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This project seeks to facili1a1e in China the research. de,·clopmcnt of new types of high-performance. ,-acuum­
insulated tubular solar-thermal collectors and their diffusion and mari<et penetration on a large scale by (i) 
carrying oul system-IC\·cl performance demonstrations in intermediate-tempcra1urc (up to 200°C) applications 
such as induslrial process heal and solar-:issisled space cooling. and (ii) designing and implemeniing a produc­
lion facilily for these new designs of solar collectors in p:1i11cular. the followrng ac11n11es ar~ envisaged· 

Setting-up of an R&D laboralol} with the cap.1bili1y (i) to produce nanges on glass tubes up to 200 cm 
length and 15 cm di11111e1er. (ii) lo produce and (i;i) 10 experiment wirh glass-metal end seals on glass 
t•:bes up to 15 cm diameter. (i\") to evacua1e and ou1gas glass lubes wilh metal end seals. and (v) to 
;>roduce highly sclecti,·e coatings on aluminum surfaces by magne1ron sputtering~ 

Training of 1echnical s1arr 10 perform advanced R.D&D work in glass· metal technology: 

Devclopmcnl and performance-1es1ing or advanced designs of e\'aCua1ed-lubc-collec1ors (ETC) or 
higher efficiency or the (i) concentric tube (tube-in-lube) lype. (ii) the s1oragc (cylindrical absorber) 
lypc. and (iii) the bent-absorber type (wilh hear pipes or concentric tubes) 

Demons1ra11011 of the s1111ab1l11y and perforn1;111cc of ad,·;111ccd ETCs 111 SC\'eral 111tcr111cdiatc-tempcra-
1ure applications of lugh rclc,·ance for Ch111<1 (cg solar-assisted space-cond111011111g. industrial process 
heal g~neralion). and 

Carrying out (1) a full r.ngmeenng design of ;1 prod11c11011 hne for ach·anccd ETCs wilh a prod11c11on 
capacity of ~o-.ui.ooo 1112/a and XO- IOll.OOO 1112/a. rcspccll\ch. and ( 11) the constnic11on of such pro· 
duclion facrhl~ 

Draft Vcr~1011 I I Jul~ 17. l'J'J)) 



A .. Conic~• •. 
~-scuplion or the SubS\.'CIOr 

Co.11 currcn1I~ prondcs 75~;, of Ch ma· s pmn;1n cncr !!~ 111."Clh and 1s uS\.'d pma;ml~ 111 1hc cht·mi.:;11 
and clectricily genera1rng 111dus1ncs and for 1he producllon of sp:ice and rndus1nal process heal Recent prOJCI:· 
tions cn\"isage - i A20 mil Iron ions _-ir co:il consump11011 b~ 1he \ear .:moo_ .~l<% of which (5-111 Mic/a) dcslmcd 10 
be burned for producmg ekctricit~ B~ 20 Ill. corsmnptron 1s c'pcc11 .. -d 10 nsc to -2. IOO million ions of coal of 
which 60o/o ( 1.260 Mic/a) arc 10 sen c el1..-clric11~ gcncra11011 purposes 

The cfficien~· of present C0."11 firing 1cdmologics is low by m1crna1ional s1andards and specific co."11 
consumption correspondingly high In large coal..burnmg ins1alla11011s. em·ironmentally harmful and hcalth­
hazardous emission or C02. S02 and particulates can. in principle. be minimized (e.g. fluidized bed combus1ion 
and combiited-cycles). Emission control in small co.11 burning ~mus (<20k\V,) .. on the other hand .. is technolog1-
cally demanding and difficult to implement. considering the large number and mostly pri\atc ownership or 
these units. 

Environmentally benign ulilizalion or (rcnewa~lc) solar encq,~ for the gencra11on or low-temperature 
thermal heal has lhc potential or significantly allc,·ia1ing this problem on local le\"el. Solar-generated heat can 
be used t<' produce domestic warm water (solar waler healing). warm ;ur for the drying or produce (solar dry­
ing). heal for lhc preparation or meals (solar cooking;. process heal for commercial and industrial purposes 
(solar induslrial ::trocess heat) and thermal energy for the con1rol of comfort in li\ing spaces (solar-assisted 
space conditioning: passi,·e solar houses) 

The specialized technologies for pronding 1hese scn·ices arc under developmenl over 15 years in 
China and elsewhere. Technologies n hich became 111:11urc :1nd encounlercd receptive marketing conditions arc 
commercial. In China. solar waler healers ha,·c been produced for more 1han 15 years in different varieties and 
arc. disregarding hydropo,,er. 1hc mos1 successful C\amplc to dale of renewable enr:rgy utiliza1ion Production 
or collectors for solar water healing sys1c1m reponcdly has reached ·-c'iOO.IK)O m2/a. well the largest production 
m one country worldwide. Of 1his \Oh1me. II] 1s produced b~ one manufac!urcr (of this. 20% for expon) and 
the rest hy more th.1n llKl small-10-mcd11111M11c e111erpnscs (SMEsl The 'ariety of collector types (mos1ly Oa•· 
plate) and lhc span in quality of components and s~s1cms produced 1s large (mostly marginal). 

Given the fa,·orable insola1ion condnions and the po1en11:1I for sen ices beyond the provision of do­
mestic warm water. there is the urgenl need in Cluna tc. upgrade solar-1hcrmal technologies towards higher 
efficiency. performance. quality and cos1-cfTecti\encss~ all-glass e\ac11ated-1ubc solar collectors arc a prime 
candidate technology for reaching these goals The solar evac11a1cd-1ubc-collcctors already developed provide a 
good basis and chance for such undertaking. 

2. Hosl Counlrv Stratcro • 
The Govcrnmrnt or Ch ma recognizes 1hc 'aluc or rcnc\\ablc sources of energy (in terms or safcgu;ird· 

ing the environmeni and for 1mprorn1g li\·ing condll!On>) for 1hc augmcntauon or present and future cncrg~ 
supplies In 1992. the S1a1c Conner! defined IO mc;n rc.sh-leps concermng cnvironmenlal protection and na­
tional development 11 declared thal .. lhc 1cchnolog1c5 for the u11h1a11011of1he clean solar. wind. gco1hcrmal. 
lidal and biomass energies shall be de,·clopcd and 1hc1r use disscm111a1cd conuncnsura1c with local co11d111ons .. 
Also. a number or renewable energy R.O&D and dmenuna11on pro1cc1s \\Crc carried 0111 wi1hin thc-.. K1•1 F1\C­
Ycar Plan"'. 

The Go,·crnmcnl of Ch111a recog1111es 1hc s1g111rica111 con1nh1111011 wluch solar-thermal u1illi'~ll1on can 
rn principle. make 10 reduce coal con-;11111p11on (for Im\ ·lcmpcralurc heat prod11c1ion). cnviro11mcn1al dcgrada· 
lion and health ha1~1rcls 11 desires 10 11p,i.:rack 1hc prcs.:n1 1echnolog1c;1I IC\cl b~· srrcnglhcncd R.D&D. 10 1r:1ns­
fcr new lcchnology 11110 prodr..:rmn. and 10 'ill11111l;11c co111111crcral11;111nn and apphcalion d1~scm111a1ion 

In 1hc pasr. 1h~ <.olar·lhcrm.11 1111111,ln .:111mi:d wn.,11lcrahk '11f1porr b~ 1hc Gmcrnmcnr of Chrna 
(financraL manpo\\cr). tH RX: I> ""'""'c' ;111d 11111\ cr~111c~ t 1cd11111ln1'.11..il k11cm ·hm\) and 1hro11gh 1hc \ucn · 
llfiC·ICChnological cropcr;1lro11 \\llh rorc1g11 ~·01111lrlC\ (eCJlllJllllCllf. C\Jl<.:rll~C) (i111dclt11CS for lcchnolog~ de\ Cl· 
opmcnl wcrC'prondcd h\ 11.111011al \lanclard~ for llal·plalc solar coll ·cror performance ra1111,.: (GB -1271 ·X-J) ancl 



lor the quality assessment of sol:ir collc.:1llr prod111.1s 1GB c.-t2-t--Sc.l These act1\·1t1cs ga\"C cons1d.ar~bk 1111~111' 
to technological dc\"dopmcnt :md kad hl pmdu.:t 1111p!l)\c111c111 ;ut;J di\ crsll~ 

The Go\"crnmcnt of China has dr:m n up :1 progr;1111 of pr:i.:11c1l :i..:uons to gmdc Chma ·s o,·crall Jc, d 
opmcnt mto 1hc 2 lst ccnlu~ This .·lgl'11tl.1 : I ii 1utl' l'•l/'•.,. frio • .:u~..:· llll the prcssmg problems of popula11011 
gro\\th. sustainable expioit;uion of na1111:1I rcs..l1m:cs. c11nro11111c111:1I prcscl\:ll1on and contmucd dc,·clopmc111 
In this context. 62 executable prOJC:Ct propos:1I \\Crc 1den11ficd Tins Prn11..-c1 on .. Research. De\"clopment and 
Diffusion of New Types of H1gh-Pcrfor111:1111:e Sol:11thcrm:1I Collectors .. _ bcmg ~15':d on program areas I 2B 
I ZC and 130 of Chm.1 s Agencfa Z I. 1s one .1111011gst the pro_11..-cts selected for coopcrauon i>c1wu:n Chin.a. 
UNDP/UNIOO and other countries (bcll'n~mg to Pnorll~ Arca ~ .. Clc:m Energ~ and Tr;msponation""). It 1s 
cn,·isagcd th.it -2.5 MioS from the GO\ ernmcnt of Chi11;1 and (and - 2 -t M10S from external sources) "111 be 
m\·cstcd in this Project. 

-t Institutional Framewor~ 

National R&D centers were established to coordmate and ad\·ance the dC\·elcpment oftcchnologie:. fo1 
\\ind. biomasslbiogas. geothermal. small hydropower and solar-electric (PV) energy util:zation. such institullon 
does not exist for solar-thermal technologies Solar-therm:1l 1cch11ological ad\·ance depends to a large degree on 
the initiati\'e of indi\"iduals and institutions 

BSERI has been at the forefront of solar-thermal tcchmcal :td\·anccs since its establishment in 1979 
(flat-plate ~llcctors: Sunstrip,.. absorbers. heat-pipe e\acuated-1nbc-collcctors). BSERI 1s the responsible exe­
cuting agency in this Project for R.D&D on component and s~·srcm le\·el. while its wholly-owned manufactur­
ing subsidiary SUNPU Co. will be rcspons1hlc for commercial producuon of crncuated-tube-collectors and 
marketing of products and systems. 

R. Project Justification 

Problem to be Addressed I The Prescn1 S1111a!!_OJJ 

In China. a ,·ariety of solar colle.:1ors for \\:tier he;11111g has ti..~en de\"clopcd and solar warm water s~ s­
tems been produced for O\"Cr 15 years. rangmg from \·er:. simple designs 10 more complex configurations o, er 
1hcsc years. the market for solar warm \\:tier s~stems developed gradually bul steadily. with domestic warm 
water (DHW) systems anaining considerable popul;iril~ 10 dale Mos1 of the solar \\;lier collectors produced 
today arc of the flat-plate type wnh smglc gla1111g and black-pamtJlo\' -grade absorpti\·e coating of absorbers 
Only few collectors produced arc of the lughcr ;:ffic1cnc~. \·ac11m11 msulatcd 1ypc 

The solar water heating industry is characterized b~ a lar gc number (about 180) of predominantly 
small or medium-size enterprises (and c\·en Uni\"crsity ins1i1u1es) "luch produce domestic hot water systt>ms 111 

often small quantities ( 1.000·2.000 m:/a) and with quality s1andards customary for such industry in China On.: 
company produces about 1/3 of the annual nauonal output 111 absorbers. howC\·cr. for domestic induSUJ as well 
as for export (anodized aluminum strips roll-bonded 01110 Cu-1ub1ng). using a Swedi!>h license and imponed 
machinery. China is said to be the largest producer of solar absorbers. solanhcrmal collcc1ors and DHW s~s­
tcms in the W.>rld. with an annual production cq111\alc111 to abo111 <100.000 m: 

DHW systems produced arc 111s1allcd 111;11nl~· 111 mral h111 ;;lso urban areas Around 85%. of the DH\\­
systcms produced arc of the one-loop 1hcnnos~phon (11:11ural circuL111on) l~pc with storage tank separ2tc from 
lhe collectors (lwo-loop syslcms arc more cos1I~ and need assured line clectriclly for pumped circula1ion and 
electronic controls) 

While quality. hfet1111c and prod11c11011 cnsl of na1-pla1c collector DllW s~·stcms produced \\Ould need 
upgrading in g·.:neral. there al-;o 1s the need (and ample apphc:111011 opport1111i1~·) 111 China for more cffic1e111 
solarthcrmal collectors which pr0\1clc 1>11\V O\er longer lll:riod~ of11111c of1hc ~car. or which produce i111c; 
mediate- to l11glHe111pcra1111c heal for 11Hl11s1r1al/co111111crc1al procc~sc~ (cg 111 the food processing and IC.\llk 
111d11s111es or in ho-;p11als) or for sp:Kr 1.ool1ng (c J.! :11r-conchi1011111.~: of ho1cls or olfo.:cs or cold s1or:1gc of food) 
Wl11le the dc111and for proccs' hcal ., p;11111.1d:irh lar1:c 1111111.: '.\1>1th (If 1hc c1111111n. sp:Ke-cond111011111g 1' pa1· 
11cularly importanl for rcg1011\ nf Sn111h 1"111111 

As an outcome of a S1110-(ic1111.111 rcd11m.:;1I coopcr;1111'11 prn1n:r ;111d aflcr 1.:011mlcrahlc 111d1gcnm1~ dr· 
\dopment \\'flrk fN adap1a11011 a nmcl lc<.:hnolog' for a l111:h-dl11.11.·11n hca1-p1pc all-glass cvac11atcd t11bc 
1.:ollcc1or (ETC> w;.~ s11cccssf11lh 1r;111skrrccl and a pilol prod111.11011 11111.· r,1:1hhshcd h' lhc end of l'J•J-t (for 



about 30.lM>O tubes/a cqui,·alc11110 - h_IKHI 111:ia) The prod11c11011 rd1cs complclcl'.\ on do111cs11c.1I" proc.h11.xd 
m."lterials and half-products The ETCs han: b...--cn uscd 111 l11i;h-<111al11y DHW S)·s1ems. s.1111plcs of "Inch ''ere 
marketed domesticall~· al comp.:1111\C prices ;111d fa,·orablc coslllx:11di1 rauos (com~tred co slandard fl;11-pb1c 
collectors) 

Using difkrcnt absorber- and heal-transfer designs and larger glass-tube diamclcrs. 1he hea1-p1p.: ETC 
tcchnolob~· can be replaced and upgraded for lugher dlic1c110. op1.:ra1mg tcmpera1urcs up to 2.:\0'C lugher 
annual pcrfonnance. adap1:uion for specific ;1pphca11ons and/or for lo\\cr production cosl. pronded 1ha1 a do­
mestic R&D capabilit~· can be cslablishcd 10 pursue :id,·anccd gbss-mclal 111;11crials ,·acuum-11ghlnl.'SS issues 

I 

The Project. therefore. aims 10 est:ibhsh modern me1hods and R&D capacities for ad\anccdevelop­
mcnt of highly efficient solar ETCs. for transfer of this tcchnolog~· into pilot production. and for the 1cchnolog1· 
cal and economic demonstration of ETC technology rn intermediate-temperature solar applications in Chma 
The Project will upgrade the knowledge about ad,·anced solanhermal systems. about the abilit)· to produce 
them. and about the capabilil)· of these systems to assist in alienating an increasing National demand for ther-
mal energy. / 

2. Expected i:nd-of-Projcct Situation 

Upon completion ofrhc Project. it is expected to h;l\·e achie,ed the following. 

an R&D laborato~· will have been set up mth the c<?pabilit~ (1) to pr'lducc flanges 0::1 glass tubes up to 
200 cm length and 15 cm diameter. (i1) 10 produce and (iii) to experiment with glass-metal end seals 
on glass tubes up to 15 cm diame1er. (i\") to e\·acua1e and outgas ghass tubes with .nelal end seals. and 
,v) to produce highly sclccti,·e coa1111gs 0:1 alununmn surfaces by magnetron spunering. 

2. technical staff \\ill ha\e bl.--en I rained 10 perform ad,·anced R.D&D work in glass-melal tech no log\. • • 

3 alternate designs ofETCs of1he (i) concentric tube type. (ii) the slorage type. and (iii) the parabol!c 
absorber type will ha,·e been dewloped and performance rested. 

the performance of advarced ETCs "111 ha,·e been de111011s1r;11ed in sc\·eral in1::rmed1a1e-1empera111rc 
applications of high rele,·ancc for Cluna~ and 

5 :m engineering design for a large-,oh1111c prod11c11011 hnc of ad\anced ETCs will ha,·e been camed 0111 
and such production hnc will h.1,e been 111stallcd and comn11ss1oned. 

3. Target Beneficiaries 

The immediate beneficiary of 1he Projec1 will be 1hc Be1j111g Solar Energy Research Jnstilulc (BSERI) 
and the BSERI manufacturing subsidia11-. SUNPU Co .. The !.Cconda~· beneficiary will be the Chinese soc1e1y 
as a wh~Je which nill get access 10 a 1echnology of 1he fu111re which. under 1hc climatic and insolaiion condi­
tions of the country. can signilic:mtl~ con1nb111e 10 s1em the demand for fossil-based energies The tenia~ 
beneficiaries will be the agencies and orga.1;1ations panicipating 111 the Pro1cct and the insti1u11ons and socie­
ties (e.g. ISES} encouraging the 11tili1a11011 of rene\\ablc energies 111 China 

!~oject_Slrategy and lns1i1111ional ~1rang~111c111~ 

The Project builds on lhe expertise. know-how and cnmpclcncc on solar evacuaied-tube-collector 
(ETC) technology which has been de,·clopcd by BSERI over the pas1 l\\O years (I ':)93-199·0 BSERI will be rhc 
sole responsible counlerpan exec1.1ing ins1i1111ion 111 this ProJeCI b111 '"II collaborate durmg Project cxcc1111on 
with 01her R&D cn1i1ies domeslically ;md 1111crna11onally 111 rhe fidl! of glass-111e1al and evacua1ed-glass-111bc 
lechnology (one R&D 111s1111111on in Ch111.1 pursues a vcr} d1fTcren1 ETC design. hm\e,·er only for domcs11c hol 
water supply). 

The exccu11on of the Pm1cc1 1111! be ass1s1c:I tJ, a Na1ron;1I l'ro1cc1 Coord111a1or (Nl'C I and by C111d 
Tedu11cal Advisor (CTA). bolh 111cl1\ld11ab 11\:1, g engaged on a part·111nc b:ts1s Chinese nalmnal fina111;1al 
con1nbutions which arc c~q1cc1cd from SSH ;111d/or Sl'C for the l'r111c.:1 ~h:ill Ix: channrlcd direc1ly 10 BSl'.HI 
based on the'lldvicc of 1he l\if>C. while f111;111ci:il as"~1a•1Cc 10 rhe l'ro1eu (.or cq111p111e111 and 111-co1111tl") C\· 

pcndllurcs. if any) fro1111111cri:a11onal org.11111a11011s Clr foreign 11;111011;11 hod1cs ~hall he cha1111cled lo r~!,E'!I ·.1;1 
ACCA 21 (hascd on 1hc adncc ,,f 1hc NP(' and CT/I. rf lJNl>l'/I iNli>O v1 :ksirl'~) 



•. 
UNIDO through us 11111:matto11al :u1:111!!eme111s. h;1s 1he ;ib1h1~ lo pronde a p:icb!'.e of goods and 

services without n;i11011al rcs1m:11ons and hl 1m nde ted1111c:1I assistance qmckl~· through rts lrnks \\Ith mdustr~ 
in developed countm:s Tl11s PrOJl'Ct ''ill pwndc 1111.:rcas....-d c:1p;ic11y building 111 the form l'f up~radcd solar­
thermal manufacturmg :md R&D cap;1b1h111:s \\llh111 Chma. along \\1lh fosh:ring of lon~-h:rm rdauonslups 
bc..-twccn China and forcr!!n mdust~ UNIDO. s bck of commcrc1al bias or mterest permits 1he q1m:kes1 possrbk 
transfer of !he mos! appr.1ru:1te tcchnc;log~ and process kno\\-hO\\ to Cluna UNIDO not onh \\ 111 be able IO 

suppon the ProJCCI b~ lhl· pro\·1sion of a Clucf Technical Ad,·isor. by ln1enu1ional b.p.:ns :111d b\ Trauung of 
Chinese scienlists/engmcers m solar-thermal technologies and related issues. but also rs able 10 sohcu the 
funding suppon for ma_1cr equipment items from the mternational commumt1cs 

6. Special Considera1io11s 

The Project is SJ>l.'C1ftcally designed to address environmental issues. e.g. :illenating energy shonages. 
reducing atmospheric cnussions from fossil fuel combustion and. in general. prcscrvmg the environmenl. 

It is predicted that demand for low-tempernture thermal heat in China (for healing \\:mn water. proc­
ess heat) \\ill rise signiftcan1l~ in the coming years in parallel with overall economic de,·clopment If the pat­
tern in industrialized co11111ries is any guide. 11 can be expected that about .J0-50% of pnma~ energ} mput will 
be utilized in this sector Gl,·en China· s fa,·orable clim:nic and insolauon condicions and srrll large percentage 
of population li\·ing 111 niral areas. 111telhgen1 solar-thermal utili;r~111on will be one of the most promising option 
to stem the tide of rap1dl~ mcreasmg demand for fossil energy. inc,·itabl~ influencmg negamcl~ the ennron­
mcnl on local. regional and c,·en national le\el. Disregarding elcctricny generation \\Ith large machines(> 300 
kW.) at fa\·orablc sites('-"'·' >5m/s annual ;:\·crage). solar-thermal heat generation tCI sa11sf~ low-temperature 
needs will also b.: \C~ promising in term~ of cust-dfectiveness comp;ired to supply altcrnatr\·es. 

Vigorous!~ dc,clopmg and implementing this renewable cncrg~ tcchnolog~ 111Chma1111111ediatel~. mil 
therefore be an 1111pona111 actr\·ity safcguardmg rhc national fu111n: well-bc1ng 

L CQOrdination Arrangements - L111ks/Coord111:11ion with other Pro1ects 111 S11bsec1or 

II} Coordination Arrangements 

O\'erall Pr~1cc1 coordination\\ 111heearned0111 by the National Pro.reel Coord111a1or (NPC) 

(ii) l.inks/Coord111;11:011 wilh other PrC1~cc1s in S11bsec1or 

None. as there arc no other maJor R.D&D acti\'itics in the solar-thermal field 111 Clun:i al present 

R-'-(i!Pill>.!WJ and Co11111111111cn.!._Qf Host Counl!l 

China has co111111111cd to s.1fcg11ard111g 1r"s future b~ adop1111g the Agenda 21 Wlnte Paper and establish· 
111g ;:n administrall\C ccn11:r at the highest lc\cl for car~111g 0111the111111;111\CS dcfoicd 111s 10 be e\pcctcd that 
funds adequate to cam out the 111111atl\·cs \\Ill be made ;n·;ulablc h~ Ch ma ( nauonal funds I 

The 11lti111a11.: su;;ccss or the Project rowards providing energ\ b~ cnnrc 1mc111alh bcmgn means de­
pends to a sigmftcant d..:grce on 1'1c success to dc\'clop suitable 1cch11olog1es and to produce them al quality and 
cost c.:ommcns11ra1c \\ 11h purchas111g po\\crs (of cq111p111cn1 users I and cnerg~ supply al1crna1 I\ cs (which impact 
the c11nrnn111enl) The success of the Pro.re.:! e,·ec111111g counh:rpan orga1111at1011 111 ach1pt111g fore1gn-devclopcd 
technologies for sol;1r-1l:cr111al s~ stems (Su11s1r1p' absorbers. heat-pipe FTC pro101.' pc prnd11.:t1011 lrnc) a1tcs1s to 
the capahility to e\cculi.: this a111h111ous l'ro1c.:t 

Th~pl'INll\ prP~'.f;l!ll ror Chrna·s 1\gc11:b 21. 111 JHIOfll\ ;trl··· 1-~,\ .'t:t:b (O l.llll11;11: !he rc~c;m.:h. 
d..:\clnp111rn1 and cUii1':n11 ol Pn\ t~;ic~ of h1gl;·pc1fc••m;1nc:c rolh:~1nr-; 



.. 
The ProJ'-'Ct therefore a1111s to promote sol:tr-thcm1al 11t1lll'.1t1on m Cl11n.1 b~ 

(1) estabhshm~ the -:ap.1b11i1~· to conJuct R&D Ill and 10 d'-'\'Clop e\·acuatcd 11111': Ct•lk·.IUI 1E rc1 k"\:h 
nolog~·-

(ti) conduct mg lcdmical in,·es11gat1ons and R&D work 10 dc,·clop new 1ypc~ of ETCs \\1111.::h arc of 
larger diameter. more efficient. more ;1d.1p1cd to specific applications andi'or 111or..: cost-cffect1\·e. 

lni) dcs1g111ng. building. operating and performance-monitoring sc,·eral solar-1hcrmal s~stcms. using 
1hc nc'' l~P'-'S of ETCs del'clopcd. 

(1\') by prcp;mng for the large-scale production of such new l)-pcs of ETCs na the cng1111.-.!nng design 
of a production line for J()-10_000 m!/a and 80-IOOJIOO m1/a capactly. rcsP'-'Cl1' cl~ 

D. Immediate (Task) Objccti,·cs. Out1mts and Acti,·itics 

Part I (tTCL-IBJ 

Output: 

Activities 

RcspQnsible. 

Re-establishment of a laboratory for the development assembl} and test of nC\\ types of solar­
thermal C\·acuated tube collectors (ETC). comprising. iuter alia. (i) a magnetron sputtering 
facility to produce highly selccti,·c abscrpti\'e coatings on Al- and Cu-substrates. (it) a facility 
lo make and lo experiment with \·acuun1-1ight glass-metal seals. (iii) a larhe for fabricating 
glass-nanges on glass-tubes of\·a~·ing diameter. (i\') a facilit)· for me outgassmg of tubular 
assemblies. and (\') a test facility for the perform.1nce testing of ETCs 

1-1 

1-2 

1-~ 

1--1 
1-5 
1-6 
1-7 

Dr 

Asscmbl~· of a Chinese co1Jnterpart team (conststing of cigh1 cngmccrs specialized 111 

the technology of solar-thermal collectors. and four engmeers ~pcc1;1h1cd m the field 
of solanhcrmal S)·stcm design) 
Establishment of links with bet we.en 1he counrerp.i:1 team and mm crn11es or R&D 
111s1i1u1ions (nationall~ ;rnd 11uerna1ionally) 
Fellowship of one persc.n for 2 m/m 10 recci,·e I raining abroad en sol;1r-1hermal 
s~s1em simula1ion and space conditioning 1cchnolog~ 
Procure funding for the inrended im·es1ment 
Specify. teader and procure laborato~· equipmenl and fac1h11cs 
lnslall. 1es1-ope•a1e and conmuss;on procured cquipmenl 
Fielding of one in1erna1ional cxpcn in the field of solar-1hcr111al performance 
measurement and measuremct!I equipmelll for I m/m 

He Z1111an. Solarthermal Depanmenr. BerJmg Solar Energ~ Resc;1rch l11s111111c (BSERI) 

New eguipmenr regmred (cos1s estimated. no1 including 1ra11c;pona11on and import ra.\cs) 

Type of Eq111p111ent - Cost of Eq11ip11•ent·· Remark.~ 

Activitv Actiwtv (m ( 'S-SJ 
Glass nange forming machines $ 130.000 (import) D '· 0100 - 150 111111 (2 units) 
Pholo glass-stress detector $ 10,000 (import) D = 0250111111 
Molecular pump $ 30.CX"I (domeslic) ,. = -150 l/s. p < 10 • 
Temperature controller $ 25.000 (domeslic) r = 11-soo0 c. to 5 °C 'ii' 500°C 

,._S'-u""1oc._1r,.;.s.;;.o_n...;,ir'-c'-l-"-ea""n'-i_n-"'-'ge,.;.:q ... 111-'ip._1'-n,.;.e_n'-1 ---l-'$'---'l:....0..:..1.:..>1_10__,_( d;::.o;:..1_n,.;.e"'-s1""ic:.:>'--------1...;,P __ =_5_1_ll_N-!. 50 : ca pacll\ 
Vacuum anne;iling appara111s $ 50.000 (do111es1ic) v" 010lh 1.'IOOmm. IO"(<i! 500°C t---------'---'-'-------+---------------i-----.... A_i r_c_o_m_.1P,_1r_e_s s_o_r ________ -+_s __ s .:....o_o_o, _,(_d_o _111_e_s 1_1 c;..:) _______ ._,_0 o. I :i Its 
TIG Welding 111ach111c S 10.000 (import) 

---------1-----~~--·-·-
M11lti-111e1al c1111111g machme ~ 25.0110 (domcst1c) D O 1011111111 
~---------"----·-----1~----------·----+--------- ... --- -- -----·-

I = 200A ( ~ llllllS) 

High-frc1111e119 l11.~a111!g_ fac1lll\ S .rn.ooo (domestic) __ !,_:.:__!_~~~'- _ ___ --------- __ 
Sputtering fac1ht~ S 250.0110 (1111pon) 051111 1.1100111111 
Solar s1l11'.1la1or s"1c111 $ 20.000 (~lOrt) ----T!.1i1IO~l1li!~;;;1~------- ----

~-1e111per;~i_r:__!~c!111os1a1 $ 20.000 (1111p~------1·-:-,-1 -. ~'l'~'.( :=· .. ---· 
~~;JS1~r.!!!!i '.!..'.~~ l!f.~\ .~'l~Jl.!_llCI~.!__ !__~~·~~o (import) ____ ~!.!.'1~~-~1c.11 l!o_\~ _ ~<!~1'-_--!~;-1_•_e ---- ~ m r.pccrrcpi:o1rnm·1cr ~ (1),000 (1111port) /, 2 .;; -\(~p!ll 

,.___. ____ .r··------·---··· - ··-----·-------·--· ------·--· --~-
I ~b~~1~_'L'.'~:_;_:~~r-_1111~~T.l'ara=.!_~o.ooo (1111porrJ_ .. ___ . __ ·-· ·----- ,, 1111 I 1 1H1 
LJ,~.!!~~!~:'.!.'.-~~"~!!!"~ '.'l'l~1ra11~ $ .rn;!!.!!!.!.J.!.!!!~!L ____ .. ___________ 1 11 _ ; .;;11 < · .. 

J; , I• 
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7 

l11frastmc111rc None room. po\\cr hnc conAl.xhon~. etc 
a\"ailablc ;11 BSERI 

TraininJ! abroad. Fellowships s .! LOCK! Ix 2 m/m 
~-- ----~ 

Expcns~ Consuh:mrs s 22.110.1 I x I 111/111 
----

Totals· (II <·qmp111t•11r s _'i8() 00(} 1111tf1tl!'ft•dJ 

5 :os. 000 1tl1111u:s11c11l~i· procun•dJ 

(111 Trtmmrj!. t·t·pcrf.\ s -13. 000 

Existing lahorato" facilities and measuring et1111pmcn1 (dedicated to pilo1-prd11d10n-hnc use) 

Facilitv; Equrpmenr rear o{..lcqui.~111011 

Magnetron Spuncring Facili1~· 1990 
Residual Qas Analyzer 1993 

Thin Film Controller 1~92 

Surface Profiler 1993 
Thcrmocomorcssion scaling facilitv 1991 
Leak detector 1991 

Glass lathe 1993 

Out~assing facihtv 1990 
flat-plate solar collector test facitin· 1987 
Pyranomcter 1980 

Pyranomcter 19811 

Pyrheliomctcr I 980 

Radiation Accumulator 191\0 

Anemomeccr 1987 

Temperature daca acqui~ition system 19Kl 

Spcctrophotomerer 

Alph:'llomeler 

Emissometer 

~ 

1981 

1983 

19R3 

Assemble counterpart team 
Establishment coopcra11on links 
Fellowship 
Procure funds for equipment 

Tipe Remark.~ 

Domestic 0500x I .lKKI mm 
Leybold (0) I - ICX> AMU. < l AMU 
QX 2000 
Leybold (0) 0.5% 
IC/4-plus 
a.-step 200 I<>\; A - 160 ~un 
Prinz (D) 400°C IO bar 
Lcybold (0) 2• io· 10 mbar/s 
UL 100 Plus 
Shengyang 0 IOOmm - 0 I 30111111 
BJ 150 W 

1•10-• Pa .. mo 0 c 
Dornier (0) 4 collectors. I 50 °C 

Eppley (US) 0 - 1.300 W/m:. ±1% 
PSP 
Eppley (US) 0 - 1.300 \Vtm~ . ±I 5°;., 
8-18 
Eppley (US) 0 - I. ~Oii \\'i1t1: r I'~ .. ;, 
NIP 
Eppley (IJS) O - 9. ')•)') \V h/111:. ± I%, 
411-61-'0 -
Tlues (D) IU - 611 111/s. ±O :' 111/s 
CLIM A 
Yokogawa (l) 0 - 211 mV. I ~iV 
YEW 3873 
Hitachi (l) () 25 - .!.5 ~llll 
330 
D&S (US) 0- I.Oil. O 01 
IA 

D&S (US) 0 - I.Oil. 0 OI 
AE I 

1-1 
1-2 
1-1 
1--l 
1·5 
1-(· 
1-7 

Tendrr and procure equipment/ facilities 
lnscall cquipmenc 

Sep. 0c1 95 
Sep 95 - Aug% 
No' - Dec •)5 

Sep - NO\ 95 
Dec 95 - Sep% 
Sep • Dec % 
No,% Fielding of interna11011al c\pcn 

Duration IX 1110111 hs 

l't1rl 1 r/'/(( I/I I/),.,.,,, 

IJ111pu1 Fnl h dc\ cll1pccl arid pro101vi:c-1cs1ccl cvac11a1ccl-( glass)fuhc wllccfor~ (!-. I"(' l 1 •f 0 IOll · 
I 'llmm and cl1ar;1c1cn1.ed h~ 

(1) 111hc:-m-111hc co:i!ii;11ra111111 for hca1-1ransrcr mcd111111111flo\1 a11d 01111l1m 1co1Kcnirn:-111h<: 
II lh:) 

-



Responsible: 

g 

(ii) tubular hca1-1ransfer medium mflow and \·olumc storage in a largc-d1amctc,.outcr tube 
(storage t_ype) 

(iii) smglc- or double heat pipes with bent absorbers (bent :tbsorbcr l~IlCI 
(i\') l:trgcr-di:uneter glass-tube ETCs of 0 120111111 and 0 150111111. n.~spc..:t1\ d~. of the co1\..­

figura1ions (i) to (iii) 

2-1 
2-2 

2-3 

2-5 
2-6 
2-7 

Dt.-sign new types of h1gh-pcrformanc-: ETCs 
Carl)· out RkD and technical investigations on 

absorber coating surfaces with high absorp!ion/low cnunancc 
TIG welding (for storage type absorber!') 
metal-glass sealing of glass-tube diameters > IOOmm 
outgassing characteristics of different materials 

Fellowship of one person for 6 m/m to recci\'c training abroad on surface sputtering 
technologies suitable for absorbers of solar-thermal absorbers (suggcstton: Australia) 
Fellowship of two persons for 3 m/m each to receive traimng abroad on glass tube 
fabrication (suggestion: The Netherlands) 
Fabrica1e prototype specimens of new ETC triJCs 
Performance-lest ETC prOIOl}'JICS 
E\'ahL,tion of protOl}'JICS manufactured: report genera lion 

Dr He Zinian. Solarthermal Dcpanment. Beijing Solar Energy Resc:irch lns!llutc (BSERI) 

Support required: 

Tvoe of.-lctivitv Cost o{Activi.v (in US-SJ RemarJ.-s 
Trainin~ abroad: Fellowships s 91.000 Ix o m/m. 2 x J 111/m 
Experts: Consultants None 
Totals.· (i) equipment lVone 

(i1) trainine: expert.~ s 9/.0'10 

Schedule 

Purl 3 (IJEMOJ 

Ournnr 

'* 

2-1 
2-2 
2-J 
2-' 
2-5 
2-6 
2-7 

Design new 1ypes ofETCs 
CarrJ oul R&D and 1cchnical in,·cstigat1ons 
Fellowship I (spullering 1echnologies) 
Fellowships 2 (glass lube fabrica1ion) 
ETC pro101ypc fabrication 
ETC prototype rerformance-1esting 
Evaluation: report 

Ou - Dec 'J 5 
Oc1 95 - Aug% 
Jan - Jun% 
Apr - Jun 96 
Jan 96 - Mar 97 
Jul 96 - Jun 97 
Jul - Sep 97 

2~ months 

Design. 111s1all. opcrale (1ogether with cus1omer) and pcrformance-monnor full} operational 
dcmons1ra1ion facilities for solar-thermal 111ih1 .. a11on. usmg new 1ypcs of ETCs. e.g. 

(i) an absorption-1)-pc solar air-condilioning sys1cm of abo111 200 kW,. adequalc for a 
mcd111111-sizc holcl (using concentric-tube lypc or heal-pipe ETCs) 

(ii) a sola1-1hcn11al process heat generating pla111 with a capacily of about 30-50 m3/d 
of 1Jo"C ho1 waler. s11i1able for a small ind11s1rial e111crprisc (11s111g concen1 nc·IUbc ETCs) 

(iii) domcsllc ho1 waler (DHW) syslems of abo111 ~ 111 1 absorber area. \\llh 10111111110 and 
1501111110 glass 111bcs. respec1ivcly (using s1orage·lypc and bcnh1hsorhcr·l~JlC ETCs) 

(sec also Anne\ C-1) 

.l-1 
1-2 
~ . ... 
1--l 

Selccl s11cs and eslablish rclallons mlh users 
Design clc111011ma11on sys1cms. specify syslem ..:0111poncn1c; 
Proc111c f1111d111g for cquipmc111 and pla111 performance 111onlftH111g 
Procure sys1em componenls. incl sensors and DI A sys1e111s for pcrformam:c 
mo1111or111g 



3-5 Installation and s1an-up of dcmonstralton systems. 111cl DIA ~·stems •• 
J-6 Operation and pcrformancc-moniloring of dcmons1r.111on s~s1cms 
3-7 Fielding of one in1cma1to11al cxpcn to ad\'tSC on 1hc design and opcrauon or solar 

air-condiliomng ~·ste.ns. for I mlm (suggestion Singapore) 
3-8 Fellowship for 1wo persons. for I mim each. lo rccei\·e 1r.m11ng abroad on solar­

thc1·nml sys1ems {suggestion: Germany and Singapore) 
3-9 Op1imiza1ion of demons1r.uion pl:ml operation 
3-IO fa-aluation of demonstrat1011 plant operation: repon generation 

Responsible: Dr. He Zinian. Solanhermal Department Beijing Solar Energ~ Research lnsututc (BSERI) 

Equipment/assistance required (costs estimated. not including uansponation and impon taxes. 1f any) 

Type of Equipment'- Cost of EquipmenV- Remarks 
Actiwtv Activitv (in US-SJ 
Solar space-conditioning system 
(i) ETCs s 78.000 D = 0 IJOmm: -100 m2 

(ii) Circulation system s 78,000 
(iii) Absorption cooling unit s 80.000 (impon} P= 200kW, 
(iv) Auxiliary gas boiler s 50.000 P= 
(v) Engineering design s I0.000 
(vi) Installation. commissioning s 20.000 
(••ii) Measurement and DIA system ! 15.000 

Subtotal: s 331.000 
Solar industrial process heal system 
(i) ET Cs s 78.000 0 = 0130111111: .JOO 111: 

(ii) Circulation ~·stem s 78.000 
(iii) Engineering design s I0.000 
(iv) Installation. commissioning s 20.000 
(\') Measurement and DIA system s 15.000 

Subtotal: s 201.000 
Storage-type domestic hot water sys1e111s 
(i) ETCs (0lOOmm & 0130mm) s 9.000 
(ii) Measurement a!ld DIA sysrems (3) s 9.IXK> D = 0130111111 and 01 OOmm 

Subtotal: s 18.000 
Training abroad: Fellowships s 28.000 2 x I m/m 
Exocns: Consultants s 22.000 Ix I mlm 
Totals· (i) equipment s 550.000 

(ii) trmnmJ?; experts s 50.000 

3-1 
3-2 
3-3 
3--' 
J-5 
J-6 
J-7 
J-K 
J-9 
J-IO 

Sile sclec1io11: user relation establishment 
System design. sys1e111 compone111 spccific:alion 
Funding procurement 
Procurement of components and measurement systems 
lnstallarion and s1an-up of systenu~ 
Operalion and performance-monitoring 
Fielding of one 1111ernalional cxpcn (NC sysrems) 
Fellowship for two persons (SfT systems) 
Op1imim11011 of plant opcrarions 
E\'ahmllon. rcpon111g 

25 monrhs 

Oc1 96 - Mar 97 
Ocl 96 - Jan 97 
Oc1 96 - Jan 97 
Feb· Jul 97 
Aug - No\ •)7 

Nov 97 - Aug •JK 
Jan •J7 
Jan - Feb 97 
Dec 97 - Sep •JX 
Sep· Oc1 IJX 

BSERI considers 10 collaborate wilh other institutions in rhc:- spec1fica11on and des1g11 of rhc 
~lar-ass1sted spacc-co11di11on111g de111ons1rat1on and sol;ir 1nd11stnal process heal s\ s1c111s. 
c:1nd1date 111s1111111ons arc. 1111er alw. (1) the Solar Healing and Cooling Technolog' 
E:1.pen111e11t and De111011s1rat1011 Ccnlcr 111 thc Y111.hong D1str1c1 near 1he Cll\ of l.a111ho11 
(11) lhe G11ang1ho11 l11s111111c or Energy Con\'ers1on. Chinese Ac;ulcm~ or Sc1ClllC\. 
Guangdong Prm 111cc. (111) lhe Air Cond111on111g Research l11s111111e. Clnncsc Aladc1m ol 
Archi1ec1ural Science. ;111d {1\·) lhc Gansu Na1ural Energy Research l11s111111e. (i;111s11Prm1nce 

') 
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•. 
Purl ./ , 1-:-IC TOR.)) 

Ou1p11_1 Design and constmction of a full-5':;ik pr'ldu.:tion line for !ugh-performance solar e\·acu.·11cd­
tubc-co!lcctors (ETC) for a cap;1c11~ of (i) 30-10.000 1111/a or (ii) R0-100_000 111:/a. 

4-1 

4-2 

4-3 
4-4 
4-5 
4-6 
4-7 
4-8 

4-9 

4-IO 
4-11 
4-12 
4-13 
-1-14 

Carry out basic cnbiuccnng d\.'S1gn for an optimized production lmc for output 
capacities of -iOJ)(Xl 111: and IOOJK)O m?. taking rcsultsiconclusions of Pan 2 mto 
account. and dcter-.. :ne 111fr;1stnicture needs (wate;·. clcctnci1~·- cffiucnt treatmcn&. 
transportation. a\·aihb1lit~ of skilled personnel. etc.) 
Detennine. for both capacity options. the costs for investment production. 
operations and m:ti111c1~111cc. and ca;ry out an economic analysis 
Specify production equipment (for both options) 
Decide about plant constrnction and on plant cap.icit~. 
Sclccl site for production line 
Procure funding for plant m\·cstment 
Prepare exact drawings and clat-orate engineering details for plJlil construcuon 
Fielding of one international expert to advise on glass-tube tcchnolofil· and to pro,,ide 
training in glass-tube handlmglprocessing. for 2 m/m 
Fellowship of up to 4 persons for I m/m each to receive training in handling and 
operating of vacuum rcchnoloID· 
Tender and procure production equipment 
Constmction of plant (bmlding and :ufrasrmcture) 
Installation of plant equipment 
Commissioning and Stan-up or plant operations 
Op1imi1 .. ation of plant operations 

Dr. He Zinian. Solarthennal Depanmcnt. Beijing Solar Energy Research 111~11'.utc (8SERI) 

Assis1ance required: 

Tvpe of.-lctivitv Cost of.--lcm·m· f111 l!S-SJ Remarks 
EQuipment s ·n·n Not soecifted so far .... 

Local Construction & Infrastructure s ')•)')'} Not soecifted so far .... 
Training abroad: Fellowships s 56.000 4 x I m/m 
Exocrts. Consultants ~ )7.000 I x 2 m/m 
Totals (1) equipment . \'011e 

•. 
(11) traininJ!: experts s 93.000 

4-l 
4-2 
4-3 
4.4 
4.5 
4-6 
-1-7 
4·8 
4-') 
4-1-.: 
4-11 
4-12 
4-11 
4-1-' 

Plant engineering design '1 ; ' . 

Cost de1crmina1ion: econonuc anal)·sis 
Equipment specification 
Plant constniction dec1s1011 
Sire selection 
Procure funding 
Derail planning 
Fielding of i111erna11onal c'pcn (glass-rube technology) 
Training for four person~ I' a1:1111111 technology) 
Tendering and procuremcnl 
Plant cons1ruct1011 
Eq111pmc111 111s1alla11011 
Co11111w;s1omng and s1;111-11p 
Op11111i1a1;011 or planl OJ1\:ra11011 

54 months 

,, 

Jan • Jun 96 
May· Jun% 
Jul· Sep 96 
Oct 96 
Oct· Dec •>7 
Oct - Dec •n 
Jan· Jun •)7 

Jan • Feb •)7 

Feb 1)7 

Jul - Dec •J7 
Jul - De• 1J7 
Jan· Mar •JX 
Apr· Sep •JX 
Ocl •JK · !\far •1 1J 



!I 

.. 
1:·q111pmt•11t Total ( ·o.•t (;m·,·n1111t•f1f < "0111m,·rcu1l (;muts from /ml For.·1g11 

..lrt1nf\· fm 1 · . ..,·-sJ c;rtlllh /.oan.• fdom,•.\ltc ( )1~t1m:at1011.' ( io\·t•r11111t·'~I 

(SI'<. -'-'Y/C ~' c11rr,•11c \"J 1( ".\"/)f'. l ".\11 )( J; ( irtlll(\ 

Tech Ass1s1ancc~ s 277.l)()() , lllO"~. 
Train in~ -·-
Personnel (ma- s I0.000+ 511% 50 ... ~. 
nagcmcnt. cngi-
nccring. CYalua-
lion. CIC.) 
Equipment for 
(i) Pan I 

imporfcd s 580.000 16•1. 60% !-1~'0 10% 
domestic s 2os.or.r1 13% -18% IJo/., 27% 

(ii) Pan 3 
imponcd s 80.000 16~;. 6ll'!/n 1-1% Ill% 

domestic s -16-1.000 13% -IK% 13•1. 27% 
(iii) Pan -I 

imponed s . .,.m 

domestic s •Y)-'J"'; 
.... 

Local Constmc- s ~-.,..,.) 30% 7C.% .... 

lion (Pan -I) 
Transpon & In- s ., . .,.n 56~;, -1-1% 
stallation (Part 3) 

E. ln11u1~ 

(i) Beijing Solar Energy Research lnst1t111e <BSERI) \\Ill name and assign one staff member as responsi­
ble Project Direc1or who. on be ha Ii of SERI. n 111 be persona II~· responsible for 1echmcaltsc1cn11fic re­
sults and managerial cxccurion of all Projcc1 Parts BSERI \\ill consult with 1he Na11on;1I Project Co­
ordinator (NPC) and Chief Technical Ad\1Sor (CTA) when inlending (or bcmg asked) to replace this 
indi\ idual 

(iii BSERI will make - as far as required - facih1ics and equipment available to the Project and mil assign 
an adequate number of qualified Slaff for car~ mg out lhe Project. 

(iii) The Chinese Governmen1 \\ill assign a Na11011al Project Coordinator (NPC 1 who. on beha:f of ACCA 
21, SPC and SSTC will moni1or 1he progress of lhe Project The NPC will alert ACC A 21 m case cor­
rective measures will have 10 be undcnaken 10 s;1fcg11ard the success of the Project The NPC \\ 111 fur­
thermore monitor thal na1ional and i111erna11011al funds made available 10 1he ProJeCI arc spc111 accord­
ingly The NPC will also \Hite and issue an English-language final PrOJCCI report 

(1v) 11 is expected that thc Chinese Gover11111c111 ( SPC. SSTC ACCA 21) Will co111nb111c. in a 11111cl~ man­
ner. about US-S 2 ~Mio (111 the form of d1rcc1 grants and/or loans) 10 BSERI for cxcc111111g the Project 

p_~D P/l it-SIQQ.l!ill!!tc;_ 

11-0 I Chief Tc.chnu.:al Adnsor (CT A). 
1h1s person. 10 he rccrmlcd for malong '1~1is ltl lhc l'ro_1cc1511111cs (for I 1110111h) O\CI 
lhc Pro.1ecl"s dura11011 "111prondc0\ crall i'.111<b11cc 111 1hc 1111plcmcn1a11on of lhc four 
l'roJCCI parts and \\Ill closcl~ 1111crac1 \111h 1hc N;111011al ProJccl Coord111a1or ( N!'C land lhl· 
person rcspons1hlc fo1 1he Pro.1cc1 c\cc1111011 rl1c CT.<\ shall he an e\pcri 111 sol;11-1 hc1111.li 
1ccllf1olog1co; ;,nd ha1 c C\jJCr1c1Kc 111 op.:ra1111g ancl 111cao;urmg solar syslcms 

~ 111/n: 



11-02 Consultant on solar-thermal p<.:rfon:i;111~·c 111c;1surcmcn1 and measuring cq111pmc111. •• 
the expert will make one ,·1s11 to asw;1 111 the design and cqmpmcnl spccilicauon of perfor­
mance monitoring :rnd data ;u.:q111s111{lll 1 DI Al cq111p111cn1 

11-0 > Consultant on solar-ass1s1cd spa..:c-..:omh 110111 •1g and related cqmpmenL 
the expert will make one \1s11 10 ass1~t 111 1hc op111nal layout and design of a solar-;1ss1s1cd 
space conditioning system for a 111cd111111-suc ho1cl 

11-0-l Consultant on glass-tube handling and pro.:cssmg. 
the expert will m:!ke one ,·isll 10 as~1s1 111 1ra111111g local technicians 111 the :in of hancflu•g 
and processing glass-tubes (stress-fm: lbngc .ormation and glass-to-glass fusing) 

15 UNIDO Staff Travel 

} I Individual Fellowships 

H-1 

31-2 

31-3 

H-5 

Training in the field of solar-thermal system simulation and in the technology of solar­
assisted space conditioning and 111dus111al process heat systems 
(for Part I~ one person for 2 m/m > 

Training in the field of surface spu11er111g 1echnolog1cs which are suitable for producmg 
selecti\'e absorpti,·e surfaces (for Pan ~. one person for 6 m/m) 

Training in the field of stress-free glass-tube welding. fabrication and handling 
(for Part 2: two persons. :1 m/m each) 

Training in the field of solar-thermal S\ slem design and oi)cration 
(for Part 3: two persons. I m/m each l 

Training in the field of' ac1111m-tcch1wlog' ancl operation of vacuum systems 
(for Pan 4: four persons. I 111/111 c:Kh l 

Nc.nc: visits to relc\'anl ins1i11111011s arc to be organized within the training missions 

41 Expandabk Eguipmcnl 

None 

-'2 Non-Expendable Eg111pmenJ 

Sec Part D for i1e111iza11011 of req111rccl 11011-e,pendable equipment and assoc1a1ed cosl es11111a1es 

F Risks 

I 111/m 

I m/111 

2 m/111 

2 m/m 

6m/m 

6m/m 

2 m/m 

" 11\/111 

Pot<'nfinl Risks l:\flmntt'd /.1k1•/1hood 

Marketing and erod11<;LQ.1s_s_e111_111at1011 BSERJ IS an R&D enlity which operates 
a manufac111nng compan~. SUNl'I J Co on the same premises This 111an11fa:1nr111i: 
arm successfully adop1ccl the technolo)'.\ 10 produce SunslripK absorbers and s11ces:-­
f11lly established a plio1 prod11c11011 1111,· ror hc;11-p1pe evacua1ed-111be-collec1ors (El(') 

of high qnalily (lifetime ... 12 \c;11s1 1'11:,1:1111\ ahoui IK0.000 m1/a of S11nst11p' absor­
bers arc produced and pror11;;hl' 'old 011 11tc domestic ;111d 111tcma1ional marker (a 
second produc1ion l111c for S111i't11p .1h,111hl'.rs 1s being planned): 011 lhe prolol~pc ltnc 
of hcal·pi;ic ETC. alrc;uh ,,11hs1;11111;il 111<krs for products arc 111a1111faerurcd (and 
reportedly wilh a11racl1\c pror.111wg111) 



BSERl/SUNPU intend 10 111arkc1 1h.: l11gh-clli1:1c1ic' ETC "11h tube di;1111c1crs > 100111111 

1hc same way. e.g. ,1s half-fim~h.:d pwd1 ... :t "htilcs;1lc 10 re_;:1,111al/local installers of 
solar-1hcrmal S)·stems. At present 1111: l-.1hl\\ kd!!.: 1s hnutcd whether the local market 
can absorb -'0.000 m:/a. n:spccll\ch 1111111110 1:1:/;1. of ETCs "hich arc hoJ>l.'d to be 
produced If the ETC of O> I 00111111 arc prod111:cd \\1th the s;1mc quali1y· as dcmons1ra1ed 
1111he prototype production li.ie - and s111ee there arc no more 1han three compe111ors 
worldwide producing EfCs - there 1s good prospccl that lugh-cfficicncy. large-d1ame1er 
ETC can be sold also outside of China For these re:1sons. the risks th:u the newly 

.. 

dc•doped ETCs cannot be sold ts 1:011s1dered Lo\\/~t.:dmm 

l Complexil\· of Larger Solar-Thermal S\Stem ApP-hcauons The knowkdge worldwide 
about solar industrial process hear (solar IPH) and. spccificall.y. solar-assisted spacc­
conditioning systems is quite limited Whtie 1hc supply security in both applicarions 
can be assured by back-up auxiliary sources (gas. 011). 1hc design of such system must 
carefully be adapted lo and optinu.1.cd for 1he specific apphcarion needs. For instance. 
healing and warm-water needs need 10 be taken into account when designing an optimal 
solar -assisted space-conditioning systems. 1hc ;unbicnl condi1ions of lempcralure and 
humidity play a decisive role when dec1d1 :1g \\ hal cooling principle shall be applied 
(absorption-. adsorptiun-. desi\:~ant-coohng. c1c ). prondcd that mature tcchnolo~· of 
adequate capacity is commercially a,·;11bblc. rhe design bccv1!1cs c,·cn more challenging 
if solar-assisted space condirioning needs 10 be designed for already existing buildings. 

The risks that the solar IPH and solar-ass1!>1ed space cond111oning S)'Stcms which are 
demonstrated in this project opera1c no111111ally (1 c accordmg 10 design and expecta-

I; 

tions). rims setting an example for fun her rcphcalion. 1s considered Mcd111m/H1gh 

Liferime of ETC: The feasibilit~ and' 1ah1l11y of solar C\arna1cd-rubc-collcctors 
(ETC) has been repeatedly pro, en (for a ';mery of concepts and designs) and some 
design are commercially a\'ailablc ''orld\\ 1de The performance of these collecrors 
surpasses 1hose of Oar-plate solar colkl:tors ~1gn1fica111h under large~ T. a criterion 
under inclinale temperature cond111ons Pro' 1ded 1ha1 the de,·clopmcm~ in tlus 
Projccr are successful as e'ipected. the 111;11mfac111nng cost of ETCs in China may well 
a~proach those of the Oat-plate 1y pc 

While operarion according to ~pec1fo.:.111011s of hca1-p1pc ETCs from BSERl/SUNPU·s 
pilot line can be expected for well O\ er I :i 'c:m ( c\trapola1cd from laborato~ result~). 
1hc cn:ical factor of ETCs remains hfe11111c. 1 e the mamtcnancc of the vacuum-tightness 
of rhe glass-metal seal for >20 ~cars and bc11cr under 1hc mdc-rangc thermal cycling 
stress these seals arc subjecrcd ro o'er 1l11S t1111c To guarantee such lifetime for a variety 
of •uarcrials and material combinations (glass. 111c1aL 111c1al surfaces) and ETC designs 
(e.g 1ubc diameter) requires thar adcq11a1c 111anufac1unng 1echniqucs arc drvelopcd 
and ETC manufacture is carefully conrrollcd The risk rha1 the lifetime of ETCs de­
veloped and manufactured in rh1s Pro1cc1 1s rhcrcfore considered 

G Prior ahli~ations and Prc-Rc1111isitc~ 

Med111111 

Su.:<.c•.-,ful execution of this Project depends on rhc ;I\ ailahil11y of·N:itional cost share.funds in timely manner 

fhc Cluncsc Government (ACCA 2 L SPC. SSTC) and lhe part1cipa1ing 111slit11tion (BSERI) will provide funds 
for all the counterpart acrivilics as c1wisagcd 111 1111~ l'ro_1.:c1 Document Thi~ 111cl11dcs pronsions of counterpart 
1111111'- for sraff salaries. transport. tra\'cl costs_ doi11c,1u.: 1ra111111g co~rs. procurcmcnl of inchgcnously m:11111fac-
1111cd cq111p111en1. c;ipil;il cosls ;ind 01hcr rcla1cd co,1 11e111s The Chmesc Go,·ernmcnl will also pro\1dc the 
1c•1111r1:d sraff for the national coordi11a11on ol 1h.: l'ro1cc1 

l"lu < ·111ncsc (io,·crnmcnl shall also 

111 proncle 1111111edialc English lang11:1gc 11;11111111: 101hn~.c p.:r,011~ proposed 10 he sent lo foreign loc111on' 
ror ,v;1111111g 1111hc form of fcllm1~h1p' 



, .. 

(ii) ensure lhC release or lh\."SI: p.;rsons hom litCU dul•\.'S on lhC d;llCS or lhe COllUllCIKClllClll o(lhcir kllO\\­

ShlpS. 

(in) pro,·ide local and field uansporl for the 111tcrna11onal consultallls 

(i') defray all ground and air ir.l\ci cxp.;nscs 111 1hc counl~ for !he in1ern.·11ion.·d consuhams_ 

(\-) pro\'idc sui1ab!e office accommod;111ons_ 1111crprc1crs and 01her support rcqmremc111s. :1s ncccss;1~- for 
1he interna1ional consul1an1s. 

The Project Document \\ill de signed b~ UN!DO. and UNIDO assistance 10 the Projccl will be pro,·1dcd. subject 
10 UNIDO rccei\ing satisfaction that the prerequis11es and prior obliga1ions liSled abo,·e h.1ve been fulfilled or 
are likely 10 be fulfilled. When an1icipa1ed fulfillmenl of one or more prerequisiles fails to ma1enah1.e. UNIDO 
may. at its-discretion_ either suspend or terminate u·s assistance 

H. Project Reviews. Rcportins: and Enlu:ation 

(i) The Project will be subjec.110 an annual re,·ie\\ as part of rite annual program re\'iews. chc11red by 
ACCA21 and anended by the Na1ional Pro_1cc1 Coordinator (NPC). the ChiefTechni~I Advisor 

r-

(CT A). the Project implemen1ing cntn~ 1BSERI. represen1ed by 1he Project Director (t>D)). and by rep­
resentatives of1hc funding a111hori1ics Task staltls 10 dale \\ill be reported by the rcspe.:uvc'PD and 
O\'erall Project assessment will be pro' 1dcd b~ 1he NPC (\\ rinen reports 10 be subnuncd b~ PD and 
NPC 10 the UNDP field office al least six ''eel.:s before these revie\'.-s)_ For each Task. 1hc annual rc­
,·iew will encompass. i111er alia. schednlc. fundmg. cos1s. personnel training. techmcal resul1s. collabo­
ration wilh industr)· and users. and 1he hkchhood of anaining the success of the Project 

The NPC'shall further prepare and subnut 10 each Projecl rC\·icw mee1ing a Project Performance Eva­
luation Report (PPER): additional PPERs m;iy be requested from the NPC. ir ncccssa~. during lite 
Project. 

(ii) A Projce;t Tcm1inal report will be prepared b~ the NPC and PD for consideration m the Project Per­
formance Review Mecling immedi:ucl~ follO\\ mg completion of lite Project It shall b.: made a\'a1lablc 
in draft al least four months pnor to 1he lin;1I renew mccung 10 allow rC\·1cw and techmcal clearance 
by UNIDO and inrnlwd parties 

(iii) The Project shall be subject re lhe first re\ IC\\ l\\eh·c months after the start of full 1111plcmcn1a1ion. The 
organization. terms of reference and 11111111g of 1his re\'iew will be decided after consuha11on be1wccn 
lhc parties in\'oh·ed in 1he Project 

I. Legal Context 

This ProJCCI Document shall be the ins1n11nen1 referred 10 as such in An. I of the Standard Basic Assistance 
Agreement between the Go\'crnmcnt of 1he People· s Republic of Ch;na and the Uniled Na1ions Dc\-clopmcnt 
Program. signed by the panics on June 2'J. I 1J71) The hos1 counlr) 1111plemc111ing agency shall. for 1hc purpose 
of 1he S1andard Basic Assistance Agrecmcnl. refer 10 1he GO\ernmcnl cooperating agency described 111 1ha1 
Agreement. -

The following types of revisions may be m;ide 10 1l11s ProJeet Document \\ilh the signature of the UNIDO repre· 
senlall\e only. provided he/she is assured thal 1hc 01her s1gna1orics of the Project Doc11111cn1 ha\"C no obJce1ions 
to lhl· proposed clnnges 

(ii Re\'isions which do 1101 invoh·c s1g1111ica111changes111the1111111ed1a1e objccll\·cs. 0111p111s or ac11v111cs of 
1hc 1 asks of the Projecl but arc caused h\ 1hc rcarrangemcnl of i11p111s already agreed 10 or by cosl 111· 
cremes due 10 inOa1ion: and 

(11) Mandatory annual rc\·1s1ons wl11ch reph;1•.c 1hc c!elt\cr\ of agreed Pro.1ectffask 111p111~ or 1111:rcascd 
C."ipcn or Olhcr COSIS due IO 1110:111011 or l.11-.c 11110 ;iccounl agenc~ C\JJCnd1lurc Oe.\lhlltl\ 

'• The w111raet11al agreements cnlcrcd inlo by and hr.:111 r.:r.:n 1 he ('111 ncse (io' crn111en1 and foreign ~11pph-
crstma1111foc111rcrs of cqmpmcnl slwll conta111 all m.:cr~sar\ lcrms. concl11tons ;111d rcs1r1c11011s 10 provide full 



protection and Sh."111 be m ;Kcordancc "'nh apphc;ihlc 111h:rn:111on.-il standards (mcha~•ng. b111 1101~mh:d10 
patents and copyrighrs. 1f any) for the components ;111J dcs1p1s of 1he foreign supphc:r· 111:11111fa1.:1urc:r 

15 

The Chinese: orgam1~111011sil~nti11cs in' oh cJ 111 tlus PmJ1.'l:t shall full~ abide by all dc:s1!!11 :111J p:1tc:111 rc:~1r1..:11011" 
imposed by s.,id con1r:1c1 

The Chinese: Govcrnmcm shall. on a cont111111ng b:1s1s. mdcmnil~ and shall hold UNIDO h:mnlcss from all 
claims of any· nature m connection with pa1c111 or 1111ellcctual property infringemenls th:u m:i~ ansc from 1hc: 
activities of this Projccl 

J. Budgc:ts 

Summary estimate of total costs by major budget ca1cgo~ 

·-- -
Total Cost Natwnal Grant_~ Comm. loans Grants from Im/ Other 

CateJ!OrJ· rm CS-SJ in R.HB·vuan m R.HB·.wan Orgamzat1ons External Inputs 
(in LS-S (m US-S rUNDP. l ".\'/1)0) rm L'S-SJ 
equwalent) equn•alent) (m US-SJ 

Pe!'SOnnel s s s s 566.500 s 
(Engineering: 
Operation: 
Evaluation) 
Fellowships: s s s s 322.ll<KI s 
Trainin~ 

Studv Tours s 0 s I) s 0 s 0 s 0 
Equipmcnl s s s s I. 95~U<>o s 
Miscellaneous s s s s I m 1.1100 s 
Total.~ s s s s ].Y.JfJ..'i60 s 
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Annexes •. 
Joh D~ri1>1ions 

.\-1 Project Tcchmcal Adnsor (PTA) 

Post Number: 

Post Tulc 

Duration -

Dul) Station: 

Purpose of Job· 

Dulles 

Qualtfic;itions: 

l .. 111g11.1gcs 

JOB DESCRIPTION 
OF THE CT!\ - Project Tcclmical Adnsor 

Chief Technical Ad,·isor (CTA) 

One manimonth per year O\'Cr a period of four years_ stanmg October 1995. with tt.c 
possibility of up to two additional man/month o,·er the dura11on of the Project. 

Beijing. "ith possible travel to ETC application sites 111 the count~ and abroad 
(UNIDO. Vienna). plus work (reponing) at home base 

To reinforce the Chinese technical cap.,bility in de,·clopmg and m.,nufacturing high­
efficicncy C\·acua1cd-tubc-collectors (ETC). to expand the apphca11on and utilization 
of ETC. to assist in reducing the rapid increase in demand for fossil-based energy. 
and 10 upgrade the R&D capabilily in the field of advanced solar-thermal 
componenls and systems. 

The PTA will closely collaborate with the National Protect Coord111a1or (NPC) and 
the Project-responsible organi1.mion/pcrson in the coord111a11on. 1111plcmentation and 
follow-up of the program of work cs1ablished 111 the Prntect Specifically. the CT A 

(i) To panicipate in the annual ProjccuTask re' IC\\ mcctmg and 10 assess 
independently 1hc progress of work in the resp-..--c11,·e Tasks. based on 111puts received 
from the Task Directors and by on-site inspections of the Task sues. 

(ii) To assist the National Project Coordinator and the Task Directors. if 
requcsred_ in the resolution of technical issues which ansc 111 the e\eculion of the 
indi,·idual Tasks: 

(iii) To assist UNIDO in the identification of 111d1nduals "ho could serve as 
inlemational Technical Consultants for the Project. and 111 the \\nting of the terms 
of reference and job descriptions for these consultants. 

(i\') To assist UNIDO in the identification of research 111s1111111ons or industrial 
entities which could suppon the spcciali1.cd 1eclmical tra111111g or 111dividuals en­
visaged in the Project. 

(\-) To adnsc/assist the Nauonal Projecl Coord111ator 111 the preparation of the 
Project Terminal Report at 11 .. ~ end of the Project. 

University degree in Physics or Elcctric;il Engineering. "nh a 1111nimum of 
15 years professional experience related 10 solanhermal 1ccl111olog1es (components. 
systems. system applications) and in the 111anage111e111 or ~c1c1111ficl-Jechnologieal 

program!' and protccls 

E\pcricncc 111 lhc collaborn11011 w11h foreign partners \\ 111 he ;111 as~ct 

I\ } Consultant Oil Solar-Thermal s~ stem Pcrfor111:111cc Measurement ;111d I\ ka\11rc111cnt S\ stems 
,, 

I\ I C:onsultanl Oil Design and OpcrallOll or Sol;ir-Ass1s1ed Spacc-Cond111011111g S\ \IClllS 
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A-' Cons,1han1 on the Tcchnolo~· of Glass-mc1al Seals and Glass-Mc1:1I Seal M:11111fac111rc •• 

'• 
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Ann~1 B: Work Ori::aniution: lm11kmcnlin:: Arr;ani:cmcnts •. 

. , 



.. 
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Annc:i. C: •. 
C-1 Solar Dcmonstrallon lns1allations (Basic Draft Spcc1fic;111011s) 

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

Dcmonstratmn Basu: .'\iit•c1/icatw11s 
Solar :space-concl1twmn.1:. s_ntem Cooling type. Absorption 
(using tube-in-tube collectors (ETC) of 1301111110) Absorbent: L1-Br 

Refrigerant Water 

Solar industrial process heat system 
(using lube-in-tube and/or bent-absorber heat-pipe 
collectors (ETC) of 130011110) 

Domestic hot water (DHWJ systems 
(i) using storage-1)-pc collectors (ETC) of large­

diameter (0=130mm) 

(ii) using s1orage-type collectors (ETC) of small­
d1ameter (0= IOOnun) 

(iii) using TWO-insulated storage collectors 

Refrigi:rant circulauon conuol: by insolation 
Cooling capacity -zoo kW, 
Collector aperture: - .JOO mi 
Auxiliary heating: gas 
Yearly solar-mode S)·s1em efficiency: >500/o 
Annlicalion: medium-size hotel. 220 rooms 
Two-loop system 
Anti-freeze protection in primary loop 
Hot water supply capacity: - 20 1113/d 
Hot waler temperature 70-90 °C 
Collector aperture -.JOO m: 
Yearly S)'stc.m cfficienq >50% 
Aoolication: medium-size industrial plant (e.g. dairv) 

Hot water outpul: 2.JO ltd 
Max. waler lemperature: 50-60°C 
Collector aperture area . .J m: 
Daily efficienq: summer >55%. winter >-U% 
Application (a) synthe1ic test. tb) one-family house 
Hot waler 0111pu1 190 lid 
Max. nater temperature 50-611°C 
Collector aperture .J m= 
Daily efficiency summer >:i:i%. winter >-'5% 
Applica1ion (a) s~ nthcuc test. (b) one-fanuly house 
Hol waler ou1pu1 · 2.JO ltd 
Max \\;lier 1cmpcra1urc 511-60 °C 
Collector aperture 3.6 1112 
Dail~ efficiency .,.,.,summer. -:>??winter 
Annlicallon: (a) svnthctic test. (b) onc-familv house 

-----~~~~~~~~~~~~~~~~..L:..:.a:.:..:..=::..:..:..:~1:.:.!...=,;..:.::.:.:.:.~~::.:.:...:~.::..:.:::...:::.::..::~:..:.::.::::::..___J 
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