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ZHMEIQZEIX: NOTES:

1) Ta amoreAéouara agopouv poévo 1o ouotnua oro | 1) The results are related only with the system on which
orroio mpayuaromoinénkav  GOKIUES Kal TO OTToio tests were performed and which was delivered by the
TTPOOKOUIOTNKE QTTO TOV TTEAGTN. customer.

2) H mapouoa ékBeson dev umopei va avarmrapayxbei mapd | 2) This report can be reproduced, without the writen
HOVO OTO OUVOAS TNG, XWpPIC TNV ypartrTh EyKpIon TOU permission of the Laboratory, only in full.
Epyacornpiou. 3) Measurement equipment conforms with the

3) O perpnmikés e€omAiouoS  KaAUTITEl TIS  QVAYKES accuracy/precision requirements of the standards.
akpiBeiag Twv mporumwy. Agv didovralr aBeBaidtnTeS Uncertainty of results is not provided.
ora aroreAéouara.
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

EKOEZH AOKIMQN / TEST REPORT

MNeAatng: OEPMYK EME Customer: THERMYK LLC
Iwviag 98 98 lonias st.
13671, Axapvai 13671Acharnes

TnA.: 210 2464090 Tel.: 210 2464090

Fax: 210 2465865 Fax: 210 2464090

Huepopnvia rapaAafig cuoTtrpaTtog (kaAn katdoTtaon)/Receipt date of system (in good condition): 20/07/2009
H eykardoTaon Tou CUCTAPATOG OTOV €EOTTAICUO SOKIJWY £YIVE ATTO TTPOCWTTIKG TOU TTEAATN.
Customer’s personnel installed the system on testing facilities.

A.1 TIEPIF'PA®H OIKIAKOY HAIAKOY 2YZTHMATOZ ZEZTOY NEPOY
DESCRIPTION OF THE SOLAR DOMESTIC HOT WATER SYSTEM

Wit g B @ AV7 YU T (' e (o 10T T Lo o T OEPMYK ENE
Name of ManufacCtUrer :...................ooo e e eeieeeeanasanssnnnnnnnennnes THERMYK LLC

A.1.2 XAapOKTNPIOTIKA ZUOCTAHOTOG . i e e 200 GL
System Model

A 1.3 Méon nuEPNOIN ATTOHACTEUOHEVN TTOCOTNTA {£0TOU vEPOU (O0TOUC 45°C GUPPWVA UE TO
(0"€:xe]l0 (o7 8 [o T o0 o1 o 11 ] ¥ 4 {e T e 170 [lf]
Daily average hot water quantity drawn-off (on 45°C according to the design of the
S S I ) i 170 [If]

A.1.4 Toimog XuotAuatog / System Classification
OepuooIPwVIKO / Thermosiphon

O ECavaykaoupévng KukAogopiag / Forced

O

AvolixTou KukAwpaTog / Direct

X

KAgloToU KUKAWwWaTOC / Indirect

Avoixté ato trepIfailov / Open

Me e€aepioTikh diaTagn / Vented

EvreAwg kAeloT16 / Closed

ZuveXwe yeparto / Filled

Me evdidueon atrobrikeuon / Drainback

Me atroxéteuon / Draindown

ZexwploTh dsgapevr / Remote storage

ZUAAEKTNG-Oe€apevh oTny idla Baon / Closed-coupled collector storage

OAokAnpwuévo / Integral collector storage

Oo0Oooooooodoad

(*) ZToixeia TTOU dNAwvovTal atrd Tov TTEAATN (**) Aev d66nkav aToixeia ammd TeAATn
Specifications supplied by customer No data were provided by the customer
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.1.5 Yypé Meragopdg Oepuoétnrag / Heat Transfer Fluid
- Tumog* / Type* :

Nepd Kal YAUKOAN, GUYKEVTPWOT YAUKOANG™ & ..eeeeiiiieiiiiiiiiiiniiiiiiieiiieeieeneeaeeneeeeneeennes **
Water/glycol mixture, concentration of glycol

O Aadi/ Oil O ®péov/ Freon O Aépag/ Air
e Y X0 I 1 = PSPPI

D o (o To (1 0] o2 £ 1o VN oo 11 **
N 0= Te] (o= 11 Lo 1 *
- EVaAAGKTIKG aTTOBEKTE UYPE HETAPOPAG OEPUOTNTOG: .. seesssessaessaeesns >
Alternative acceptable fluids © ...........cccooooviiiiii o
- Bapog uypoU* / Total fluid content” :...........cccooeeeeiiiiii 15 kg
A.1.6 AvTigukTIKA TTpooTacia* /| Antifreeze protection*
-lMpooTtaaia / Protection
Nai/ Yes O Oxi/ No
—ANN T Other®.........ooooe MponuAevoyAukoAn / Propylene Glycol
A.1.7 ZulAékteg/ Collector system
—Ap1Bu6g ZuAekTwV Movadag / Number of collectors in the System: .............cccccveeeeeeennnnnes 2
—2ZUVOMNIKA eTTIpAavela CUNeKTWY / Total collector gross area:............ccooeeeeeeeeeeeennn.. 3,02 m?
A.1.8 Xxediaoudg oulAékTn / Collector design
— Tutrog ZuAAékTn / Collector type:
Emimedog / Flat plate
O ZwAjvwv kevou / Evacuated tube
0 AAAog / Other:
—2ZUVOANIKO €UBABOV GUANEKTI [ GrOSS @rea@:....cccciieee e 1.51 m?
—EuBadov Tapabupou GUANEKTN / Aperture area: .............ccccceeeeeeeiiieiciceeeeeeeeeeee 1,34 m?
—EpBadov atmmoppo@nTh CUANEKTN™ / AbSorber area™ ..........ccccceeeeeeiieeiceee e 1,33 m?

(*) ZToixeia TToU dNAWVOVTAI ATTO TOV TTEAGTN (**) Aev 866nkav aToixeia atmd TEAATN
Specifications supplied by customer No data were provided by the customer
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY XYXTHMATOZ / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / ISO 9459-2
—APIBUOG KOAUPUATWV™ | NUmMber Of COVEIS™: ..o 1
= YANIKA KOAUPPATWV: oo T¢au temperd / Tempered glass
Cover materials:

— TTAXOG KOAUMHPGTWIV® ..o, 4.0 mm
Cover thickness™:

—YAIKO HOVWONG . .ooeeiiieiiieeiieeieeeee, YaloBauBakacg (nAaTtn) / YahoBauBakacg (nAsupika)
Insulation material*..............cccceeeiiiiiieeeiiieeeeeeeeneennn, Glasswool (back) / Glasswool (sides)

—T1AX0G HOVWONG* & oo, 20mm (nAdTn / back) - 20 mm (nAgupikd / sides)

A1.9

Insulation thickness™*:

R N1 Co T 1.7,Yo (o 1T T 1l AAOUNIVIO NAEKTPOOTATIKA BAUMEVO
Casing material*:.................cccccciiiiiiiii Electrostatically coated aluminium
—YAIKO TTAGTNG™ & oo, Aapapiva yaABavile
Back Mat@rial *:............vvuuueeeeeeeieriiiiiiieiiisiiaseeisisasseassaasaasaeseasaasnnaaans Galvanized steel sheet
—OAIKO Bapog CUAAEKTN xwpig uypd / Weight of collector without fluid™. .................... 25.5 kg
— ONIKEG BIAOTACEIC / Gross dimensions:............cccccoeeeeeeeeeeeeee . (1505 x 1006 x 80) mm

AtroppoopnTtig / Absorber

Y AIKO e NTEPUYIA aAoupIviou kKal CWAAVEG XaAKOU
MaAEEITAI . ... aluminium fins and copper tubes
—TUOTTOG KOTAOKEUNG e ZUYKOAANON pE A€Ilep

CONSHUCHON BYPE™ ...ttt Laser Welded
—TPOTIOGQ ETTECEPYATIAG TNG ETTIPAVEIAG™: .o eeee e EmiAekTikn Bagn

Surface treatment™: ...........oooovvvieiii Selective coating
—ApIBUOG cwAnvwy ) "kavaAiwv" / Number of tubes or channels: ...................cccccceeee. 10
—AIGUETPOG CWANRVWYV (E0WTEPIKN) A DIACTATEIG KAVOAIWIV™: .o 7 mm

Tube diameter (inside) or channel dimensions™:

—ATT60TOON PETAGU CWANVWYV A "KAVOAIWV™ . L.t 90 mm
Distance between tubes or channels*

(*) ZToixeia TToU dNAWVOVTAI ATTO TOV TTEAGTN (**) Aev d66nkav aToixeia atmd TeAATN
Specifications supplied by customer No data were provided by the customer

EAKO08.1-2 / 4.1 Yehida / Page 5 amé /from 35



EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.1.10 Asgapevn / Storage tank

—KATAOKEUOOTIG .. e OEPMYK ENE

MaANUICEUIEI ;... THERMYK LLC
—TOTMOG* [ MOAEL.........ccco oo 200 GL
—"OVKOG / VOIUME: ... 184 |
—EEwTepIKA DIAUETPOG SeEapeVAC / Outside tank diameter: ...........cowccoeceeeeceeeeeeenn. 58 cm
—Mnkog de€apevng eEwTepika / Outside tank length™. ..................ccc 1,26 m
—YAIKO HOVWIONG™ .o MoAuoupebavn

INSUIAtION MALEIIAI i .........ccceeeeeeeeeee ettt eeteee e eeans Polyurethane foam
—TMdaxog pévwanc® / Insulation thickness™: ............ccccccc 50 mm

- Tutrog evaAAaKTN* / Heat exchanger type*:
Mavduag / Mantle
O EubBuypauuou cwAnva / Straight pipe
O Me cwAnva eAikoeidr) / Spiral pipe
[ VY Yo T A O 1 o 1= TR UPR U PRPPRP -

A.1.11 AvrtAia* / Pump*

(o 10 (01 =0 (0 1 o TSSO P PP PP -
Manufacturer

—TOTMOG/ MOGEL: ..., o

—2ZTPOWEG ] SPEEA: ... **~ r/min

—lOXUG I RALiNG: ..o oo **- kW

A.1.12 PuluioTthg* / Controller

—KATAOKEUAOTAG /MANUTACIUIE ...t e

L LU L 1L A 1/ o= PP e
(*) ZToixeia Tou dnAWvovTal ATTO TOV TTEAGTN (**) Aev d66nkav aToixeia atmd TEAATN

Specifications supplied by customer No data were provided by the customer
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY ZYXTHMATOZ / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1ISO 9459-2
A.1.13 ZwARveg ouvdeong HETASU OUAAEKTN Kol Se€apueVAG™
Connecting piping between the collector(s) and the tank*

—AIGUETPOG [ DIiameLe™ i oo 22 mm
—MAKOG [ LENGENT: ettt a e 2,3m
—YAKO HOVWIONG & oo EUkapTrTn eAacTouepr) BEpuopovwan

Insulation material™: ... Flexible elastomeric insulation
—Max0G POVWONG / InSulation thiCKNESS: .........ccooi e 6 mm

A.1.14 ZxnuaTtiké didypappa Tou ocucTiparog / Schematic diagram of the system

Agev 560nkav aToixeia atrd Tov TTEAATN

A.1.15 Zx6Aia oto oxediaouo Tou ocucThparog / Comments on the system design

Agev uttdpyouv oxoAia / No comments

(*) ZToixeia TToU dnAwvovTal atd Tov TTEAATN (**) Aev 866nkav aToixeia armd TeAATN
Specifications supplied by customer No data were provided by the customer
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS”

APIOMOZ MHTPQOY ZYXTHMATOZ / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.1.16 Aedopéva cuoTiuarog/ System data

—KAion ZuAAékTn® / Collector tilt angle™. ..............cccccoeeeiiiii 45 noipeg / degrees

*%

—Tapoxr OTO KUKAWMRA GUAAEKTI: ..o
(o) V= 10= X g W ele) | [=To1{o gl Lo o] o NP **

—PuUBuion BepuoaTdTn® / Controller SEtting™: ...........ccooee e **

A1.17 Qwroypagia Tou cuoTiuarog / Photograph of the system

N\l Al Wy
o, i =

| i
R T R T

B~ s

(*) ZToixeia Tou dnAwvovTal atréd Tov TTEAGTN (**) Agv d66nkav oToixeia aTrd TTEAGTN
Specifications supplied by customer No data were provided by the customer
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.2 AOKIMH AMNOAO2HZ 2YXTHMATOZ / SYSTEM PERFORMANCE TEST

A.21 Zyxnupartiké didypappa ToU GUCTAHATOG SOKINWV
Schematic diagram of test loop

l 15
14

1 SUAAEKTNG 1 Collector array

2 Ae€apevi nAiakoU ocuoTAPOTOG 2 Storage

3 QOikiak6 nAlakd ouaTnua 3 Domestic solar hot water system
4 AvepioTrpag 4 Fan

5 KukAo@opnTAg avauigng vepou degapevig nAiokou 5 Tank mixing pump

6 Tpiodn TveupaTikn Bava 6 Three-way valve

7 PuBuiotrg Beppokpaaiag vepol aTnv €icodo 7 Inlet temperature controller

8 Mévwon cwAnvwoegwv 8 Insulation

9 Aywyodg ekkévwong 9 Draw-off bleed pipe

10 Eiocodog kpuou vepou 10 Cold water inlet

11 ‘E€0d0g eaTou vepoU 11 Hot water draw-off

12 Avepdpetpo 12 Anemometer

13 MupavopeTpo 13 Pyranometer

14 MupavopeTpo pe dayTUuAIo oKiaong 14 Shaded pyranometer

15 AigBnTrpag Bepuokpaaciag TepIBaAAovTog 15 Shaded ambient air temperature sensor
16 AloBnTApag Beppokpaaiog 16 Temperature transducer
17 Poduetpo 17 Flowmeter
18 PuBuiotig pong 18 Flow controller

EAKO08.1-2 / 4.1 Yehida / Page 9 amé / from 35



EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.2.2 Aedopéva PETPHOEWYV KOl ATTOTEAECUATA UTTOAOYIO WV
System performance test results and derived data

Aedouéva TwV PETPAOEWY aTTO TIG OOKIUEG KOl TA OTTOTEAECOHATA OXETIKWY UTTOAOYIOHWYV
TTapouaciafovtal otov lMivaka A.1

Test results and derived data are presented in table A.1.

Mewypagikd MAkog / Test location longitude:................cccccccoovvveeiiiiiiiiiiiiieee 23° 43’
Fewypa@ikd MAGTOG / Test location latitude. ................cocoeeeeeeeeeeeeeeeeeeeeeeeeeee 37° 58’
MpooavaTtoANiouog GUAAEKTN / Collector azimuth: ..............cccccoeeeeveeeeeeeneen. Nétog / South
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

EN 12976-2 / 1SO 9459-2

APIOMOZ MHTPQOY XZYXZTHMATOZX / SYSTEM REFERENCE : 2131 DE1
Mivakag A.1/ Table A.1

Huepop. Katd Tnv didpkeia Tng 12wpou SoKIpAg ATtropdoTteuon AtroAafn
Date During 12-h test Draw-off Output
H-M-E H Hy | tagay | tman | (4)-(5)| U Vi | taay | tamax [(10)-(5) Q
D-M-Y | MJ/m?*|MJ/m*| °C °C K | mis I 4G e K MJ
(1) (2) (3) (4) (5) (6) (7) (8) 9) | (10) | (11) (12)
22.07.09 16.09 | 3.8 29.7 | 27.7 2.0 2.5 554 | 36.8 | 55.3 | 27.6 20.83
23.07.09 1497 | 3.2 30.9 | 27.8 3.1 2.5 554 | 36.5 | 55.5 | 27.7 20.08
24.07.09 11.37 | 3.8 341 | 28.7 5.4 2.5 554 | 36.2 | 52.1 | 234 17.15
25.07.09 | 2546 | 4.8 36.9 | 28.8 8.1 2.5 552 | 43.3 | 704 | 41.6 33.20
26.07.09 | 25.27| 55 35.0 | 28.8 6.2 2.5 552 | 42.6 | 68.7 | 39.9 31.69
29.07.09 13.79 | 34 29.6 | 28.7 1.0 2.5 553 | 36.8 | 54.0 | 254 18.71
30.07.09 11.03 | 4.7 29.5 | 28.7 0.8 2.5 553 | 35,5 | 50.5 | 21.9 15.64
31.07.09 16.50 | 5.6 30.8 | 28.7 2.1 2.5 554 | 384 | 57.9 | 29.2 22.25
01.08.09 | 2549 | 5.0 30.8 | 28.8 2.0 2.5 553 | 42.0 | 67.3 | 38.5 30.39
02.08.09 | 25.69 | 4.8 31.2 | 28.7 2.4 2.5 553 | 42.2 | 67.8 | 39.0 30.77
03.08.09 18.51 | 4.0 32.5 | 28.7 3.8 2.5 552 | 40.0 | 63.7 | 34.9 25.86
04.08.09 | 2065 | 4.9 32.8 | 28.8 4.1 2.5 553 | 41.2 | 65.0 | 36.2 28.46
05.08.09 | 2041 | 5.0 33.6 | 28.8 4.8 2.5 553 | 415 | 67.5 | 38.7 29.20
06.08.09 1560 | 7.7 28.9 | 28.7 0.2 2.5 553 | 38.2 | 59.1 | 30.3 21.81
07.08.09 1895 | 6.4 30.1 | 28.7 1.4 2.5 552 | 39.8 | 61.6 | 329 25.42
08.08.09 | 25.20| 6.7 29.2 | 28.8 0.4 2.5 554 | 416 | 66.2 | 374 29.42
10.08.09 | 2151 | 6.4 28,5 | 28.7 | -0.2 2.5 554 | 41.0 | 65.9 | 37.2 28.18
13.08.09 | 24.71| 24 28.0 | 286 | -0.6 2.5 554 | 416 | 66.5 | 38.0 29.79
14.08.09 | 25.11 1.3 29.9 | 28.7 1.2 2.5 553 | 42.2 | 68.1 | 39.3 30.78
15.08.09 | 2345| 1.9 30.3 | 28.7 1.6 2.5 554 | 414 | 65.6 | 36.9 28.97
17.08.09 16.95| 15 28.9 | 28.7 0.2 2.5 553 | 38,5 | 59.7 | 31.0 22.48
18.08.09 12.35| 1.3 29.5 | 28.7 0.8 2.5 553 | 36.6 | 53.4 | 24.7 18.06
26.08.09 1364 | 1.6 28.0 | 28.7 | -0.6 2.5 554 | 36.9 | 55.0 | 26.4 18.88
27.08.09 1440 11 28.7 | 28.7 0.1 2.5 554 | 37.3 | 55.5 | 26.9 19.78
01.09.09 | 2154 | 7.6 27.7 | 27.7 0.0 2.5 553 | 39.1 | 61.5 | 33.8 25.98
03.09.09 1258 | 5.3 28.6 | 27.7 0.9 2.5 553 | 36.1 | 54.0 | 26.3 19.30
04.09.09 13.72| 56 29.7 | 27.8 1.9 2.5 553 | 36.9 | 55.6 | 27.9 20.82
05.09.09 | 24.71| 59 30.1 | 25.9 4.2 2.5 553 | 40.5 | 68.3 | 42.3 33.48
06.09.09 | 2434 | 75 29.0 | 25.9 3.0 2.5 553 | 39.7 | 39.7 | 13.8 31.51
07.09.09 18.63 | 106 | 229 | 258 | -2.9 2.5 553 | 35,5 | 554 | 29.6 22.21
09.09.09 13.75| 9.7 231 | 2568 | -2.7 2.5 552 | 32.8 | 474 | 21.7 16.13
13.09.09 18.88 | 158 | 234 | 258 | -24 2.5 552 | 36.1 | 574 | 31.6 23.73
14.09.09 1182 | 110 | 241 | 257 | -1.6 25 552 | 32.2 | 46.8 | 21.1 14.82

Znueiwon: Ta cuupoAa opifovtal aTnv TTapaypapo A.6.
Note: Symbols are defined in clause A.6

EAKO8
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1

EN 12976-2 / 1SO 9459-2

A.2.3 KautrUAeg amrédoong cuotiiparog / System performance curves

Ta peTpoupeva onueia evepyelakng atmoAafAg eilcdyovtal oto ZxAPa A.1 kal TTpooeyyifovtal
ME TNV PEBOBO eAaxioTwy TeETpaywvwy We TNV e€iowan A.1. XapadoocovTtal euBeie YPaUUES YIa

TIMEG [taiday)ytmain] = -10K, OK, 10K, 20K, XpnoipoTrolvTag Toug OUVTEAEOTEG a4, O, KAl A

The measured data points are entered on the graph of Figure A.1. and fitted by least squares
regression to equation (A.1). Straight-line graphs have been drawn for values [taay) - tmain] = -
10K, OK, 10K, 20K, using the derived coefficients a;, a, and as, and labelled to indicate the

values of [ta(gay) - tmain] mentioned.

Hueprola Evepyeiakr AtmoAapr Qout, [MJ
Daily output

50

w
o

N
(=)

N

10

(1) > ta(ay) - tmain =-10 K
(2) : tagay) - tmain= 0K

(3) : ta(ay) - tmain = +10 K
(4) : ta(ay) - tmain = +20 K

40

AN
e\

g
. * /
gens

o

5 10
HuepAola nNakr akTivoBoAia aTo eTTiTieSo Tou GUANKTN - H, [MJ/m?]

15 20

25 30

Daily solar irradiation on plane of collector

ZxApa A.1/ Figure A1

pauUIKA £KQPAoN TNG NHEPNOIOG EVEPYEIAKNG ATTOAABAG TOU CUCTAUATOG
Linear fit to data of the daily energy output of the system

otrou / where

EAK08.1-2 /4.1

Q = a H+ a2 (t } main) * a3
T 1.02 m?
A, =, 0.41 MJ/K
A, = 4.72 MJ

(A1)
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APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.2.4 KaputruAeg augnong Beppokpaciag ouoTAHATOG [tymax) - t
System temperature increase [tymax) - t__. ] curves

mai

main:I

Ta peTpoUpeva onueia  BepuoKPOOIAKNG aug¢nong €locdyovial OTO 2xAua A2 kai
Tpoceyyifovral he TNV PEBODO eAaxioTwv TeTpaywvwyv de Tnv efiowon A.2. Xapdooovral
€UBEIEG YPOAUMES VIO TIUEG [taday) - tmain] = -10K, OK, 10K, 20K, xpnoIyoTIoIOVTAG TOUG
OUuvTEAEOTEG by, bo Kal bs.

The measured data points are entered on the graph of Figure A.2. and fitted by least squares
regression to equation (A.2). Straight-line graphs have been drawn for values [taay) - tmain] = -
10K, OK, 10K, 20K, using the derived coefficients by, b, kai bs, and labelled to indicate the
values of [tagay)-tmain] mentioned.

(1) : ta(av) - tmain =-10 K (3) : ta(av) - tmain = +10 K
(2) : ta(ay) - tmain= 0K  (4) : ta(ay) - tmain = +20 K

60

Aul&non Beppokpaaciag, [K]
Temperature increase

0 5 10 15 20 25 30
HuepAola nNakr akTivoBoAia oTo eTTiTeSo Tou GUANKTH - H, [MJ/m?]
Daily solar irradiation on plane of collector

ZxApa A.2 / Figure A.2

pauuIKA ék@pacn TG alénong TNG BepUOKPAGiag Tou vepou
Linear fit to data of the temperature increase

= b, H+b, (A.2)

d(max) " “main (ta(av) - I:main) + b3

otrou / where
Dy e 0.98 m’ K/IMJ
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.3 ZYNTEAEXTHZ OEPMIKQN AMQAEION AE=AMENHX
STORAGE TANK HEAT LOSS COEFFICIENT

A.3.1 Mes 10 OUAAEKTN ouvdedeévo | Collector loop connected

- H dokiun €yive / Test performed :

oTo UTraiBpo / outdoors
O oe€ eowTepikd xwpo / indoors

Initial average temperature of water in tank

- TeAkn péon Beppokpacia vePoU SEEAPEVAS (Lr): vooereeeeeeeieeieeeeeee e, 65.7 °C
Final average temperature of water in tank

Average ambient air temperature adjacent to store during the test

—Méon TaxuTNTA AVEPOU TTAVW OTO GUAAEKTN :.uueeii i 3.5m/s
Average wind speed over collector*

— Méon TaxUuTNTa AVEPOU TTAVW OTN OECAMEVI™: ..oii i 3.5m/s
Average wind speed over tank*

— A1apkeIa QOKIUNG / Duration Of teSt (AL): ......cceeeeiieeeeeee e 41925 s

— 2UvTeAEOTAG BepuIKWV aTTwAgIwY degapevig {atmd Tnv oxéon (A.3)}, (Use):eeeeeeneeen. 1.6 W/K
Deduced value of mean storage heat loss coefficient {from eq. (A.3)}, ( Usc)

t.—t
USC=4180VS In| 25 (A.3)
At t.—t

a,s(av)

(*) Znueiwon : Mpémer va gival 3m/s < TaxutnTa avépou <5 m/s
Note : It should be : 3 m/s < wind speed < 5 m/s
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APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

Mrwon Tng Beppokpaciag Tou vepou TNG Be§apeEVAG
Temperature drop of water in the tank

O ouvteheomic Us xpnolyoTroigital (egiowon A.3) yia Tov TTpoodIopIcPd NG TEAIKAG
Oeppokpacoiag Tou vepou Tng deSapevig t; (BAETTE MNMivaka A.2) BewpwvTag dIAPOPETIKEG
TIUEG TNG apPXIKAG Bepuokpaciag Tou vepoU t kai Tng Méong Beppokpaciag aépa
TTEPIBAANNOVTOG t4 s(av) VIO DIGOTNHA 12 WPWV.

The coefficient Ug is used (equation A.3) to determine the final tank water temperature t; (see
Table A.2) considering various values of the initial tank water temperature t; and of the
average ambient air temperature t, .y in a 12-h period.

Mivakag A.2 / Table A.2
ApXIKR Bepp. vepou Méon Bepuokpaaia TTepIBAAAOVTOC KaTd To 12wpo, °C
Initial water temperature | Average ambient air temperature around the tank during 12 h, °Cc
°C 0 5 10 15
70 64.1 64.6 65.0 65.4
60 55.0 55.4 55.8 56.2
50 45.8 46.2 46.6 47 1
40 36.6 37.1 37.5 37.9
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A.3.2 Me 10 OUAAEKTN atroouvdedepévo / Collector loop disconnected

- H dokiun €yive / Test performed :

oT0 UTraiBpo / outdoors
O ot eowtepPIkO Xwpo / indoors

Initial average temperature of water in tank

—TeAIKn péon Beppokpaacia vEPOU BEEAPEVAG (tr): oorerrreeee i, 64.3°C
Final average temperature of water in tank

Average ambient air temperature adjacent to store during the test

—Méon Tax0TnNTa AvEPOU TTAVW OTO GUANEKTIN™ ..o, 3.5m/s
Average wind speed over collector®

— Méon TaxUuTNTa AVEPOU TTAVW OTN OECAMEVI™: o iiii e 3.5m/s
Average wind speed over tank*

— Aidpkeia SokIuAG / Duration of test (A): ...cocoeeeeeeeeeee 41790 s

— ZUVTEAEOTNG BepUIKWYV aTTwAEIWV deCapevAg {ammd tnv oxéon (A.3)}, (Us):............. 1.4 W/K
Deduced value of mean storage heat loss coefficient {from eq. (A.3)}

Znueiwon: Kartda tnv didpkeia auTrg TngG dokIung 6ev Aaufdvel Xwpa avaoTpo@n por Kal o
OUVTEAEOTAG BEPPIKWY OTTWAEIWY avapéveTal va gival idlog (eav dev ocupPaivel
avaoTpo®n pof aTto cuoTnua) f JMIKpOTEPOG (eGv UTTAPXEI avaoTpoPn Por OTo
oU0TNUA) OXETIKA ME AUTOV TTOU UTTOAOYIOTNKE HE TO KUKAWWA TOU OUAAEKTN
ouvoedepévo (Trapdypagog A.3.1).

Note: During this test no reverse flow is allowed and the storage tank heat loss
coefficient is expected to be equal (if no reverse flow is present to the system) to
or smaller (if reverse flow exists in the system) than that determined with the
collector loop connected (see paragraph A.3.1).

(*) Znueiwon : Npétrer va ival 3m/s < TaxdTnTa avéuou < 5 m/s
Note : It should be : 3 m/s < wind speed < 5 m/s
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A4

A.4.1

OEPMOKPAZIAKEZ KATANOMEZX ANTOMAXTEYZHX
DRAW-OFF TEMPERATURE PROFILES

OepHOKPACIOKE KATAVOUN ATTONAOTEUONG HE NUEPNOIA akTIVOBOAia H otnv Treploxn
8 MJ/m? - 15.99 MJ/m?

Draw off temperature profile for test day with a daily irradiation H in the range 8 MJ/m?
to 15.99 MJ/m?

—HUEPOUNVIA / Date: ..o 29/07/2009
—-Mapoxn atmropdoTeuong / Draw-off flowrate:...............cccoooeiiii 650.8 I/h
—0Oykog de€apevng / Tank volume (Vs):..ccoooeeee e 184 |
—Huepnoia nAiakr akTivopoAia a1o emitredo Tou GUAAEKTN, (H): oo, 13.8 MJ/m?

Daily irradiation on plane of collector

—Méon Beppokpacia TepIBaAAovTog / Ambient air temperature, (taday)): - eeeooeeeeeereeens 29.6 °C
- @¢epuokpaaia kpuou vepou / Cold water supply temperature, (tnain): -ooeeeveeeeeeeeeeeeee... 28.7 °C
— Oeppokpaaiakr| dlagopd / Temperature difference, (taday)tmain): - eeeovveeeeeeeriireniieennne 1.0°C
80
70 4

60

50

30 L. \N‘HHF 00—

20

Oeppokpaaia vepou, ty °C]
Draw-off water temperature

10

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
‘OyKog vepoU atTopdaTeuang (TTOMATTAAGIoG Tou V)
Volume of water drawn-off (multiple of V)

2xApa A.3 / Figure A.3
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A.4.2 OgpUOKPAOIAKH KATOVOUR GTTOMAOTEUONG HE nUEPROIa akTivoBoAia H otnv Trepioxn
16 MJ/m?- 25 MJ/m?

Draw off temperature profile for test day with a daily irradiation H in the range 16 MJ/m*

to 25 MJ/m’

—HUEPOUNVIA / Date: .....cccoooeeeeeeeeeeee e 15/08/2009
—-Mapoxn atmropdoTeuong / Draw-off flowrate:...............cccoeeieei 641.9 1/h
—0Oykog de€apevng/ Tank volume (Vs): .cooooeeeeee i 184 |
—Huepnoia nAiakr akTivoBoAia a1o emitredo Tou GUAAEKTN, (H): oo, 23.5 MJ/m?

Daily irradiation on plane of collector

—Méon Beppokpaacia TepIBaAAovTog / Ambient air temperature, (taday)): - veeeeoeeeerereens 30.3°C
- @¢epuokpaaia kpuou vepou / Cold water supply temperature, (tmain): -ooeeveeeeeeeeeeeeeee... 28.7 °C
— Oeppokpaaiakr| dilagopd / Temperature difference, (taday)tmain): - eeeoveeeeeeeriireniieennne 1.6°C
80
70

60 +

: N
TN

20

Oeppokpaoia vepou, ty [°C]
Draw-off water temperature

10

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
‘Oykog vepou atropdoTeuong (TToMatTAdaiog Tou V)
Volume of water drawn-off (multiple of V)

2xApa A.4 | Figure A.4
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A43 OgpUOKPACIAKA KATOAVOMR avAauI§ng
Mixing draw-off temperature profile

- HUEPOUNVIO / Date: ..o 20/07/2009
—~Mapoxn atmropdaTeuons / Draw-off flowrate:............cc.cccooeeiiii 650.1 I/h
~0Oykog &e€apevnG / Tank volume (Vs):..ccoooeeeeiieieeeeee 184 |

- @¢gpuokpaaia kpuou vepou / Cold water supply temperature, (tnain): ooeveveeeeeeeeeeeeeenn. 27.5°C

100 |

90 1
80 1
70 4

60 — x

50 4

40;

20 1

OeppoKpasia vepou, ty [°C]
Draw-off water temperature

10 |

o+t
0O 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
'Oykog vepoU atropdaTeucng (TToMaTtrAdolog Tou V)
Volume of water drawn-off (multiple of V)

ZxApa A.5/ Figure A.5
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A.4.4. KavovIKOTTOINUEVEG BEPHOKPATIOKEG KATAVOUEG
Normalised temperature profiles

A.4.41 Tigég KAVOVIKOTIOINHEVWY BEPHOKPACIOKWY KATOVOMWY atropacteloswyv (V) kai
avapigng g(V), Baciouéveg ota ddopéva doKIwyY Twy TTapaypdewyv A.4.1, A.4.2 kai A.4.3.

Values of normalised draw-off and mixing temperature profiles f(V) and g(V) based on
the test data of paragraphs A.4.1, A.4.2 and A.4.3.

Mivakag A.3 / Table A.3
a(v) % o(v) %
Muliple of 1ank| <16 mym? | H>16 Maim2 Muliple of 1ankI <16 Mym? | H>16 Maim2

0-0.1 10.31 9.67 9.06 15-1.6 0.54 0.46 0.47
0.1-0.2 10.21 9.64 9.05 16-1.7 0.48 0.38 0.35
0.2-0.3 9.93 9.54 9.05 17-1.8 0.45 0.32 0.33
0.3-0.4 9.71 9.39 9.04 18-1.9 0.38 0.28 0.29
0.4-0.5 9.33 9.22 9.03 19-2.0 0.34 0.25 0.25
0.5:0.6 9.03 9.04 9.02 2.0-2.1 0.30 0.23 0.22
0.6-0.7 8.72 8.88 9.00 2.1-2.2 0.27 0.21 0.20
0.7-0.8 8.37 8.70 8.96 2223 0.25 0.18 0.18
0.80.9 7.62 8.25 8.70 2.32.4 0.22 0.17 0.16
0.9-1.0 5.37 6.43 7.09 2425 0.20 0.16 0.14
1.0-1.1 2.80 3.61 4.03 2526 0.19 0.14 0.13
1.1-1.2 169 187 2.07 2627 0.17 0.13 0.12
1213 1.13 1.15 127 2728 0.16 0.12 0.11
1.3-14 0.86 0.78 0.86 2829 0.15 0.11 0.10
14-15 0.69 0.58 0.62 2.9-3.0 0.15 0.11 0.10
0-1.0 88.6 88.8 88.0 0-3.0 100.0 100.0 100.0

EAK08.1-2 /4.1
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A.4.4.2 AilaypAPUATA KAVOVIKOTTOINMEVWV KATAVOUWYV atropdoTteuong f(V)

Graphs of normalised draw-off temperature profiles f(V)
(H < 16 MJ/m? kai / and H > 16 MJ/m?)

20 —a—H<I6MIM2
—¢— H>16 MJ/m2

18 +

16

14 |

12

Kartavoun amoudateuong f(V), %
Draw-off profile
® o

0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Oykog vepou atropdoTeuong (TroMaTtrAdolog Tou V)
Volume of water drawn-off (multiple of ;)

ZxApa A.6 / Figure A.6
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A.4.4.3 Ailaypdppa KOVOVIKOTTOINUEVNG KATAVOMAG avapigng g(V)
Graph of normalised mixing draw-off temperature profile g(V)
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'Oykog vepoU atropdaTeuong (TToMaTtrAdolog Tou V)
Volume of water drawn-off (multiple of V)

ZxApa A.7 | Figure A.7
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A.4.5 Ytroloyi{Opeveg BEPOKPATIAKEG KATAVOUES
Computed draw-off profiles

A.4.5.1 Ogppokpaociakn Karavoun yia H =10 MJ/m?, taiday) = 25°C, KAl tmain = 20°C
Draw-off temperature profile for H = 10 MJ/m?, taiday) = 25°C, Kall tmain = 20°C

2]
o

70 +
60 +
50 +

40 T
30 |

0 02 04 06 08 1 1.2 1.4 1.6 1.8 2

Oepuokpaoia vepou, [°C]
Water temperature

o o

'Oykog vepoU amropdoTeuong (TroMaTtrAdolog Tou V)
Volume of water drawn-off (multiple of V)

ZxApa A.8 / Figure A.8

A.4.5.2 Ogpuokpaoliakn Karavopn yia H =20 MJ/m?, taday) = 25°C, KAl tmain = 20°C
Draw-off temperature profile for H = 20 MJ/m?, taiday) = 25°C, Kall tmain = 20°C
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ZxApa A.9 | Figure A.9
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A.4.5.3 OgpuoKpaACIOKA KaTavopR yia H =10 MJ/m?, taay) = 10°C, Kl tmain = 10°C
Draw-off temperature profile for H = 10 MJ/m’?, taay) = 10°C, Kl tmain = 10°C
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Water temperature
N
o

0 02 04 06 08 1 1.2 1.4 1.6 1.8 2

‘Oykog vepou attopdaTeuang (TToMaTTAdaiog Tou V)
Volume of water drawn-off (multiple of V)

2xApa A.10 / Figure A.10

A.4.5.4 Ogpuokpaoiakn Karavopn yia H =20 MJ/m?, taday) = 10°C, Kol tmain = 10°C
Draw-off temperature profile for H = 20 MJ/m?, taay) = 10°C, Kall tmain = 10°C
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xApa A.11/ Figure A.11
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A.4.6 Apeon oUyKpIOT TWV BEPUOKPACIAKWY KATAVOUWY atropdaTteuong (H > 16 MJ/m?) kai
avauigng
Direct comparison of draw-off (H > 16 MJ/m?) and mixing temperature profiles

—— Draw-off - Mixing
80

D
o

Draw-off water temperature
N
o

20

Ospuokpaoia vepoU amopdaoreuong, ty [°C]

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2
'Oykog vepoU atmropdaoTeuong (TToMaTtTAdolog Tou V)
Volume of water drawn-off (multiple of V)

2xApa A.12 / Figure A.12
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”

LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”
APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1

A5 TIPOBAEWH ETHZIAZ ENEPIEIAKHZ ANNOAABHZ
ANNUAL PERFORMANCE PREDICTION

A.5.1 MetewpoAoyikd dedopéva TTOU XPNOIMOTTOIRBNKAY yia TV ETAOIA TTPORAEYN

Climatic data assumed in annual prediction

EN 12976-2 / 1SO 9459-2

Mepioxn 1/ Location 1 :

AOHNA / ATHENS (23°, 44' - 38°, 00')

Mrvag/Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hiit (MJ/mz)** 13.1 134 141 18.0 19.2 20.5 21.7 23.0 21.7 16.6 12.4 9.9
taday) (°C) 11.9 11.8 13.4 16.7 21.6 259 29.3 29.2 25.8 211 16.5 13.6
ta,(night) (°C) 104 10.0 11.1 13.8 18.3 22.3 25.7 25.8 22.9 18.7 14.7 12.2
tmain (°C) 11.4 10.5 11.4 14.0 17.7 21.4 241 251 241 21.5 17.8 14 1
Mepioxn 2 / Location 2 : WUERZBURG (9°, 58' - 49°, 46"
Mrvag/Month| 1 2 3 4 5 6 7 8 9 10 11 12
Huie (MJ/mz)** 53 9.7 12.3 15.9 17.8 18.2 18.4 17.0 15.0 10.2 5.7 4.6
taday) (°C) 1.3 1.8 6.7 10.1 15.5 18.4 20.2 20.3 16.4 10.8 5.0 2.4
ta,(night) (°C) 0.3 0.5 4.6 7.0 11.7 15.0 17.0 16.7 13.8 8.8 4.2 1.9
tmain (°C) 4.5 3.7 4.5 6.7 9.9 13.1 15.4 16.3 15.5 13.2 10.0 6.8
NMepioxn 3 / Location 3 : NTABOZ / DAVOS (9°, 51' - 46°, 49"
Mrvag/Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hiit (MJ/mz)** 14.6 18.6 22.0 21.3 20.1 18.7 19.7 19.1 18.3 16.2 13.1 12.2
ta(day) (°C) -3.5 -3.1 04 3.5 8.7 11.4 15.1 14.2 11.0 7.5 0.7 -2.0
ta, (night) (°C) -6.4 -7.2 -3.6 -0.5 3.6 6.2 9.9 9.6 6.7 34 -2.2 4.7
tmain (°C) 4.7 4.6 4.7 5.0 54 5.8 6.1 6.2 6.1 5.8 54 5.0
Mepioxn 4 / Location 4: STOKXOAMH / STOCKHOLM (18°, 03' - 59°, 20")
Mrvag/Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hge (MI/m?)** | 33 | 7.7 | 133 | 169 | 206 | 212 | 193 | 178 | 133 | 7.7 | 3.9 | 29
tagay (C) | 25 | 28 | 13 | 64 | 130 | 172 | 195 | 188 | 138 | 84 | 33 | -06
taigny (C) | -32 | 41 | 13 | 27 | 82 | 131 | 153 | 148 | 107 | 64 | 23 | -1.3
twan  (°C) | 30 | 22 | 30 | 52 | 84 | 116 | 139 | 148 | 140 | 117 | 85 | 53

(*) Source Meteonorm (Global Meteorological Database for applied climatology) /IInyn kKMpotik@V dedopévav
Meteonorm (Metemporoyikn Bdon Aedopévav)

(**) omig / in 45°

Znueiwon: Emegnynon cuuBoAwv divetal otnv TTapdypago A.6

Note :

EAK08.1-2 /4.1

Symbols are defined in clause A.6.
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.5.2 Asgdopéva katavaAwong yia evepyelak amroAan (BAétre rapdypago A.5.3)
System usage data for energy output (see paragraph A.5.3)

AmraiTioeig reAdrTn / Customer requirements

Mepioxn 1/ Location 1

Mrvag 1 2 3 4 5 6 7 8 9 10 11 12
Month

Ve (1)

t, (°C)

Mepioxn 2 / Location 2

Mrvag 1 2 3 4 5 6 7 8 9 10 11 12
Month

Ve (1)

tn (°C)

Mepioxn 3 / Location 3

Mrvag 1 2 3 4 5 6 7 8 9 10 11 12
Month

Ve (1)

t, (°C)

Mepioxn 4 / Location 4

Mrvag 1 2 3 4 5 6 7 8 9 10 11 12
Month

Ve (1)

tn (°C)

Znueiwon: Emegnynon cupBoAwv divetal atnv Tapdypapo A.6
Note :  Symbols are defined in clause A.6.
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.5.3 TpoBAerépevn evepyeiakn amoAafny Q. (MJ) Tou cuoTApATOG KATW ATTO TIG CUVONKEG
katavaAwong TTou opioTnkav otnv A.5.2.

Predicted solar energy output Q. (MJ) of the system, under the load conditions defined in
A.5.2.

‘Oykog 1Tou KatavaAwonke EAdyioTo 6pio Bepuokpaaiag
Consumed volume Minimum temperature limit
Mrvag V. ty

Month Mepioxn / Location Mepioxn / Location

1 2 3 4 1 2 3 4

10

11

12

‘EToc / Year
(MJ)
Etog/

YearV
(MJ/m?)

1) MNpoBAeTTépEVN €TAOIA EVEPYEIOKH ATTOAARH) TOU CUCTHUATOG avda m? ETMPAVEING TTAPABUPOU CUAAEKTN
Predicted annual energy output per m? of collector aperture area.

2) YtoAoyiopog oUpewva Pe 1o TTpoTuTio 1ISO 9459-2, cuptrepiAapfavouévou Kal Tou TPOTToU atroudaTeuong {eaTou

vepou
Calculation according to Standard ISO 9459-2, concerning hot water draw-off pattern as well

3) MpoPAeyn tTou BacileTal oTa peTeWPOAoyIKG dedopéva TTou TrapouaidlovTal otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.5.4 TpoBAemrdépevn evepyelaky amoAafn Q. (kWh) Tou OuoTAMOATOG KATW QTTO TUTTIKEG
ouvenkeg katavadiwaong (V.=Vs, t,=35°C, t,=40°C).
Predicted energy output Q, (kWh) of the system, under standard usage conditions
(Ve=Vs, t=35°C, t,=40°C).

KartavaAwan oykou Opio eAdxI0TNG Bepuokpaaciag
Consumed volume Minimum temperature limit
MHNAS V. =V, t, = 35°C t, = 40°C
MONTH Meploxn / Location Mepioxn / Location Meploxn / Location
1 2 3 4 1 2 3 4 1 2 3 4
1 146 70 127 46 118 13 66 0 97 6 46
2 137 100 146 75 108 43 107 15 90 32 85 6
3 159 146 | 202 140 130 91 167 79 118 73 160 61
4 187 173 199 174 175 141 165 124 167 123 155 118
5 207 | 202 | 212 221 207 181 184 204 | 204 173 166 191
6 213 198 203 222 216 183 179 | 216 | 212 176 159 | 206
7 233 204 230 214 238 198 212 208 234 187 195 193
8 240 190 221 197 | 246 183 194 185 | 242 171 176 174
9 214 159 197 141 219 143 165 118 | 214 133 157 99
10 172 113 176 89 166 72 134 45 157 64 114 32
11 130 65 124 50 114 19 70 0 102 3 52 0
12 117 60 112 40 82 2 41 0 71 0 23 0
ET(?(fN/t]e)ar 2155 | 1680 | 2149 | 1609 | 2019 | 1269 | 1684 | 1194 | 1908 | 1141 | 1488 | 1080
Etog/Year
9 804 | 627 | 802 | 600 | 753 | 474 | 628 | 446 | 712 | 426 | 555 | 403
(KWh/m?)

1) MpoBAeTTOPEVN ETATIA EVEPYEIAKH ATTOAARH) TOU GUGTHAUATOS avda m? ETMPAVEIAG TTAPABUPOU GUAAEKTN
Predicted annual energy output per m~ of collector aperture area.

2) YTmroAoyiopég oUpgwva pe 1o TpoTuTio 1ISO 9459-2, guptreplAapBavopévou Kal Tou TPOTToU atTodoTeuong (eoTou

vepoU
Calculation according to Standard ISO 9459-2, concerning hot water draw-off pattern as well.

3) MpoBAewn Tou BacifeTal oTa peTewpoAoyikd dedopéva TTou TTapouciddovral otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1 EN 12976-2 / 1SO 9459-2

A.5.5 TlpoBAetrépevn péon nuepnoia atroAafn {eoTou vepou (liters) TOu CUCTANATOG KATW
aTrod TUTTIKEG OUVONKeS KaTavalwaong (t=35°C, t,=40°C).
Predicted average daily quantity of hot water (liters) per month under standard usage
conditions (t,=35°C, t,=40°C).

O¢epuokpacia {eoTOU vEPOU
Hot water temperature
MHNAZ t, = 35°C t, = 40°C
MONTH Mepioxn / Location Mepioxn / Location
1 2 3 4 1 2 3 4

1 139 12 60 0 94 5 36 0
2 136 43 109 15 94 27 74 5
3 155 84 153 69 116 58 126 46
4 240 143 158 120 185 106 127 98
5 332 202 173 214 253 161 133 169
6 458 242 176 265 328 189 133 208
7 609 281 203 274 408 212 159 206
8 690 273 187 255 452 201 144 192
9 582 212 164 161 389 156 133 110
10 350 95 127 55 239 68 93 32
11 194 23 68 0 135 2 43 0
12 111 2 38 0 77 0 18 0

vepou

Calculation according to Standard ISO 9459-2, concerning hot water draw-off pattern as well.

1) YmoAoyiopog olp@wva govo pe 1o TTpoTutro 1ISO 9459-2, cuptrepiAapfavopévou Kal Tou TPOTToU atropdoTeuong (eaTou

2) MpoBAewn 1Tou BaciCeTal oTa PeTEWPOAOYIKA dedouéva TTou TTapouaiadovtal othv A.5.1
Prediction based on climatic data presented in A.5.1.
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EPIFAZTHPIO AOKIMQON HAIAKQN & AAAQN ENEPTEIAKQON ZYZTHMATQN / EKE®QE “AHMOKPITOZ”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR “DEMOKRITOS”

APIOMOZ MHTPQOY 2YZTHMATOZX / SYSTEM REFERENCE : 2131 DE1

A.5.6 Tapouciaon Twv SeIKTWV ATTOS00NS NAIGKOU GUCTAHATOG

EN 12976-2 / 1SO 9459-2

Presentation of the system performance indicators for solar-only systems

Performance indicators for solar-only systems on annual base for a demand value of 80 | d”

AcikTeg aTO300NG YIa NAIOKG CUCTAWATA O€ £TACIA Bdon yia ZAtnon 80 1 d”

Mepioxn (Mewy. MAGTOG) | Qq Q. fsol
Location (latitude) MJ MJ %
Stockholm (59,2° N) 4455.0 2673.6 60.0
Wuerzburg (49,5° N) 4271.7 2826.8 66.2
Davos (46,5°N) 4833.4 3775.0 78.1
Athens (38,0°N) 3319.9 2564.1 77.2

Performance indicators for solar-only systems on annual base for a demand value of 110 1 d™

AsikTeg aT6300NG YIa NAIOKG CUCTAPATA o€ £TATIA BAon yia ZAtnon 110 1 d”

Mepioxn) (Mewy. MAGTOG) | Qq Q fsol
Location (latitude) MJ MJ %
Stockholm (59,2° N) 6125.7 3494.5 57.0
Wuerzburg (49,5° N) 5873.5 3681.2 62.7
Davos (46,5°N) 6645.9 4990.8 75.1
Athens (38,0°N) 4564.9 3634.2 79.6

1) YmoAoyiopodg olpgwva pe 1o TpdTuTTo ISO 9459-2. O 1pdTTog atropdaTeucng (eoTol vepoU CUPPWVA PE TO TTPOTUTIO

EN12976-2

Calculation according to Standard ISO 9459-2. Hot water draw-off pattern according to Standard EN12976-2.

2) Mpo6BAewn Tou BacifeTal oTa peTewpoAoyikd dedopéva Trou TTapouciddovral otnv A.5.1

Prediction based on climatic data presented in A.5.1.
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Performance indicators for solar-only systems on annual base for a demand value of 140 | d”’

AcikTEC 0TTOB00NG YIa NAIOKGE CUCTAPATA o€ £TACIA Bdon yia Zitnon 140 1d”

Mepioxn (Mewy. MAGTOG) | Qq Q foor
Location (latitude) MJ MJ %
Stockholm (59,2° N) 7796.3 4408.3 56.5
Wuerzburg (49,5°N) 74754 4641.1 62.1
Davos (46,50 N) 8458.5 6240.9 73.8
Athens (38,0°N) 5809.9 4672.1 80.4

Performance indicators for solar-only systems on annual base for a demand value of 170 | d”’

AgikTEC 0TIOB300NG YIa NAIOKAE CUCTAPATA o€ £TACIA Bdon yia Zitnon 170 1d”

Mepioxn (Mewy. MAGTOG) | Qq Q foor
Location (latitude) MJ MJ %
Stockholm (59,2° N) 9467.0 5167.9 54.6
Wuerzburg (49,5°N) 9077.3 5426.9 59.8
Davos (46,50 N) 10271.0 7256.7 70.7
Athens (38,0°N) 7054.8 5591.9 79.3

Performance indicators for solar-only systems on annual base for a demand value of 200 | d”'

AcgikTeC aTOd00NC YIa NAIOKG CUCTANATA O€ €TATIA Baon yia {AThon 200 | d”

Mepioxn (Mewy. MAGTOG) | Qq Q fsol
Location (latitude) MJ MJ %
Stockholm (59,2° N) 11137.6 5675.1 51.0
Wuerzburg (49,5° N) 10679.1 5921.4 55.4
Davos (46,5°N) 12083.5 7870.9 65.1
Athens (38,0°N) 8299.8 6330.7 76.3

1) YmoAoyiopdg olpwva he 1o TpdTuTio ISO 9459-2. O 1pdTrog atroudaTteuang {eoToU vepoU GUUPWYVA PE TO TTIPOTUTTO
EN12976-2
Calculation according to Standard ISO 9459-2. Hot water draw-off pattern according to Standard EN12976-2.

2) Tpo6BAewn trou BagideTal oTa PETEWPOAOYIKE dedopéva TTou TTapouaidlovTal otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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Performance indicators for solar-only systems on annual base for a demand value of 250 | d™'

AtgikTeC aTTOB00NG YIa NAIOKG CUCTARATA O€ €TATIA Baon yia ZAThon 250 1 d”

Mepioxn (Mewy. MAGTOG) | Qq Q fsol
Location (latitude) MJ MJ %
Stockholm (59,2° N) 13922.0 6046.2 43.4
Wuerzburg (49,5° N) 13348.9 6291.4 47.1
Davos (46,5°N) 15104.4 8130.3 53.8
Athens (38,0°N) 10374.8 7208.2 69.5

Performance indicators for solar-only systems on annual base for a demand value of 300 | d”’

AgikTEC 0TTOB300NG YIa NAIOKGE CUCTAPATA o€ £TACIA Bdaon yia Zitnon 300 1 d”

Mepioxn (Mewy. MAGTOG) | Qq Q foor
Location (latitude) MJ MJ %
Stockholm (59,2o N) 16706.4 6133.1 36.7
Wuerzburg (49,5°N) 16018.7 6397.8 39.9
Davos (46,50 N) 18125.3 8194.2 45.2
Athens (38,0°N) 12449.7 7827.3 62.9

1) YmoAoyiopog oUpgwva pe 1o TpdTuTtio ISO 9459-2. O 1péTTOg atTopdoTeuong eaTol vepoU GUU@PWVA PE TO TIPOTUTTIO
EN12976-2
Calculation according to Standard ISO 9459-2. Hot water draw-off pattern according to Standard EN12976-2.

3) TpoéBAewn TTou BagileTal oTa PETEWPOAOYIKEA dedopéva TTou TTapouaidlovTal otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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A6 2YMBOAA/SYMBOLS

f(V) | Kavovikotroinuévn Katavopur] atroudoTeuong -
Normalized draw-off temperature profile

fsol MoooaT1o kKAAUWNG CNTOUPEVNG EVEPYEIOG ATTO TO NAIOKO CUOTNUA %
Solar fraction

g(V) | KavovikoTroinuévn Katavour avauiéng -
Normalized mixing draw-off temperature profile

H Huepnoia nAiaki akTivoBoAia oTo TTapdBupo TOU GUAAEKTN MJ/m?
Daily solar irradiation (radiance exposure) in the collector aperture

Hqg Huepnoia didyuTn nAlakr akTivoBoAia oTo TTapdBupo Tou CUAAEKTN MJ/m?
Daily diffuse solar irradiation (radiance exposure) in the collector aperture

Hy Méon unviaia nAlakh akTivoBoAia o€ opifOvTIO ETTITTEOO MJ/m?
Monthly average daily solar irradiation on a horizontal plane

Hue | Méon unviaia nAlakr akTivoBoAia o€ KEKAIMEVO ETTITTESO MJ/m?
Monthly average daily solar radiation on a tilted plane

Q. Qeéhiun evépyela TTou AapBaveral atmd 1o ocuoThua MJ
Useful energy extracted from the system

Qq Zntoupevn evEPYEIQ ATTO TO CUCTAHO MJ
Heat demand

ta O¢puokpacia aépa TTEPIBAAAOVTOG °C
Ambient or surrounding air temperature

tas O¢puokpacia aépa TEPIBAAAOVTOC YUpw aTrd TNV deCapEVN °C
Ambient air temperature adjacent to the store

ty O¢puokpagia Tou vepoU TTOU ATTOUOCTEUETA °C
Water temperature of load drawn-off

t; TeAikr} Bepuokpaaia Tou vepoU °C
Final water temperature

th ATtraitoUpevn Bepuokpaaia {eaToU vepoU °C
Required hot water temperature

ApXIKA BepUoKpaaia Tou vepoU °C
Initial water temperature

tmain | @€pUOKpPOCia KpUoU vepOU BIKTUOU °C
Cold water supply temperature

tn Méon Bepuokpaaia aépa TTEPIBAAAOVTOC KATA TNV OIGPKEIA TNG VUXTAG °C
Average ambient air temperature during the night
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u Taxutnta epIBAAAovTog aépa m/s
Surrounding air speed

Us ZUVTEAEDTNG BEPUIKWYV OTTWAEIWV OEEAUEVAG W/K
Storage tank heat loss coefficient

Ve OyKOG ToU vEPOU TTOU KATAVAAWVETAI TNV NUEPQ
Volume of daily hot water consumption

Vg Oykog vepouU atmoudaoTeuong m
Volume of water drawn-off

Vs Oykog degapevncg
Fluid capacity of the store

Acikreg | Subscripts

(av) | Méon Ty TNG TTapAPéTPOU
Average (mean) value of parameter

(day) | Méon Tiun TNG TTAPAPETPOU TNV TTEPIOBO 6 WPES TTPIV TO NAIAKO PETNHEPI
€wg 6 WPEG YETA aTTo auTd

Average (mean) value of parameter during the period 6 h before solar noon
to 6 h after solar noon

(max) | MéyioTtn TIuA TNG TTAPAPETPOU
Maximum value of parameter
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