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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

PROJECT DOCUMENT
Project of the Government of the People’s Republic of China
Title: Rescarch, Development and Diffusion of New Types of High-Performance

Solarthcrmal Colicctors
(Project 4.5A. Pant 2_ in the Faiority Progiam of China’s Agenda 21)

Buwget Estimate: UNIDO Us-s
Chinesce Government Contributions US-$
Total Project Cost us-s

Starting Datc: September 1995
Planned Duration: 36 months

Project Site: Beiyjing. China

Host Country

Implementing Agency:.  Beijing Solar Encrgy Rescarch Institute (BSERI). Beijing

Backstopping Officer:  R. Kaulfersch
Division/Scction: ISED/EM

Project description:

This project sceks to facilitate in China the research. development of new types of high-performance, vacuum-
insulated tubular solar-thcrmal collectors and their diffusion and market penctration on a large scale by (i)
carrying out system-level performance demonstrations in intermediate-temperature (up to 200°C) applications
such as industrial process heat and solar-assisted space cooling. and (ii) designing and implementing a produc-
tion facility for these new designs of solar collectors. in paiticular. the following activities are envisaged:

- Setting-up of an R&D laboratory with the capability (1) to produce flanges on glass tubes up to 200 cm
length and 15 cm diameter. (ii) to produce and (i%i) to experiment with glass-metal end scals on glass
t:bes up to 13 cm diamcier. (iv) to evacuatc and outgas glass tubes with mctal end scals. and (v) to
produce highly sclective coatings on aluminum surfaces by magnetron sputtering.

- Training of technical stafT to perform advanced R.D&D work in glass-metai technology:

- Development and performance-testing of advanced designs of evacuated-tube-collectors (ETC) of
higher efficiency of the (i) concentric tube (tube-in-tube) type. (ii) the storage (cvlindrical absorber)
type. and (ii1) the bent-absorber type (with heal pipes or concentric tubes)

Demonstration of the sintabihiy and performance of advanced ETCs in several intcrmediaic-tcmpera-
ture applications of gh rclevance for China (c g solar-assisted space-conditioning. industrial process
heat gencration). and

Carrying out (1) a full engincerning design of a production hae for advanced ETCs with a production

capacity of 30-40.000 m2/x and 80-100,000 m2/a, respectively, and (1) the construction of such pro-
duction facility

“ Draft Version 1 (July 17, 1993)




A. Context -

I Descrption of the Subsector

Coal currently provides 73% of China’s promarny encrgy needs and 1s used prianly w the chenncal
and electricity gencraung industnies and for the production of space and industrial process heat. Recent projec-
tions cnvisage ~ i 420 nutlion tons of coal consumption by the vear 2000, 3X%e of which (340 Mic/a) destined 1o
be burned for producing clectricity. By 2010, corsumption 1s cxpected to risc to ~2. 100 nulhion tons of coal of
which 60% (1.260 Mic/a) are to serve clectricity generation purposcs

The cfMiciency of present coal firing technologics is low by international standards and specific coal
consumption correspondingly high. In large coal-burtung instailanons. cnvironmentally harmful and health-
hazardous emission of CO,. SO: and panticulates can. in principle. be minimized (c.g. fluidized bed combustion
and combihed-cycles). Emission control in small coal burning umits (<20kW,). on the other hand. 1s technolog:-
cally demanding and difficult to implement, considenng the large number and mostly private ownership of
these units.

Environmentally benign utilization of (rencwadle) solar encrgy for the gencration of low-temperature
thermal heat has the potential of significantly alleviating this problem on local level. Solar-generated heat can
be used to produce domestic warm water (solar water heating). warm air for the drying of produce (solar dry-
ing). heat for the preparation of mceals (solar cooking). process heat for commercial and industrial purposes
(solar industrial process heat) and thermal energy for the contrel of comfort in hiving spaces (solar-assisied
spacc conditioning. passive solar houscs).

The specialized technologies for providing these services are under development over 15 years in

China and elsewhere. Technologies which became mature and encountered receptive marketing conditions are
commercial. In China. solar water heaters have been produced for more than 13 vears in different varieties and
are. disregarding hydropower. the most successful exampie to date of renewable energy utilization Production
of collectors for solar water heating sysiems reported!y has reached --600.000 m'/a, well the largest production
mn one country worldwide Of this volume. 1/3 is produccd by onc manufacturer (of this. 20% for export) and
the rest by more than 100 small-to-medium-size eaterprses (SMEs) The variety of collector types (mostly flai-
plate) and the span in quality of components and systcms produced 1s large (mostly marginal).

Given the favorable insolation conditions and the potennial for services bevond the provision of do-
mestic warm watcr. there is the urgent need in China to upgrade solar-thermal technologies towards higher
efficiency, performance. quality and cost-cfTectiveness: ali-glass cvacuated-tube solar collectors are a prime
candidate technology for reaching these goals. The solar evacuaicd-tube-collectors already developed provide a
good basis and chance for such underiaking.

2. Host Countrv Strategy ']

The Government of China recognizes the valuc of rencwable sources of cnergy (in terms of safeguard-
ing the environment and for improving living condit:ons) for the augmentation of present and future cnergy
supplies. In 1992, the Siate Council defined 10 measires/sicps concerning cavironmentai protection and na-
tional development. It declared that _the technologics for the wilization of the clean solar, wind, geothermal.
tidal and biomass cnergics shatl be developed and their usc disseninated commensurate with local conditions™
Also. a number of rencwable cnergy R.D&D and dissemimation projects were carricd omt within the- 8th Five-
Ycar Plan™.

The Government of China sccognizes the significant contnibution which solar-thermal wtihization can
in principle. make to reduce coal consumption (for low -temperature heat production). covironmental degrada-
tion and health hazords 1t desires te upgrade the present technological level by strengthened R D&D. 1o trans-
fer new technology 1o production. and 1o stimubate commerciahzation and application dissenination

3 Pnor and Ongoing Asaisiance

In the past. the solar-theenmul industry enjoved considerable support by the Government of China
(financial, manpower). by R&D insttures and uni ersities (echnological know-how) and through the scien-
ufic-icchnological ccoperation with foreign countrics (cquipment. expertise ) Guidehmes for technology devel-
opment werdprovided by sational standards for Mat-plate solar collrctor performance rating (GB 4271-84) and




tor the quality assessment of solar collector products (GB 6424--80) These activities gave considurable impetus
to technological development and fead o product improvement id diversiy

The Government of China has dravwn up a program of pracical actions to ginde China’s overall devel-
opnrent into the 21st centuny This Agenda 21 iVinte Paper focuses on the pressing problems of population
gronth. sustainable exploitation of natural resources. environmental presen ation and continued development
In this context. 62 executable project proposal were idenuficd Tlus Project on | Research. Development and
Diffusion of New Types of High-Performance Solarthermal Collectors™. being based on program arcas 128
12C and 13D of China’s Agenda 21, 15 one amongst the projects sclected for cooperation between China.
UNDP/UNIDO and other countrics (belonging to Pnionty Area 3 Clean Energy and Transportation™). ftis
envisaged that <2.5 Mio$ from the Government of China and (and ~ 2 4 Mio$ from external sources) will be
invested in this Project.

4 Institutidonal Framework

National R&D centers were cstablished 1o coordinaie and advance the develepment of technologics for
wind, biomass/biogas. geothermal. small hvdropower and solar<clectric (PV) energy util:zation. such institution
does not exist for solar-thermal technologies Solar-thermal technrological advance depends to a large degree on
the initiative of individuals and institutions

BSERI has been at the forefront of solar-thermial techmical advances since its establishment in 1979
(flat-plate collectors: Sunstrip™ absorbers. heat-pipe cvacuated-tube-collectors). BSERI is the responsibic exe-
cuting agency in this Project for R.D&D on component and system level. wlile its wholly-owned manufactur-
ing subsidiary SUNPU Co. will be responsthle for commercial production of evacuated-tube-collectors and
marketing of products and systems.

B. Project Justification

1_Problem to be Addressed / The Preseint Smiation

In China. a varicty of solar collectors for waicr heating has been developed and solar warm water sys-
tems been produced for over 13 vears. ranging from ver, simple designs 1o more complex configurations Over
these years, the market for solar warm water systeins developed gradually but steadily. with domestic warm
watcr (DHW) systems attaining considerable popularity to dite Most of the solar water collectors produced
today are of the flat-plate type with single glaszing and black-pmnulow -grade absorptive coating of absorbers
Only few collectors produced arc of the higher efficiency. vacuum insulated type.

The solar water heating industry is charactenized by a lurge number (about 180) of predominantly
small or medium-size enterprises (and cven University institutes) which produce domestic hot water systems in
often small quantities (1.000-2.000 m*/a) and with quality standards customary for such industry in China One
company produces about 1/3 of the annual national output in absorbers. however. for domestic industry as well
as for export (anodized aluminum strips roll-bonded onto Cu-tubing). using a Swedish license and imported
machinery. China is said 1o be the largesi producer of solar absorbers. solarthermal collectors and DHW sys-
tems in the World. with an annual production cquivalent to about 600,000 m’*.

DHW sysiems produced arc insialled mainly in rural but iilso urban areas. Around 85%, of the DHW
systems produccd arc of the one-loop thermosyphon (natural circulstion) type with storage tank separate from
the collcctors (two-loop svstems arc more costly and need assured hne clectnenty for pumped circulation and
clectronic controls).

While quality. lifctime and production cost of lat-plaic collector DHW systems produced would need
upgrading in general. there also s the need (and ample apphicision apportanity) i China for more cfficicmt
solarthermal collectors which provide DHW over longer periods of time of the vear. or which produce inics
mediale- 1o high-temperature heat for industriab/comimcercial processes (¢ g i the food processing and teatile
industrics or in hospitals) or for space cooling (¢ g mr-condiomng of hotels or offices or cold storage of food)
While the demand for process beat s pasticnbardy Birge i the North of the country. spice-conditioning, is past-
ncutarly important for regions of South China

As an outcome of a Sino-German techmeal cooperation project and after considerable indigenous de-
velopment work for adaptation a noveliechnolopy for a hsgh-cfliciency heat-pipe all-glass evacuated tube
collector (ETC) was successfully transferred and a pitoi production line established by the end of 1994 (for




about 30.000 tubes/a equivalent to ~ vt w'ia) The production relics completehy on domestically produced
matcnals and hali-products The ETCs have been used in hagh-quality DHW systems, samples of which were
marketed domestically a1 compcetitive prices and favorable costbenelit ratios (compared to standard flan-plate
collectors).

Using different absorber- and heat-transfer designs and larger glass-tube diameters. the heat-pipe ETC
technology can be replaced and upgraded for higher efficiency . operating temperatures up 10 230°C. lagher
annual performance. adaptation for specific apphications and/or for lower production cost. provided that a do-
mestic R&D capability can be ¢stablished 10 pursuc advanced glass-metal matenals vacuum-tightness issucs

- ]

The Project. thercfore. aims to cstablish madern methods and R&D capacities for advance develop-
ment of highly efficient solar ETCs. for transfer of this technology into pilot production. and for the technologi-
cal and economic demonstration of ETC 1cchnology 1n intcrmediate-temperature solar applications in China
The Project will upgrade the knowledge about advanced solarthermal systems, about the ability to produce
them. and about the capability of these systcms to assist in alleviating an incrcasin; National demand for ther-
mal energy.

2. Expected End-of-Project Situation

Upon completion of the Project. it is expected to have achieved the following.

1 an R&D laboratory will have been set up wath the capability (1) to produce flanges o1 glass tubes up 1o
200 cm length and 15 cm diamecter. (i1) to produce and (i) to experiment with plass-metal end scals
on glass tubes up to 15 cm diamcter. (iv) to evacuate and outgas glass tubes with .netal end seals. and
) to produce highiv sclective coatings on aluminum surfaces by magnetron sputtenng.

2. technical szatT;n‘ll have been trained to perform advanced R.D&D work in glass-metal technology .

3 alternate dcsigns of ETCs of the (i) concentric tubce type. (1) the storage type. and (i) the parabol:c
absorber type will have been developed and performance tested.

4 the performance of advarced ETCs will have been demonstraied i several intzrmediate-temperature
applications of high reievance for China: and

5 an engincering design for a large-volume production line of advanced ETCs will have been carried ont
and such production line will have been instalied and commissioned.

3. Target Bencficiarics

The immediate beneficiary of the Project will be the Beijing Solar Energy Research Instituie (BSERI)
and the BSERI manufacturing subsidiary. SUNPU Co.. The sccondary beneficiary will be the Chinese socicty
as a whole which will get access 10 a technology of the futurc which. under the climatic and insolation condi-
tions of the country, can significantly coniribute to stem the demand for fossil-based cnergics. The tertiany
bencficiaries will be the agencies and orga.zations participating i the Project and the institutions and socic-
ties (c.g. ISES) encouraging the utilization of renewable encrgies in China

4_Project Strategy and Institutional Arrangements

The Projcct builds on the expertisc. know-how and compcience on solar evacuated-tube-collector
(ETC) technology which has been developed by BSERT over the past two vears (1993-1994). BSERI will be the
solc responsibic countcrpart executing institution 1 this Project but will collaborate during Project exccution
with other R&D entitics domestically and mternationally i the ficld of glass-metal and cvacuated-glass-tube
technology (onc R&D institution in China pursucs i very different ETC design. however only for domestic hol
walter supply).

The exccution of the Projeet will be assisicd by i Natonal Project Coordinator (NPC) and by Chiel
Techmeal Advisor (CTA), both individuals ben g engaged on o part-time basis. Chinese national financial
contpbutions which arc cxpected from SSTC and/or SPC for the Project shall be channeled directly 1o BSERI
bascd on themdvice of the NPC. whilc financil assistiance 1o the Project Gor equupment and in-countn ¢s-
penditures, il any) from intereational orgamizations or forcign national bodies shall be channcled to BLERT wia
ACCA 21 (based on the advice of the NPC and CTA . «f UNDP/UNIDO so desires)




3_Reasons for Assistance from UNIDO .

UNIDO through its international anangements. has the abilsty to provide a package of goods and
services without natronal restrictions and to previde techmcal asststance quickly throughats hinks with indusin
in developed countrics This Project will previde increased capacity butlding in the form of uperaded solar-
thermal manufacturing and R&D capabilities wathin Cluna. along wath fosiering of long-term relationships
between China and forcign industnn. UNIDO's lack of commercial bias or mterest perints the guickest possible
transfer of the most apprognate technelogy and process know-how to Clina. UNIDO not only wiil be adle 10
support the Project by the provision of a Chief Techwmical Advisor. by International Experts and by Traaning of
Chinese scientists/engzinecrs in solar-thermal technologies and related issucs. but also 1s able to sohicit the
funding suppont for majer cquipment items from the micrnational communitics.

6. Specaial Considerations

The Project 1s specifically designed to address environmental issucs. ¢.g. alleviating energy shortages.
reducing atmospheric enussions from fossil fuel combustion and. in general. presenving the environment.

It is predicted that demand for low-temperature thermal heat in China (for heating. warm water. proc-
ess heat) will rise significantly in the coming vears in parallel with overall economic development. If the pat-
tern in industnialized countrics is any guide, 1t can be expected that about 40-50% of priman energy input will
be utilized in this sector Given China’s favorable chimatic and insolation conditions and snll large percentage
of population living 1 rural areas. intethgent solar-thermal utilization will be one of the most promising option
to stem the tide of rapidh increasing demand for fossil cnergy. mmevitably influencing negauvely the environ-
ment on local. regronal and even national level. Disregarding electricity generation with large machines (>300
kW,) at favorable sitcs (v ..o >3mV/s annual average). solar-thermal heat gencration to satisfh fow-temperature
nceds will also b vens promising in terms of cost-cffectiveness compared to supply alternatives.

Vigorousiy developing and implementing this renewable encrgy technology in China immediately, will
therefore be an ymportant activity safeguarding the national future well-being

7. Coordination Arrangements — Links/Coordination with other Projects 1n Subsector

(1) Coordination Arrangements
Overall Project coordination will be carried out by the National Project Coordinator (NPC).
(1) Links/Coordini:on with other Proiccts in Subscctor

Nonc. as there are no other major R.D&D activitics in the solar-thermal ficld in China at present

8. Capabslity_and Comuontment of Host Countny

China has conumtied to safeguarding it's future by adopting the Agenda 21 White Paper and establish-
ing an adminisirative center at the lughest level for carnvng out the imtiatives defined 115 10 be expected that
funds adcquate 1o carn out the imtatives will be made avaslable by China (national funds)

The ultimate success of the Project towards providing cnergy by envire amentally bemgn means de-
pends 1o a sigmficant degree on the success to develop suitable techinotogies and to produce them at quality and
cost conumensuraic with purchasing powcers (of cqupment users) and concrgy supply altcrnatives (which impact
the covironment) The suceess of the Project evecuting counterparn orgamzation in adopting forcign-developed
technologics for solar-thermal svstems (Suastnp” absorbers. heat-pipe ETC protots pe production hine) altests 10
the capability to exccute this ambifions Project

F. Development Ohjective

Theeprionn program for China's Agendi 21 m prioniy area 334 seeks to faaitte the rescarch,
duselnnment and d.fision of pew 1voes of high-performance cotlecrons
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The Project therefore iums o promote solar-thermal utilization in China by

(1 cstablishmg the capability to conduct R&D i and to develop evacuated tube collector tETC) tech
nology.

(1) conducting technical investigations aind R&D work to develop new types of ETCs which are of
larger diameter. more efficient. more adapted to specific applications andior more cost-etfective.

(ui) desigming. building. operating and performance-monitoring several solar-thermal systems, asing
the new tvpes of ETCs developed.

(1v) by preparing for the large-scale production of such new types of ETCs via the engineenng design
of a production line for 30~10.000 m*/a and 80~100_000 m*/a capacity. respectinely

D. Immediate (Task) Objectives, Qutputs and Activities
Part ] (FTCL{B)

Output: Re-cstablishment of a laboratory for the development. assembly and test of new types of solar-
thermal evacuated tube collectors (ETC). comprising. inter alia. (i) a magnetron sputicring
facility to produce highly selective abscrptive coatings on Al- and Cu-substrates. (i) a facility
to make and to experiment with vacuum-tight glass-metal seals. (1n1) a lathe for fabnicating
glass-flanges on glass-tubes of varving diamcter. (iv) a facility for tne outgassing of tubular
asscmblies. and (v) a test facility for the performance testing of ETCs

Activilies’ 1-1 Asscmbly of a Chinese counterpart tcam (cons:tsting of cight engincers speaialized
the technology of solar-thermal collectors. and four enginecrs specialized n the field
of solarthermal system design)

1-2 Establishment of links with between the counterpant team and wninersitics or R&D
institutions (nationally and internationally)

1-3 Fcliowship of one person for 2 m/m to receive tramning abroad cn solar-thermal
svstem simulation and space conditioning technology

1-4 Procure funding for the intended investment

1-5 Specify, teader and procure laboratory cquipment and facilitics

1-6 Install. test-operate and commission procured equipment

1-7 Ficlding of onc international expert in the ficld of solar-thermal performance

measurcinent and measuremert cquipment for I nv/m
Responsible: Dr He Zimian. Solarthermal Department. Beying Solar Energy Rescarch Institute (BSERI)

New equipment required (costs estimated. not including transporiation and unport tascs)

Type of Equipment - Cost of Equipment-- Remarks

Activity Activity (in U'S-S)

Glass flange forming machines $ 130,000 (import) D :- @100 ~ 150 mm (2 units)

Photo glass-strcss detector $ 10,000 (import) D = @250mm

Molccular pump $ 30,00 (domestic) v=430Us. p <10’

Temperatuse controlicr $ 25.000 (domestic) 1= 0~3500°C. 0 5 °C ‘0 500°C
Supersonic cleaning cquipment $ 10,000 (domestic) P = S0LW. 30§ capacity

Vacuum anncaling apparatus $ 50,000 (domestic) V = @300 L.000mm, 10° e 500°C
Air compressor $  3.000 (domestic) VeSS

TIG Welding machine $ 50,000 (import) ) 1= 200A (2 unmits)

Multi-metal cutting machine $ 25,000 (domeshic) D OWomm ]
High-frequency heaung faciliny $ 30,000 (domestic) P 15kW :_;, ' ._-_________
Sputtering factlity $ 230,000 (import) Q300 1on0mm o
Solar simulator sysiem $ 20,000 (import) A .Ei"’—[;‘_i@’;l'"_‘____ -

| High-tesmperature thermostal $ 20,000 (impery 0. so0C ]
»M.cgg-.r_l_n'g ._1_[1(_}_1.)//\ cAupment $ 20,_(_)(_)() (nmport) l\.'l_l_lp_,_.!\}j‘_;l( I}()_\}s_ﬁ(}}\__r:_llc ]
IR spoctreprotomerer | $__63.000 (unport) r 23 o
_/_\la_f:o_rp_u\'al;"-ﬁc:m.nn;-, apparatus 1§ 20,000 (umport) a o 00l oo

[Lmssivoty measwring apparatus {8 40000 wanporty 777 7 e T asee T




Infrastnucture None room. power line congechions, ete
avalable at BSERI
Training abroad. Fellowships $ 2L Ix2avm )
Experts; Consultants $ 22000 x| nvm o
Totals (1) cquipment S 380000 cmporteds
$ 205000 tdomestcally procured;
(11} tranmung. experts S 43000

Existing laboratony facihitics and measuring cquipnient (dedicated to palot-prduction-line use)

Facility; Equipment Year of Acquisition | Tvpe Remarks
Magnetron Sputtering Facility 1990 Domestic @3500x1.000 mm
Residual Gas Analyzer 1993 Leybold (D) |1~ 100 AMU. < i AMU
' QX 2000
Thin Film Controller 1992 Leybold (D) |0.5%
IC/4-plus
Surface Profiler 1993 a-step 200 | 16C A ~ 160 pum
Thermocompression scaling facility | 1991 Prinz (D) 400°C; 10 bar
Leak detector 1991 Leybold (D) [ 2*10 mbar/s
UL 100 Plus
Glass latie 1993 Shengvang @ 160mm ~ @ 130mm
BJ 150 W
Outgassing facility 1990 1*10™ Pa. 400 °C
Flat-plate solar collector test facility | 1987 Dornier (D) {4 collectors, 150 °C
Pyranometer 1980 Eppley (US) [0~ L300 W/n¥', 1%
PSP
Pyranometcer 1980 Eppley (US) [0~ 1.300 W/m® .1 5%
8438
Pyrheliometer 1980 Eppley (US) |0~ 1300 Wi £ 1%,
NIP
Radiation Accumulator 1980 Eppley (US) |0 ~9.999 W v 1%
411-6140
Ancmomcicr 1987 Thics (D) 0.3 ~ 60 nvs. 0 3 /s
CLIMA
Temperature data acquisition system | 1982 Yokogawa ()| 0~ 20 mV_ I pv
YEW 3873
Spectrophotometer 1981 Hitachi (J) 025~25um
330
Alphatomcter 1983 D&S (US) 0~ 100, 001
1A
Emissomcier 1983 D&S (US) 0~ 100,001
& AE
Schedule i-1 Assemble counterpart icam Sep - Oct Y5
1-2 Establishment cooperation links Sep Y3 - Aug Y6
i-3 Fellowship Nov - Dec 93 -
1-4 Procurc funds for cquipment Sep - Nov 93
-3 Tender and procure cquipment/ facilitics  Dec 95 - Sep 96
-6 Install cquipment Scp - Dec 96
1-7 Ficlding of intcrnational expent Nov 96
Duration 1% months

Part 2 ('ROTOTY LS,

Outpnl Fully developed and profolyvi.c-tested evacuated-(glass)tube collectors (ETC) of € 100 -

F30mm and characterized by

(1) twbc-m-tube configuration for heat-transfer medim inflow and outtlow (conceniric-tube
V)




(i1) twbular heat-transfer medium inflow and volume storage in a large-duamctcs, outer tube
(storage type)

(111) saingle- or double heat pipes with bent absorbets (bent absorber type)

(iv) larger-diameter glass-tube ETCs of O 120mm and © 130mm. respectineds. of the con-
figurations (1) to (in)

1 Design new types of gh-performance ETCs
-2 Carry out R&D and technical investigations on
- absorber coating surfaces with high absorption/low cmittance
- TIG welding (for storage type absorbers)
- metal-glass sealing of glass-tube diameters > 10UGimm
- outgassing characteristics of different materials
23 Fellowship of onc person for 6 m/m to receive training abroad on surface sputtering
- technologies suitable for absorbers of solar-thermal absorbers (suggestion: Australia)
2-4 Fellowship of two persons for 3 m/m each to receive traiming abroad on glass tube
fabrication (suggestion: The Netherlands)
2-5 Fabricate prototype specimens of new ETC types
2-6 Performance-test ETC prototypes
2-7 Evaluation of prototypes manufactured: report gencration

LAl

Responsible: Dr. He Zinmian, Solartherinal Department, Beijing Solar Energy Rescarch [nstutute (BSERI)

Support required:

Tvpe of Activity Cost of Activiry (in US-$) Remarks

Training abroad: Fellowships $ 91.000 Ix6m/m.2x3 wm

Experts: Consultants None

Totals: (i) equipment None

(i1) training. experis S 9.0

Schedule. 2-1 Design new types of ETCs Oct - Dec 93
2-2 Carry out R&D and icchnical investigations Oct 95 - Aug 6
2-3 Fellowship | (sputtering technologics) Jan - Jun 96
24 Fellowships 2 (glass tube fabrication) Apr - Jun 96
2-3 ETC prototype fabrication Jan 96 - Mar 97
2-6 ETC prototype performance-testing Jul 96 - Jun 97
247 Evaluation; report Jul - Sep 97

Duration 24 monihs

Purt 3 (DEMO)

Quitpny’ Design. install, opcrate (together with customer) and performance-monitor fully operat:onal
demonstration facilitics for solar-thermal utilizatnon. using new 1ypes of ETCs. ¢.g.

(i) an absorption-typc solar air-conditioning svstcin of about 200 kW,. adequate for a
medium-size hotel (using concentric-tube type or heat-pipe ETCs)

(1) a solar-thermal process heat generating plant with a capacity of about 30~50 m3/d
of 20°C hot watcr. suitable for a small industrial enterprise (using concentric-tube ETCs)

{1ii) domcstic hot watcr (DHW) systems of about 4 m? absorber arca. with 100mm@ and
130mm@ glass wbces. respectively (using storage-type and bent-absorber-type ETCs).

(scc also Annex C-1)

Activitics 3-i Sclect sites and establish relanons with uscrs
3-2 Design demonstration systems, specify sysicm componcits
343 Procuic funding for cquipment and plant performance monitonng
34 Procure systcm components. incl. scnsors and /A systems lor performiance

montoring
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3-5 Installation and stant-up of demonstration systeins, incl D/A systems

36 Operation and performancc-monitoring of demonstration sy stems

3-7 Ficlding of onc intcrnational expert to advase on the design and operation of solar
air-conditioning systc.us, for I nvVm (suggcestion: Singaporc)

3-8 Fellowship for 1wo persons. for I m/m each. to reccive traunng abroad on solar-
thevmal systems (suggestion: Germany and Singapore)

39 Optimization of demonsiration plant operation

3-10  Evaluation of dcmonstration plant operation: repon gencration

Responsible: Dr. He Ziman. Solarthermal Department. Beijing Solar Energy Rescarch Institute (BSERI)

Equipment/assistance required (costs estimated. not including transportation and import taxes. if any)

Tvpe of Equipment’- Cost of Equipment/- | Remarks
Activity Activity (in US-S)
Solar space-conditioning system
(i) ETCs $ 78.000 D = @130mm: 4060 m’
(i1) Circulation system $ 78,000
(iii) Absorption cooling unit $ 80.000 (import) | P =200 kW,
(iv) Auxiliary gas boile: $ 50000 P=
(v) Engineering design $ 10000
{v1) Installation. commissioning $ 20.000
(vi1)) Measurcment and D/A systcm € 15000
Subtotal: $ 331000
Solar industrial process heat system
() ETCs $ 78.000 D = @130mm: 400 m°
(i) Circulation system $ 78.000
(111) Engincering design $ 10,000
(iv) Installation. commissioning $ 20000
(v) Mcasurcment and D/A sysiem $ 15040
Subiotal: $ 201000
Storage-type domestic hot water sysicins
(i) ETCs(Q100mm & Q130mm) $ 9.000
(i1) Measurement and D/A svstems (3) |$ 9.000 D = Q130mm and O100mm
Subtotal: $ 18.000
Training abroad. Fellowships $ 28000 2x 1 owW/m
Experts; Consultants $ 22000 I x 1 nvm
Totals: (i) equipment $ 550.000
(ii} training; experis § 350000
Schedule: 3-1 Site sclection: user relation establishment Oct 96 - Mar 97
3-2 System design. system component specification Oct 96 - Jan 97
3-3 Funding procurcmient Oct 96 - Jan 97
34 Procurcment of components and measurement sysicms Fcb - Jul 97
3-3 Installation and start-up of systems Aug - Nov 97
3-6 Opcration and perforinance-monitoring Nov 97 - Aug Y8
3-7 Ficlding of onc international expert (A/C sysicms) Jan 97
3-8 Fellowship for two persons (S/T systems) Jan - Fcb 97
39 Optimizatson of plant operations Dec 97 - Sep 98
3-10 Evaluavion. reporting Sep - Oct 98
Duravon 23 months

Collaborayion  BSERI considers 1o callaboritc with other institutions in the speaification and design of the
solar-assisted space-conditiomng demonstration and solar industnal process heat svsiems,
candidate saststutions arc. inter ahia. (1) the Solar Heating and Cooling Technology
Experinent and Demonsiration Center i the Yuzhong District near the city of Lanshion

(1) the Guangzhou Institute of Encrgy Conversion. Chinese Acadeimy of Sciences.
Guangdong Province. (in) the Air Conditioming Rescarch Institute. Chinese Academn of
Architcaiural Science. and (1v) the Gansu Natural Encrgy Rescarch Insutute. Gansa Provinee

‘e
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Part 4 IFACTORY)

Quiput Design and construction of a full-scale production line for lugh-performance solar evacuated-
tubc-cotlectors (ETC) for a capacity of (1) 30—40.000 m¥/a or (i) KO~ 100_000 m'/a.

Actinities: 4-1 Carry out basic engiiicenng design for an optimized production line for output
capacitics of 40.000 m” and 100,000 m® . taking resultsiconclusions of Pan 2 wnto
account. and deter:::ne infrastructure needs (water, clectnicity. effluent treatment.
transportation. avattabiliny of skilled personnel, etc.)

42 Determine. for both capacity options, the costs for investment, production.
operations and maintenance. and casty out an cconomuc analysis

- 43 Specify production cquipment (for both options)

44 Decide about plant construction ard on plant capacity

3-3 Select site for production linc

4-6 Procure funding for plant investment

4-7 Prepare exact drawings and claborate engineering details for plant construction

18 Fielding of one intemational expert to advise on glass-tube technology and to provide
training in glass-tubc handhing/processing. for 2 m/m

49 Fellowship of up 1o 4 persons for 1 m/m each to receive training in handling and
operaling of vacuum technology

4-10  Tender and procure production equipment

4-11  Construction of plant (bwilding and _ufrastructure)

4-12  Instaliation of plant cquipmcnt

4-13  Commuisstoning and start-up of plant operations

4-14  Optimization of plant operations

Responsible: Dr. He Zinian. Solarthcrmal Departinent. Beijing Solar Energy Research instizute (BSERI)

Assistance required:

Type of Activiiy Cost of Activiny (in UUS-§) Remarks

| Equipment s Not specified so far

Local Construction & Infrastructurc }§ 7777 Not specificd so far

Training abroad: Fellowships $ 56.000 4 x 1 nvm

Experts, Consultants € 37.000 I x2mm

Totals (1) equipment None -

(1) training; experts S 93,000
Schedule: -1 Plant engincering design e " Jan - Jun 96

1-2 Cost determination. ccononuic analysis May - Jun 96
43 Equipment specification Jul - Sep 96
1-3 Plant construction decision Oct 96
1-5 Site sclection Oct - Dec 97
4-6 Procure funding Oct - Dec 93
4.7 Dectail plapning Jan - Jun 97
3-8 Ficlding of inicrnational expert (glass-tube technology) Jan - Fcb 97
49 Training for four persons (vacuum technology) Feb 97
4-1:2 Tendering and procurcimcent Jul - Dec9?
4-11 Plant construction Jul - Dec w7
4-12  Equipment mstallation Jan - Mar 98
413 Commussioning and start-up Apr - Scp 9%
4-14  Optimization of plant operition Oct 98 - Mar 09

Durauon 54 months

‘e




Sugeested Apgregae Activity Funding (for all Project Pans) .
Fquipment Totai Cost Government Commercral Crramts from Il | Foregen
Aemviny (i UN-3) CGrants Loans (domestic | Orgamzations Govermme:t
(SPCNNTC) currencyy tUNDP.UNHY, {Granes
Tech Assistance: |$ 277.000 teoes,
Traming .
Personnel (ma-  |$ 10,000+ | 50% 0%,
nagement. engi-
neering. cvalua-
tion, clc.)
Equipment for
(1) Pant i
imporfed $ 580000 |16% 60% 14% 10%
domestic $ 20800) |13% 8% 13% 27%
(i1) Pan 3
imported $ 80000 |16% 0% 14% 10%
domestic $ 364000 |13% 8% 15% 27%
(111) Part 4
imported s ™M
domestic s M
Local Construc- |$ 77 30% 6%
tion (Part 4)
Transport & In- |§ 777 356% H%
stallation (Part 3)
E. Inputs
Chincse Inputs
(i) Beijing Solar Encrgy Research Insttute (BSERI) will name and assign one staff member as responsi-

ble Project Director who. ou behalt of SERI. will be personally responsible for techmcal/scicnufic re-
sults and managerial exccution of all Project Parts. BSERI will consult with the National Project Co-
ordinator (NPC) and Chicf Technical Advisor (CTA) when intending (or being asked) to replace this
individual

(i) BSERI will make - as far as required - facilitics and cquipment available 1o the Project and will assign
an adequate number of qualificd staff for carnving out the Project.

(3i1) The Chinese Government will assign a National Project Coordinator (NPC) who. on behalf of ACCA
21, SPC and SSTC will monitor the progress of the Project. The NPC will alert ACCA 21 1n casc cor-
rective measures will have 1o be undenaken to safeguard the success of the Project The NPC will fur-
thermorc monitor that national and mtcrnational funds made available to the Project are spent accord-
ingly. The NPC will also write and issuc an Enghish-language final Project repont

() It is expected that the Chinese Government (SPC. SSTC. ACCA 21) will contribute. 1n a timely man-
ner, about US-$ 2 4 Mio (in the form of dircct grants and/or loans) to BSERI for cxccuting the Project

UNDP/UNIDO Inputs.
i International Experts
1101 Chief Techmical Advisor (CTA), S/

this person, 1o be recnuied for making visiis to the Project 5 times (for 1 month) over

the Project’s duration will provide overall gindance i the implementation of the four

Project parts and will ciascly interact with the National Project Coordinator (NPC) and the

person responsible foi the Project execnbion The CTA shall be an expers in solar-thermal !
tecliologies and linve expenience i operating and measuning solar svsicms




11-02  Consultant on solar-thermal perforzince measurement and micasuring cquipment. . l nvm
the expert will make onc visit to assist in the design and cquipment specification of perfor-
mance monitoring and data acquisiion (1/A) equipment

11-03  Consultant on solar-assisted space-conditioming and related equipment.
the expert will make one visit o assist i the optumal layout and design of a solar-assisted
space conditioning system for a medmm-size hotel I nvim

1i-04  Consultant on glass-tubc handhing and processing. Invm
the expert will mzke onc vistt 0 assist in truming local technicians in the ant of handhing
and processing glass-lubes (stress-free ange .ormation and glass-to-glass fusing)

15 UNIDO Staff Travel

] Individual Fellowships

31-1  Training in the field of solar-thcrmai system simulation and in the technology of solar-
assisted space conditioning and industriai process heat systems
(for Pant 1; one person for 2 mv/in) 2 n/m

31-2  Training in the field of surface sputicning technologies which are suitable for producing
selective absorptive surfaces (for Pant 2. onc person for 6 m/m) 6nv/m

3t-3  Training in the ficld of stress-free glass-tube welding, fabrication and handling
(for Part 2: two persons. 3 m/m cach) 6 m/m

31-4  Training in the ficld of solar-thermal system design and operation
(for Part 3: two persons. | mv/m cach) 2 nvVm

315 Training in the ficld of vacuum-technology and operation of vacuum sysicms
(for Part 4: four persons. 1 nvm cichy 4 nvm

2 Study Tours

None; visits to relevant institutions are 1o be organized within the training nissions.

i) Expandable Equipment

None

42 Non-Expendabie Equipment

Sce Part D for itemization of required non-expendable equipment and associated cost cstimaics

F Risks
Potential Risks Fstimated [ikelihood
| Marketing and Product Dissconnation BSERT 1s an R&D entity which operaltes

a manufacturing company. SUNPU Co on the same premises. This manufaziuring
arm successfully adopted the technolops to produce Sunstrip® absorbers and sucess-
fully established a pilol production hiie for heat-pipe evacuated-tube-collcctors (E1C)
of high quality (lifctime 12 yeiars) Presently aboui 180,600 m?/a of Sunstnp” absor-
bers are produced and prohtibly sold on the domestic and isternational market (a
sccond production hinc for Sunstiip’ absorbers is being planned). on (he protofype line
of heat-pipe ETC. already substantial orders for products arc manufactured (and
reportedly with attrachve profit mirgm)




BSERI/SUNPU intend to marker the lugh-cthicicney ETC wath tube diameters > 100mm

the same way. ¢.g. as half-finshed product whelesale to regronal/local nstaliers of

solar-thermal systems. At present the knowledge 1s hnuted whether the local market

can absorb 40.000 m*/a. respectinely 100 000 ev/a, of ETCs which are hoped 1o be

produced. If the ETC of O>100mm are produced with the same quality as demonstrated

in the prototype production lisie - and since there are no more than three competitors

worldwide producing ETCs - there is good prospect that lugh-cfficiency. large-diameter

ETC can be sold also outside of China For these reasons. the nisks that the newly

der-eloped ETCs cannot be sold 1s considered Low/Mdium

Complexity of Larger Solar-Thermal Svstem Apphicauons: The knowledge worldwide
about solar industrial process heat (solar IPH) and. specifically. solar-assisted space-
conditioning systems is quite limited Wlle the supply security in both applications
can be assured by back-up auxiliary sources (gas. oil). the design of such system must
carcfully be adapted to and optimized for the speaific application needs. For instance.
hcating and warm-water needs need to be taken into account when designing an optimal
solar -assisted space-conditioning sysiems. the ambicnt conditions of temperature and
humidity play a decisive role when decidiag what cooling principle shall be applicd
(absorption-_ adsorption-. desiczant-cooling. cic ). provided that mature technology of
adequate capacity is commercially avinlable. the design becores even more challenging
if solar-assisted space conditioning needs 10 be designed for already existing buildings.

The risks that the solar IPH and solar-assisied space conditioning systems which are
demonstrated in this project operate nomunally (1 ¢ according to design and expecta-
tions). thus setting an example for further repheation. s considered Medium/High

Lifctime of ETC; The feasibility and viaiity of solar cvacuated-tube-collectors
(ETC) has been repeatedly proven (for a varicty of concepts and designs) and some
design are commercially available worldwide The performance of these collectors
surpasses those of flat-plate solar colicctors signlicantly under large 2T, a criterion
under inclinate temperature conditions Provided that the developments in this
Projcct are successful as expected. the manufucturing cost of ETCs in China may well
approach those of the flat-plate 1ype

Whilc operation according to specifications of heat-pipe ETCs from BSERVSUNPU's

pilot line can be expected for well over 12 vears (extrapolated from laboratory results).

the critical factor of ETCs remains hifcnme. 1 ¢ the mmntenance of the vacuum-tightness

of the glass-metal scal for >20 years and betier under the wide-range thermal cycling

stress these seals are subjected to over thus ime To guarantee such lifetime for a varicty

of malcrials and material combinations (glass. metal; metal surfaces) and ETC designs

(c.g. tubc diameter) requires that adequate manufacturing techniques are developed

and ETC manufacture is carefully controlled The risk that the lifetime of ETCs de-

veloped and manufactured in this Project is therefore considered Medium

G Prior Obligations and Pre-Requisites

Successful exccution of this Project depends on the avarlability of Natromal cost share funds in tmely manncr

flic Chinese Government (ACCA 21: SPC. SSTC) and the participating institution (BSERI) will provide funds
for all the counterpart activitics as envisaged 1 this Project Document. This includes provisions of counterpan
fund« for staff salarics. transport, travel costs. domeshic trunmg costs. procurcment of indigenously manufac-
tured cquipment, capital costs and other related cost ttems The Clinese Government will also provide the
1cipaced stafl for the national coordination of the Project

Ihe Chunese Government shall also

m provide immediate English Janguage tranmng 1o those persons proposed to be sent 10 farergn locations
for grammng m the form of fellowships
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(1) cnsure the refease of these persons from thair dutres on the dates of the commencement of ther fellow-
ships. .

(in) provide local and ficld transport for the inernational consultants
(1) defray all ground and air iravci expenses i the country for the interational consultants.

(LY provide suitable office accormmodations. intcrpreters and other support requurcnicats. as necessary. for
the international consultants.

The Project Document will de signed by UN!DO. and UNIDO assistance to the Project will be provided. subject
to UNIDO receiving satisfaction that the prercquisiics and prior obligations listed above have been fulfilied or
are likely to be fulfilled. When anticipated fulfillment of onc or more prerequisites fails to materialize. UNIDO
may. at utsdiscretion. cither suspend or terminate 1t’s assistance.

H. Project Reviews, Reporting and Evaluation

) The Project will be subject to an annual review as part of the annual program reviews. chaired by
ACCA21! and attended by the National Project Coordinator (NPC). the Chief Technicgt Advisor
(CTA). the Project implementing entity (BSERI. represented by the Project Director (PD)). and by rep-
resentatives of the funding authoritics Task status to date will be reported by the respective’PD and
overall Project assessment will be provided by the NPC (writicn reports to be subnuticd by PD and
NPC to the UNDP ficld office at least six weeks before these revievis). For each Task. the annual re-
view will encompass. inter alia. schednle. funding. costs. personnel training. techmical results. collabo-
ration with industry and users. and the likchihood of attaining the success of the Project

The NPC'shall further brcparc and subnut 1o cach Project review mecting a Project Performance Eva-
luation Report (PPERY): additional PPERs may be requested from the NPC. if necessary. during the
Project. -

(i) A Project Terminal report will be prepared by the NPC and PD for consideration at the Project Per-
formance Review Mecting immediately followmg completion of the Project. It shall b: made available
in draft at least four months prior to the final review meeting to allow review and technical clearance
by UNIDO and involved partics

() The Project shall be subject tc the first review twelve months after the stant of full implementation. The
organization. terms of reference and tming of this review will be decided after consultation between
the parties involved in the Project.

L Legal Context

This Project Document shall be the instrument referred 1o as such in Art. 1 of the Standard Basic Assistance
Agreement 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 host country implementing agency shatl. for the purpose
of the Standard Basic Assistance Agreement. refer 1o the Government cooperating agency described in that
Agrcement. .

The [ollowing types of revisions may be made to this Projcct Document with the signature of the UNIDO repre-
sentative only. provided he/she is assurcd that the other signatorics of the Project Document have no objcctions
to the proposed changes:

4] Revisions which do not involve sigmificant changes in the immicdiate objectives. oulputs or activitics of
the Tasks of the Project but are caused by the rearrangement of inputs already agreed to or by cost in-
creases duc to inflation; and

(1 Mandatory annual revisions which rephae the delivery of agreed Project/Task inputs or ncreascd
expert or other costs duc 1o inflation o Like 1o account agency expenditure Nexibihin
.
The contractual agreements entered into by and between the Clinese Government and forcign supph-
ersimanufacturers of cquipment shatl contann all necessiry terms. condibions and restrictions to provide full




protection and shall be i accordance with apphicable imtcrnauonal standards (including. but not ynited 1o
patenis and copyrights. if any) for the components and designs of the forcign supphicr manufacturer

The Chinese orgamizations/entitics iy olved in thas Propect shall fully abide by all design and patent restnctions
imposcd by smd contract

The Chinese Government shall. on a continunng basis. indemmify and shall hold UNIDO harmless from all
claims of any nature in connection with patent or intellectual property infringements that niay ansc from the
activities of this Project

J Budgets

Summary estimatc of total costs by major budget catecgon

Total Cost National Grants | Comm. Loans Grants from Intl | Other
Category (in LUS-$) in RAIB-vuan m RAIB:vuan Organizations External Inputs
(in US-S (tn US-S (UNDP.UNIDO) | in US-3)
equivalent) equivalent) (in US-$)
Personnel Y s s s 366,500 |$
(Engineering:
Operation:
Evaluation)
Fellowships: $ s $ Y 322000 |$
Training
Study Tours S 0 |$ 0 is $ 0 |3 0
Equipment $ $ $ $ 1.958.360 |§
Miscellancous | $ ) 3 s 100000 |$
Totals y N h) A 2946560 |S

‘
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K. Anncxes .
Anncy A: Job Descriptions

A-l Project Technical Advisor (PTA)

JOB DESCRIPTION
OF THE CTA - Projcct Technical Advisor
Post Numiber: NNANY/95/722
Post Tule Chief Technical Advisor (CTA)
Duration - One man/month per vear over a period of four years. staring October 1995, with the

possibility of up 1o two additional man/month over the duration of the Project.

Duty Station: Beijing. with possible travel 1o ETC application sites in the country and abroad
(UNIDO. Vienna). plus work (reporting) at home basc

Purpose of Job: To reinforce the Chinese technical capability in developing and manuficturing high-
efficiency cvacuated-tube-collectors (ETC). to expand the apphication and utilization
of ETC. 1o assist in reducing the rapid increasc tn demand for fossil-based 2nergy,
and to upgrade the R&D capability in the ficld of advanced solar-thermal
components and systems.

Duties The PTA will closcly collaborate with the National Project Coordinator (NPC) and
the Projcct-responsible organization/person in the coordimanon. implementation and
follow-up of the program of work cstablished i the Progect Specifically. the CTA

(n To participate in the annual Project/Task revicw mccting and (o assess
indcpendeatly the progress of work in the respective Tasks. based on inputs received
fron: the Task Dircctors and by on-sitc inspections of the Task sites.

() To assist the National Project Coordinator and the Task Directors, if
requesied. in the resolution of technical issucs which anisc i the execution of the
individual Tasks:

(i) To assist UNIDO in the identification of individuals who could serve as
interrational Technical Consultants for the Project. and n the writing of the terms
of reference and job descriptions for these consuliants.

(iv) To assist UNIDO in the identification of rescarch institutions or industrial
entities which could support the specialized technical inning of individuals en-
visaged in the Project.

(v) To advisc/assist the National Project Coordinator in the preparation of the
Projcct Terminal Report at i end of the Project.

Quahfications: University degree in Physics or Electrical Engincering. with a minimum of
15 vears professional experience related to solarthermil technologics (componcents,
sysicms. system applications) and in the management of scicnhfic/-icchnological
programs and projects

Expericnce i the collaboration with foreign pariners will be an asset
Languages English

A2 Consultant on Solar-Thermal System Performance Mceasurement and Mcasurcmient Ssstcms

‘e

A Consultant on Design and Operation of Solar-Assisted Space-Condinioning Svstems




A Consaltant on the Technology of Glass-mctal Secals and Glass-Metal Seal Manufacture ,

‘e




Anncy B:

‘e

Work Organization; Implemcenting Arrangements

&

18




X

19

Anncx C: .
C-1 Solar Demonstration Installations (Basic Draft Speaifications)
Demonstration Basic Specifications

Solar space-conditioning system
(using tube-in-tube collectors (ETC) of 130mmQ)

Cooling typc. Absorption

Absorbent: L1-Br

Refngerant: Warter

Refrigeramt circulanon control: by insolation
Cooling capacity: ~200 kW,

Collector aperture: ~ 400 ¥

Auxihary heating: gas

Yearly solar-mode system cfficiency: >50%
Application: medium-size hotel. 220 rooms

Solar industrial process heat system
(using tubc-in-tubc and/or bent-absorber heat-pipe
collectors (ETC) of 130mm@)

Two-loop system

Anti-freeze protection in primary loop

Hot water supply capacity: ~20 m*d

Hot water temperature: 70-90 °C

Collector aperture; ~400 m°

Yearly system efficiency: >50%

Application: medium-size indusinal plant (c.g. dairy)

Domestic hot water (DHIY) svstems
(i) using storage-type collcctors (ETC) of large-
diamcter (Q=130mm)

(i) using storage-ivpe collectors (ETC) of small-
diamcter (O=100mm)

(iit) using TWD-insulated storage collectors

Hot water output: 240 I/d

Max. water temperature: 530-60°C

Collector aperture arca: 4 m’

Daily efficiency: summer >35%. winter >45%
Application: (a) synthetic test. (b) one-fanuly house
Hot water output: 190 I/d

Max. water temperature 30-60°C

Collcctor aperture 4 m’

Dailv efficiency. summer >33%. winter >45%
Application (a) svathetic test. (b) one-famuly house
Hot water output: 240 7d

Max water temperaiure 30-60 °C

Colicctor aperture 3.6 m2

Daily efficiency: 77?7 summer, 77?7 winter
Application: (a) svathetic test. (b) one-family house




20

Iy

Overall Time Schedule

C-2

I _ ! britr
ssees | ssnsns 1 _m—.w
senee i AN
ssvan | seses : Siler
sases ! Loty
LT Y] . Arl—'
. ' [
‘ i n . i XS
soesae| eoene ; ; S
i : D o
: £
. _ ; Cper
Ty ! : LT
teene ! . ot
i 4 v
¢sees | soese . S t
| ;orutd
. : HEU RS
sesen| sesen) sneeel : __ ({3
™ ; ) “ ¢
. : Pt
(TTT IR YT Y . w HERYLEY
sese | sae ' m Y
se| sesne| ene ” j ¢
ss| senss ! _ tey
o | senes ; [adt
seses| seees “ N Y
| ! Ly
XYY ; . By
YY) sesen| seene " C 93
sevee| sevns| sveen| eneae i | e
seeen | o : Y
csees | sssesn ity
see| sesen| sanas ese N
see ¢ t-3
, Tl
T
.. i o
ssesel @ _ ' VA
sesee | seves| cocee i Tty
e m R e
| NI
soe | 2080 | sveen oe _ : S
se | »s ) ! B R
{ : _ 1 ueg
Al 111 11 Al I11 1 1 Al 111 11 1 Al Il 11 1 AT ;
6661 8601 L66! 9661 £661 .






