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1. SUMMARY

A one month mission was unceitaken to study and revier the present
situation in Greece with regard to selar energy collectors. The object-
ive of the mission was to further develop and strengthen the Hellenic

Organization for Standardization (ELOT) in its product certification mark-

ing pregram.- It was found that Greece has an expanding solar energy industry

with a large nuwber of mostly small manufacturers. Only one manufaciurer
is performance testing his product. There is, therefore, a clear need

for solar energv coiiector testing and certification. It was further found
that FLUT has prepared a stendard for measuring the instantanccus thermal
performance of flat-plate, water-heating colleciors, but dees not have ¢

syitable lahoratory at which to parferm the testing. It A5 rocemmendsc

that such a laboratory be establiched, eroipped, and sieved. 1L ds furlhoey

recomronded that the test data obtained be used in & vating schemz that can

lead to.inforimative labeliine of seler enevgy. coliectovs. it is recommended
i G

that any full fledged collector certification and qualivy wrking progan

e e e O T S a3 vyery - P Cone e 1T
L ;,\)S{.;;(,rt‘.;,‘d WHLTL aiier such pyrogranml ara an gp LLion vl Lanan

such zs electric water heeters. It is recommended that Greece participate
actively in the developuent of international standards for solar enevgy

themiosyphoning water heaters.
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2. INTRODUCTION

The short‘term mission covered by thisAreport is one of six included
in Project DP/GRE/78/001/01/37, which began in April 197% and is to
have a three year duration.

The development objective of this project is to further stirengthan

and develop the Hellenic Crganization for Standardizatien (ELOT),
thereby erabling it to elaborate, develop, and effectively implement
the national policy and system of industrial standardization, quality
control and certitfication marking schemes. The harmonization of these
activities with those of other countries of the Furopean Fconomic
Community (EEC) would contribute tc establisning and developing ihe

full partnership of Greece in ithe FFC.

Within the scope cf its development objective, the projesi aims 21 @
number of immediate ebjectives including:

1. to establish legai, institutional. orgenizational, techrical and

schene; ]

2. to plan and establish testing labouratories as well as the inspect-
ion and certification scheme for central heating boilers, and Tor
solar energy collectors;

3. to strengthen and develop the testing laboratory, the inspection
and certification scheme for electrical household appliances;

4. to undertake the harmonization of ELOT's activities in standardi-
zation, quality contrcl and certification schemes with tbose of
EEC bodies;

5. to plan, organize and establish the ELOT quality controi testing
and standards laboratories;

6. to train Greek personnel in standard practices.




— 5 B N T B T R A
o o LA G TR S TSRPS0 8 T R R TR
R I S T G M e, T R S A e ST L I R A S BRI P

2.3 Four experts have already completed their missions in this project.
Rtport§ have been prepared covering the legrl, etc., framework for
& certification marking scheme (Frontard - 01); the certification and

e ORIy
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quality control laboratories (Redfern -03); certification and quality
control testing of central heating boilers (Kapitaniak - 04); and
the training of testing laboratories personnel (Deri - 06).

2.4 The mission covered by this report concerns the certification and

quality control testing of solar energy collectors. The expert's

duties include:

PRI

1. to study and review the present situation in Greece with regaird
to the design, manufacture, installation, testing, quality contro?
and certification marking procedures for sclar energy collectors;

2. to recommend practical measures aimed at improving these proce-
dures, within the framework of the national certification marking
systems to be established under the auspices cf ELOT;

3. to assist in specifying the additional laboratcry testing and

measuring facilities and equipment required for improving and 'é
developing the above-mentioned services; ?

4. to give advice and information covering the organization and opera-
tion of testing and certification procedures in the EEC countries.

The complete description in contained in Appendix 1 of this report.

2.5 The expert's findings and recommendatidns are contained in the body

of this report. Supporting information is contained in the appendices.
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3.1

3.2

3.3

3.4

3. FINDINGS

The following findings are bas¥d on a study and review of the present
situatien in sreéce with regard to solar energy collectors. This
study and review was accomplished through discussions with the per-
sonnel of ELOT, with other Government personnel, with University
faculty, and with manufacturers. A number of companies were visited,
as well as the two known test laboratories. The final reports of
previous experts {especially Frontard - 01 and Redfern - 03) were

reviewed, since they sel up the frameworks For the present study.

Greece has an expanding solar energy coliector industry. Some 37
manufacturers sold about 30.000 metre? of collector in 1975, and
expect te sell 4C.000 metreZ in 1980. Two manufacturers are rather
large, accounting collectively for more than 50% of the sales, while

the rest are considerably smaller. -

The solar energy coliector product being wanufactured and sold in
Greece is the flac-plate,thermosyphoning water heatcer. Although a
few manufacturers also sell their flat-plate collectors separately

for active water heating sytems (with pumps, tanks, concrols etc.),

this accounts for only a small part of their sales. With the except-

fon of a few demonstration projects, there are no solar energy space

heating systems in Greece.

In Greece, as in the EEC and the United States, the solar energy

industry is quite young -- the oldest surviving company started in

1974. The prouucts being sold are evolving coniinuously as experience
is gained and newer materials and information become available. Only

one manufacturerhas & test facility at wiich he can evaluate product -

changes duantitativeiy (See Appeﬁdfx 3).

R
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3.5 There is a Hellenic Solar Energy Manufacturers Association whick

3.6

3.7

3.8

-equipment, ELOT has given sciar energy collector certification & high

is trying to police ihe industry by asking its members to meet ;
certain criteriy. jhese include having.a brand name (i.e. an ideni- 4 I
ifiable product), having a qualified engineer, and having made a :
real capital investnen@ in the manufacturing facility. Members of g
*his association have expressed great enthusiasm for 2 certification |

>cheme for solar energy collectors.

Research is being pursued in Greece to develop advanced components
and systems for solar energy space heating and cooling applications.
This research, primarily at educational institutions, is now guided i* ?
by the Scientific Research and Development Agency, which has a solar
energy program plan. The program coordinator expressed enthusiasm
for a certification scheme which would apply not onily to the present-

day products, but also to these future developments.

One solar energy rescarch group, at the University of Patras, has
not only been developing components, but has also been testing evpe-

rimental solar energy coliectors for several years. Although their

test apparatus is sparse they now possess considerable experience
in performing and evaluating collector tests. This interdisciplinary

grouy has prepared a site at the University which would be suitable

_for a full fledged test laboratory, and has considered the question

of the equipment needed to bring it into operation. There are tech-
nician-grade personnel avaiIaBTe. This finding is discussed in more

detail in Appendix 3.

In recognition of the growing sclar industry in Greece, of the relaA.

tive immaturity of its products, and of the potential for contribut-

ing to the natfonal energy conservation goal with quality solar energy

“6/... ———]
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3.9

priority. As a first step, ELOT has written Standard 388 - /11,
adapted primarily from ASHRAE 93-77 (USA). This standard specifies
the method of testing tb_d!té}iﬁneAthq_instantaﬁeous thefna] pgrforib
ance of flat-plate, !iquid—heating solar energj collectors. {Se2 :
Appendix 6). There is no standard for rating or cert{{ying a collect- !Ef
or, nor is there any standard relating to thermosypboﬁing water heat- |
ing systems (but there is none in the EEC or the United States, either).

ELOT does nct have a laboratory cuilable for testing solar energy

collectors, does not have the necessary eﬁuipment. and does not have

the necessary personnel. A proposal from the firm DORNIER to the yl ?
Greek governrent for a joint project in solar energy testing has been
transmitted to ELOT because it includes solar energy ccllector test- %
ing facilities, but it does not appear to meet ELOT'S needs, being ?_
more in the way of & research and demonstration project. %‘§
. o
|
E




R1.

R2.

R3.

4. PECOMMENDATIONS

It is recommendad that a solar energy test laboratory be established
at the proposed site ai the University of Patras in a joint and coope-

rative venture between ELOT and the University of Patras. This seleci-

jon of location bést meets tne quidelines in Appendix 4. Tae testing

program will include both routine certification testing for ELOT (which
must take precedence) and experimental work for the University of
Patras. The iatter. experimental work is essential since it will pro-

vide the data needed to develop new standards anc procedures. A 1

w

r.
v

of sugnested enuipment is given in Appendix 5.

for equiprent for this labore-

lg_is recommended that financial support
tory (see Appendix 5) be sought frowm UNTRO/URDP (there is some provis-
ion For this in the curveat UHIDYU project), and from.tho Greek Soiont-
ific Research and Technoicgy Agency (in a joint provosal Trem ELCTY

and the University of Patras). The latter sgency is appropriate becaur
the laboratory will beccome a2 centre for rescarch on active solar systan
conpencnts.  Because of the large capital aavestrent regrired, cther
sources of support may be necessary &s well.

It is recommended that the test laboratory be headed by 2 qualified
engineer who ig clearly identified as being in charge of the day-to-
day operation. His responsibilities will include ensuring the equip-
ment is functional and in calibration, scheduling tests of solar

energy componenis, ensuring ihe tests are done correctly, preparing

the final test reports in approved formai, and signing them. The

traceability and accountabiiity provided by this one-man-in-charge

scheme are essential to the success of a certification program.

-87...
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It is recommended that this. engineer, once ¢ lected, be given a

UNIDO fellowship for one or two months to stidy Tirst hand the

collector tecting procedures at a recognized solar energy test labo-

ratory in the EEC or the United States. He can discuss with the
personnel how the procedures should ke modified to meet the needs of
the Greek pregram. There is provision for sucﬁ a fellowship in the
UNIDC project.

It i5 rccommenced that at Teast one quatiiied technician be assigned
o the test laberatery full time. This is oscenlic?! o cnsure @nifsmm
ity in the test results. KYthough sslav enevay coliector testing is
celled "routine", the quality of the data depends o a consider;bﬁe‘

degrez on the technician povTorming Lhe fests.

It i< rocompendsd that this technicion, orice selected, also bo given
a UkiDS fellowship for one or two morths. To previde maximun benoitt
for the Greek pregrem, this fellowship <hould coincids with the
enginccr’s  fellowship (K4), =o that rhe tun parsonie! cen study the
procedures togeller and discuss and snalyze them together. There is

previzion for fellowships in the UNIDD project,

It is recommended that a UNIDO expert on solar erergy collector testing
be brought to Greece for a short term mission after the test laboratory
has been established and thz engineer and technician have received
their study fellowship. The vurposes of this mission are to:
1. ensure that the appeprizte equipment has been cbtained for the
laboratory and that it is properly connected and functional;
Z. heip the engineer and technician shake down the equipment and
refine the collector testing proced.res in actual tests;
3. provide the test Yaboratory and LLOT with the Tatest information
on salar erergy system standards development, “in the Tight of the
[ ]
needs of the Greek program.

-0/




R8. It is recomnended that ELOT adopt gll:of the outside test léborafbry
guidelines {Redfern -. Appendix 9) with respect to t!: test laboratory
recormanded above, since a varfety of testing efforts will be carried
out there.

The testing done for ELOT will be done in accordance with Standard

328-1/11.

R9. It is recommended that ELOT develop 3 Certificate of Performance to
be issued for collecters whiéh are tested. The certificate would
comnlctely doscvibe the collector (pevhaps using the coliector charar -
teristics shuet already developed), stete that it had been tested in
!

8 standard way at an approved laborvatery, and certify the dala {sec

Appondin 6). -

Ri0G. 1t is recommendad that as s firsi step towerd i collecteor mavking
scheme, ELOT develop a collector veiing procedurs which i5 based on
instantancous thermal perferinance (sce Aspendix €. An informative

Tebel for colicctors should be developnd which uses the coting.

R11. It is recomnmended that any full certification ard marking program for
solar energy collectors be postponed until such prograws ave in place
and functioning for other products. This aliows *the administrative
procedures to be worked out while solutions ave sought for the tech--

nical problems confronting collector certification.

R12. It is recomnended that an trganizational framework be set up within
ELOT to deal with these certification asctivities, as has been recommend-
ed by previous UNIDO experts on mission. For :olar energy collecthors,
- the simple. Certification Divisicn concopt (Redfern - 01) wou]d-sufficc
, if supporied by a solar energy coimmittee, &lthoiugn the more forma®

Certification Board/Dranch Certificaticn Coamitinz structure (Frontard -

o~ ‘ STV

- — — = e —— - T———————————_—————————— e
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Annex 5) would also work. For considering questions concerning
certificates of performance and informative labelling, the committee

need only have repkesentatives‘of'the‘so]a? energy collector industry
and of consumers. For considering questions concerning new standards
-- for example, on thermosyphoning water heaters -- the membership

should be expanded to include technical and academic people.

It is recommended that ELOT (representing Greece as provided in Law
No 372/76) press tor early development f international standards on
thermosyphoning collertor performance. Interactions can take place
through the International Standards Rssociation (IS0) and the Inter-
national Encrgy Agency (IEA). A substantial contribtuion from Greecg
vould he experimental data on thermosyphoning collectors taken at

the test 3 iaboratory recommended abeve (R1).
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APPENDIX 1
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URLTED HAPIONS ISVELHPHEND PROGRAMDS
UNITED NATIONS INDUSTRIAL JEVELOPHSRT ORIAINZATION

PROJECT IN GREECS

JOB LEACRYPPION

ﬁWCnu‘ﬁﬁ/om 71105

FOST CITIE Conmuiliant in cortification and quality
control testinz of suvlaxr energy ceilcciors
(touting mothodn, proceduros end lelora~
tories)

TIRATICH Oue month (vith poreibility of retumm
uissions)

LATE PRgTIneD Septomber 1979

X i L""ll'
) -'.!: nq..;..d'

Athang, with frevel in the country

FURYODE OF VRosRey To esslot the Qovernmont in etyon: sehonies

end developing the nations) edaidued sation

end corbifisation mzyidng schemcn
LIS , The ecamltent ml" b attaches 1o the

Hallenic Orpenisation fop Stundovdanzbion
(ELOT) undey ile diinietiy of Indosizy cnd
echnology, cod,woriiug in olowd coodstes
thon with otber relevint Goveramant
minimirios and depertmonte, iastitutions;
orgenications and indusiraal cuisrprises,
will be eozpccted to:

ie
P

1. study and raview tho propsat situstion
in Grasce with regard to the dasign,
manufectire, instzllationgiteuting,
quelity control and certificstion

S marking proveduras foxr solar enersy
' ¢ . oollectors (including, the relevent
. standerds)

2. rocommend praotionl measuras pimsd ab
improving these proccdures, within the
framovork of the national gerbtification
moyicing cyotemnh 40 bo esteiliched wnder
ﬂw anapicas of o7
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3. waszist in spociiying ths riditicnnl
lsboratory tocting oanb morcuring feci~
- 1itisa end osguipmcat roquized foy ine
proviug ad dgveloping einvo~venslonod
BIViCAD
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4. pgive edvico snd information cevuxing: the
orgeaiuation wid oporaticn of tenting
and cerlificaiion proccGuoos in %he BELC
countrles. _ .

The eonmaltant will aleo b3 wmoctod $0 vav-
pare g finel report covering the findingn
of his miscion cnd hic recutmondsiions %o
the Govoernment on further ssticn to be irlcn.

Undveruity dezree in crginecring, tockiiopy
or ppplicd phyuiczl roicnese. Fxbonpive oo
viease Lo the denigma, nanufvciuvre, inehole
levion, tesbing end certificobicn of molny
onarzy collesionrse  Full lwowlidse ehsuvd
the ralovend ctenderds, emelity conbyod wmd
fosting pwccedures with particv)av refcrcnos
10 the procticen rad loospiiczics in tuy
FEG and other ivGirdeislized oovntrica.

- e a

Englich or Fronch Gith o good wosbring

knowlodga of Englinh. A

Te Since the end of the Socond VWorld Vip.
the coonemio davslopment policy of
(rosco hiog edned primoxily o Qligning
vhe notionu) sleadard of living to 1hs
levoel of the indumirinlizcd eovnteion
of Vestern Furepa. Thic progremme hoo
boen lergely muccessfhl eince the ine
oouis Por cuviia wiich wos cquivalent
to 357 of tho avorsge figurc or those
covntrios in 1955, was rzised o 53%
in 1977 Y

During this period tho Governe

ment onoowreged foreign inveotmontc
in Ganece tomathor with the dmporte~
tim of tho yolovant teclnologico, fa
ordsr 1o provido Greck industry wiib
bottor opportvnitics for sommeroinlie
pation of 4tu productn ebixoade
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One of tho top pmoritics of {ho
Govarancnt of Grovee Liss i tha
conguyrvetion of Cnorgys o8 woll au

in tbe ceavch fur allomaiive goucees
of cnorgy. Accoriing o & ropart
publigbad in 97T by tho Hutronel

Enorgy Council, the avercge summal

pohe of ANCTEess of caergy vincuupts
ion was 12,45 for 1965 ~ 197¢ wnd
about 0,54 for 1Gi5=1976. Ja 1976
the domend vas eaiicilcd by 23,70
Loldd fuale, 70,%% Ligquid fusle end
3,6/ hydropovar. Indasity cocounts
for 43,45 of cueryy cenTunibion
tranporiotion For 23,87 ana rani-
Gombicd gad othew vwan Lop 38,805

ftisn the froaumork of thr alove Jrioes
pitina end poriciss of the GoviTnmend
of Oyeeco, thn Fallenie Ongenisahion
for Stomdardication (700) wves
estoblichad an 1076 by tho Low

Yo, 372/1975, a5 o non-peofih dnebi-
tutica, wnder Fhe cupervieion of the
nhote exsroiscd by the Minzeter of
Induustyye  Fon cbabliohniat of the
Nebional Counril of Stungaxdisaiion
which wouié form paprd of the proce~
duro for organiuing wnd opcraiing
BIGP, was ewncwaned in 15T

Po fuzrthoy dovalop and slrengbhon
thoge activitics, tho neod for
acgistanco in the following fiolde
wag oxpronscd by the Hadlcnie Orgor
nizetion for Stendavdization (BIOT):

~ logal fremcwork for certification
procodures

~ gotting~up end equipment of a
laYoratory for testing of ecentral
heating equipmeat, heating applicn-~
cop and wolor enexgy colleciore

~ gehting up and oquipment of 8 lcebo~

ratory for hasic eleniricsl oquip-
ment:

— : -15/...
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- foaulbilily, creaiion and opcration of
€ uvyctam for supnrviaing cuxpound con-
ciructions (feetorien, building cone
siructions, Gic.).

In eddition to the cbove conciderctions
vhout enorgy connorvation, the activi-
tion of BIOT in the £33ldu of stenderdie
gation, quality conixol and cuclity cors
¥iffcation sebemes wil) providz a nejor
sontribution o inproving the cuality,
relienility end eefoty of Greck producic,
maverials Nl equirzunt invondad for
10n2) concumpiion ro well as Lor uport.
This contribuiion chould aleo VW soen

in the Yight of Cronoo®s full
ghip ia Who Fraoncin hecnomnic Gommund Ly
(10 Lud TP wovid pley a cxucinl rolo
In brioging ereul ko havivuivoiion o
tho Urack national mliaderds, eunlity
conmiyol 18 guelity coeptificoSiovn
pedorea vith thoss of vaeh 176 Lodiag
a3 (-, CWNiEe, LU0
Schemse  FLOT world aleo represond Greece
in 1he drtorsation:]
plondavdreetion, cuelity control aud
certification narking,
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PERSCRS MET ON MISSION

APPENDIX 2

IN TRANSIT
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£L07
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M. Alckos PRYLOBOULOS,
Mr. Vassilis PHILOPQULOS,
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Mr. MELISSARCPOULOS,

UNIYERSITY OF PATRAS
Prof. Rigas RIGOPOULOS,
Prof. GEORGALAS,

Prof. Aiexander TSOLIS,
Dr. P. YIANOULIS,
INDUSTRY VISITS
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Mr. George MICHALOYANMAKIS,

Mr. Michael KEENE,

Mr. Panos LAMARTS,

Mr. Andreas KFSTFEIDES,

URIDO Expert.

Resident Representative, UKDP.

National Program Officer, UNDP.

Managing Diractor.

Deputy Managing Directsr,

o

Plarning and Development Divizie:
Legal Adviser.
Technical Division.

Chemist, Planning and Develop-
ment Division.

Secretary of Direciion.

Scientific Advisor, Solar
Encrgy Program Coordinator.

Chair of Physics 11 Laboratory.
Theoretical Physics Laberatory.
Chemiéa] Techndology Laboratory .

Physics II laboratory.

Solar Manufactuving and Market-
inn Manager, BP-Ellepnas.

(Chair of Hellenic Solar Energy
Manufacturers Association).

Technical Advisor and Cxport
Manager. BP-Aktis SA.

Managing Director, Sole f.td.
(Secretary of Hellenic Soler
gnergy Manufacturers Assn).

Salens-Manager, THEA 1td. —
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- APPENPIX 3

SCLAR ENERGY TEST LABORATORIES VISITED

BP/CICERO.

The test facility at the BP/Cicero plant near Corinth was built to allow
quantitative evaluation of design changes to the company's product, the
BP-CALPAK collector. Accordingly, the testing is principally comparative

in nature. Three test stands are eauipped end instrumented for performing
jnstantancous thermal performance tests on water heating collectors, essent-
jally in the manner of ELOT Stendard 388-1. The equipment includes pumps,
heat exchargcrs, pressure regulators, heaters, filters and the like, while’
the instrumentation includes platinem resistance thevinmeters, pyransmeters,
flow meters, anemometers etc., as well as a microprocessor-centrolled data
acquisitioﬂ and anslysis box which prints out the data 235 useful quantities
in the aﬁpropriate engineering units. Few qualified personnel are available
io vun these tests.

In addition, there is a large pad evailable on which thermosyphoning water
heating systems can be placed for side-by-side comparison. The systems

are ren ali day, and then the amounts of thermal energy coliected are
determined from the final tank temperatures. Overnight thermal loss rates

can also be determined. No serious attempt has been made to develop a test-

ina standard for these systems. Any physical changes observed in the collect-

ors during testing arec reported back to the plant as part of the quality
control effort.

Mr. Michac! Keene of BP/Aktic is the Technical Advisor to this testing acti-
vity, and has been responsible for 1nteryr¢t1ng the test results.

te i5 thanked for the tour and thorough explanatfon of the facility which

he provided.
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UNIVERSITY OF PATRAS.

fhe solar energy collector testing at the University of Patras has been

in support of the experimental developments of the Sclar Energy Group headed

by Prof. Rigas Rigopoulos, Chair of the Physiﬂs I1 Laboratory. A small test

stand has been constructed which tracks the sun, maintaining the collector

at normal incidence. Supporting equipment inciudes some tanks, pumps,

heat exchangers, and the like, end the instrumentation inc]u&es thermocouples,

pyranometer, and strip chart recorders. Da‘a is analyzed with an off-line

minicompiteir. Although the test apparatus is sparse, the personnel have

used it very well. The now possess considerable experience in performing

and analyzirg instantaneous thermal performance tests on solar energy coliece-

ors. Thay vaderstand the limitations not only of the apparatus but also of

the methods of testing such as ave given in [LOT Standard 385-1/11, end

they are Tooking dhead at the testirg requireimenis needed fur advanced

cotlectors,

The grolp has preparcd a site which would be suitable for a full-fledgad

solar encrgy test laboretery. The site is on the University grourds cutside

of Pacras proper and hence outside the major haze envelope. A large, roughly

square area hac been graded by bulldezer near the northern fence line of

the grounds. There is a clear view of the sky to the soutn and southwest,

There s a distant mountain range which rises perhaps 10°- 15 above the

horizon to the southeast which might 1imit early morning testing during

December/Jdanuary.

A one-room concrete structure has béen built on a concrete pad in the north-

east corner of the present clear area, This building is more than adequate

for an equipment building. At present thére is neither water nor electrical

service in the building, but thay cén be brought in frois nearby. There is
land for a substantial expansion of the site if required. The group has

drawn up a 1ist of equipment needed to equip the site for testing to ELOT

Standard 383-1/11. There are technician-grade personnel available, who

have been working with the group part-time.

~10/
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Prof. Rigopoules and the entire solar encrgy group at the University of

Patras are thanked for th2ir hospitality and informativeness.




APPCNDIX 4

SOLAR ENERGY TEST LABORATORY GUIDELINES

For outdoor testing of solar energy collectors the prime requirement is

"good sun". For this reason a solar energy iest laboratory should not be

Jocated in a metropolitan area where there is considerable haze. The site

chosen should be clear of obstructibns and have a clear view of the sky to
the south, southeast and southwest. Any supporting buildings, equipment,
uti]ity_po}es or the like should be to thne porth of the cite. As an abso-
lute minimun, an orea 3m x 4m should be resarved for cach cclinctor test
stand. A larger area-is desirable. If more than one test stand is contem-
plated, they shouid be laid out on an Rast-kest Tine and sufficiently favr .
apart tu aveid wutuai shading. The area for some distance wn front.ef the
test stands {i.c. tn the south) should be surfaced with earin or grass.
Parking lots, cars and buildings can icad to anomalous results due to in-
creased ground roflection. Space sheuid bz reserved behind the test stends
for auxiliory equipment used in the tests. .
At Teest two test stands should be availaple, both to allow compariscn of
collectors, and ic in:rease the rate at which collectors are tested. Three
test stands would be betfér. Assuming that one collector test takes three
weeks to complete (although testshcan be completed in two weeks in good

weather, they can stretch to a month or move during poor weather), then

continuous testing with two stands will allow 34 tests a year, and with

 three stands, 52. In all prcbability, at any given time one stand will

not be functional, due to equipment or collector problems, hence three
stands are highly desirable. At least one of the stands should be of
the altazimuth type allowing the collector to be kept facﬁﬁg the sun.
This requfrement allows both fer comparing various test methods being
devé]oped.in othar countries, and also for testing advanced collectors
currently in the developed stage. The other stands can be of the south-

facing, tilt-adjustable typz.

~2Y/...




A structure should be availadble for housing the electronic instrumentation
used in testing. This structure,which can-be_a trailer or a building, may
require heating and/cr cooling to maintain the interior temperature in the
range 239C to 30°C or so. Although most equipment will operate over a much
wider temperature range, few will maintain the stated accuracy. Similarly,
if the electricél serviﬁe at the 5ite does not maintain the line voltage
constant to within 5%, then A.C. voltage regulators should bc provided to
ensure the electronic equipment maintains calibration.

Runnirg water shouid be available at the site for water-heating collector
testing., A typical consumétion rate would be 2 litre/second for each
collector tested in an open-lcop, configuration. If the water has 2 high
mineral content,.fhen it may be recessary to trea® {c prevent boiler-scale
froﬁ building up in the test loops.

The personhe] at the solar energy test leboratory should have access to
technical personnel who arewell versed not only in instrumsatation and
collecior testing techniques but elso the principles of operation of solar .
energy collectors. Although solar epergy testing has become voutine in the
sensao thatbstandard test methods are available, every test requires some
interpretation. Some collcetors must be enalyzed rather cavefully before

they can be tested successfully.

nant
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APPENDIX 5

EQUIPMENT LIST |

This list is in preparation and will be provided in the final draft. !
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APPENDIX 6

DISCUSSTON OF SOLAR ENERGY COLLECTOR CERTIFICATICN

The certification of a produ;f usually proceeds in-three stages. Standard
test methods are used to generate test data on the product. The test
.ata are used to generate a rating for the product. Finally, the ratihg

. is vsed in the certification of the product. It is to be noted that this
process usually quantifies the periormance of the product, se that various
certified products can be ranked relatively. Coucerning operational character-
istics, quality of construction, or durability. however, certification '
usually indicates merely a pass, so thet products cannot be ranked on. the %
basis of ihcse attributes. The prossure drep  across 3 sclar collector, |
for example, is measured during testing, but, high or Yow, it dees not
figure into the rating. On the other hand, a collactor that leaks 2t the
required pressure drop would be denied certification.
ror solar energy colicctors, ELOT has achieved the first stage in the above
by preparing stenderd 303-1/11.  This standard specifies the test method Tor
maasuring the instantaveoué performance of a cnﬁ]ecfor. The resuiting data g
are expressed as an efficiency which is a function of temperature (both
collector and ambient) and solar irradiance. At this stage a certificate
of performance would be appropriate. It would certify that the collector
performance had been measured in a standard way, and that the datavwere
presented in a standard way. -
The next step is to develop a katiné procedure for the ccllector based on
integrated'or average performancé. In the United States, the Solar Energy
Industry Association (SF1A) has developed an all-day rating procedure
(PC5-1-79) which is based on the fnstantanenus thermal performance data.
For,a standard profile cf meteorologicel and solar-conditions, the day-lorg

output of the collector is calculated for different fluid inlet tomperatures,
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The results are expressed in teims of energy delivered per panel per day,
for both a summer day and a winter day. Note that no censideration is
given to the use of the ener_y; it is assuméd that any energy delivered

is used.

In the United Kingdom, the British Standards Institutien (BSI) is developing
an all-year rating procedure (see for example BS 5918:1980) which computes
that part of the collector output which would be used by a reference water
heating system, again with specified meteerological and solar conditions,

as well as a hot water demand profile. The result is expressed in terus

of enerqgy delivered per year. BSY has gone a step further and define collecin;
classes based on the amoont of  oubput.

5oth thesze procedures use mode’ calculations besed on measured instantannrous

thermal poyformance. Tt has boon suggested that the dey-long performance be
measured instead, but no proaress has been wede at novmeiizing the results
from differant days and sites.

At this stege, an informative lakel would be appropriate since the original
data have been reduced 1o a fow numbers, or a class. The tabel would certify %
that the coilector hud Deen tosted in 2 standard way, and that under cevtadn -
specificd Conditions it would deliver a certain ameunt of energy. Of course, |
in most real circunstences the awount deliversd would be different, but this

is not too different a situation from air conditioners, for example, which

are rated for a specific set of temparatures and relative humidities.

Th~ final stage, full certification (or quality marking) of solar cnergy
collectors is much more difficult to gain. Precedents have not been set in
other countries yet due to the unanswered questions concerning the implications
to the consumeir of such certification and marking.

Durability and quality of construction are inextricably tied in, but adequate
measures of these properties do not exist. A first step might be to require
the collector be built to a code of practice (which then must be written'),

or that it pass (however that is determined!) variocus exposure and operation-

al characteristics tests,
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In the case of thermosyphoning water heaters, not even the first stage
has been reached. These are sysiems containing.a number of components.
including a collector, a tank, typically also a heat exchanger and an
electrical heater. Testing of the components separately, according to

current standards,does not tell how the system will perform. Again,

precedents have not been set elsewhere due to unanswered questions. A strong

experimental program is probably needed to help define necessary proccdurec

and impertant parameters.
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