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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

PROJECT DOCUMENT

Project of the Government of the Peoples Republic of China

Title: Photoveltaic Power Utilization
(Project 4-5A. Pant 1. in the Priority Program of China’s Agenda 21)
Budgct Estimate: USS$ 2.946.860
Starting D;(c: Scptember 1995 (esthmatc)
Project Site: Beijing and Hangzhou
Host Country

Implementing Agency:  China Nauonal Photovoliaic Technology Development Center. Hangzhou

Backstopping

Officer: R. Kaulfersch
Division/Scction: ISED/EM
Bricf description:

The project seeks 1o promote the development of the photovoltaic industry in China by sirengthening research
and development of silicon solar cell technologies. by lowenng the production cost of solar cells and modules.
by upgrading the reliability/lifetime »f photovoltaic systems. and by initiatives to enlarge the market for these
technologies. In particular. the following actions arc envisaged:

Develop. procure and sct up a production facility for poly-crystalline silicon wafers of 10x10cm sizc.
aiming at a production cost of < 28/wafer at an outout equivalent to 1 MWp/a of solar cells. in order
to privide an indigenous source of poly-silicor wafers for the Chinese PV solar cell/module industry:
Set up a solar cell pilot production line with 0.5 MWp/a capacity for identifving suitable processes by
which current PV solar cell and module manufacturing facilities in China can be upgraded. thus
strengthening the know-how basc in the ficld of higher-efficiency (>13%} mono-crystatline silicon
solar cell production technologies.

Establish a facility for the performance testing of balance-of-system components of PV systems in
order to assist development of high-quality and reliabie/long-life components for low- and medium-
power PV systems which are suitable for deploymient in remote and/or rural arcas.

Demonstrate the viability, user-satisfying performance and cost-eflectiveness of lov.- and medium-
power PV sysiems operating in remotc arcas. and fest financing instruments 1o cnable nrivate users 1o
acquire PV systems. 1n order 10 show how hiving conditions in remote arcas can be improved.

Set up a high-quality laboratons to perform rescarch and development for crysialline silicon thin filins
and other novel solar ccll technologics with promising cost reduction potcntial. in order 10 strengthen
the solar cell R.4D know-how basc in China;

Establish a qualification and test laboratory for certifying. on national fevel. the quality and perform-
ance of photovoltiic modulcs.

Carry out an assessment study abowt the long-term operating/performance listony of PV systems in
China. 1 order 10 1dennfs 1echnological developments needed 1o improve PV system technologs. iind
to develop stratcgics by which these improvements can be effected on national level

S Daft June 20 19935)

‘e




.

Al Context
1 Desenption of the subscctor

Although the clectric power indusiry 1 China developes rapdly. the growth cate of this industin did not keep
pace i past years with that of the national cconomy  Electricaty supply docs not match demand. resulting i a
significant undcrutihizanion (by 20-30%) of industnal capacitics. particulacly 1 the South and Southeast re-
gions of the country. I recent vears. electricity consumption grew by 7 9*w/a to about 300 TWhin 1989 and the
share of clectricity in cnergy end-use increased sigmiticantls’

By 1989, also various measurcs of energy consenvation were adopied and imiplemented. the amount of primary
(fossil) encrgy allotted for clectncity gencration was increased. cacrgy consurption per umt outpat value
(cnergy intensity) decreased and the share of clectnciy in energy end-usc rosc from 1X 6% 10 22 8%,

The demand for electricity expected by the yvear 2000 demands further expansion of clectnaity gencration by
about 6%/a. Considcring *hat coal is the main (and abundant) indigenous primary energy source in China. this
gencration expansion will. in ah likelihood. be based on coal. Considering further that the expanding demand
for industrial and domestic hcat will probably reman based on coat as well. the resulung covironmental danger
from CO: and 1oxic cmissions is obvious. The Government of China i1s lnghly concerncd about the potential
threat to the very base on which cconoic and social development depend. it secks to devclop and 1o implement
mcthods and icchnologies by which this threat can be counteracted and the Countny 's dev clopmient m the future
sustiuned

Expansion of encrgy generation also calls for an extension of the electricuts supply hines Such clectneiy supph
neiwork extension is highly capital intensive as well. also 1n the low to medium voltage levels In general. in-
vestments in low-voltage electnicity supply lines arc yustified if electricity demand s reasonably Large (or 1s
cxpected 1o increase in the foreseeable future) and the aggregate demand is aof 100 distant from low- or (at
most) medium-voltage power lines. Such siuation 15 not at all charactenstic for the large and onhy thinly
populated Wesicrn regions of China. For cost reasons it is unlikels that these arcas. where demand for clectric
scrvices 1s and most probably will remain small. wiill become extensively connected 1o the national power grid
i the foreseeable future.

Improving hiving conditions in remote areas of Clisna remains a nanonal task of immiedinie and lugh prionin
nonctheless. Exploiting local solar and wind resources to satisfy at least munmal needs for electric services
such as home lighting. communications (radio telcphone). entertznnment (radio and TV reception) or the sup-
ply of small quantities of water supply for humian and animal consumption can be a viable. environmentally
benign and 1n many cases cost-cffective solution i comparison to conventional alicriatines -- provided that an
appropnate and reliable technology is available

2 Host Country Strategy

Aiming. inter alia. at applications such as these. the Government of China since the late 1970°s istiated a
number of measurcs 10 encourage the exploitation of rencwable sources of encrgy in general and the develop-
ment. application and dissemination of appropriate solar technologics in particular 1n this regard. a number of
R&D projects and manufacturing initiatives in the photovollaic scctor have been incerporated i the last two
Five-Year Plans As a result. several R&D institutions were supporied to address issues of basic and applied
rescarch in photovoltaics. independent frow these rescarch activitics. the Government of Cluna supporied the
build-up of a hinuted mndustrial basc asing tic then standard production technology for phoiovoltaic cells and
modules Anncy C-J provides an idea about the expecied expansion of the markcet for PV svsicms i China

I turned out not 1o be possible. however 1o expand and steadily upgrade the production capacity of the photo-
voltine industn, as well as the infrastructore s R&D mstitutions for domp advanced photos oltine rescarch
Todm  the product delivens capability of the domestic photovoltiic indusin s sigmificantls Jower than s pro-
duction capaciy . with product quabin and pertformance lower. and prodoction cost lagher than possible It
i s photos ol industn 18 1o remamn compenitine and the capaciiy 1o Girny out mcninetal advanced pha-
tov ol rescarch ond advance development s 1o be retaned. (1) imdustes maost be enabled o nmprove sis
mavuta g capabibiy 1o fuily explom s produchon capacity and to evpand ds marhcr by berter and more

Phe distobygion o clectniamy consmmption i 1989 by sector was 71R"01or mdusin 25 ™ tor heavy and
LY S ton iphininduostnes) 16 870 tor apnenbinge 2 9% for munscipabinics and bouscholds and o™ for trans-
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cost-¢effective products. and (i) cquipment and infrastructue for conducting photovoliane rescarch of (at least
some) R&D wnstitutions must be brought up to the state-of-the-art level

The policy of the Governmient of China is therefore to assist the moderrization of the R&D and industnal base
in the photovoltaic scctor and to render it. in comparison to iucrnauonal standards. competitive for the future.
The overall policy objective remains the diversification and disscnunation of photovoltaic application tech-
nologics in China. aiming in pa.ticular to provide cost-cffective clectric services in rural China for the better-
ment of local living conditions.

3. Prior and Ongoing Assistance

Having recognized the importance of photovoltaics as a key technolog. suntable for improving living conditions
of population segments which cannot be served by conventional means. the Government of China promoted the
terrestrial application of photovoltaics since about 1980 and supported phiotovoltaic technology development in
a number of institutions (university laboratories universitv-independent R&D nsututes) and by the establishe-
men of an indigenous PV ccll and module production capability (over 20 institutions in total). Starting around
1980. several collaborations were entered with UNDP and forcign Governmenis for the demonstration of PV
svstems’  Ongoing collaborations with assistance character are not known

4. Insutational Framework

Beginning 1n the late 70ics. R&D in semiconductor matenials suited for photovoltaic solar cells was undertaken
by several universitics and rescarch institutions. supported by direct or indicct public funds. Also. on prototype
basis, solar cclls and photovoltaic modules were fabricated and tested

In September of 1983, the Chinese Government cstablished the China Photoyveltine Technology Development
Center (CPVC) in Hangzhou and charged it 10 set up a program and to formulate an annual plan for PV
R.D&D. manufacture and application in China, 10 oversce the flow and usc of public funds to rescarch insu-
tutes and industry (provided by the State Science and Technology  Comnussion (SSTC)). and to promote the
application in and dissemination of PV systems to diffcrent parts of the country. Presumably. a coordinated
national program for the promotion of R&D in photovoltaics and related ficids in China. requiring the support
of a cocrdinating agency. will not be an element in the Ninth Fiue-Year plan (1996-2000.

in the course of this program and beginning in 1987. production cquipment of limiited capacity (~ 1 Mwp) for
crystalline silicon solar cells and PV modules was instalied in four mdustrial entities (cquipment smported from
the US). while equipment for the production of amorphous sthcon PV modules was installed in two factories
(cquipment also imported from the US).

This fledgling PV industry was not supporied beyond the equipment purchase and has ocen obliged 1o earn
operating cxpenses (and financial gains, if any) on the market. Afier ninal sucess. the industry suffers today
from inadequate supplies of mono- and/or poly-crystallinc silicon wafers and the lack for upgrading production
techinology and improving product quality.

B. Project Justification

1_Problem 1o be Adressed / The Present Situation

Today, about 900 million people in China live in rural arcas. of these. about 120 mulhon people 1 28 countics
and thousands of small villages and islands still arc without cleciricity (and. by end of 1994, 8¢ nullion subsist
with incomes below the poverty fimit of 100 RMB/month and fannlvy Disregarding that an cleciric power
shonage presently exasts (and probably will previnl under conditions ol rapd cconomic expansion) in the
Southern highly indusirial: zed provinces of China. the cost of about 1IS-$ E3-30.000/km to extend medinun-
voltage utihity power hines will render it most untikely that this scaticred populianion segment will become utihiy
connected 1 the foreseeable future

For improving the hving condstions in arcas where comentional supphies are logesticabhy unanvanlable o not
viable for othey reasons. the Chinese Governmient adopted o pobicy of wircgeed development and cfficrent

©Examples () Clhuna-German Cooperation on Renewable Encres Apphicanons i Raral Arcas. located m
Davin Couny® Benig, (completed). (i) UNDP CPR/SS000 Project - Development of Photovoltae Sysicms
Western Cliana - eseeuted by the Gansu Natural Encrps Pescarch Instnute (coimpletedy




utilization of the *~nous torms of locally avasbable rencwable enerpy sources towards complementigy use with
conventinnal (fossil) energy supplies Furthermore 1t stipulated pooling of resounrces from ditferent Govern-
ment departments for the support of R&D and D ol rencwable energy technologies. while simultancoush en-
couraging the cooperation with of other paniners to suppleiient the national cfforts Watly stnular sitent and as a
direct follow-up of its commitment at the June 1992 UN Confcrence on Environmient and Development. the
Government of China has drawn up a program of practical actions to guide Cluna’s ovcrall dovelopment into
the 21st century. This Agenda 21 ihae Paper concentrates on ameliorating the pressing problems of popula-
tion growth, sustatnable explottation of natural resources. preservation of the environment and continued de-
velopment

China’s Agenda 21 gives prionty to the introduction of modcern scicnce and technology for improving produc-
tivity and stimulating cconomtic growth. while at the samc time ensuring that natural resources are used cffi-
cicntly and that the national and global environment 1s preserved. thus ensuring a hivable environment for the
1.3 Billion mhabitants expecied by the vear 2000 These goals will be embodicd 1 the medium- and long-term
plans for national cconomic and social development. particularly in the formulation of the Ninth Five-Year
Plan (1996-2000) and the plans up to 2010 at vanous levels. based on domestic resources and mternational

support.

In the course of elaborating the implementation of Chuna’s Agenda 21, sixty -two executable project proposals
were identificd which address urgent prionity 1ssucs and wiich were selected for review duning a . High-level
Round-table Conference - Agenda 217 (Beipag. Julv 7-9. 1994) with the objecine to secure external financrl
as well as technical assistance for ther implementaton. In this conference. UN agencics including UNDP and
UNIDO participated. together with representatncs of foreign governments. international financsil institutions
NGO’s. private-scctor compirnies and morc than 2 Clunese goverament officials attended

This project on Photovoltinc Power Utihizinon 1s amongst the puority projects sclecied for cooperation be-
tween China and UNIDO and 1s bascd on program arcas 12B. 12C and 13D of Cluna’s Agenda 21

From 1983 10 1987. scven larger PV standard production lines were imponied and nstabled of which five pres-
ently are operational with sigmificant outpui and sales (sce Annex C-2). Four indusinal hnes produce monoc-
nvstalline silicon wafers. colls and modules. all companies together have a combined annual production capac-
ity of 2.2 MWp/a fer modules and. by the end of 1994 aaly about 1 0 Mwp/a (mono-)silicon wafer production
capacity. a pilot linc 1o a Naunonai R&D laboratory (GRINM) has a capacuy of about 100 k\Wp/a of 1ix Hem
polycrystalline silicon wafcrs  The industrial amorphous silicon production lincs of 2 0 MWp/a capaciy defner
about 700 kWp /a. Annex C-3 provides an ovenview over cell efficiencies oblained cxpenimentatly as well as
production

By 1994, about 5.2 MWp cumulatine capaciiy of PV system has became instalied in China (sce Anney C-4).
While carly applications addressed commercial applications such as cathodic protection or power supphies for
repeater stations. the scope of application gradually cxpanded into ficlds such as agriculture (home hghuing
svstems), animal husbandnv (clectric fences). foresiry (insect traps). culture and education (remotc TV recep-
tion). medicine and health carc (vaccine cold storc) Suhscquently. supplving electric power in remole arcas and
offshore islands by photovoltics provced attractine and viable to play a key role in providing decentrah/zed
power. However. further market cxpansion 1s presently hampered by iimited domestic production capabihits
(induced in part by a shortage of cnvsial pulling/casting and waflerning capability. by a shortage of fow -cost off-
grade silicon for mono- and polvsihcon matcrial). by ven low module efficicney (of amorphous silicon mod-
ules), and by the insufficiens qualin of PV modules. balance-of-sysicm componcenis and PV sysiem rechnologs
in general In the apphication and dissemmation scctor. PV systems frequentls do not provide the eypected
service duc to system design deficiencies madequsite perfoimance and/os low reliambiny and hifetime of bakance--
of-system componenis

Sumilarly. advanced cxpernmentat Tacihines for prepanimg samples of mono- sind pols-cnvstathine silicon cells of
high cMiciency (137 fos polvsdicon and <137 for mona-abicon cels) e limued i China advanced faal
tics do not oxast for conductmy sescarch i the novel field of covstabline tiather than imorphous)y tim-hilim sih
con sobar cctle

Hoas essentiad that new tools are mbodoced and new mcthods are adopicd swhich e necessan 1o conduct <t
of-the-a11 phatovoltane research o whinch are necded 1o perade the domestie nnnofacieme capatabin o the
comteat, expenence with the producton aspedis of il choencs solan cels Gind madolesy i partionbariy el
vant For alleganng the shortaze of Tower coa arvntalbinge silicon wafers for solar CclE produchion the vapon
ston of the polvahicon castme and grrar shiame copabnhiny st be of considerable strategic simnbioance




To accelerate market penctration and market expansion ) arcas important for sustnnable devclgpuent spe-
ctfically in rutal/remote regrons of the coumin . seoeral measures must be undertaken

- the qualiny of PV system components needs to e improved and (i a subsequent phase, be assured
and cerufied by anandependent Natsonal tesvecrufication laboraton

- the capability for PV svstem design and for the developrient of PV system techaologies tother than A
modulcs) wiuch are adapted 10 apphicauon circumstances needs to be estabhshed.

- the viabihity . cost-effectiveness and (non-nstitunional) user acceptance of PV systems m renioic arcas
and i a pumber of non-standard applications and conligurntions needs to be tesicd. demonstraizd and
publicized 10 spur replication and technology difTusion.

- the financial instriacnts need to be developed by which the purclusc. lease. repayment i sailiments
of PV systcins by the population in rural or remote regions or by third-pany ownership can be fucih-
taied

It finally 1s of straicgic value to denve parametcers for poticy formulation. intenvention and/or acuon from the

(substantial) expenience  operating small- and mediem-size PV systeims in urban and mral/scmiore arcas of

China. For this purpesc. the operating lustony and operational status of the about 3 MWp of installed capacity

of PV system greater thas about 1800 Wp shall be sunvered on a sclecied basis. user reactions be sohcsied sc-

sults be assesscd and conclustons and recommendianions for future action be dravwn

For addressing these issucs. this project aums 10 broaden the mdustiial supply basc of polven stalline sihicon
wafers, to develop high-qualiny long-hife bakunce-of-sy stem components. 10 demonsirate the rechnical viabrhin
maintaimability and perfonmance of stand-atone small- 10 medium-siz¢ PV systems i remoic arcies o iest fi-
nancing instrumctits which cuable the acqusiion of small PV systems by low-income rural population as well
as to enhance the R&D basc for solar cell rescarch (by establishing a thin-film enstatline siticon research labo-
ratory) and to further the advance of more cost-cficctive manufacturing tecimology (by establislung a pilot
preduction iinc for monocr: stalline sihcon ¢clls with efficiencics >13% cell efficicncy}

2 _Expected End-of-Project Stiuation

Upon completion of the progect 1t s expecied 1o hine achicved the following

I a facihiy for the commeranl manuficture of 10x10cm pols -cnstathine silicon warfers with 4 capaain
cquivalent to | MWp<a of solar cells sall be established. fully operational and sclling more tinn
850000 wafersia at a unet price < 2 US-$,

2. a pilot facility wath o capacity of 0 3 MWp/a for the producuion of cnystalline sthcon solas cells with
an cflicicncy hagher than 13% ar standard test conditions will have been set up. will have become op-
crational. and mcthodologics will have been identified by which the photovoliaic cclt- and module
production facility of at Icast one commercial entity in China has been upgraded (higher cfficieney re-
hability and production vicld. lower cost).

3. a test facibity has been sci up and 1s operational for the purpose of developing and performance 1cshing
of high-rchiabiliny and cost-cffective balance-of-sysiem PV sy stem componcits which are opnmully
adapicd for thx specific applicanon. as well as for the design. optimization and perfonmance testing of
low- 10 medium-poncr stand-alonc PV svsicas sutable to render esseniial senaces requirimy clecine-
iy for the population m off-pnd regions of Cluna;

4 a numbcer of stand-alone or hnbod small- 1o medium-power PV sysicrs Tune been gesigned ssatem
componciis devcloped and/or adapicd. the PV svsiems installed in remote arcas of China the PV sys-
tem users trused and the operaiion of these PV systems performance-monstored for ar feast one vear

S a lgh-quabimy research Bibaratony s become established and operational swhich permnts 1o condng
sttc-ol-the-at roscar bro covstalbme theck- and thin-film sibicon natenads sirncmres dovices and
celle which nold the poanise ot cost-reduction m the mansbactore of lugh-gquatin photovaltne colis

0 ey and asceanont stindy s been carned out sbou the perommancs and opcanon ! hison ol
the mndiode of naed dons PV svacme whach oive been snatled already m oo Loocon Loarned
hase been domved aond rcommendanions Tor conrses of action and Goversment inton cntion e boen
claberard
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7 the specification and financial requirements for the establishment of a National Photovoltgic Qualifi
catron Test and Certification Facihity have been sdenitficd and the decisions and required courscs of
action decded upon.

These seven two cnd-of-project resulis may be grouped according to common objectives

O

W tem one and two adress the enfargement of the suppls basc for PV wafers and the improvement of PV
cell/module production technologics and capabihiies

(1) wtems three. four. six and seven address issucs of improving the technology and quality of PV sysiem
and PV systcm component. i.c. oplimization of componcnt/system design. performance assessment of
existing and optimized PV systems. and the quahiy assurance and certification of PV components,

(m) rew 5 addresses the issuc of improving the capabtliny 1o carny out advanced statc-of-the-art R&D 1n
the ficld of crystalline silicon solar ccll technology

Whilc the overall objective of the project addresses major issucs on national fevel. cach of the seven end-of-
project results can only make a limited contribution lowards these mational goals. their aggregate indirect and
dircct effect towards the sustainable development in rural regrons of China can be sigmificant. however Each
end-of- project result 1s related 1o a specific technological issuc or prescuthy existing deficiency in the PV sector
which nced 10 be addressed or resolved in order 1o derve the social and cconomic benefits from PV technology

on the macro level

To achicye the end-of-project results in a focused manncr. cxecution of the project will be structured into dis-
unct pans In these parts. technologically quite specialized activinics nced to be carricd out which requires 10 1o
formulate individual objectives for each part: such structure not only 1s uscfui for the csecution of the project
but also because the project parts are carried out by four different emginmsations which arc. or arc to become.
specialized i thawr respective ficlds. While the shori-term sigmficamce (in view of macro-ievel goals) of the
results of the individual project pars varies. the success or even parial fatlure of amy of the project parts docs
not impair the (then partial) success of the overall project

3 Target beneficianes:

The orgamzauons/institutions responsible for the cxecution of the seven distingt pans of the project (. Tasks™)

and their code names are

for Task 1 (POLY)

for Task ? (PVLAB):

for Task Y (SYSLAB)

for Task 1 (DEMO)

for Tach 3 (HIGH-m)

for Fask ¢ (STUHDY)

for Task T (OAL AR,

‘e

the Ger=ral Research Instituic for Non-fcrrous Mctals (GRINM). operating under the
ministerial-level China National Non-Ferrous Mctals Industry Corporation (CNNC).

the SUNPU Corporation. operated as manufacturing entifiy of BSERL in coltabora-
tion with the Qinhuangdac HUAMEI Photos oltaic Elecironic Co.. Lid (altcrnatively
with the KAIFENG Solar Ccll Co  Lid . and/or the YUNNAN Semiconductor De-
vices Plant).

the New Energy Department (NFD) of the Bering HUASUN Hi-Tec Co . Ltd . op-

crating as a manufacturing cabty of The Sivth Rescarch Insnitute whach i turn oper-

ates under the Minisin of Elcctronic Indostn (MED.
the New Energy Cepartment (NED) of the Berpng HUASUN Hi-Tec Co . Lid.

the Beiping Solar Encrpy Rescarch Instuie (BSERT) operating under the Acidenn
of Science of the numsteral-les o Government of the Cuv of Benimg

the Cluna Phatovoltiue Technology Desclopment Center (CPVEY Hangzhou opera
sng on contract basis sader the State Sanee nd Technolney Comussion (SSTO)
and the State Plannme Commisaion (5PC i collitbor o with BSERTand NED

the Chana Phoiovoltne Technotory Development Center ¢t VY Hangzhou
collaboration with Nif D




The direct and indirect beneficiarnies of the Task outputs are .
Primary Secondary Terttar |
Beneficrary Beneficiary Beneficran,

Task 1 GRINM PV ndustry ACCA 21

(POLY) |

Task 2 BSERI PV industry ACCA 21T

(PVLAR)

Task 3 NED PV system component indusiry. §{ ACCA 21

(SYSLAB) PV _user community

Task 4 NED PV user community ACCA 2i

{DEMQ)

Part 5 ) SUNPU/BSERI | PV industry ACCA 21

(HIGH-1)

Task 6 CpPVC SSTC: SPC ACCA 21

(STUDY)

Task 7 CPVC PV industn ACCA 21

(OAIAB)

The ultimatc benceficiarics will be the population of China at large. but cspecially the population in rural and
remolc areas such as islands.

4 _Project Strategy and Institutional Arrangements

The overall project (.,Project™) 1s structured in pans/Tasks and can therefore be Acvibls executed The Tasks are
listed in their approximate impontance relative to the overall Project objective Tasks 1-4 are viewed as the
morc important Tasks. while Tasks 3-7 may be delaved and exccuted contingent on the i ailabilny of funds.
With possible exception of Tasks 6 and 7. the close cooperation between primar® and secondary beneficiaries
i each Task will be crucial. The responsibility 1o effect this cooperation rests wathi the priman benelician
msttution. spectfically with the individual which is assighed overall responsibility for the respective Task
(..Task Director™).

The project further aims to contribute to Project success by specifviag speaific goals 10 be aclhicved in each
Task, defined by quartifiahle measures of success defined by the Task Dircctor This will allow to betler assess
the measure of succes in each Task at the end of the Project. Hence. acting on behalf of their institutions, Task
Directors become personally and identifiably responsible.

The China National Photovoltaic Technology Development Center (CPVC). by contract from ACCA21 or
SSTC. shall monitor the progress of Tasks 1-3. alert ACCA21 or SSTC of inipending or existing difficulties in
project execution. and shall check the validity of expenditures of funds in cach Task For Tasks 6-7. a different
national organization will have 1o be charged 1o monitor status and progress on behall of ACCA21 or SSTC.
CPVC shall be assisted by a Project Technical Advisor. being engaged on a pari-tuic basis (sce Annex A-1).

National contributions wich are expected 1o be made available by SSTC and/or SPC. respectivels . are chan-
neled direcily to the primary beneficiary institutions. based on the counscl of CPVC assistance provided for the
Project by or via UNDP/UNIDO (or other international bodics or forcign goscrnment cntitites) tn terms of
funds for cquipment. provision of experis or of opportunitics for trmning will be channcled to the Tagks via
ACCA21

§ Reasons for Assistance from UNIDO
UNIDO through st international arrangements, has the abiluy to provide o package of goods and senvices
without national restriciions and to provide rechmcal assistance quickly through sor hnks with industry i de-
veloped countrics This Praject will pre..iic increased capaciiy burldimg iy the torm of upgeaded PV manafac-
womg and R&D capabulities within China.along with fostening of Tong-term rehnionships between Chima ioid
torcipn imdustny. UNIDO s fack of commercial bias or mterest permits the quickost possible tmsfer of the most
appropree technolog: and process know-how to China UNIDO not only will be able 1o support she Progect by
the provision of a Proje. 1t Techmcal Advisor by niernational consultzants and by felowshup/tenning, of Clunese

‘»
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scicnuists/engincers m PV technologues. but also 1s able 1o sohent the fundimg seppon for major cqurpment nems
from the nternational conmumunities

6. Special Considerations

For reasons of cost and need for energy storage. solar cncigy utihization by photovoltaic means will not be a
compctitor 1o bulk clcctnicity generation from fossi) or 1. iclcar sources However. PV power utilization will not
only be onc of the cnvironmentally most benign forms of clectnic encrgy gencration. but 1t alsc will be the most
economical form of providing hnuicd amounts of clectrical encrgy 1 (frequently coologically lragile) remote
regions of China

PV power utilization umprorves ihe living conditions  off-gnd regions of China without adding to CO:cnmus-
sions (after the energy pav-back tme of ~ 6 months for amorphos sthcon and 2-3 vears for crvstalhine silicon

solar cell modulcs) or disrupting the ecological balance

7. Coordination Arrangcments - Links/Coordination with other Projects in Subscctor

) Coordination Arrangciments

Close cooperation with industn i Tasks 1-4. and of Task 1 and 2. will be ven essential 10 achicyve an overall
Project success. Also. the collaboration with users of PV sysiems and the accounung of uscr nceds v the PV
system design will be a veny mportant clement i Task 4

Overall Project coordination on a continuous basis will be carned out by the National Project Coordinaor

() Links/Coordmation with other Projects in Subscctor

None required. as there are no other major R&D activitics in the photoyoltaic fictd at present :n China

8. Capability and Commitment of the Host Coumn

China has commutted 10 safcgnardmg i’s future by adopting the Aucnda 21 Whiie Papcer and cstabhishung an
administrative center at the lighes level for carrving out the mstiatives defined. 1 is 1o be expected that funds
adequate 10 carny out the mitatines will be made available by China (national funds) The ultinte success of
this Project in terms of improving living conditions 1 remiotc arcas dcpends. however. also to u sigmificant
degree on the enthusiasm and willingness of regiomtt and focal authoritics 10 accept PV sysicins as alternatines
1o provide focal needs The availabibity of funds or financing mechanisms for the purchase of PV systems by
private users is another factor wlich will be decisive for Project succes on the level of objectives pursiied with
China’s Agenda 21.

Upgrading of the PV R&D capability towards state-of-the-an level of rescarch will require investments i in-
frastructure which have not been accounted for in budgcet calculanons of the Prionity Program. The clcan room
facilities which will have 1o be created for Task 2 (PVLAB). and particularhy for Task 3 (HIGH-n). arc i case
in point; this infrastrucure is i prerequisie for mecting the Task success crifer.

C. Development Objective .

The priority program Cluna’s Agenda 21 stipulaies the fong-tcrm abjective of this Project 1o promote the prog:
ress of the photor oltaic indusin 1o siiengthen rescach and devclopment of solar ccll tcchnologics. mahe pro-
duction costs compentine and 1o expand the market for the industi s products”

The Project. thesefore. mms foremost (1) 10 broaden the base for. and 1o reduce the cost of . the domestic imnmi-
facture of PV solpr cells and madules. ) to dentify methods how 1o upprade the Chinese PV industey toswards
Larger output. production vicld and quabity.and () o diveraly the appheabion of autonomoushy operating PV
and PV Inbnd svstems 1o rehabiy ronder essentild sonvices i sutad sepions of Clima The objectines ol
strengthemng the RED base for solas cell technalogies ai the other hand s an msvestment for dhe fitore of
Dl cost and sisk and can be puisued when the fundimg provisions are adequate




cs, Outputs and Activitics

To broaden the supply base for igh-quality and lower-cost (poly-)crvsialline stlicon

wafers to make fuller usc of existing production capacity of domestic PV manufacturing

Establishment of a full production linc for the casting of polycrystalline silicon ingots and

the cutting of 10x10cm poly-crystatline silicon wafers with a muinority carricr hictume equal 1o
or greater than 2 pm (sufflicient te manufacture single-diffusion solar cells wath >=12%
efficiency). at a production ratc of >800.(40 wafcrs/a and at a cost pernutting the sale of

Design and specify polvsihicon wafer production facility and

Assemble production (counterpart) tcam {complcied}
Procurc funding for investment in ecquipment
Tender and procure equipment (from forcign or domestic supplicrs)

Fellowship of up to 4 persons for 1 n/m cach to receive traiming abroad on how to

operate a pely-crvstalline casting and wire-cutting machine

for I mVim cach

improve cutting skillz. for 0.3 m/m

D. Immediate (Task) Objectiv
Task I (POLY):
Objective:
industry.
Ouiput;
these wafers at < 2.0 $hvafer.
Activities: 1-1
infrastructurc{complcied}
1-2
1-3
1-4
1-5
1-6
1-7
for 1 mv/m cach
1-8
processing.
1-9
-10
I-11 Assume ful

Task Director:
Meitals (GRINM)

I production mode

Install. commussion and test-run equipment and production line
Fielding of 2 intcrnationai experts on polv-crystalline silicon ingot casting.

Fielding of 2 wntcrnational cxperts on the adaptation of poly-silicon solar celi
Fielding of 1 micrnanional expert 10 advise on wire-cutting techniques and on ways 1o

Improve output quality and quantity in full-production mode

Dr. An-Zhong Lin. Photovoltaics Group Beijing General Research Instituic for Non-ferrous

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

Tvpe of Equipment/-
Activity

Cost of Equipment--
Actrvny (in US-S)

Remarks

Siticon Ingot Casting Furnace

$ 890.000 {imporicd). or
$ 130.000 (domestically procured)

for 145 kg ingots

Wire-cutting Machine

$ 450.000 (imported)

3.000 wafers/d (10510 cm)

Ingot Cutter

$ 100.000 (imported). or
$ 30.000 (domestically procured)

700 nun diameter saw blade

Spin Dryer

$ 40.000 (domestically procured)

250 picces/charge

Square Graphite Crucible Produc-
tion Machine

$ 40.000 (domestically procured)

550x550x220 mm crucible

Infrastructure Nonc room. power linc connections, cic
available at GRINM
Training abroad: Fcllowships $ IN.000 4 x 1 nvm

Experts. Consultanis

$ 102,500

2x2uwm+ 1503 pvm

Toral:

S 1630300 (rmporierd)
S NI SG (dumestically procired)

Existing equipment (senves rescarch porposes. vel sintable for use)

[ Tvpe of Equipment

Silicon Ingot Casting Furiace | 1994
Ingot Cuticr I RE
11 Saw DR

Remarks l
for 20 kg ingots |
.@'.-'.?J\'Eﬂ!ﬁ‘l‘iii
[ domestic ntke

Ja——




Schedule

Design and specify equipment

Assembic production (countcrpart) tcam

Procure funds for cquipment

Tender and procure
Fellowships
Install equipment

cquipment

Start-up and test runs

Ficlding of first three intcrnational experts
Ficlding of last two international experts

Improve output quaiity/quantity
Attain full production

Subactivity duratior

Suggested Activity Funding:

{complcted}
{completed}

Sep 95 - Dec 93

if tmported:
Jan - Jun 96
Jan - Jun 96
Jul - Sep 96
Oct - Dec 96
Oct - Dec 96
Jan - Scp 97
Jan - Scp 97

Oct 97 - Scp 98

~3TM

10

*

if domestically procured

Jan - Dec 96
Jan - Jun 96

Jul - Scp 96

Jan - Mar 97
Jan - Mar 97
Apr - Dec 97
Apr - Dec 97
Jan - Dec 98

~40M

Equipment: Cost Government Connn Loans Gronts from Intl | Forcign
Activity (in US-$) Grants (domestic cur- Organizations Govermment
(SPC-SSTC) rency) (UNDP UNIDO) | Granis

Tech. Assuance: | $ 130.500 100%
Training
Ingot Casting $ 890.000 (imp) |25% 25% 23% 23%
Furnace $ 150.000 (dom) | 50% 30%
Wire Saw $ 450.000 (dom) | 25% 25% 25% 23%
Ingot Cutter $ 100,000 (imp) | 30% 25% 33%

$ 30.000 (dom) | 60% 10%
Spin Dryer $ 10.000 60% 0% o B
Crucible Maker | $ 40.000 (dom) { 60% L 40% .
Collaborations: GRINM intends to closely cooperate with all four major PV manufacturers in Cluna m the

Success Criteria:

Other Remarks:

cvaluation of wafer characteristics and suwitabiluy for cell production. especially close relations
exist with the NIMBO and KAIFENG factorics which use GRINM icchnology to produce
limited quantities of polysilicon solar cells

- 100% success if after 2.5 years. respectively 3 vears (in case of domesuc furnace
procurcment), the following is achieved
- full production at a volumec of 83.00() wafcrs/M
-- minority carricr lifetime of 90% of wafers produced is > 2 us
-- the wafers can be processed 1o solar cells by indusin
-- all wafers arc profitably sold:

-- 0% success if afier 2.5, respectively 3 vears. the following is achieved
- production at a volumec of 40,000 wafers/M
- nunority carricr lifctime of 90% of wafers produced 1s only < 1 ps.-
- the production is sold at cost

v
N

the production linc will be sct up at GRINM

-- the design of an ingot casting furnace has been discussed with three potennal
domcestic supphicrs
constderation 1s given to establish i jomt yenture compans on the premises of and
with GRINM 10 casce substantil forcign grants aic offered
GRINM g5 the onhy R&D entiny i the ficld of pelv-cnstalline sibcon tedinolosm
(stnee 3 vears) and sole producer of polvsihicon solis modules i Ching
a production copacits from mgor casting up to module production cqusvalent 1o 100
KWl equivalent exasts at GRINNM usimg mpots of 17 kg wageht and vickdimg cell

cHiciencies

of 9-12%

a himted capabiliy 1o nroduce sprare quartz and reusable cruables and 1o produce
single-pnction soliar cells cnasts at GRINM




-- a sthcon block of 143 kg will yield 100 kg of blocks sumtable for wafenings at threc
rrowth runs/weck. more than 15 to of Si-blocks can be produced. From these. 70
wafers/kg Si of 10x10cm with a thickness of 330 yun can be cut. resulting in a wafer
production volume of 997.000 wafers/a at 953% vicld (disrcgarding clectronic quality)

- GRINM produces currently about 10% of monocrysialline St ingots (Czochralski
process) in the country (CNNC produccs about 304 of poly-Si basc material in the
coutry using the , Sicmcens™ pracess)

- about 20% of off-grade silicon will be obtaincd (rom GRINM while the rest of silicon
stock must be procured from outside sources (at about 30 RMB/kg presenily)

Task 2 (PVI.AB):
Objective. - To strengthen the know-how basc in the ficld of higher-cfliciciicy mono-crystalline silicon

Output.

Activitics

Task Dircctor

solar ccll production technology and to identify methods and mcithodologics by which cur-
rently existing PV manufacturing capabilitics in Chana can be upgraded:

Establishmeni of a pilot production linc

(a} for lugi.cr-n mono-crvstalline siticon solar cells from 37O CZ-wafer matenal with an
cflicicney >13% at standard test conditions and a1 a1 capacity of 00000 cclls/a and an
actual production rate of >26.000 celis/m (953% vicld). it a cost < 3 75 $/cell or
38 vuan RMB/cell (<2.5 $/Wp or 26 vuan RMB/\Vp)._ and

{h) by winch the process characteristics can be claboiaied 10 obtiin hngher-q poly-crystalline
sithicon solar cells from 10x10cm wafers with an cflicicncy >137%, at standard test con-
ditions

2-1 Fcllowship of 4 persons for 1 mvm cach 1o recen e trnming in the ficlds of
production processes and other technologics necded for a lgher-cfficiency mono-
and polv-silicon solar cell pilot production hne

222 Ficlding of 2 international experts of 1 0 nvm ciach 1o advise on manufacturing
techmiques for higher-cfliciency mono-silicon solar cclls. on production equipment
usc. operational principles. quality assurance and other ey issucs

23 Consult industrial PV producers and conclude :+ cooperation agreements with al
Icast onc of them

2.4 Specify clean-room facilities and infzastructise

2.3 Make final specification for cquipment

2-6 Asscmble counterpart team

2-7 Procurc funding for all intended investments

2-8 Tender and procure equipment

2-9 Procure and install clean-room and infrastmiciure

2-10  Ficlding of 1 international expert for 4 nvm 10 supenisc and coordinate the
nstaliation of the equipment procured. as required. and 10 advise on commissioning.
start-up and optimization of operations

2-1 Install production cquipment

2-12  Perform commissioning and stan-up proceduscs

2-13  Modify production processes (o improve output quihin

2-14

Perform cconomic analvses of the entise produciion process based on pilot line
CAPCIIENCE -
2-15 Idemnfy production processes transferable o custing PV production hines

2-16 Speafy and design a compleie production hine for nzh-i solar cell production of
3 MWp/a outpul capacity

Prof Zhao Yuucen, Photovoitaics Technology Departmeni Bempmyg Solar Encrgy Research
Insntute (BSERD

New eqanpient required (costs estimieed. not mcluding, tinsportation and impor tses)

Tvpe of Foupment - Cost of Fguipnient - T/(’wmm I

At

SQELI_E_I_IH;I’;I;}‘
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[ Laminator $ 120,000 (umported) 1 unit. SPI-Lanunator 350 -
Diffusion Furnace $ 1,000,000 (imported) 2 unils; 6”@ wbes. four tubes cach
Spraying Machine $  50.000 (imported) 1 unst ]

_’Al.‘lssiﬁcr and So.ter $ 50000 (importcd) 1 unit. SPI-Cell QCo
Sintering Furnace $ 300,000 (imported) 2 units 1
Dicing Saw $  S0.000 (nmported) 1 unit
LPVCD Equipment $ 300,000 (mported) 1 unit
Software $  250.000
Consumablcs $ 100,000 for project duration
Infrastructure $ 100000 clcan room Class 10.000. 100 v’
Training abroad, Fellowships S  56.000 15x I n/m
Experts. Consultants $ Lo Ixdm/m+2x05wm
Total: - S 2.649.000
Equipment existing (vet suitable for use):

Tvpe of Equipment | Year of Acquisition | Useful Lifetime, Remarks
alpha-step 200 1993 15 vears. new
LPCVD 1985 10 vears: restricted operability
Schedule: Fellowships Aug 93 - Apr 96

Field first two International Experts Jan - Jun 96
Consult with user Sep 95 - Jun 96
Specify infrastruciure and equupment Nov 93 - Jun 96
Assemblc counierparnt cam Aug 95 - Apr 9
Procure funding Nov 95 - Jun 9¢
Tender and procurc cquipment Jut- Dec 96
Tender and procurc infrastructure Jul - Dec 96
Install infrastructure Jan - Jun 97
Field third Interational Expen Jan - Jun 97 period
Install production equipment Jan - Jun 97
Perform start-up procedures Jul - Dec 97
Modify/improve production process Jan - Dec 98
Asscess cost-cfTectivencss Jan -Mar 99
Transfer process 10 industn Apr - Dec 99

5 MWp/a Plant Design Jan - Dec 2000
Subactivity Duration 64 M

Sugpested Activity Funding:

Equipment/ Cost Gaverminent Comm Loans Grants from Intl ) Foreign i
Activity (in US-$) Granis (domestic cur- Organizations Government

(SPPC SSTC) rency) (UNDP.UNIDO) | Grams

Techn. Assis- $ 167.000 100%,
tance; Training - ]
Simulator $ 140,000 16% 60% 14% 10% ]
Screen Printer [ $ 120,000 16, 60", 14% Wwh
Laminator S 120.000 6% 0%, 14% 10%

| DT Furnacc__|'$ 1.000.000 1Y 60% 14% o

| Spraver $ _ 50.000 6% o 4% s
Sorter $ 0000 o 60", T T I T
Smier Furnace_[$ o000 e Teo% 4% o
Diemg S 4§ s0000 - Chies, T de, % 0%
LPCVD $00.000 10" o0 1% W
Software |8 2w e Too T 0% _
Consumablcs $ 100000 0w, 6Oy ) o
Infrastructure, | $ 100000 [d0, T e ' o




outdoor test facilitics for balance-of sysicm components and PV sysicims
3-9 Tender and procure indoor and outdoor laboratory infrastructure
3-10 Tender and procure laboraton cquipment
3-1 Establish indoor and outdoor facility infrastructure
3-12 Instatl indoor laboratory cquipment
3-13 Install outdoor monitoring instrumentation
I-14  Fielding of 1 international expert for 2xInvm to advise on commissic ing and stan-
up of indoor Icst cquipment
5 Perform commissioning and start-up proccdures
6  Carry cut component development program

Task Director:  Wang Si Cheng, New Energy Depariment {NEF). Beijing HUASUN Hi-Tech Co.. Lid.
(HUASUN)

New equipment required (costs estimated. not including transportation and impon taxcs)

Type of Equipment:- Cost of Equipment - Remarks

Activity Acivity (in US-8)

PV Solar Array Simulator. incl. $ 150.000 (import) 25 kW (Priority 1)

Control Software

PV Pump Test System, incl. Con- |$ 120,000 (import) 10 kW (Priority 2)

trol Software

PV Power & Battery Test Unit. incl. | $  130.000 (import) SkW/10k\WV (Priority 2)

Control Software

Electnic Machines Simulator. incl. | $  180.000 (import) 13kW/725kW (Priority 2)

Control Software

Electric Load Simulator. incl. $  65.000 (import) 25 kW (Priority 3)

Control Software

| D/A & Evaluation Software $  25.000 (import) (Priority 1)

PV Module Tester $ 40000 portablc (Prionty 1)

PV Module Flasher $  140.000 (impor) (Prionm 1)

Power Analvzer for DC/AC Invert- |[$ 30,000 (import) (Prioriy 1)

crs

PV System Simulation Software 5 7.000 TRNSYS

PV Systems for Outdoor Perform- {$  100.000 Several home lighting sysiems: two

ance Testing PV pump svsiems < 1 kWp: onc
PV-Dicsel hvbrid system

Indoor Laboratory $ 300,000 300 ',

Indoor Lab Basic Equipment $  80.000 100 kWh baticrics, DC power
sources: oscilloscopes. multi-
mieters. computers. prinlers. Icle-
phone; copier: fax: furniture

Qutdoor Test Ficld Preparation $  150.000 500

Outdoor Instrumentation b 30.000 data loggers. radiomcter. ancmome-
ter. wind vanc. temip scnsors

Project Preparation s 50.000

Training abroad $ 36.000 4x 1 nvm -

Fellowships $  14.000 2x 1 uvm

Total: S 1.717,000

Equipment existing: Nonc

Schedule. Asscmble counterpart te:un Sep - Nov 93

Fellowship # | Scp - Nov )3
Field first imternational expen Oct - Nov 93
Design and speaify Iaboraton Sep - Nov 93
Equipment design & specificiation M
Procurc fundimg for all investments Sep - Now 93

w  Tender facihiy anfrastructure Dce 93 - Feb 90

Tender and procure lab cquipment Dec 95 - Jul 96




‘e

Establish lab infrasinucture Mt - Jul 9o

Instal indoor cquepment Aug - Dec Yo ~
Install outdoor mstrumentation Aug - Dec 9o

Field scecond international expent Fecb - Mar 97

Commission and start-up facihity Jan - Jun 97

Carny out developmert program (indoor)  Jul 97 - Jun Y9

Carn out outdoor measurcments Jul 97 - Jun 99

Subactivity duration 5M

Suggested Actnity Funding

Equipment/ Cost Governiwent Comm. Loans Grants from Intl. § Foreign

Activity _ (i UN-%) | Grants (domestic cur- Orgamizations Govermmneni
(SPC-SSTC) rency) (UNDP.UNIDO) | Grants

Tech. Assistance: | $ 100,000 100%

Training

Indoor Test $ 900000 M 50%

Eguipment

Simulation Soft- |$  7.000.

ware

Outdoor Perform- { $ 100,000 | 50% 50%

ance Test Sys-

tems.

Indoor Laboratorv | $ 200000 |33% 66 %

Indoor Basic $ R0 [37.5% 62.5%

Equipment

Outdoor Test $ 130,000 1000%

Field Preparation

and Instrumcnta-

tion

Outdoor Test S 30,000 | 50% 50%

Instrumentation

Project Prepara- {$ 30,000 | 100%

tion

Collaborations: HUASUN will collaborate with CPVC and will conclude collaboration/cooperation
agreements with different PV system and balance-of-sysicm component developers/-
manufacturers for the performance validation of componcnts/sy sicis

100% success if after 28 months

- indoor and outdoor facilities arc fully operational and all manpower is
traincd to perform all required fests

-- coopcration agrecmcents with >3 outside cntitics have been signed

Success Criteria:

- K0 success if after 28 months
- mdoor and outdoor facilities arc fully opcrational and all manpower 1s
trauncd to perform all requicred tests
- cooperation with < 3 outside entities hine been signed

. somy, success f alter 28 months
wdoor facilitics arc operational

Other Remarks - the PV component and sysiem development and test laboritors will be established on
the prennses of HUASUN Co . Beyjing
NEP/HUASUN Co will establish appropriite provisions 1o safcguard the con-
Ndentiabiy of test resutts of third-pany cqupment. if requesied
‘o . At The present time. no indoor PV system component sest and des clopment laboraton
cnists af NEP nor at other institutions 1 Chyng




Task 4 (DEMO):

Objective

Output.

Activities

Task Director:

- consideration 1s gIven Lo eater mto a joint venture with domestic or foresgn partners
n case that the project is successfully concluded

- consideration is given to transfer major indoor test cquapment 1o CPVC at the end of
the proicct to calarge the capabilitics of Quahfication Test Center established in
Hangzhou

Dcmonstrate the viability. cost-effectivencss and uscr-satisfying performance of low- and
medium-power PV systems which operate in remote arcas. and test financing and mamnie-
nance instruments which enable users 10 acquirc and to maitain PV sy stems. particularly in

noi-urban regions

Performance demonstration and monitoring of (1) sixty PV Home Systems (30 Wp cach).
(1) onc PV-Wind-Genset Village Power Supply System (20 kWp). (i) three 2 3 kWp PV
Pump Systems for Greenhouse Irrigation. (iv) four 500 W PV Pump Systems for Potable

Water Supply. and (v) onc PV RO-Water desalination System (30 kWp) (scc Anncex 5 for

further specifications)

Fellowship of 2 persons for 3 m/m each to receive tramning n the ficlds of designing

ugh-quality PV balance-of-system components’ and PV system design”

Ficlding of international expert for 1 m/m cach to advisc on sitc sclection and pre-

Relate with users and/or user communitics to determne user necds and operational

Ficlding of inicrnational expents for [-2 nvm cach to advisc on the design of the

Procure and acquire components. build and pre-.~st the demo systeims
Prepare infrastructure at demo sites where necessary (¢.g . well drilling. housing)

Elaborate options and possibilitics how users and/or user communitics could finance
future PV installations or be enabled to pay for services rendered by PV systems

4-1
4-2 Identify demonstration sites/or regions
4-3
sunvey activities
4-4
requircments/cons’ raints
4-5 Design demonstration sysicms
16
dcimonstration sysicms
4-7 Procure funding for cquipment and project activitics
4-8
49
4-10 Transpon. and install. PV systems and D/A equipment
4-11 Instruct and/or train users in PV system use and mainicnance
4-12
4-13  Accumulatc and cvaluate performance data
4-14

Rcport on performance and operational results and o lessons Icarned. secommend

further actions how replications could be cflected

Wang Si Cheng. New Energy Department (NEP). Beijing HUASUN Hi-Tech Co . Lid

(HUASUN)

New cquipment required (cosis estimated. not including transportation and 1import tancs)

Demonstration: | Tvpe of Fquipment:- Cost of Equipment-- | Remarks

Locanion, Aetnvane Activity (in UN-S) -
Duration

Remote P1° - Equipment $  68.000 60 uniis. 3 Wp cach
Home Systems | - Data Acquisition $ 12.000 6 scis

Qinghai - Transport. Instalfatzon $ 10.000)

Provincc. - Local Tramming s 4.500 3 u/m

2M - Expen $ 22000 R ~
Hvbrid PV iU | - Equapment $  360.000 I umit, 20 RWp/10 kW,
Village Supplyv | - Data Acquusition s 10.000 I sct

Inncr - Local Construction (housing) |$  70.000 200 v, 1k local LV-lime

* DC/AC mmerters. MPP-trackers. batteny charge controliers. clectronic ballasts for DC powered hghts. cic

h] K ’ .
PV pump Sysicms. PV/Wind or other hvbnd systems. PV Villare powcer supphies. cic
. ) )
" for systcm design




Mongoha. - Transport. Installation S 30N T
36 M - Local Training $ 4,500 3 nvm -
- Experts $ 14000 2xlowwm’’
PV Green- - Equipment $ 75.000 Y umis. 2 5 kWp cach. 20 m head
housc - Data Acquisition s 0.000 3 sets
Irrigation, - Transport; Instaliation $ 15.000
Thbet. - Local Traimng $ 4.500 Smem
30 M - Expens $ 22,000 Inovm™
Pl Potable - Equipment s 25.000 4 units. 300 Wp each
Water Pumps: | - Data Acquisition ) 12,000 4 scts
Inner - Local Construction {wclls) b 20.000 4 nells. 20 m head
Mongolia. - Transport: Installation $ 15.000
30M - Local Training $ 6.000 of four people
. - Experts ) 44.000 2x ) wm®
PV Desalinanion | - Equipment $  265.000 I umt: 20 kWp
Svstem; - Data Acquisition $ 10.000 I set
Chang island. |- Local Construction (housing) |$ 50.000 100 m;
Shandong Prov. | - Tranport: Installatior ) 20.000
36 M - Local Training s 3.000 2nvm
- Experts $ 66.(KH) Ix Lavm'" 1 x 2 /m™
Site Identification & Selection | § 50.000
Project Management b 30.000 for 3 vears
Training abroad: Fellowships  |$ 84.000 432 Wm
Total: S 1437500
Equipment existing: None
Schedule Asscmble counterpart (project) feam Aug - Scp 93
Fellowships Scp - Dec 93
Identify sites and users Sep - Dec 95
Ficlding of international experts (pre-suney) Sep - Dec 93
Establish relationship with users Jan - Mar 96
Design svstems Jam - Mar 96
Ficiding of international experts (system design) — Jan - Mar 96
Procurc funding for all investments/activiises Jan - Mar 96
Procurc components and pre-test sysicms Apr - Dec 96
Prepare site(s) infrastnicture Apr - Dec 96
Transport and install systems Jan - Jun 97
Instruct users Jun - Sep 97
Accumulaic data: cvaluate performance Jul 97 - Jun 98
Subactivity duration. 48 M
Suggested Activity Funding:
Fauipment Cost Government Commercial Cirants from Inth. § Foreign
Activiny (in ['N-5) Grants Loans tdomesuc | Orgamzonons Goverr nent
(SPCSSTC) CHPrency ANDPUNIDO) | Granis
Tech. Assistance. [$ 191,000 Lo,
Traiming _ L
Project Manage- 18 30,000 | 100%
ment

Siteadennficanon | $ 30,000 [ 100%,
& Sclection
Local Trasmng $ 22500 100%,
Demaonstration $ 79000 [13% 8" T e 27

System Hardware |

"Tor pre-sumey and svatem design
h3
"Tor pre-suney




D/A Equipment Y S0.000 | 13% 8% 3% 27%%

& Software *

Local Construc- |$ 140,000 |30% %

tion

Transport & $ 90.000 {56% 4%

Installziion

Collaborations  NED of HUASUN High-Tech Co. will closely coltaborate with the the users of the PV dem:-

Success Critcria:

Other remarks

onstration systems: it will also inform the supplicrs about the performance of the equipment
supplicd by or procured from them. together with recommendations about possible technical
improvements.

Concerning the demonstration of home lighting systeins. NED will furthermore collaborate
with the Gansu National Energy Research Institute (GNERI in Lansshou.

100% success if after 48 months

all demonstration and D/A systems have been instatled

all demonstration and D/A sys.ems have been nonunally operating for at
least 12 months (svstem operation and usclul data collection for >95% of
the time with > 100 W/nv’ of global radiation)

all user accept systems. have successfully been tramed to maintain the
systems. and are satisfied with the senvices rendered

financing mechnisms for replicalc svstems have been devised in
collaboration with the respectine user communitics. and the viability of
some of these schemes have been tested

- 80% success if after 48 months

only four tvpes of demonstrations could be realized

demonstration and D/A sysicms operated nomunally for at Icast 12 months
users arc trained. accept systems and are satisficd

financing mechamisms have been claboraied

- 30% success if after 48 months

only three demonstration systems have been instalied

the demonstration and D/A systems have accumulated less than 12 months
nominal performance history

Although demonstrated alrcady clsewhere in China. PV home lighting systems are
included as important decmonstrators how living condstions in remete areas can be
improved

- NED recognizes that financing mechanism for the purchasc of PV systems. or of
the services provided by them. is cqually important as the demonstration of the
technical viability, life-time and performance of the PV sysicms

Task S (HIGH-1):

Objectne

Output

AcTivitics

‘e

To strengthen R&D capability in the ficld of lugh-cfTiciency mono-cnsialline silicon solar
cclls and high-cfliciency poly-cryvstalhine thin-film solar cclls. to improve conversion cffi-
cicncy and to reducce the cost 1o (1o be compleied)  ccells

Establishment of a high-quabity R&D laboratory 10 perform development work: o the ficld of
(1) high-cfliciency crystalline silicon solar cclis to exceed comversion cfficicncics >21% .
(1) poly-crvstalline sihcon thin-fitm sobar cells 1o achicve comersion cfMiciencics > 10%. and
(u1i) to develop large-volume produchion processes suitable for transfer to the PV indusiny

3-1 Fcllowship of 3 persons for 2 im/m cach 1o recen e tnmmng m the technologies of
cryvstalline thin-film sokiar cctis and the produciion processes assocted with igh-
cfMcieney mono-civstathine sihcon sokar cells

technologics




32 Fecllowship of 2 persons for 2 nvnt cach 1o recen taming i measurcrRcni o
characierize crvstalhne silicon solar cclls

5-3 Ficlding of 2 international expents of | m/m cach to advisc on production processes
of high-cflicicney solar cells and on ther measurement/charactenization

34 Asscinble production (countcrpart) teaim

3-5 Specify and design laboraton infrastructure

3-0 Procurc funding for laboraten infrastructure and equipment

3-7 Establish collaboration with advanced PV R&D tecams in China working in the same
ficld

5-8 Tender and procure laboratony cquipment

39 Tender and procure cleanroom and other laboratory infrasicucture

5-10  Instal’ -anroom and other laboratons infrastructure
5-11  Field: . of I international expest for | n/m 10 advise on installing and commniissio-

- ning .. laboratory equipment
5-13  Inst... iaboratory equipment
5-14+  Conduct acceprance tests of laboratory cquipment
5-15  Carry out R&D work and identify pilot-line processses transferable to industn
5-16  Idenufy processes transferable into pilot production line

Task Director:

Prof. 7hao Yuwen. Photovoltaics Technology Department. Beijing Solar Encrgy Rescarch
Institute (BSERID)

New equipment required (costs cstimated. not including transportation and import taxes)

Tvpe of Equipment - Cost of Equipment - Remarks

Activity Aetviy (in US-S)

Automated Photolithography $ 150.000 (imported) 1 unit

Machine

LPCVD Facility $  300.000 {imporicd) 1 unit

I-V Measuring Instrument $  50.000 (imporied) 1 unit

Laser scriber $ 130,000 (imporied) 1 unit. Quatromx 603
Minority Carrier Lifctime Tester 18 30.000 (imporied) I unnt

Diffusion Furnace $  300.000 (imporied) I unit: ¢°@. 4 tubes
PECVD $  300.000 (importcd) I unit

Super Clean Room $  310.000 (domestic) 150 m. Class 100 or beticr
PECVD Equipment $  300.0%) (imporicd) 1 unit

Consumables $  100.000

Infrastructure $  300.000 new building: UPS. gas supphics
Training abroad. Fellowships $ 105000 6x20wm

Experts; Consultants $ 66,000 Ixlmwm

Total: § 2.56].000

Equipment existing (nccded for and sct smtable for usc)

None

Schedule;

‘0

Fcllowship #1

Fcllowship #2

Ficld firsi two international consultims
Establish collaboration

Design and specily

Asscmblc rescarch (counterpart) tcam
Procurce fundmng for all invesimenis
Tender and procure lab equspment
Tender and procure infrastructure
Install facihiv infrastructuse

Ficld third smernational consuliang
Install faboraton cquipment

Perform comimissioning and st -up
Conduct R D&D work

Aug 93 - AprIo
Aug 95 - Apr 96
Jan - Junc Y6
Sep 93 - Jun 96
Nov 95 - Jun 96
Aug 95 - Apr 96
Nov 935 - Junc Y6
Jun 96 - Dec 96
Jun 96 - Dee 6
Jwm 97 - o 97
Jan 97 - Jun 7
Jm 97 - hian 97
JWi 97 - Deg 97
Jan - Dee 9%




Idenufy processes suttable for transter Jan - Deg vy .

Sutactuviny Duration SN

Suggested Activity Funding

Fqupmen: Cost Cronverrment Comm. Loans Crrants frooe Intl ) Foreien

Activity (in U'N-5) Crrannis (domestic cur- Orgaruzattons Crovernment
iSNPCNNTCY rency} (UNDP UNTIDO; | Gramis

Experts; Fellow- |$ 171.000 100%

ships; Training

Photolithography { $ 150.000 16" 60% 15% 107 B

Machine

LPCVD Facility |§ 300.000 16% 60% 14% 10%

I-V Performance |$ 50.000 16% 60% 14% 10%,

Tester

Laser Scnber $ 150.000 16" 60% 14% 10%,

Minority Life- $ 30000 16%, 60% 14% 10%,

time Tester

Diffusion Fur- $ 500.000 16 60% 3% 10%

nace

PECVE $ 300.000 16%a 60% 14% 1%

Cleanroom $ 310,000 16%a 60% 11% 1%,

{nfrastructure $ 300.000 16" 60% 16% 0%

Consumables $ 100,000 HO™, 30%

Collaborations: BSERI will (1) collaboraic with P.&D groups in China investiigating issucs of high-cflicieacy
of solar cells. (1) will closely consult with all four major PV maaufacivrers in Ciuna in the
design and speaification of hugh-cfficiency solar cell production lincs. and (1) will collabo-
rat¢ closclv with the Qumhuangdao Huamei PV factory concerming the: transfcr of production
technology

Success Critena 100% success if after 3 vears the following is achicved

- an <Miciency >21% for 50 cm® mono-cn stalline sthicon solar cells
-- the technology for a high-p pilot production hine 1s transferred 1o industry

- 80% success if after 3 vcars the following is achiered

- an cfficiency >26% for 50 cm’ mono-crysiathine silicon solar cclls
- the icchnotogy for a high-p pilot production line s transferred to indusin

- 30% success if alter 3 vears the following is achicved

-- an ctficieney »19% for 30 cm® mono-cnstatline sificon solar cells

cr Remarks - the adr anced photovoltine R&D Laboratory will be set up at BSERI

Task 6 (NTUDY):

Objectinve To car oul an assessiment about the long-term operating and performance astory o large-
mediom-and Lirge-capaiy PV sustems i China, both grid-connezted and stand-alone i PV
onls or hvhnd conligurations 1 order (1) to identify the technological issues needed 1o he ad-
dressed for improving PV svaiem technology, and (1) 1o devciop stratepies by which these im-
prosememis wan be cllected on mattonal level

‘e

Output A siuds abotit the longe-term operatmg performance of a stapsticaliv relevint number of PV




systems in China, as well as about the measures needed to be undenaken o imgrove or to
better adapt PV system technology for deplon ment conditions i China

Actnugs 6-1 Asscmble Chinzse counterpart icam
6-2 Establish collaboration with other institutions to support the asscssment/survey
6-3 Sunvey PV systems installed in Cluna and sclect a stausucally representative
numbcr of differing PV system size. configuration and application
6-1 Fellowship of 2 persons for | nvm cach to obtain information abowt the operating

history of PV systems in countrics outside China

6-3 Survey selected PV system application sites. collect/obtain perforimance dara and
interrogate PV systcm users

6-6 Ficlding of I international expert for | nvm to advisc on PV system performance
measurement and recording technology

- 6-7 Select PV systems for coarse and detailed performuance monitoring over ~ 15 M

6-3 Procure funding for measurement and recording cquipment

6-Y Tender and procure measurement/recording cquipment

6-10  Install measurcment/recording cquipmient

6-11  Collect an analyze performance data

6-12  Prepare section on systzm performaace of the repont

6-13  Devolop strategies for technological and/or regulatort minatives which would be
helpful to improve quality and performance of PV sysicms manufactured in China

6-14  Issue repont

Task Director:  N. N.. the China Photovoltaic Technology Development Center (CPVC). Hangzhou

New equipment required (costs estimated. not sncluding transportation and unport tancs)

Tvpe of Equipment - Cos* of Equipment - Remarks
Activiry Activity (in US-$)

Radiometers $ 60.000 (imported) 60 umts A
Data Loggers $ 200.000 (simporicd) O unus
| Temperature Sensors $ 15.000 (imporicd) 184wt
Incidental Mcasurement Instrumentation {$ 100,000

Modems b Y 60.000 75 unils
Senver s 15.000 1 unit
Computcers and Printers $  50.000 (domestic) 10 units
Consumables $  30.000

Domestic Travel $ 200000 200 nussions
Training abroad. Fcllowships $ 28000 2 I wvm
Experts. Consultants $ 22000 I L ovm
Total S 780,000

Equipment existing (needed for and yvet suitable for usc)

Nonc

Schedulc. Asscmble rescarch (counterpan) tcam Aug - Oct 93 -
Establish coliaboration Aug - Oct 93
Sunvey and sclect systems Nov 95 - Feb vo
Study nussions Nov 93 - Feb 9o
Site sunveys and histon collection Fcb - Jun o
Sclect sites 1o he measused Jul - Aug 96
Ficld sntcrnanional consudiam Jui - Aug vo
Procurc funding for all mvestments Feb - Ang 9o
Tender and procure meas/record cquipment Sep - Dee 96
Install measurement/recording caquspment Jan - Mar 96
Collcct/analvze data Mar 97 - Jun 98
Develop strategics: recommend iiiiatives Jow - Jun 9%
Issuc report Jun 9%

‘o

Subactinity Durition SM




~
[A¥)

Suggested Actnty Funding, )

Equipment Cost Government Comm [ oans Crrants from Intl | Foregn

Acman (e N-Y) Grants fddomestic cur- Orgamzations Government
(SPC-SNTC} rencyy JUNDPUNIDO) | Grames

Experts. Fellow- |[$ 50,000 10O,

ships. Trining

Radiomcters $ 60000 60% 16" 14% 10%

Data Loggers $ 200.000 60% 16%% 14% 10%

Temp Scnsors s 3.6 60% 16%, 14% 10%

Other Instrumen- | $ 100.000 60% 16% 14% 10%

tation

Modems - $ 60,000 60% 16% 14% 10%

Server $ 15.000 60% 16% 14% 10%

Computers. $ 50000 60% 0%

Printers

Domestic Travel | $ 200.000 60% 0%

Consumables $ 100.000 60% 0%,

Collaboratons: CPVC will (1) collaborate with institutions 1 China actnve n the ficld of PV system tech-
nology for identifving systenis suitable to be assessed and momitored. (ii) engage the suppon
of regional authonties in the observation of monitorcd PV systems, and (iit) will consult with
SSCT/SPC and ACCA 21 on the proposed regulaton and technology-push initiatives

Success Criteria: - 100% success if after 3 vears

-- the performance assessments and  mcasurciments are sucessfully completed

-- viable recommendations for improv ing the suuation in the PV application
scctor have been formulated

-- the study has been issucd

- Chinese government endorses the recommendations

- Ri)% success if after 3 vears
-- the performance assessments arc compleied
-- viable recommendations for improving the situation in the PV application

sector have been formuliated
-- the study has been 1ssucd

- 30% success if after 3 vears the following 1s achicved

-- the study has been issucd

Jther Remarks. None

Task 7 (QALAB):

Objectine To cstablish a qualification and tcst laborator. for certifying. on national level. the quality and
performance of of photovoltie modules

Ountput Establishment of a lugh-quality Liboraton to cernfy performance and quality of PV modules
which arc manofactured 1 or omtarde of China according 1o TEC Specifications 1215 (or EU
Specifications 303)

Activities 7-1 Feltowship of 2 persons for 2 mem cach 1o regsnve tnining i the establishiment and
operation of PV module qualification test Taboritonies and s the qualifcation festing
of PV modules wsing crvstaltine-silicon solar cells

‘e




7-2 Asscinble countcrpart (icst laboratory) teim .

7-3 Specify and desigh qualification test laboraton

7-4 Ficlding of I international expert for | nv/m to advisc on the speaification and design
of a PV module qualification test laboratory

7-5 Speaily and design test laboratory infrastructurc

7-6 Procurc funding for 'aboratory infrastructure and test cquupment

7-7 Tender and procure test laboraiory equipment

7-8 Conclude collaboration agreements with mternational quahification centers for
Jomtly carrying out round-robbin test

7-9 Tender and procure test laboratory infrastructure

7-10  Establish test laboratory and infrastructure

7-11 install test laboratory cquipment

7-12  Conduct acceptance tests of laboratory equipment

7-13  Acquire multiple PV module specimen from Chinese and other manulacturers
7-14  Carry out qualification tests

7-13 Venfy test results by carrying out round-robbin tests

Task Director:  N. N.. China Photovoltaic Technology Development Center (CPVC). Hangzhou

New equipment required (costs cstimated. not including transportation and 1mport taxcs)

Type of Equipment - Cost of Equipment:- Remarks

Activity Activity (in US-S)

Solar Simulator. incl. Control $  700.000 (imported) 1 unit (4 m*. continuous hight

Equipment source 1.000 W/m®: 100 kVA)

UV Simulator $  120.000 (imported) 1 unit (2x2m light source)

Mechanical Tester $  10.000 (imported) 1 unit (stiffness: loading: impact)

Environmental Chamber. incl $  330.000 (imported) I unit (2x2m; -40 - 93°C: 100",

Control Equipment humidity: salt sprax: 50 kVA,
Brabender or Weifl)

A/D converters Y 15.000 (imnoned) 3 cnit

Data Loggers $  10.000 (imported) 2 units

Computers. Printcrs $ 15000 3 units

Spares $ 200.C00 lamp units

Incidental Equipment $  150.000

Infrastructurc $  300.000 building. UPS

Training abroad. Fcllow ships $ _ 65.000 2x2m/m

Experts; Consultants $  23.000 1x1av/m

Total: S 1,988,000

Equipment existing (needed for and vet suitable for use):

None

Schedule Fellowship Oct - Dec Y3
Asscmble counterpart tcam Scp - Oct 93
Specifs and design laboratory Nov 93 - Fcb 96 -
Establish collaboration with intl. test labs Jan - Sep vo
Specify and design lab infrastructure Jan - Jun 96
Ficld iternanional expent Feb - Apr 96
Procurc funding for all snvestments Jan - Junc 96
Tender and procure test cquipmicnt Jul 96 - Mar 97
Tender and procure laboratory infrastructure Jun - Sep Vo
install Iaboraton infrastructure Oct 96 - Mar 97
Install test cquipment Apr - Sep 97
Perform commissiomng and start-up Oct - Dee W7
Conduct guabsficanion tests Jan - Sep oS
Conduct ronnd-robbin fests Apr - Dec 9x

‘‘

Subactivity Duranon S0 M




Suggested Activity Funding .

Equipment Cost Covenmient Comm Loans Granis from Il | Forergn T

Activity (i {°N-S) Crranis fdomestic cur- Orgamizations Covermment
(NPONNTC rency) (UNDP UNIDO) P Granes

Experts: Fellow- [$ 88.000 100% o

ships: Training

Solar Simulator | $ 700,000 o0, 16%% 14% 10%,

UV Simulator $ 120.000 60%, 16% 14% 10%

Mech. Tester $ 10,000 60% 16% 14% 10%%

Env. Chamber $ 350000 6% 16% 14% 10%

A/D Converters |$ 15000 60% 16% 14% 10%

Data Loggers $ 10,000 60% 16% 14% 10%

Computers: $ 15000 60% 16% 14% 10%

Printers

Incidental $ 150.000 60%, 16% 14% 10%

Equipment

Spares $ 200.000 60% 16% 1% 10%,

Infrastructure $ 300.000 60% 16% 16% 10%

Collaborations: The CPVC will collaborate with the EU Test Facility. Ispra/ltaly. the JQI Japancse Quihn
Institute. Tokvo/Japan and NREL. Golde/CO in the execution of round-robbin-icsts of PV
modules
Success Cniteria: - 100% success f after 3 5 vears the
-- qualification test Iaboratory has been established and is fully operational
- round-robbin tests have verified the accuracy of the measurcments
performea
- 80% success if after 3.3 vears the
-- qualificaton test laboratory has been established - nd 1s operational
- some tests performed are off by >3% compared 1o mcasurements taken
at collaborating institutions

- 50% success if after 3 5 vears

-- qualification test laboratory has been established and only partally

opcrational
Other _Remarks: - the CPVC as previous PV program management agency (on behalf of SPC/SSTC s
an institution without commercial interest and hence capable of safeguarding con-
fidentiality of test results -
E. Inputs
Chingse Inpuis
(1 Each Chinese insttution carrs g out a Task of the Project will assagn o Task Director who on behall

of the institution. s personally responsible for the sciennfic results and managenal cxccution og the e
spective Task The Chinese nstitution will consult with the National Project Coardinitor when intend
g (or asked) to replace Hus mdmadual

(1) AL Chinese mstitolions responsible for the exeenbon of o Task of the Project will make  as far as
A )
existing and required - Bacilitines and equipment avatable and will assign an adeguate number of
auaificd stafl to carry out the Task




(u1)

(iv)

(v)

't
P

*
The Chinese Government will assign a National Project Cocrdinatar who on behalf of ACCA 21,
SPC :ind SSTC will monitor the progress of the respective Fashs of the Project: The Project Coordina-
tor will adert ACCA 21 n case corrective measures will have to be undertaken 1o safeguard the success
of a Task or the Project. The Project Coordinator will furthennore momtor that nattonal and interna-
tional funds made available to the Tasks arc spent approprately The Project Coordinator vill also
wnite and 1ssuc a Enghish-language final Project report

It is expected that the Chinese Government (SPC. SSTC. ACCA 21) will contribute about US-$ xxx
Mio (in the form of direct grants and/or foans) to the snstitutions executing the Tasks of the Project.

The Chincse Government will, after the end of the Project. continuce support of the PV Qualification
Test Center in Hangzhou (Task 7) to an appropriate level to assure its continued functioning as a Na-
tional PV Qualification Center. The Chinese Government also commits to encourage the continued
utilization of the Qualification Test Center by Chinese PV mdusin

UNDP/UNIDO Inputs:;

11-01

11-02

1103

1-04

1103

1106

1-07

11-08

H-09

Internauonal Expens

Project Techmical Advisor (PTA): 3 wwm
this person to be recruited for making visits to the Project 3 umes (for 1 month) over

the Project’s duration. The CTA will provide overall guidance i the implementation

of the various Project Tasks and will closely intcract with the Project Coordinator and

the Task D:rectors. The CTA will be an expert tn PV material- and sy sicm technologics.

Consultant on Poly -crvstalline Silicon Ingot Casting (for Task I, 2 nWm
the experts will make onc visit to assist during comnussioning and test-runs of cquip-
ment nstalied (2 persons: 1 m/m cach)

Consultant on Cnyvstalline Silicon Solar Cell Processing (for Task 1), 2 Wm
the expents will make onc visit 1o assist 1n the optinization of the pols -sthcon casting

process by identifving modifications to the processes of solar cell production (2 persons.

I mvm cach)

Consultant on Silicon Matcrial Wire Cutting (for Task 1). 0.5 m/m
the expen will make one visit to assist in the training i wire-<aw fechmques and in
improving cutting skills (1 persons: 0.5 n/m)

Consultanmi on Cnystalline Silicon Solar Cell Processing (for Task 2). 2 avm
the experts will make one visit to advise in manufacturing techmques of mgher-cffi-

cicncy mono- and poly-silicon solar cclls. in production cquipment usc. operational
principles. quality assurance and other key tssucs (2 persons. T m/m cich)

Consultant on Silicon Solas Cell Production Equipment (for Task 2). 4 wm
the expert will make onc visit and will. as required. supenvise and coordimaic the
nstallation of the solar ccll production cquipment and will advise on commussioning,
start-up and proccss optimization (1 persons: 4 m/m)

Consultant on PV System Test Laboratories (for Task 3). I v
the expert will make one visit 10 advise on the specification and design of o devclop-

ment and test laboraton for PV balance-of-systcm components and PV sustems

(Iperson. [ m/n)

Consultant on PV System Test Equipment (for Task 3) I m/m
the cxpen will make one visit to advise on commissiomng and start-up ol anindoor
development and test laboratory for PV balance-of-system componeuts and PV sysiems
(Ipcrson. | nvmy

Congultant on PV Systcm Test Equipment (for Task 3). I m/m
the cypert will make one visit to advise on compussioming and stari-up of an idoor
development and test laboriatory for PV balance-of-system components and P svstems




I-10

1i-11

11-12

H-13

-4

11-15

16

34

yi-1

31-2

314

315

-0

3)-7

(Ipcrson. 1 m/m} ’,

Consultant on PV Demonstraton Project Phinnmng, (for Task 4). I
the expert will make one visit 1o advisc on the demonstration project pro-surves act-
vitics ard sute selectton (1 person. | mvm)

Consultant an PV System Design and Performance Monitonng (for Task 4). 2
the expert will make one visit to advise on tue design of stand-atone and particulaily
hybnd PV demonstration systems and the dita acquisition for performance monitoring
1 person. 2 m/m)

1~

Consultant on High-Efficiency Solar Ccll Technology (for Task 3).

the experts will make onc visit each to advise on technologics of crystalline silicon
hrgh-cificicncy solar cell technologv. measurement and charactenisation. and produc-
tion (2 persons:. | mvm cach)

Consuitant on High-Efficiency Crystalline Silicon Solar Cell Production (for Task 3). 1
the expent will make once visit to advisc in the process of installing aud commussioning
of laboratory and production equipment for high-cfliciency cnystalline silicon solar cells
(1 person. 1 nvm)

Consultant on PV System Performance Monitoring (for Task 6). I
the expert wilt make one visit to advise on the design of dala acquisition sysicias for the
performance monitoring of stand-alonc and hybrid PV systems (1 person. 1 nvm)

Consultant on PV Module Qualification Tests (for Task 7): I

the expent will make one visit to advisc on the specification ane design of 3 PV modulce
qualification test laboratory (1 nerson: 1 nv/m)

UNIDO St Travel

Total of threc nussions: for progress reviews and/or resolution of obstacles
m the execution of the Project (1 person: 3x1 m/m) 3

Individual Fellowships

Tramming in the process of operating  poly-crystalline casting. ingot cutting
and wirc-cutting of silicon wafers (for Task 1: four persons. | nvm cach) 1

Trang in the ficlds of crystalline solar ccll production processes and other
technologics needed for higher-efficiency mono- ana poly -silicon solar cclls
(for Task 2. four persons. | m/m cach) 4

Teamming v specifving and operating indoor/outdoor perforniince and hifc-tune
testing of balancc-of-system components and PV sysicms (for Task 3. iwo
persons. | nvm cach) 2

framing mn the ficld of designing high-quality PV balance of PV balance-of-

system componenis (DC/AC inveriers. MPP-trackers. battery charge controllers
clectronic ballasts for DC-powcred lights. ctc ) and application-specific PV

ssstems (PV pumps. PV/iwind wbrid systems. cic ) (for Tash 4. fwo persons.
Pmmocach) O

Teming m the fickd of cnvstalline silicon hirgh-cfficicney cobiur cell technologies
and production (for Task 3. three persons. 2 mvim cach) o

Trammng m tie Ncld of crystalline silicon ligh-cMiciency sobar cell mcasurciment

and charactenisation (for Task 3. two persons. 2 m/m cach) 4
K4

Frameng i the establishment of & PV module qualificanion test Liboratories and i

m/m

nLm

nvm

nv/m

n/m

mwm

m/m

mm

m/m

m/m

m/m

m/m

m/im




32

141

42

the qualificanon testig of 2V Modules (for Tash 3. 1o persons. 2 nvm cach) +nvm

Study Tours

Nonc: visits o relevant stitutions are to be orgamized within the training missions

Expendable Equipment

None

Non-expendable Equipment

Sec Task description for itcmization of required non-cxpendable equipment and associated cost csu-
mates.

Risks
Potential Risks Estimated Likelihood

Know-How Transfer 10 Industry: The ultimaie objectives of Task | and Task 2

are reached only after materials resp. processes are sucessfully transfered to the

domestic PV industry and have resulted in PV-modules of performance and

quality better. — and production cost lower - than todavs products. Sucess

therefore hinges on the willingness. ability and capability of the PV indusiry to

absorb the know-how which was generated in these two Tasks  As this know-how

is made avaitable to industry for free but know-how mmiplementation mas require

manpower training and investments. the nisk s considered Low/Medium

End-of-Project Eauipment Utilization: Considerable investmeint in pilot production
and test cquipment will be made 1n participating institutions (in Task 2/BSERI and
Task 3/HUASUN) in order to upgrade exisung indusiny as a whole. As participating
institutions like other R&D cntitites arc asked to carn operating and investment cost
increasingly by contract R&D or commercial actnvines. BSERI and HUASUN may
use this equipment for commercial purposcs at the end of the Project. thus competing
dircctiy in a ficld which they were asked to help upgrade

As it is proposed to decide on the final ownership of cquipment in Task 3 at the end
of the Project. and since BSERI is to beccme a center of excelience for advanced
R,D&D in ¢-Si technologies. this risk is considered Medium

Qualification Test Center Operation. In Task 7 the establishmem of an accredited PV
Module Qualifaction Test Center is proposed. to be augmented later by the capability to
also test PV systems and balance-of-svstem components  Income from carrving out
qualification tests will be inadequatce to pay for a contimucd operation and maintenance
of such a Center. Government authoritics must comnut 10 maimtain operation of the
Center on a continuing basis 10 justify the imvestment in the Center's infrastructure.

As it 1s proposcd that Government supporis Task 7 besond the end of the Project, this
risk is considered Low

Replicauon of PV System Demonstrations While Lirger stand-alone systems such as
PV village supplics or water purification/desalinanon Fucilities will require funding
decisions by regional or local Government anidhornties, smaller svstems such as PV home
lighting systems will have to be acquired by pinvaite sndssaduals. The ability 1o defray
such cxpenses (in casc of pubhic funding) or to pas for such investment ininstallments
(in &he private scctor) will be crucial for rephication of PV systems bevond demonstra-
tions and for the intended betiermient of hyving condmons in remotc ofT-grid regions of

China,




L
As 1t is intended to demonstriate not only hugh-quality well-functiomng systcms m un-
portant applications (building on the expenience i precursor deionstrations) but also
to cxperiment with financing nstruments for private mdnrduals the sk that the
demonstrations will trigger onhy few rephications s considered Low/Mednun

7t

Competitive Stance in PV High-End R&D  The investiments and activaties in Task 3
aim to facilitate R&D in PV scmiconductor ficlds which are lughly compettiine and

fast moving intcrnationally (thick- and thin-film k-Si solar cells with highest efficiency)
To s'ceeed in this ficld needs not only a hegh-class laboratony and infrastructure but
also the skills and motivation of adequately trained scientific and tcchmeal personnel.
as well as the ability to defray the operating cost of such activity over an extended period
of ime.

As BSERI is cnvisaged to become a center of excetlence for k-Si PV R&D. and since
income from BSERI's subsidiary SUNPU 1s available which can be used to support ad-
vanced PV R&D activitics. the risk that China will not attain a compcetitive posilion in
high-efTiciency photovoltaics as a result of activitics in Task 3 1s considered Mecdum

G. Prior Obligations and Pre-Requisites
Successful exccution of this Project depends on the availability of National cost share funds m a imely manner

The Chinese Government (ACCA 21: SPC. SSTC) and the participating institutions {BSERI/SUNPU. GRINM.
HUASUN, CPVC) will provide funds for all the counterpart activitics as envisaged in this Project Document for
the implementation of this Project. This includes provisions of counterpan funds for stafT salarics. transport.
travel costs. domestic traimng costs. procurcment of indigenously manufactured equipment. capital costs and
other related cost items. The Chinese Governmeni will also provide the required stafl for the natonal coordi-
nation of the entire Project

The Chinese Government shall also

(v providc immediate English language training 1o those persons proposcd 10 be sent fo foregn locations
for training in the form of fellowships.

(1) ensurc the releasc of these persons from therr dutics on ihe dates of the commencement of tuctr fellow-
ships,

(111) provide local and ficld transport for the miernational consultants
(iv) defray all ground and air travel expenses in the countny for the micrnational consultants.

(v) provide suitable office accommodations. interpreters and other support requircments, as necessary. for
the intcrnational consullants.

The Projcct Document will de signed by UNIDO. and UNIDO assistance to the Project will be provided. subjcct
to UNIDO receiving satisfaction that the prerequisiies and prior obhigations listed abovc have been fulfilled or
are likely to be fulfilied When anticipated fulfillment of onc of more prerequisites fnls 1o matenialize. UNIDO
may. at ist discretion. cither suspend or ternniie u's assistance

H. Project Reviews, Reporting and Evaluation

n The Project will be subject 1o an annual review as part of the annual program revicws chinred vy
ACCA21 and atiended by the Natonal Project Coordinator (NPC). the Projedt Techmical Advisor
(PTA). the Task implementing entities (represented by the Task Dircctors/ Ty and by representatines
of the funding authorines Task siatus 1o date will be reported by the respectine T aind and overall
Progect asscssment will be provided by the NPC (writien reports 10 be submtted by TD aind NPC 1o the
UNDP ficld office at least sis weeks before these reviews) For cach Task the anmual revien waill en-
compass. mcr alir schedule funding. costs. personnel trasmng, icchnicil resabis collaboration with




industry and users. technologyv/know-how transfer 10 indusin . and the bhclibood of attamimg the Cni-
teria of Success

The NPC shalt furiher prepare and submit to cach Project review mecting 2 Project Perfomance Eva-
luation Report (PPER). addinonal PPERs may be requested from the NPC. il necessan - during the
Project

{u) A Project Termunal report will be prepared by the NPC and TD for consaderation at the Project Per-
formance Review Mecting ilmediately following completion of the Project [v shati be made available
in draft at lcast four months prior to the final review mecting to allow review and techmcal clearance
by UNIDO a.d involved partics.

(m) The Project shall be subject to the first review twelve months after the start of full implementation. The
ofganization. terms of reference and timing of this review will be decided afier consuliation between
the partics involved in the Project.

L Legal Context

This Project Document shall be the instrument referred to as such in Ant | of the Standard Basic Assistance
Agrecment between the Government of the People’s Republic of China and the United Nations Development
Program. signed by the partics on Junc 29. 1979. The kost country implementing agency shall. for the purpose
of the Standard Basic Assistance Agreement. refer 1o the Government cooperating apcney descnbed in that
Agreement.

The following types of revidisons may be made to this Project Document with the signature of the UNIDO
represantative only. provided he/she is assured that the other signatorics of the Project Document have no ob-
jections to the proposcd changes:

(1) Revisions which do not involve significant changes in the immediate obicctives. outputs or activitics of
the Tasks of the Project but are caused by the rearrangement of snputs alreads aerced to or by cost in-
crecascs duc to mnflation. and

(1) Mandadon annual revisions which rephase the delivery of agreed Project/Task inputs or increased
cxpert or other costs duc to inflation or take into account agency cxpendutire fienibilin

The contractual agrecments eniered into by and between the Chinese Government and forcign suppli-
crs/manufacturcrs of cquipment shall contain all necessary terms. conditions and restrictions to provide full
protcction and shail be in accordance with applicable international standards (including. but not limited to
patents and copyrights, if any) for the components and designs of the forcign supplicr/manufacturer

The Chincsc organizations/entitics involved in this Project shall fully abide by all design and patent restrictions
imposcd by said contract

The Chinese Government shall. on a continuing basis. indemnify and shall hold UNIDO harmicss from all

claims of any naturc i connection with patent or intcllectual property infringements that nun anse from the
activities of this Project

J. Budpcts

Summan estumaic of total costs by major budget categon

oo e+ 4 g e

Total Cosr Nanuonal Grants  Comm oo Crranis from It | Other
Category i 1 N-%) m RMB vuan m RNB vuan Organizotions IFxrernal Inpurs
(i UN-3 rinn (S-S A NDEP NN L ENY)
» . ’ . . ., AYR
- I cquivalent) cyuivalent) 4..1.{'-'-’ . ..l :
Personncl $ $ ) k) Soo s 0S ]
Fellowships® 4 $ 43 $ ERAN U B Y
[Trammg ] L L. e
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Study Tours by 0|3 0 |S 0 s 0 (S~ 0
Equipment $ 3 b s LYSX360 1S R
Miscellancous s $ b S 60000 |

Totals N \) A) A) 296860 | S
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K Anncxcs .
Anncx A: Job Descriptions
A-l Project Technical Advisor (PTA)

JOB DESCRIPTION
OF THE PTA - Projcct Techmcal Advisor

Post Numbcr: ASVASSVOATARES

Post title: Project Technical Advisor (PTA)

Duration: - Onc mawmonth per vear over a period of five vears. starting Ociober 1995,
with the possiblity of up to two additional manvmonth over the duration of
the Project

Duty station: Beyying. with possible visits to Hangzhou and travels in the country and abroad

(UNIDO. Vienna). plus work at home basc

Purpose of To reinforce the Chinese technical capabiliies in manufacturing hgh-quality and

Job: high-perfomance photovoltaic components. 1o expand the wiilizanion of photovoltae
svstems and the market for PV applications in general. and to upgrade the possi-
bilies 10 carny out advanced R.D&D n the ficld of crystalline silicon solar «elis
photo oliaic system composents and photovoliaic systems..

Duties: The PTA will closchy coliaborate with the National Project Coordinator and the
Task Directors in the claboration. coordination. implementation and foliow -up of
the programs of work cstablished for the defined Tasks. Specifically. the PTA will
han e the following dutics

0] To parucipate n the annual ProjecuTask review mecting and 10 asscss
mdependentiv the progress of work in the respective Tasks. based on inpuis recened
from the Task Dircciors and by on-site mspections of the Task sues.

(n) To assist the National Project Coordinator : nd the Task Dirctors 1f
requested. m the resolution of technical issucs which arisc in the cxecution of the
indinvidual Tasks.

(1) To assist UNIDO n the identification of individuals who could senc as
international Techmcal Consultants for the Project. and in the writing of the termis
of reference and job descriptions for these consultants:

() To assist UNIDO in the identification of rescarch mstiutions or industrial
entities which could support the specialized technical travmng of imdn wduals en-
visaged i the Project.

) To advisc/assist the National Project Coordinator i the prcp;u;n;on ol the
Project Ternmnal Report it the end of the Project

Qualifications: Unnersity degree i Phasics or Electrical Engimcening, with o mummem of
15 vcars professional expenience related to photoy oltacs (cells. modules com-
poncnts. sysicms. sysiem apphcations) and n the management of screntilic/-
technological programs and projects
Eaperience m the collaboration with forcign panners will be anasset

Languagces: English

‘e

A-2 Consultant on Poh -crvstalhine Stheon Ingol Casting




A6

A-7

A3

Consuliant on Crvstalline Silicon Solar Cell Processimyg .
Consultant on Sthcon Matcrial Wire Cutting

Consultant on Cryvstalline Sailicon Solar Cell Processing

Consultant on Cryvstalline Silicon Solar Cell Production Equipment
Consultant on PV System Test Laboratorics

Consultant on PV System Test Equipment

Consultant on PV System Test Equipment

C;nsullanl on PV Demonstration Project Planming

Consultant on PV System Design and Performance Monitoning
Consultant on High-Efficiency Crystalline Solar Cell Technology
Consultant on High-Efficicncy Crystalline Solar Cell Production

Consultant on PV System Performance Momtoring

Consultant on PV Module Qualificauion Tests

‘e

-’

~
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= * National Fund Flow
—Line of Authority

— Coordination / Monitoring

Natl. Government

Pe SoTo) ] { ACCA 21 J -------------- [ UNIDO J
|8 :

' Y
' .
! CPVC Y CTA
' .
! 3
R S [ ) ey m e m ey
' ................. 4 B T ‘ ................. v & ' ................. ' ..................... ' ................... ;
1 . .
11 ™ | T3 T4 T5 T6 T7
GRINM BSERI l HUASUN HUASUN B8SERI CPVC CcpPVC

input OQutput
1 1

Input

Output Input Output Input Output Input Output Input Output input Output
7

(UNIDOV:hnapv 1projorg ppt)

Input: Equipment, Experts,
PROJECT ORGANIZATION Training

Output:

-g vouuy

vwaduenry dunuawdpdus) tusnesuriaQ yaoyy

wd
wd




Anncy (:

C-1 Expected Market Expansion for P\’ Systems n China

Year Annual Installed | Assumed Module Price Assumcd System | Application Scutors
Capaciny [Mwp/a] | [RMB/Wpl® Cost JRMB/Wp] L
1989-19%) 05-10 c-Si 3040 c-Si: 6U-100 Deceniralized Svatems,

a-Sr 1%-20

a-Si: 50-90

Communications Sysiems.
Small Pumping Systems
(up 10 a fen kWp)

1991-1995 50-100 c-Si: <20 c-Si: 40-30 Mocdium-sizc Power Sta-
a-S1 <12 a-Si: 30-30 trion. Large Pumping Sys-
) tems. Desalimation Sys-
tems; ctc (10-100 kWp)
1996-2000 100-500 c-Si: <13 c-Si: 30-50 Large-scale Stand-alonc
a-Si: <R a-Si: 2543 Svstems for Commercial.
Industrial and Residential
Uscs (0 -1 0 MWp)
beyond 2100 | > 10G.0 5-10 20 Central Unliy Applica-
tions (> 1 0 MWp)

AL The e of preparation of the table (1991). the exchange rate was T US-$ - 3 2 RMB the exchaige rate as
of the end of 1994 was 1 1SS

S0 RMB
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C-2 Mamn Silicon Solar Cell and Module Manuficturers in Chua (as of End of 1994) )
Huamet Yunnan Kaiyeng Ningha GRINM Huarbin Sokon
Fhotovol- Sencaon- Nolar Cell | Nolar el ) General Chronur Company
Manufactu- | tare Flec- ductor De- | Factory Factorv Research
rer rrones Lid | vices Fac- Insuirute for
iOwhuang | torv Non-
dao -Hong Fervons
Cruang Joint Metals
t'enture)
Addresscs No. 38 No 6. Har-Ar
Xinhuadong ! hangguo Highway
- Rd.. Kai- |Rd..Qinhua 15km,
feng. Henan | ngdao. Harbin
Prov. Hebei Prov . Prov
ZIP 475000 | ZIP 066(XK)
+861Y +86/551/
357722 331234 or
333394
Production | 1992 1983 i 1987
Start
Technology | mono- mono- mono-. and | mono- pols- amorphous | amorphous
crystalline | crystalline | polycrystal- | ervstatline | enstalline™ | silicon silicon
line
Production | 300 kWp/a ]300 kWp/a | 100kWp/ia | 100 kWp/a | 100 kWp'a | N/A N/A
Capacity of
Wafer Line
Production | 1.000 500 kWp/a | 300 EWp/a | 300 kWp/a | T00 KWpa | 1.000 1.000
Capacity of | kWp/a kWp/a kWp/a
Cel! & Mo-
dulc Lincs
Equipment | wholc line | whole ine | kev equp- | key cquip- | Lanwinator | whole line | whole line
Origin imported imported menf import | ment import | nporicd unported imported
Production | 300 kWp 200 kWp 2350 kWp 220 kWp ° ? K
resp. Sales
in 1994
Upgrading | pullerand | entire line | puller and | puller. saws | entire fine
Needs SaWs saw and lamma-
tor
C-3 Efficiencies of Solar Cells developed/manufaciured in China (as of [Y8Y)
Cell Tvpe Efficiency (Cell AAreay Tes: Cosrehiprons
Laboratory Production
PESC ¢-Si 20.27% (1 cnv’) AM TS -
c-Si 15 6% (1 cny’) 10-13 (57 Diam) AM1 3
BSFR ¢-Si 13-14% (1 cm?) AMO ]
polverystalling ¢-Si 13% (100 cm’) R-10 (100 cy’) AM 3 o
GaAIAS/GaAs 18-19% (1 cnv) AMITO
CuS/Cd 8-9% (10 cnv’) AMITS N
a-Si 9 8% (100 cm) SO0 cm’) JAMT S

‘e

' Crystali pulier and wafcr 1D-saw not in operation at the present time
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C4 Installed PV System Capacety in China by the end of 1990 *
Application Sector Application Installed Power (kW p)
Communication ji-Wave Relay Stations: TV Transnuticrs. Terrestnial %)

Satcllite Stations: Carrier Telephone Systems: ctc
Remote Areas & Rural Use | PV Power Stations: Lighting and TV Systems: Inseat 300
Trap Lights: Electric Fences: Water Pumping Svstems.
cic.
Transportation Beacons: Light Houses: Highway and Railway Signai- 100
ing Svstems. elc.
Cathodic Rrotection Sluice Gates: Oil Pipelines: Bridges: cic 25
Monitoring Stations Mctcorological Stations; Fire Warning Systems. Earth- 23
quake Statiens: High Water Warning Svstems: cic
Others Tour Boats: Street Lights. Toys. elc. 200
Total 1.250

C-5 Proposed PV Demonstrations

The following demonstrations are proposad:
+  Remote PV Home Svstems
»  Hybrid PV 'Wind Powzr Supplv Svaein
e Solar Pumping Svstems tos Small Livigation
»  Solar Pumpine Svetems tor Potable Water

e DPzmustranon tor islands sinclude de<alination svstzmy

PROPOSED PROJECTS
1. Remote PV Home S3 stems

Uit Power. 30 W

Number of the ststems. by SR S regions
Total Power SO Wp X a0 S KW

Location:  Qinghai Provinee

Local Cooperator: Qinghar Frergy Rescarch Institute
Load Speeifications for One Set.

l.oad VUit Power 1 Number off I,oadi Daily Working |i"nly consumus e
i W) | ‘t_ Time (hours) { a
Fluorescent ' 14 ! M ! s | 140
Lights & [ o *
( olour r TV '*2 60 [ I e 5 3 RtY
Wash_g_ylauu 120 1 I 9___ 1 60
“Others 40 1 ? 40
|
J

S—

Total 540




Weather and Geographlucal Conditioas:
Latiiude: 365 N
Longituds: 98.6 I
Elevation: 2804 v \]
Annua: Sunshinc: 2o Hours
Amnual Global Radiahon: 170.0 Kcalrem2

System Diagram:

ey | e | [Theme 1 Ac

Jowp -{' Controller l Inwﬁ“:r : Load i
| .

é Bateries ! L i D¢ :

| ! T TN el

e e ]

_Input: e e
L _lem o Contents [ Input(USDS) i
i Sitz Identificaion &« 13 places in Qinghai Province!l STC COMIMON 15802
1;_ Selection ;__ S
! Solar Array r SOWp ™ 60sets = S¥Wp MR B
[ Bafteries |24V 120AH -« 60sets | Teon T
;__Co_mcqucr! L Gbseas T 4e00
|_Data Acquisition System | 6 sets Ch Lo
i DCAC Inverter ; 150W {60 sets ' 3.000 3
Transportation & Installation, R (X
o Ewpens | dmwm 4 10000
Training for Local Prople | 3 m/m 4500 _j
__ Traiming Abroad } S¢S common issue sce commor issue
| Project Mamagement 1 2 years L ___ seccommon issue |
L. ,T‘,”?!’ — [___ o J - 8lv50() g

‘e




2. Hyvbrid PV Wind Power Supply System

Capacity: 30 KW (10KWp trom PV and 20KW trom wind)
Location:  One village in Innzr-Mongolia
Local Cooperator: New Energy Othice ot Inner-Mogolia
Operating Mode: Both wind generator and PV aray charge the battery through
charging controller. DC/AC stand-along inverter supply the pow.r
to the local grid and another inverter is backing up. Diesel
Generator can be uszd as charger when battery 1s low or can supph
the power directly to the local grid when inverter gets into troublzs.
Daily Working Time: 8 Hours
-Back Up Power Source: 55 KVA Three Phase Diesel Generator

System Featurs

PV Power 10 KW
Wind Power 20 KW
Back Up Diesel Generator 55 KVA
Barteries 3000 AH/300V
Controlling & Data Acquisition System 2 set
30KVA DC/AC Inverter 2 set
Distribution System I set
Rectifizr and Charging Controller for Diesel 1 set
A Wind
uL, . Gemevalev ST
!l;'”‘ [ ] H . [
S — . N O
i l . § B
Pl i l?“ | 'r~~'rly—-A—C
P ¢ R frio- 0
{-————"_Y [ - L’- ? é I%:i
; So'&y l C”l?’e I ' B:—dlrccfm'fl by oo
: i I L7 Y ;
P Ay ch'—'jg'-{fﬁ ] | Tovertey ;4§ i
P LI
. _L _l._.__ : ; i '
| ——— e e .
‘ Batrervies l .Recf-f-er :__‘ Diesel ; T |
i ""’A/ V ‘C"&gj er ! :Genevd‘avj[

Weather and Geographical Conditions:
Latitude: 41.2 N
Longitude: 112.0 E
Elevation: 1000.0 M
Amnuval Sunshine: 2800 Hours
Annual Global Radiation: 158.0 Kcal/ecm2




%

Project Duration: 3 Years (include 1 vear tost runming and D:A)

_Input: e .
] Item Contents 3- Input (USDS) i
T Site Identification & 1 place in Inner-Mongoha r se¢ Common issue
Selection o
Local Construction 200 M? 50000 !
Local transmission line 1 KM 20,000 .
Solar Array 10 KWp 70,000 ]
Wind Generator 20 KW , 80,000 .
Diesel Generator 55 KVA 30000 |
Batteries 3000 AH/200V 80,000 |
Charge Controller 1 set 20,000
Data Acquisition System 1 set 10,000
30KVA DC/AC Inverter | ° _1set 60,000
Distribution System 1 set 10,000 ]
Rectifier and Charging 1 set 10,000
Controller for Diesel ]
Transportation & Installation o 30000
Experts I m/m for pre-survey ) 20,006 '
{1 m/m for system design ' L o
Training for Local Pzople | 3mvm Co 4500
Training Abread ' see common ssue | s COMmMOn 1ssuS _J
| Project Management ' Svyewrs | See COmmon issue i
Total L - Lo d%ase0

3. PV Pumping for Small Iirigation

Unit Power: 2.5 KW

Numbers of The System: 3 sets

Location: 3 places in Tibet

Water Table: 20 M

Water Needs: 20 M? in each place

Objectives: In the aorth-west part of Tibet, vegetables can only be planted in gree
house. [migation for the green house i1s always a problem since
slectricity is only available in the evening when diesei generator start up
for 3 hours lighting. PV pumps are the excellent solution for the green
house urization.

‘.
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AC SYSTEM
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T AcMelor purP
9 —isotar 1 peshe - —
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[ | L o - =
Weather and Geographical Conditions:
Latiude: 30.0-34.0 N
Longitude: 81.0-93.2 E
Elevation: 3500 - 4500 M
Annual Sunshine: 3000 - 3200 Hours
Annual Global Radiation: 180.0 - 200.0 Kcalicm2
Project Duration: 2.5 Years (include 1 year test running and D/A)
Input- . .
- Item } Comtents : Input (USD$)
" Site Identification & | * places m Tibet { Se¢ Common issue
: Selection I ' . o
’ Solar Array ; 2SKW <3 ; 54,000
Inverter & Controller ___E___w 3 sels 18,000
Pumps o  3sels 3,000 ;
b Data Acquisition System ] 3 sels . 6.000
Transportation & Installation] | 154000 _
g Experts —J[ 1 nvm for system design nonn
| Training for Local Peopht__i_____“ Smim o 4300 :
| Training Abroad 1 xge common issue ! SeC COMMO isxUe
. __Project Management 23y | see common issue
| Towl L % fnson !

-

4. PV Pumping for Potable Water
Unit Power: 500 W
Numbers of The System: 4 sets
Location: 4 places in Inner-Mongolia
Water Table: -~ 20 M

K
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Weather and Geographical Conditions:
Latiude: 300-420 N
Longitude: 87.0-120.0 E
Elevation: 800 -1200 M
Amnual Sunshmez:  2600- 2900 Hours
Annual Global Radiation: 150.0 - 170.0 Kcal'cm?

Project Duration:

1.8 Years (includs 1 year t2st nnming and D Ay

Input N i
o .l-m i ontr‘ms ~Input (X SI)S\
©Sitz [dentification & | 4 places in lnn»r-‘\iongoln ' see common issuz

. 3 |u.l. m o J__ o o
Local Constrsction I Well Digging - 4 ‘ 245,000

: Solar Array i S00Wp - 4 T 15,000

P e e i Bt e -

. K onlrnllpr : dgets __(3_»(1(}{[4

P Pump\ o ' 4sets L 4,000

[T rzm\pomuon & Insnll"mon 4 plaCcs L L 15000

! Fxpens 1 m/m for pre-survey | 20.000

f___ 4 L . tm/mforsystemdesign ¢

lr Tr 'unmo for local pcoplc ‘ 4 people L 6,000

l . lrmumg,-\brnad see common mu* L Se¢ COMMON Issus
f’r()';u.[ Management | 2.5 years _ NEC COMumMON iSsue.

7 [in N L f 86 000‘

7
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. PV Desalination System for Island

Capacity: 15 KW (3KW trom wind-generator, 10 KW trom PV)
Location: Chang Ixland. Shandong Province

Cooperator: State Oczanie Burcan of China

Cperational Mode: Power supply for a desalination system

System Feature

PV Power 10 KW

Wing Power SKW

Batteries 1000 AH/300V
= Controlling System 1 set

1SKVA Inverter I set

Distribution System 1 set

Water Lifting System 1 set

(with 1.5KW Pump)

Reverse Osmosis Desalination Syst. 1 set

(with 5.5KW high pressure pump)

Fresh Water Output: 15 M*/Day

Hi"' pressure
Fum-’) I fuw
l RO. Desal. Fresh Water

=P

" waste

L;f‘hnj e

Syst N\~ | =70

——

:\T: Her

Syst.
_— 1-SKw rumr)
v~ ~\1 wind Geweratoy J
<7 —, Cen"YA.l
_ - Controlley ;‘;‘/L;f
oI Solav l T votol
Avray Batleries t

L S
Dishs buter

Weather and Geographical Conditions:
Latitude: 7.5 N
Longitude: 1214 E
Elevation: 16.0 M
Annual Sunshine: 2400 Hours
Annual Global Radiation: 120.0 Kcal/cm2
Annuval Average Wind Speed: 6-9 M/S

8
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Project Duration: 3 Years tinclude 1 vear test nmming and [7A)

Input:
o tem | Comems Input (USD$)
Site ldentification & Chang Island in Shandong | see commen issuz
Selection . Provinee | o
Infrastructure & Housing 100 M¢ i 50,000 R
__Solar Module " 10KWp 70,000
Wind Generator S Kw 20,000
15KVA Inverter 15 KVA 30,000
Batteries 1000 AH/300V 30,000
Distribution System I set 5,000
Water Lifting System with 1.5 KW pump 10,000
RO Desalination Equipment | with 5.5KW high pressure 20,000
__pump
Charging Controller 1 set 10,000
Data Acquisition 1 set | 10,000
Transportation & Installation H 20,000
Experts 1 m/m for pre-survey ! 30,000
2 m/m for system design
Training for local people 2 m/m H 3,000
Training Abroad 3¢ COMMOn 1ssue SeC COmmon 1ssue
Proj=ct Management 3 years se¢ common ISSuS
Total : 308,000
Budget for Common Issue:
Items ' Contents H Input (USDS$)
Site Identification & For 5 demostrations | 50,000
Selection o JL
Project Management 3years | 30,000
| __Training Abroad §m/m 40,000 - |
Total 120,000




_Project Budget:

>

Items

China

[nput
(Usbs)

Experts | 7

90060 ;

Donor  Input
~sbhsy
Grant

Tramng for Lecal
People

. Soft Loans

Total
tushs

90 _nip

Poo22500

| Tramung Abroad

40,000

40,000

Project survey &
pre-condiioneig

+—
i

50,000

"~ Construchons

100,000

140,000

Equipment ,

359,000

100,000 | 200,000

759,000

Transportation
& Installation

40,000

90,000

Project
Management

30,000

Total 2

564.000

345,000 | 300,000

1,221,500

Time Schedule:

Demo Project

Remote PV Hc_;me Systems

Activities

Ist Year

! 2nd Year

M 1-6 i

M 7-12

M1-6

_Proj. Survey xoom

T
Contract Date

s )

Local
Construction

Equipments
Manufacturin: °

—
I
1
1

-

J RPURROPR SRR

Tech Training

Shipment

Installation |

Traming for |
Loca) People |

—— e d e F.

Test Running
& DIA

N N I U

- e ]

T I 7 T 2L L £

rN NN NRS &L
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Demo Pl’llj_t‘fl_ 7 Hybrid PV/Wind Power Supply System

|
| Activities | IstYew ] 2nd Year . rd Yo
| Mo M2 DM Mz T M L AT
Proj. Survey o | R . ' :
| Contract Date | == | R
Local E““‘ll{[“‘;]lr(“fal_m
Construction e e _
Equipments TR WPV (TTTTTIAL ;
Manufacturing o _;,__v_-__, ) . L
Tech Training = R
"~ Shipment N S = O -
Installation | B
Tramng for n% |
Local People l I TN _
Test Rumming I laazzmm >
&DI/A i l
Demo Project PV Pumping for Small Iirigation
Activities Ist Year 2nd Year 5rd Year
MI16 | M712 M1-6 M7-12 T \M1s ]
Proj. Survey pmn oy ___“_j_ _ B
Contract Date w } e
Locai resrrreaaasaianzec i ‘ i
Construction e i . __i__ _
Equipment's . I | ' §
Manufacturing i ‘ N ,
Tech Trainingg ~~ «  an I
_Shipmemt | . . i
Installation | S wazmm | 1
Tranmg for If ‘
Lacal People S l —— e e
Test Running : . 7 LLIJ, IES SN gTIELs ]
& D/A i I
i1

v
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Demo Projecti ) ) PV Pumping for Potable Water -
Activities | IstYear ! 2nd Year
COMI6 | M7-12 ¢ M1-6 | M7-12

Proj. Suey pom |
Contract Date!  gm

o Loca‘{—r‘{_ ' ‘mmm
| censtuction o Vb
Equipments rsaosaawia o azaus §
Manufacturing

Tech Training, mny i
Shipment prrrry i
‘Installation o

Traming for
Local People L

T:Sl Rming RENYIBIRSIZIBMI ST/ BIBMBSIRN 22TV
& D/A J|

e et e e e oy

Demo Project PV Desalination System for Island

Activities 1st Year 2nd Year 3rd Year
M1-6 M 7-12 M1-6 M7-12 M 1-6 M7-12
Proj. Survey prm
| Contract Date o

Local 188/48:711SBFFIARTIIITIFTI. ] i
_Construction :
Equgments | 0070001/ IS IYT941301. 4 (V19027 )
| Manufacturing
| Tech Training i b
_Shipment |
Instaliation |
Trangy for 1
Local Pegple mi
Test Running ; PTIII[III/;[ I/ TTFII4/1)
&D/A | ! !

1L77

3

(s !






