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1. SUrM:\RY ------• 

A one month mission W.':.!S unc!ertak~n to study and reviev- the present 

situation in Greece with regard to solar energy col1estors. The object-

ive of the mission_was to further develop and strengthen the ~ellenic 

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

ing prcgrar.1. - ·It. \·:as found that Greece h~s an exp~~nding so1ar energy industry 

with a 1arge ntnPber of mostly smal 1 manufacturers. Pnly one nHnufacturPr 

is perfor;nance tes'cing his prod11ct. Ther~ ·is, therefore, a <:kJr need 

for soli.:r e11e!·g~ coi iector tr';';t"ir1g and certifit:ilt"ion. It Wet~ forther fc.und 

that El!IT has prrpared a st2nd0rd fOi' fa'.i"\Suring th::: instantanccus therm<d 

perforr:;-1nce of flat-p.late, v,rater-he.atinri collcctur::i., but dee'.; not h:we ,., 

act"iv~1y in t:1e develop:-i1r11t of international stan~r01ds ftJr solar ener~JY 

the.-rnosyphonirlg \·:uter heaters. 

• 
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2. INTRODUCTION 

2.1 The short term mission covered by this report is one of six includr.d 

in Project DP/GRE/78/001/01/37, which began in April 1979 and is to 

have a three year duration. 

The development objective of this project is to further sti~ength·;~n 

and develop the Hellenic Organization for Standardization (ELOT), 

thereby enabling it to ela!Jorc:te, develop, and effectively imp1em2nt 

the nationai policy and system of industrial standardization, quf'l ity 

control and certification marking schemes. ·rhe harrnor1·i7;:,tion or thesP 

activities \·1ith those of other co11ntries of the Europecin F.conomic 

Community (EEC) would contribute 1.c rstablish·ing and dove1oriing li!e 

foll partnership of Greece in ifie CrC. 

2.2 Hi thin the scope cf its develop:ncnt ot,j~ctivo, the prrJjc,:t C'.llrs .::.~ ,?_ 

number of immediate nbjectivc; ir.clu::.iing: 

1 
J .• 

schc~me; 

2. to plan and establish testing lahoratories as well as the insroct-

ion and certification schen~ for central heating boilPrs, and for 

solar energy collect01~; 

3. to strengthen and develop the testing laboratory, the insp1~ction 

and certification scheme for electrical household appliances; 

4. to undertake the harmonization of ELOT's activities in standtlrdi-

zation, quality control anrl certification schemes with tbose of 

EEC bodies; 

5. to plan, organiu and e:~tablish the El.OT quality controi test"ing 

and standards lahoratories; 

6. to train Greek personnel in standard pra~tic2s. 
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four experts have 1lready completed their 1tissions in this i.>rojett. 

Reports hive been prepared coveri~ the legal, etc.~, fraaNOrt fw 

& certification marking schetle (Frontard - Ol)i the certification and 

quality control la~ratories (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: 

1. to study and review the present situation in Greece with regai'd 

to the design, manufacture. installation, testing, quality controi 

anJ certification marking procedures for solar energy conec.:toi~s; 

2. to reconmend pr<icticGl measures aimed at imprnving thPse 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 laboratory testin~ and 

measuring facilities and equipment required for improving und 

developing the above-mentioned services; 

4. to give advice and information covering the organization dnd 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 rec011111endatfons are contained in the uody 

of this report. Supporting information is contained in the append1ce~. 

. . 

-~I . .. 
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3. FillDINGS 

3.1 The following findings are based on a study and review of the present 

situation in Greece with regard to solar:- energy collectors. This 

study and review was acc0111Plished through discussions with the per

sonnel of ELOT. with other 6over111ent personnel. with University 

faculty. and with manufacturers. A number of companies were visited, 

as well as the two known te~t laboratories. The final reports of 

previous experts (especially Frontard - 01 and Redfern - 03) were 

reviet1ed, sine~ th2y s.e:~ up the frc.mcworki for the present st\Jdy. 

3.2 Greece has an expanding solar energy coliector industry. Some 37 

manufocturers sold about 3Q.OOO metre2 of collector in 197~. and 

expect tc sell 40.000 metre2 in 1980. Two manufacturers are rather y' 

large, accounting collectively for more than 50% of the sale~, wh~le 

th~ rest are considerably smaller. 

3.3 The solar energy co11ector product being 1nam:factured and ~old in 

Greece is the fla1.-plate,thermosyphoning water heater. Although a 

few manufacturers also sell their flat-plate colle,tors separately 

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

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

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

heating systems in Greece. 

3.4 In Greece, as 1n the EEC and the United States, the solar energy 

industry is quite young -· the oldest sur.viving company sta .. ted in 

1974. The prou..icts being sold are evolving cor.·;inuously as exoerience 

is gained and newer materials and information become available. Only 

one manufacturer has a test facility at which he can evaluate product 
. ' 

changes quani1tat1vely (See Appendix 3). 

f ~ 

-I 

'· 
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3.5 1faere is • Hellenic Solar. Enerv Mlnufacturers Association vhich 

is trying to police the industry by asking its lleillbers to met 

cert.l·in criteria. These include having a brand nilll (i.e. an ident-

' ifiable product), having a qualified engineer, and having made a 

real capital investment in the manufacturing f1cn ity. lilelllbers of 

•.his association have expressed great enthusiasm for a certification 

~cheme for solar energy collectors. 

3.6 Research is being pursued in Greece to develop advanced components 

and systems for solar energy space heating and cooling applications. 

r •. 

i· 
' 

This research, primarily at educational institutions~ is now guided ~-

by the Scientific Research and Development Agency, which has a solar 

energy program plan. The program coordinator expressed enthusicism 
I 

for a certification scheme whic.h would apply not on1y to the jlre~ent- ! · 
day products, but also to these future developments. 

3.7 One solar energy r~search group, at the University of Patras, has 

not only been developing c~~ponents, but has also b~en testin~ e~pc-

rime_ntal solar energy collectors for several years. Although their 

test apparatus is sparse they now po$sess considerable ~xperience 

1n perfon!'ing and evaluating collector tests. This interdisciplinary 

grou~ has prepared a site at the University which would be suitable 

. for a full fledged test laboratory, an~ has considered the question 

of the equipment needed to bring it into operation. There are tech~ 
. 

nician-grade personnel available. This finding is discussed in more 

detail in Appendix 3. 

3.8 In recognition of the growing sclar industry in GrP.P.r.e, of the rela-

tive innaturity of 1ts products, and of the ~tential for contribut

ing to the na~ional energy conservation goal with ~uality solar energy 

·equipment, ELOT has given sciar energy collector certification a- higfl 

.. (i/ •.. 

1 
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priority. As a first step_, ·uot has-~itten St.a,.rd ·31a - 1/11,· 

1dapted prillilrily.fraill ASllRAE 93-77 (USA). lhis standard specifies 

the •thod of_ tes~ing to. dete!'lline UMt instanta~. tf'e,_J "rfonn

ance of flat-plate, liquid-heating solar energy collectors. (See 

Appendix 5). There is no standard for rating or certifying a collect

or, nor is there any standard relati_ng to thermosy~ning w1te:- heat

ing systems (but there is none in the EEC or the lklited States, either). . . 

3.9 ELOT does net have a laboratory sui~able for testing solar energy 

collectors, does not have thP. neces~Pry eq~ipment. and does not have 

the necessary personnel. A proposal from the firm DORNIER to the 

Greek governrrent for a joint project.in solar energy testing has been 

transr.iitted to ELOT oecause it includes solar energy collector tC?r.t-

ing facilities, but it does riot appear to meet ELOT's needs, being 

more. in the way of a ~es~arch and demonstration project. 

1 •• 7 / ••. 



4. RECOMMEtiDATIONS 

Rl. It is recommended that a solar energy test laboratory be established 

at the proposed site dt the: University of Patras in a joint anc! coope-

rative ventu;e between ELOT and the University of Patr-as. This sebct-

ion of location best me{?ts tile guidr.lines in Appendix 4. 1;1f! testi·n~1 

program will include both routine certification testing for ELOT (which 

must toke precedence) and experimental work for the University of 

Patr~s. The 1atter. experimental 1·:ork is essential since it \·:ill pro-

vi de th!: da t(1 needed Lo de'Jt~ 1 op ne···i s t~rnda rds (h1G procedu rcr: . f. 1 is t 

of s~~~ested e~uip~ent is given in Appendix 5. 

P.2. lt ·is teconFt:l'nclc::d that f"inc=rncic..1 su.ppi.Jn:. for equiprrent fo1" this 1.:i~o·t~~-
•-

tory (see App:"ndix 5) hr sou9ht fro11, UiHDO/l!r'!l!P (there is som'.". r·r·_1v-L;-

• 10'1 ·1'"(!1" tr,:,. ,· .. I tL·~ -·1r·-·ro.-1t u1·.:~c:i l"!)·""J.;(.~+-) '1!'(1 
1 1 11 1 .. > r r le '-....l • _, 1.l v .-· l .J _\,. i, , < .•• C:cck 

ific Research and Teclinolc1gy l19ency (in a joint ri·o:~osal froi11 ELOT 

2.nd ·tile UnivN:;ity of Pntras). The>. lc.:tter iJ~,u1cy'is apprcpriate becc:.u:·. 

sources of support may be: nect:::ssar.)' e;s i·ie1 l . . 

R3. It is recormnGnded that the test laboratory be hcaderl by 0. 4ual'ifieci 

• engineer who is clearly identified as being in charge of the day-to-

day operation. His responsibilities will include ensuring the equip-

ment is funct~onal and in calibration, scheduling tests of solar 

er.ergy components, cn<;uring the tests are done correctly, prepar·ing 

the f"inal test reports in approv~d forrnaL~ and .?JJ!!1i1}_g_ them. lhe 

trilceabil ity and accou:1tabi1 ity provided by this one-man-i n··charge 

scheme are essential to the success of a c~rtification program. 

-8/ ... 
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R4. It i ~ recorrmended th<i t this.engineer, once ~ I ectcd, be given a 

UNIDO fellowship for one or two months to stt•dy first hand the 

collector testing procedures at a recognized solar energy test labo-

ratory in the EEC or the United Str.tes. He can discuss with the 

personnel how the procedures should be modified to meet the needs of 

the Greek program. There is p;·ovision for such a fcl lowship in the 

WH DC' project. 

1:5. It 1S rccomm2nct.:d that at ieast one qu<•-! i ficd technician :,2 oss igned 

ity ir, the test n:sults. /1lthoL'gh '.';G1ilr c:~nei·gy rn1it-'.Ctor tr.stin9 is 

c~1led ''roui.:ir.c", the q~1aliLy of the d,ii:a dcp2nds i:.o a considc:r:;u12 

prov·i:ion for fello\'1ship~ in tJ,e UNilJO project. 

.a. It is recommended that cl UNIDO expert on solar energy collector testing 

be brought to Greece for u short term mission after the test laboratory 

ha5 b~en estc;blished and the en9-.r1eer tind technician have received 

their study ftllowsh~p. The purposes of thi!; m'·is:;ion are to: 

1. ensure that the appcpriJte equipment hds been obtained for tne 

laboratory and that it is properly connected and functional; 

2. heip the engineer and tech'licia"l ~hake down the eq~lipment and 

refine the coll~ctor test~ng proccd~res in actual test~; 

3. provide the test labor;it,,ry and EUlT a,.rith tne latest i11formati')n 

on s•Jlar erer9y sy:>tern stanrl,1rrl!'-> dPvr·1opment, ·in the light of the 
• n~eds of the Greek program. 



RS. It is recommended that ELOT adopt all of tile ou~side test l°aboratory 

guide1ines (Redfern -.Appendix 9) with respec~ tot~~ test laboratory 
. . 

recomi!lended above, since a variety uf testing efforts will be carried 

out there. 

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

388-I/I I. 

R9. It is reco:nmi::ndeC: that ELOT deve1op a Certificate of Pe1~for:na;;ce to 

b~ issued for collectors w~ich arc tested. The certific?te would 

teristics sh~::t alrf'dy dcv2loped), ~tde that it hrid br:"~n tosled in 

/\n··, :·\; ,.! iv ,,.. ) ,~_,~;-1lu. 1, tJ • 
.. 

RlJ. It is recommended that any full ccrtif"icatfon and rni\rking progr,1m for 

solar energy conectors be postponed until s;JC!1 prugi·arns ctrc: in ~1c.:ce 

and functfoning for other products. This aliows ~he admii~istrative 

procedures to be worked out while solutions arc sought for the tech-· 

nical problems ~onfronting collector certifi~ation. 

R12. It is reconn2nded that an brganization1l framework be set up within 

ELOT to deal Hith these certification act·ivities, as has !JP.en rccom:nQrd-

ed by previous UNIDO ·cxprrts on mission. For ;·olar energy collectoi·s, 

t~e simple Ccrtifi~ation Divi~ion c~n:~rt (~cdfern - 01) wo~ld suffic~ 

if suµported by a so 1 esr energy cvmnri-~ t~.i:, a 1tho;J'.i:1 th:? illorc for-ma 1 

Certificatio11 Boc.rd/Cranch Certificatfon Cc;;::nitt:::~ structurP. (Frontal'J -

-10 I . . '· 
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Annex 5) would also wor~. For considering questions concerning 

certificates of perfonnance and informative 1·lbe?1ling, the committee 
. . 

need only have representatives of the solar energy collector industry 

and of consumers. For considering questions concerning new standards 

-- fo~ example, on thermosyphoning water hcater.s -- the membership 

should be expanded to include technical and academic people. 

R13. It is r0cornmended that ELOT (representing Greece as prov-ided in Law 

Ill 

No 37?./76) press for early deve1op;nent Jf international ::.tandards on 

thermosy!)hnn i ng coll e~tor perfor!!!3.nce. Interacti on5 C;:ln take pl acr. 

through the International Standards Association (ISO) and the Inter

national Energy Agency (IEA}. A substantial contribtuion from Greece 

1-;ould b0 experimental data on thermosyphor.ing co11ecto!'S tuker1 at 

the test 1~bo!"atory ;·ecomrnended above (rn). 

. ' ' I 
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mrLTi;,D llf.TIOii3 mvsWPHEtf!' 11ROOIUJ1l·1l': 

UllITED llATIOilS DIDOS'l'RIAL mVEWPI£lll' ORa/JlJ.Z!~IOll 
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PROJECT 111 Gm.'E~!: --------
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.... ...... . , '" . . . ... . .. . . 

Conaultant :i.n ceirtification nnd qt'..lllity 
control ter,1:S.n~ of :wl.a.1' encn~~"Y colloc·~crn 
( tou~ing mothodI.t1 Pl"<>OOdtu-;;a end le'bora..
torieo) 

One:, month ( \-:iUl po2sil)ility of l'1~turn 
tdsnion~) 

Saptomb-3r 1919 

'l'.-> c.ou:lat th1;; Oovci)"nt:-:•:·ilt :tn t1t:r.;·,~:i.:;tihcn:i.tig 
£illd d£•\<"QJ.::i;pJ.11e th{:) 1w.-ktc·nr:.l ct<..ti..:.'.i.-'.iX-•."i.i ,..;.:;;~ion 
l!.lld cc1rl;:i.fir.:atio:-i r.ir:1·i>-::i.up; ::i~hcrr.c'' 

'l'hc cnac-Lt.Ut:-rt Hill be ."1ttach:;~ fo th~ 
Hallenio Or.2c.r.h~."~,~.ol.~ fOj? Dtc.a.:.d:.~r>f...:t:~:',ticm 
(ELOT) unur::\' thQ l·iin:i.crb:y o-t l~1dLu::-~1·y end 
~.ir;clmoloCY J rwl, · .. m:d~;i. '1[.; :i.n o~.0~f1 <·.;01;o;:i,•2,..· 

·tion with o·u~\'.:;1~ :mlr.:v;;.n-'i; Qovor-L\m';:.;Lt · 
lninirrlr.ioD w"'ld d<;1pt:.r·hi;:mt r3u inr.t :!.b.tio:w~ 
orgmtico.tionn t-!nd inc>.1.'.o·b:).11.1 cc·~:)rprirznBp 
1<lill br, o~<:ctod to; 

1. stut1j• c.nd. ravie~ tho proDent situation 
in Qr~oco with re{!!ll'd ·to the dasit;n0 
111GJ1Uf'o.o-t·.u-c. in.atr,..lla.tion, ·Goot ing, 
quality cont:rol and ucrtific_o;tion 
mark:i.ng prouodu:rGs fo~ solar l'!ner~ 
oolleotors (including tho relGvent" 
atande.rds) . · . . 

2. recommnnd praotioal ma~S'.t.?\ls cdm~d at 
improVing theoe procodurea9 wJ.tbin the 
trnmo\to:rk ot tho national oerlific.tition 
·~~ldnc; cyahcmn to bo oott.bliohod. UDdEl:r 
tho C£UQJl1Cas nt I·!LOT 

. ' 
•.• • I '· ,. .... . .. , . .,. . .. 

1U' • • 

•' ... 
, 'f., " •:., ,", . • ri:~:.' I• • ' • .,. ..~ •• ,' ,I,"". .. ... . .. . ··:···.. . ' 

'.• .... '.-~, ·:,<};":'.: :~ .. ;· ::.·:,·~< ·~:~·::'.;: ~ .. ~· .. ; ~- :,~_.;: ~;·::~::_ .. ~· .. , .. : . .. : . .'.. ~·~··:·;.~:),:.;,~;: ;~:·:: .. : ·. '.: ,, .. · 
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J. aa::::i.b1; in o;>oc1iYil:1« 'tho Lvlditicnnl 
ls.bor«.tory tc,c~ir.(~ anci lli~u!:ul:·:!..1~ fr.c:i
litioa c.r,U. oquii!:r.c:!lt lv.lql\'.l:!'Otl :for ir,;
Pl"OVh1e ;.nd d!J·.,-elo1>ill3' c.t.ovu...:.cm:~ioz.od 
n0i.•\~.i..c~o 

4. givu cvlvico £•X»<l ir.foz-rnatioa cc'l:):::.·il&i_:: "';;ho 
01·gr.:1hr.i.tio;1 u1u. uJ!Ol'etic:1 c..-J: tcr.;t:l;.--c 
wul c;::.rLificl.;~:i.ou p:.:.-oc.:.6:i.: . .:'3c iu "'.;ho IfilC 
coun·l:r-ior.~ 

The comnltant uin o..11:-r> lJ.'.l c..j~~ctcrJ. to r--~<"f~ ... 
paro a f:!nnl l'Ci.JO'.l.,..i· cove:d.ng the find.-i.t2c~: 
of hi;:; ::1i. caie>n cn.d. hi a ·:reoor;i!::C1) dst icmo to 
the Govurnmerd; on :ru.rth;.;.1 .. a::;tfo:r. to b0 t:>.!·.:c:r:.~ 

tlr.i v&;.':.,)_ t~y~ <l::zrc;o ;: .. 11 er: gii1ec==~~J1G lj i: octr. ·.(,}. ne~i 
01' ~!J!)liccl pt\'{<;i!'.:2..l r~r,5.c.'1~·:w .. ;::.-.::-:,;:111:i·li,; 1;·:::-· 

p&t·:iw·:-:~ Li i;l!a lf~1.:·:.().1i,i 1.~·~-:uf·4~c-;' .. ~~-c~1 i~J.F.~i;,_ ... ).u~ 
lr:~:i..on, tcs.~i•...z rr~o. c:-;:r~:!..fic: .. t:;.cu o-;. sokx• 
onoi~t,"Y co Uu~·;;o:..--... l•'iili 1.:no1,;).:;;i~CC t~'i.::~t,.'~ 
·tna :r:~l(;Vr~r~ c·t,!.!10!"~'\~~io t"DlG.l:C.:t:.;:;· c..:11rii~;oj. ~\j·n·1 
toottn.::; x.•:1:oc:e.:i.~o trl·i;h p::;tt'd mi) a-r· r~!'l·.(•u;.(;J 
to ·&ho p:cr•):r::iC'.lr:r; r.nd lu~:;t'i.3.;c.z·;i( n ~.n i.i.1~ 
)]~0 w1u. r;·th~;o i1Hiunt;;;·-;'.01i~~ti oui:~t:?i<;;a. 

Euulid1 Ol' 117.·nnch tilth a ::;\.)O~ l~~n.·~;ing 
knoi<rlou:.;n or Eng.H.nh • . 
1. Sinco th.z cn<l or the S<tccnO. l?orld. t-1<-l" 

~he OYOllCmi 0 d.0\·<:ilO).Jme<1t 1iol i.r.y 01' 
Grocuo .lic.s uir.;~ri 1::rim~s;tl~,;- d~ ~1.it;,rdtg· 
·~ho nl';,tion~t..1 c ~r.ntlo:"cl bf :.;:·r!..o:r~ to i l::z 
lcN·ol of thQ ~.nc.tur~:rin.U :;r;,1 eov.ntr1:rt.t 
Of l~ut~t·n Eu...···<m~. Th.ic J;T,ccre!.1!!10 hc.o 
bGon le.Tcely OU.CC0DG~.il Clll(~E; th:? :i.!\ .... 
ooiu" p'1.i.• o"l)ita r•llich w~.~ C"itd ·~cut 
to 391' of tho cvor;:;;o f:l~.rc r~:::- th:::~e 
oountriou in 1955r waa rn.iued to 537; 
in 1977. . : 

7>1.u-$.'lg this period ·tho ao.-tGl.'U
mt.ut M0'1ltr<.\~cd f'=>:roign S.n.vectmontc 
in U;;:-o&ce 'tC1jt>tl101• \dth the iirportr.,-. 
ticrn of tho l'Olovant tocl111olog:i.co, :ln 
orct6lt '(;o provi<lo Oracle inuu.stry 1."ith 
bottor Ot>!>Qt·t1,ntt1.co ~o,• ~t'lirimot'oia.H
oatton of :f.to produoto ri'h:.·oad • 
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2.. OnEl of tho top {'l"J.odtieG o!' tho 
0<.1V:HW:1c-nt :.:f G:i:·0vu6 l.il3.3 i1~ t!;c 
conni::rvc:Hon of c1101·c;1, f.I.~ woil no 
in ti10 ct-.a1·ch fc.:..· r4lto:.."'llG.'t:i:.rc r.;01u·ce.'l 
or ~~i.Orb)~ A<:Cl)1'~ll~ ·i;ei t.:.. l~e:v.·1·t 
pu'LU ab0d in 'i9T1 '1:; iito 11t.t1oacl 
En.a:c[~ Cooiwila ·~ho a.VE.>I·C{;o {,mrnal 
i•;;.i;c oi' 'lnn:::·zv.EO of eau:r;p· vi..i-.:i'.Fiipt ... 

ion ua..3 12,t(;~ to··- ·1965 - 197:-; und 
n"bcc.t !:;'~~~ fen.• 'i~i !)·-=-19'JG~ In 1~·76 
tho dGnlf'.illt! \-:aH E~,tin~·1c;u 1.;;y 25.,~ 
a..oHd fu.JJ.c~. '/01 ~)% 1::..qu) d f'\~~11.r: ~t."ltl 
3, ff~ hyd>..'Op;;;i,.;~~~·· lnr.i.:.uti.•l'.Y c.~c::mntr; 
fo .,., 4·1 .t.d ~·'-' (;"' ro-··.r '•C" <Tt1j'1··' ·j 01" ·"' ·.:.>9LJjt> ".JJ,. d ...... t.:.i.1 ...., .. u . ..., ... . :~:lf •.. ~~ 

t"L'uneport2.tio:1 fr~j' 239 8~· c,: .. ci r-;~oi-
(l
• "":1..! ·j ••· 1 f···1··~ ()~.;. {"' ,,,,c; r· <'o·" ., ~ (;.:'1. -·-·- v ..• _r~ - -.L l .. d. ·.~ l,.o. ........ .1 ii- l .JL..~'-'•'''"' 

3., \l:i:fo5 n tha frc ..... :.~;o:.rk of' ·~{F~ ;;.bvo ji1·i.o,~ 
rii.:i.08 f;~d r10Ho:i.~:s of tlH:i u~..v.~:rni:,:::u-~ 
llf 'Jri:::er..:c~ '\:i1n J!.'1U·~~~c l.l~t.~~ni:a_i".t'.'.on 
fo:r· f>t r.;:Ml.n:c,u. ~.:;~t:t Ci'l · (l;:ilft') vrc.o 
OlfL'~,bUcl.:;:;d lll ·i976 l\Y t,kJ L..-~w 

110 ')?2/·1·ci·~,!~ ~" .,.. ,,,.·l'"·,.":)·'.·'\t., 1nr,t·i-
' ~ ..,'I ' ;J v t; l'.••..J ~· ··"" • .L-' lo ..... - - • ... .. .• 

tut:~rn:, ·,mdc:t ·~ho cnpe.1."Vi~~:r.:.:i:-i. of the 
trlir>t(> oxorci'.i.i;cd ·uy '\:.hii H:'..rn !/,:<:.r of 
1:1·1.UtuJt:.i~y ,. 'r1i.u-, (~~ l.: .• l,1 .t(:;!·:_!";;:.~~ ~: (~~~ 'l!:.o 
lfaM.onaJ. cou."lr:i.1 o:r st~1d.:-.:"d:l~;~1·t.1011 
1-1hicll woU::.tl form 1~;u•t of: the ~l·ccc
d1.rro 1·01· 01"g<;·.1:i.~;.ng w:ad Oi;ou-.::~j·lli: 
E!N1r, W'1.G c:r.1.no1mr:cd 1.n 1~7'l• 

4,. 'l1o :ru.rtho1• dovi1l.op nnd o·h-r\.m.:;thon 
thoGe octi\'itiect tbo nccid t·or 
nsoic"t.tmco in the follo\ri?'l£~ fi'llda 
wn.o oxproaocd by tho Uol.lcd.c Or;.;:.i..
nbc.tiCJn for StC:Jda\•dizc:~t.1011 (mWT): 
.. lc,cral fri'.'..'llC.:UWk for (.•o;d.j fic:ation 

procodurco 
.. setting-up end oqu'i.pment or a 

ln'hoi-c.tory for teoUng of oentral 
boating eq11ipmc:nt, hoat:i.ng applicn· .. 
ooo and a.;ol~ nnerc;r oollccr'li<>Z'I? 

... sc.'$tinc up nnd oquipmtcit ot a lc.bo
,_.a.tory fO'!: l>u~lo olot.!tr:i.co.l oquip
fnQ.nt 
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foauil1ility, c1·ec;.lil.on and oµGl'R.tion of 
c. oyctam for cup0rvinin~ cu:cpound con
rit.ruct1ona (ftctoriuo, buildi:u; cou
ot~uctio&G1 otc.). 

5. In rulditi.on to tho nbovo cor.'"ici::r~tionn 
uboat u..'1.orgy conr.o:t."'Jil"!.inn, the &ctivi-
t:i.o::J of EW'::.1 l.T .. thu f:;.;:iltliJ cf 1>tcn.dcxti.i"' 
za~io~, cr.:.zJ.i-;y cc:at::.'Ol nn2 q,u.<•li ty <;Cir-· 

tifi.c2\:i.nn nchcr.7r ::. ,.;;; 11 f.\'.JV5 r:!.;c ::s. r.ir:..jor 
oont1-::. Lu·aon ·~o fop::.-o\'ili~ thu qu&.li ty, 
reli.uh:i.lity t>..nd EC:.foty tJf Gicd~ protl"1c·L::, 
ma-'.;c:i.'i•J.:; C!lci E:r..fUiI:~un·' i.n"t.c1ltkd for 
lo:.al conc'.unpt:i o;~ i::.:: \;<;11 r.s !·c:r c,zpo~<. 
~hill (;\Jlli"i;j_l:;l!.-°C:Lon l~!HJl?.ld r'clL0 l1G :.;·.:._t(l.!1 

. · 

in tb.; l.iglr~ of Gr<,-:,:.:\;o r; i'\'..11 ;:·i.'l.''~il~l;.~-
shili i.;::. ~..,h.\J i~r.Lcv1~~:~::: j :\:CAA.Vi;~i ,#; Gcr.~-::ta1:i. ty 
(lW:?Cj f.atl EWi' wovJc1 plvy a c:o.·.l·~i~1 l'liJc 

in b:~jr1r .. --i.Il~' l!t.Gi~t ~i.:t:~ !lt"~!'i.i:J:~·i:<~t:,i~if·4 Clf. 
'tllo C>.''1~.!:: :t~r.:.:tiC1:~J. i;ti:.:-.dc.rclr;1 <!-1~r.li ty 
c;on·h..:il £>'1d 1.f'-'<:hty COi.•ti;f'icc..~~::vn 
6~hu::~!3 t-:.!.th -~ho;_;;; o:\: m1ch 1·~::;; tod.L:ir-J 
ns <l"'. ... :r t Gt~:n~Ll~o.. c::~J:ct.~h r~ld th~: CJ3 
Scht~CT.·~·· E;r,trL· \-; • .-;\~.l\l ~~lco I""-tiIX: 1.,:.t.(.rllt r11~CiCiG41 
1;1 i:i.~_c ir./=;t..'::"~:!:i~.;)_<.il'::.:l t.~/ui \. .. i:~i~.~~: ~.11 

UtCliH.h:'i."Oit.~tio~1~ l:~U.ulity C•Cl~"'-=!.'Ul L.utl 
c~r·tifi.ca.tion 1:1~t'l;:in,1 • 
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APPENDIX 2 

PERSO~S MET ON MISSION 

1. IN iRANSIT 

Mr. Fi~ank REDFERN, . 

2. UNOP - ATHENS 

Mr. Hans KJIJ4BERG, 

Mr. ~icholas COUSSICIS, 

., 

..J. 

Mr. f\le~ander MGR!J1AKIS, 

Mr. Vassilis PHILOPOULOS, 

Ms. C!iri s t.i na KARYDAKI S, 

UtH 00 Expert. 

Resident Representative, UNOP. 

Hi:ltional Progra1n Officer, UNDP. 

Managing Director. 

D2puty Munagi:"!g Directt;:·-, 
Plar!ning irnd Development fJivisfo:, 

Le~1a 1 Adv i st: r. 

Techn i ca 1 Di vi :don. 

Chemist. Plan~ing and Develop
m2r.t Div; s io:i. 

Secretary of Direction. 

4. SCIENTIFIC RESEARCH AND YECHNCLOGY AGENCY -----------------------------------------
Mr. MELISSAP.OPOUL05, 

5. UNi'/U?SJTY OF PATRAS --------------------
Pref. Rigas RIGOPOULOS, 

Prof. GEORGALAS, 

Prof. Aie~ander TSOLIS, 

Dr. P. YIANOULIS, 

6. INCUSTRY VISITS 
___________ .,. __ _ 

Mr. Ge£1rge MIOl1\LOYl\N~!AKIS, 

Mr. Micha~l KEENE, 

Mr. Panos LAMARTS, 

Scientific Advi~or, Solar 
Encr9y Progn.1111 Coordinator. 

Chair of Physics II Laboratory. 

Theoretical Physics Laboratory. 

Chemical Technology Laboratory 

Physics II Laboratory. 

Solar Manufactud:ig anrl Market
in!J Manag'!r, BP-Ellef'as. 
(Chafr of Hellenic Solar Energy 
Manufacturers Association). 

l~chnical Advisor and Export 
Mrlnag~r. BP~Aktis SA. 

Mannqin'l Director, Sole Ud. 
(Secret~ry of Helhnic So1z·r 
£111~rgy Manufacturers Asr.n). 
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APPENl:'U 3 

SCl.AR ENERGY TEST LABOAATORIE~ VISITED 

The test facility at the BP/Cicero plant near Corinth WdS bu"ilt to allow 

quantitative evaluation of riesign chan9es to the compilny's product, the 

BP-CALPAK collector. Accordingly, the tcstin!) is princip-:111y compcirative 

in nature. Three t~st stands are equipped i!nd -instrumented for performing 

i!lstantaneous thermal perfor:nance tests on ~·rater heating r.oll~ctors, essf!nt

ially in the manner of ELOT Standard 388-1. The equipP:'.:nt includes pumps, 

heat exch~~gcrs, pressure regulators, heaters, filters and th~ like, while· 

tho. instn•rn'?ntation includ2:: platin1_1m resi;;l;:'.!'C~ ther;;-0::;r'ter-5, pyr<:n~nietei'~, 

flow meters. ~nemomct~r~ etc., as well as a microproces~or-controlled d~ta 

acquisHfon anc.i aric;lysis box which prints out the data ~:. usefol quantities 

in the apµ1·opriate engineering u!1its. Few qutllified pe:sonnel arc available 

to run thc•;2 test:> -

In .add"ition, there is a large pad cvai1ab1e on \·:llich thcrr:1osyphoninft \'later 

heating systems can b2 placed for side-by-side comparison. The systems 

are run all day, and t;ien the amounts of thermal energy collected are 

determined from the final tank temperatures. Overnight thermal loss rates 

can al so be determined. No serio11s attempt has been made to develop a te-st .. 

ir.q st~r.doJrd for the:;e syst'?ms. Any physical changes observed in the collec·~·· 

ors during testing arc r:eporte.d back to the plant ;ls part of the quality 

control effort. 

Mr. M1chac1 Ktene of BP/Aktis is the Technical Advisor to this testing acti

vity, and has been responsible for interpreting the test results. 

t:e is th'1nked for the tour and thorough cxplanat1o11 of the fac i 1 i ty which 

h~ provided. 
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UNIVERSITY OF PATRAS. 

lhe 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 Physi.:.s II Laboratory. A small test 

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

at normal incidence. Supporting equipment includes som~ tanks, pumps, 

heat exchangers, and the like, end the instrumentation includes thermocouples, 

pyranomete1. and strip chart recorders. oa~a is analyzed with an off-line 

min·;computu·. A1thou~Jii the test apµarntus h s1)c.;-se, the personnel ha,,e 

used it Vl'.ty ~Jel"!. The.· nm·; possess considerable experience in performhtg 

i'litd analyz-ir;g instantaneous ther-ma1 performance t2sts on solar energy coliect· 

e>:·s. Th?..'/ u1;d0rstand the limitation~ not only of thf> app<:tratus but also of 

they dre 1(1c1tdng ahead ilt the tcstil'g req1JirHnents needed °l1Jr advanced 

The groGp has prepared a site which would be suitabl2 frir Q full-fledged 

so1::r en:::rgy tr;st 1;1boratoi·y. Th.:: site is on the llnivHsH-.y grounds cutsidt 

of racra~ ~l"OtJP.r ilnd h1:;11ce outsid~ the maj.:ir r.aze envelope. A large, roughly 

square~ area hi~~ been gru.ded by bull dozer near thP. northern fence 1 i ne of 

the grounds. lhere is a clear view of the sky to the south ~nd southwest. 

Th.:re ·is a distant mounta·;n range which rises perhaps la°- 1S' above the 

horizon to the soutlir~ast \·thich might 1imit early morning testing during 

December/January. 

A one-room concrete structure has been 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 th~re is neither water nor electrical 

service in the building, but th~y can be brought in frorn nearby. There is 

land for a substantial expan5ion of the s1te if required. lhe group has 

drawn up a 1 ist of equipment rieedcd to equip thr! sitn fnr tt~sting to El.OT 

Standard 388-1/II. TherP. are ter.hnician-grade personnel available, who 

havt- been ;mrk'ing with the group port-tfom. 
I -



• 1 ~ • 

Prof. Rigopoulcs and the entire solar energy group at the University of 

Patras are thanked for th~ir hospitality and informativeness. 



- 2 0 -

APPENDIX 4 

SOLAR ENERGY TEST LABORATORY GUIDELINES 

For outdoo~ t~sting ~f solar energy collectors the prime requirement is 

119ood sun". For_ this rea:;on a solar energy test laboratory should not be 

located in a metropolitan area where there i:; considerable haze. The site 

chosen should be clear of obstructions and have a clear view of the sky to 

the south, southeast and southwest. Any s•Jpporting building::;, equipme1~t. 

utility poles or the like shou1d be to th~ north of the ~ite. As an abso-

lute minimu:n, Jn area 3m x -1m should be res2rveu for each cc11~ctor tc:st 

stand. A larger nrea -is desfrat;ie. If r.iorc thar. 011~ test stand is conte111-

plat~d, they should be laid out on an East-~est line and sufficiently far. 

apart t:.> i1Vcid !1·~1-::.uai ::;hading. Th~ area for scme ciistance Hi fro!1t. cf i!w 

test sta1ds (i.e. tn the so~th) should be surfaced with earth or grass. 

Parl:1nq 1ots. cars and buildings can 1cad to anor.:alaus resuHs due to ·in-

crea~ed _ground n:-fl ect ion. Space shcu"ld l-~ rt:servec! behind tlie test s l<·;:ci:; 

for auxil iJry equip1n2nt ust:d in the tests. 

At lec:st two tr.st. staotls ~hould be availaole= hoth to allow comparison ni· 

collectors, and tc inr.rease the rate at which collectors are tested. Three 

test stands would be better. Assuming that one collector te~t takes thre~ 

wee~s to complete (although te~ts can be completed in two weeks in good 

weather, they ciln stretch to a month or more during poor weather), then 

continuous testing with two stands will a11ow 34 tests a year, and with 

tii~~ee stand~, 52. In all prcbability, at any given time one stand \'rfll 

not be functional, due to equipment or collector problerrs, hence three 

stands are highly desirab1e. At ·1cast one of the stands shot:ld be of 

the altazimuth type allowing thP. Cl)ll~ctor to be kept fac"ing the sun. -
This requireme11t dllcws both fer comparing various test methods b~ing 

developed in oth~r countries, and ~lso for testing advijnced collectors 

currently in the developed stage. The other stands can be of -the so~!th

fac1ng. til t-adjust.abl~ typ~. 

•I ~21/ ..• 

I 
I 
l 
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A structure should be ~v~ilabl~ for housing the electronic instrumentation 

used in testing. This :structure,which can·be a trailer or a building, may 

require heating and/er cooling to maintain the interior temperature in the 

range 2ooc to 3ooc or so. Although most equipment will operate over a much 

wider temperature i~ange, few will maintain the stated accuracy. Similarly, 

if the electrical service at the site does not maintain the line voltage 

constant to \·rithin 5%, then A.C. voltage regulators should.be provided to 

en:;ure the electronic equipment maintains calibration. 

Running water should be available at the site for \'tater-heating collector 

te:sting. A typica1 consumption rilte \·m·11d be 2 litre/second for each 

collector t~sted in an open-loo~ config~ration. If the water has n high 

mineral content, then it may be necessriry to treat tc. prevent boiler··scale 

from building uµ in the test loops. 

The petsonnel at the solar- energy test laborc:tory should have acce$S to 

tecimica1 !JCrsor!nel who are well versed not only in ·instrwm:;1ta.·t:-iori ~nd 

collector testing techniques but also the printiples of oper-:.tion of solc-.1~ 

energy co1lectors·. /\lthou0h so1ar erier9y test·ing has 1Jec0n~e rout"ine in the 

sense' that standard test r.:("thods are availabie, every test rc~quires r;or!·1e 

interpretatfon. Some coll cc tors must be: c.nalyzed rathe;· c:c:re:fu11y befor·e 

they can be tested successfully. 

1 
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APPENDIX 5 

EQUIPMENT LIST 1 

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

• 
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APPENDIX 6 

DISCUSSION Or SOLAR ENERGY COLLECTOR CERTIFICATION 

The certification of a product usucllly proceeds in three stages. Standard 

test methods are used to generate test data on the product. The test 

.dta are used to generate a rating for the product. Finally, the rating 

. is used in the certificatior. of the product. It is to be noted that this 

process usually quantifies the perfurm3nce of the product, so th~t various 

c.ertified products can be ranked relatively. Co;1cernin9 operaticn~1 character· 

istics, q11<1)ity of construction, or durability, however, certificat"icn 

usucilly indicvtes merely a pass, so thtit p1uducts cannot be ranked on the 

basis of i.:k,se 0ttributes. The prC'ssure c!rop <-crciss a solni~ col1(;;r:toi-, 

for exun:plc, h rnea~ured during testing, but, high or 1•.Jv:, it does nut 

~igure intc1 the ra.ting. On the oth2r hand, a collector that leah at the 

required pressure drop wou1d b2 denied certification. 

for solar energy colhctors, ELOl has achievr.rl the first st.:-ige in t!H: a/iO'/e 

by prcoari~g st&ndr~d 388-1/II. T~is standard specifi~s the test msthn1 for 

meusuring the instetntaN:ous performiince of a collector. The resu'itin9 dc:ta 

are expressed as an efficiency \'lhir.:h is a fonction of temperature (both 

collector and ambient) and solar irradiance. At this st<tg0 a certificate 

of performunce would be appropriate. It would certify that the co11ector 

performance had been measured in a standard WCiy, and that the data \'/ere 

presented in a standard 1-Ja.v. 

ihe next step is to develop a rating procedurP. for the collector based on 

integrated or average performance. In the United States, the Sohr Eneruy 

Industry Association (SFIA) has developed an all-day rating procedure 

(PCS-1-79) which is ba~~d on thE: 1nstantane0us thermal performance dat<L 

For a standard profile cf ~eteorologic~l and solar· conditions, the day-long 

output of the collector· i5 calculated for different fluid inh?i; t~mpcr;:t:.1 res. 

'i ' 
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The results are expressed in ter-1Hs of energy delhered per panel per day, 

for both a su1I1J1er day and a winter day. Note that no consideration is 

given to the use of the ener~J; it is assum~d that any energy delivered 

is used. 

In the United Kingdom, the British Standards Institution (BS!) is developing 

an all-year rating procedure (see for exaniple BS 5918:1980} \'lhich computes 

that part of the collector output ·,<1hich \':0 1_,-ld be used by a reference water 

heating syst~n, agJin with specified meteorological and solar conditions, 

as \'!el1 as a hot water demand profi1e. The rcr,ult is expressed in ten1s 

of energy delivered per year. BST has gone a step further ~nd d~fine collPc~n1 

Both thc:>c 1:.roceu:..1re::; use mode: cnlculations bt>::;ed on mea?.ured instJntzt;-,;-(i:1:: 

h'O!ll di ffr,r0~nt rf;;ys r.nd sites. 

f\t this stc'!Ji:..:, D:: h1·~01·:::c.tiv2 lah:l v:ould be ;:ippropridc s·incc the original 

specific~cl .;o;·~cf"itiu11s H v10u·1c1 f!c:·1·lv2r a certain amount of ·energy. Of c.ourse, 

in most re::\l cin:u1r1';tc<iKes U1e D:i:~wnt dehvcr•:d would be different, but this 

i~ not too different a situation from air conditione~s, for example, which 

are rvtr.d for a specific set of temp!~ratures and relative humidities. 

Th" final stage, full certificat"ion (or quality marking) of solar energy 

collectors is much m,1re difficult to gain. Precedents httve not been set in 

other countries yet due to the unanswered questions conc~rning the implications 

to the consumm· of such certification and rneirk"ing. 

Durabil'ity and quality of construction are inextricably tied in, but adequate 

measures of these propc~rties do not exist. fl. first st£?P might be to re<)uire 

the collector be built to a code of practice (which then must be written!), 

or that 'it p<t!;S (however that is ctetermin~c!~) variouc c;:p'J~urc and opc:-atfon·-

al characteristics t~sts. 

1 
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In the case of thermosyplioning water heaters. not even the f"i rst stage 

has been reached. These are systems c~ntaining.a number of components. 

including " collector, a tank~ typical"ly also a heat exchanger and an 

electrical heater. Testing of the c0:nponent.s separately~ ticcording to 

-

current standards, does not tell how the ~~~t_em will .Perform. Again, 

precr::dents ha·1e not been set elsewhere due to unanswered questions. A strong 

experimental program is pr~!Jably net-ded to help define n~cess~ry procedure~ 

and important parameters. 

---~--------0-~----------

- - - - -




	0001A01
	0001A02
	0001A04
	0001A05
	0001A06
	0001A07
	0001A08
	0001A09
	0001A10
	0001A11
	0001A12
	0001A13
	0001A14
	0001B01
	0001B02
	0001B03
	0001B04
	0001B05
	0001B06
	0001B07
	0001B08
	0001B09
	0001B10
	0001B11
	0001B12
	0001B13
	0001B14
	0001C01
	0001C02
	0001C03

