 

&. Installation 
Project 

M 
30,000 30,000 

Total 280,000 564,000 345,000 I 300,000 1,221,500 

Time Schedule: 

Demo Project Remote PV Home Systems .....__ ____________________ - ----------
Activities 1st Year I 2nd Year 

______ :~~~~"'-1-1--6--- M 7-12 M 1-6 I M 7-12 

__ P!~i_:_S!!fVC}'_rzm' _j------+----------
(\1nrract Date 1 JZ?:?r I 

------·r- --- ---- - -i 

! 
Local 

".:onstru.;t.10n_~--- _________ _l _ 
Equipments ! ,, z,,, ,, ?!f 

Manufactum:.:..: ' 

-- ---------1--- -

_T~~h Traini1-;-;-- pzu _ -------l 
Shipment ' i 1711. ' 

InstaJJation I _______ J__ ~~? __ j_ -_-=:_--_---1~f----__ _ 
Trammg for ! I ~ 

L.lc'.-1.1 Pe~-~ ______ __J_ ____________ 1 ------+-______ _ 
Test Rwrning · ! 

I 

___ _...._ __ --- --·· 

&DIA 
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.. 
O::moJ Prnject I 1 l)brid PV/Wind Power S!!(lpl) S~ ~lem 

. A1.-ti"·itit!s --~! - 1st Y~~u- -1 2nd Year-- -- ;rd Y:;u-

1 _________ L~~~t __ l-b _
1
'. \l i-1~--r-____ M 1:~-=p).t_"'_·-1~ : \I l-i• \I :"-i~ 

Prll·. Surve' · , L_ _ . 
CoJn~-t Dal' m ! i 

. - ~ ~ - ---- ---. l I 
CL1ru.tr..ict1on 11,u, 'f'ua .. 11 uvzr c. /f1 Ii ,___________ ' t 

""·' '~''· ,,,;un,_,~111 

~~~----- -l -,\-1 + -+-----
Installation 1m, 1 z '1 . ! 
T~[or I 

1---'L.x::..:...:..al.::_.:...P.;....e~-.+-----T-----f-----+-----.if-------~ ··---- _ 
Test RUIDling 

&DIA 

~Dem~~o!P~ro~~e~ct:!l--~--~-JP~~~·p~~-~fi~or~S~ma~R~Ini~i~t.iti~-o~n~---r-----~ 
Activities lst Year 2nd Year I 3rd Year 

>-------..--------+------~-----+---------
M I-6 I M 7-L! M 1-6 M 7-1:! 1 \I t-6 

Proj. Survey rmn ! l 
CoJntraa;t Date mr - r--------------+-, ------- -l 

---+-------..._-----+------~+-
1...vcai ,,, 1 ,,,,~,, 1117,, 111 ,1 I I 

..._C_o_nstru; __ -_t1_o_n-+--------i-----·-· j j ____ --+-- __ . 
Equipments · 1110,,,,4 ,,,vz1n111lt! I 

1-~-A_an_u_fa_ct_ur_m_~-;-l ____ _____ _ l ~- -.... 
rr ech T rainingj ' ~ I i 

..._Jn_~~-~~-:-~-:-f-[--.l~------~---.- --~---_'.-. -rQWW911l-= -~t__ -
I Te~ ~':ing ; j rnn .II lit f lflll-LLL2Ll 
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. . 

_________ P\" Pumping_ ~~~!table \~ater •. 
:\~tiviti;:s Isl Y .:ar ! ::!.nd Year i 

- -· --- ------ - ~-------- l - -- 1' -

.,___ ___ -f __ ~f 1-6 _ !- __ M 1-l~ L ___ !\~_1_~6 __ ~__?-12 

_f~-l~i ~~'~Y ~ _. t . . _ -----~---- __ 

:rJ Y::ar 
\1 l-6 

C tlntract Dard OlZ!I 1 I I -----.-_ --,- -- - --i-- ---- ·- ·- --,-- ---+--,---
... LUt..::il i ,,,,,,,z:!zzzzzzz,za i I 

I 

t· 

Eqmpm.:nl~ . a o 11 t '"" ,z, "" I j 
·-~·n;,.tru-=t~:?!'...

1
. __ ____ _ I __ _J _______ 1 ___ _ 

~.-fanufactu-:ng 1 _ -+-----+------_ ---r--
lf ech T raininj; 

1 I ~ ! 
Shipment pmn i 

---- - L------ - -------
! 

I 

installalion 
T !"3l!ling for 
Loni f'eorle 

Test RWUling 
&DIA 

I flllltllQt 

IZ1I I 

Dl!lllo Project PV Desalination System ror Island 
Activities ht Year 2nd Year 3rd Year 

M 1-6 M 7-12 M 1-6 M 7-12 M 1-6 M 7-12 
Proj. Survev ilZ!l!I 

Conlr.b:t Dale llJI I 
T 

Loc:il ,,, . , ,, ,, ' I 
Cr)nstruct:cr: I I - ! 
~t:tprn.:nts I I I I ... ., 

Manufacuin~ 
. 

I ! 

Tech Training I I ' ---·-...--

I m!! l I 

_ Shipment ~]_ ___ I I 

I .. ',,,, i --------,. 
Installaiion I t I llll.lZUB i I I ,- r---------: ------

T r3irun& for I 
Li>cli Peo~le I ~ ~ 

Test Running I I . . I • II• 1 14'1fll,111 

&DIA l r I 
I 
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