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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOZX MHTPQOY ZYETHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2 / 1SO 9459-2

EKGEXH AOKIMQN

MPOZAIOPIZMOZXZ ATNMOAOXZHZ OIKIAKQN HAIAKQN 2YZTHMATQN
OEPMANZHXZ NEPOY KAI NMPOBAEWYH THXZ ETHZIAX ENEPIEIAKHZX
AMOAABHZ

SYM®QNA ME TA MPOTYMNA EN 12976-2*/ 1SO 9459-2**

TEST REPORT

THERMAL PERFORMANCE OF SOLAR DOMESTIC WATER HEATING
SYSTEMS AND YEARLY PERFORMANCE PREDICTION OF SOLAR-
ONLY SYSTEMS

ACCORDING TO STANDARDS EN 12976-2* / ISO 9459-2**

EN 12976-2: “Thermalsolar systems and components - Factory made
systems - Part 2: Test Methods
ISO 9459-2: "Solar Heating - Domestic Water Heating Systems - Part 2:
Outdoor Test Method for System Performance  Characterisation and
yearly performance prediction of solar-only systems

EPFAXTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN ZYSXTHMATQN
EKE®E "AHMOKPITOZ" / NCSR "DEMOKRITOS"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS

I.Navdpag/ G.Panaras Ap. B.MmeAeoiwtng/ Dr. V.Belessiotis
YnevOuvogAokiu®v/ Responsible for Testing Mpoiotauevog/ Laboratory Head

Huepounvia / Date: 28/07/2008

HMEIQZXZEIX: NOTES:

1) Ta anoteAéouata agopovv uévo To ovomua oto 1) The results are related only With the system on which
omoio  mpayuatonomibnkav  SOKWEC KAl TO  OMOio tests were performed and which was deliveredby the
npookouioTnke amé TOV TEAAT. customer.

2) H mapovoa €xkBeon 6ev unopei va avanapaxbei mapd 2) This report can be reproduced, without the writen
uévo oro OUVOAG mc, xwpic mv ypammi éykpion TOU permissionof the Laboratory, only in full.

Epyaompiou. 3) Measurement  equipment conforms with  the

3) O puetpnTmkéc  efomhiouéc  KaAUTTEl  TIC  QVAYKEG accuracy/precision requirements of the  standards.
akpiBelac  Twv npotinwv. Aev Sibovrar  aBeBaidétnTeC Uncertaintyof results is not provided.

ora anoteAéouara.
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY ZYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

EKOEZH AOKIMQN / TEST REPORT

NeAdtne: AOANAZIAAHE Customer: ATHANASIADI$
Fewpy. Katoavbpn 67 Georg. Katsandri 67
13671 Axapvéc 13671 Acharnes

TA: 210 2401375 Tel.: 210 2401375

Fax: Fax:

Huepounvia TopoAafric cuomuotog (KON kardatoon)/Receipt date of system (in good condition): 14/05//2008
H eykomdotaon Tou GUOTUOTOC GToV EEOTAIOUO OKIUGV EyIve OO TIPOOWTTIKO TOU TIEAGM.

Customer's personnel installed the system on testing facilities.

A.1 MNMEPITPA®H OIKIAKOY HAIAKOY YZTHMATOZXZ ZEXTOY NEPOY
DESCRIPTION OF THE SOLAR DOMESTIC HOT WATER SYSTEM

A.1.1 Ovopa KaTQOKEVOOTA: ... ... ... AOANAZIAAHZ
Name of Manufacturer : . ... ... ... ... ATHANASIADIS
A1 2 XaPAKTNPUOTIKAZ UG T OTO G ottt tteee ettt e ettt e e ee e reeeainaeens A.S.TCOMPACT 150

System Model

A 13 Méon nuepnola anopactevopevn noodtTnta Leotol vepoU (0TOUGQ 45°C olUP®VA HE TO

OXeB1A0MO TOU GUOTHAMATOG)™ ... 136 [It]
Daily average hot water quantity drawn-off (on 45°C according to the design of the
System) 136 [It]

A1.4 Tonog Zvothpatog / System Classification
Oepuooipwvikd / Thermosiphon
E€avaykaopévng kukhogopiag/ Forced
AvoixtoU kukAopatog/ Direct
KAgwotoUu kukA@uatog / Indirect
Avolxté oto mepifdaiiov / Open
Me eEaeploTikn diadtagn / Vented
EvteAwg kAewoto / Closed
JuveX®wG Yepato / Filled
Me ev8iaueon anoBnkevon / Drainback
Me amnoxétevon / Draindown
Zexwplot deEauevry / Remote storage
YuAAékTNG-BeEapevr otnv iBla Bdaon / Closed-coupled collector storage
OAokAnpwuévo / Integral collector storage
XI'AANO/Other : Heat Pipe

(*) Ztoixeia mou dnAdvovTal and Tov MEAATN (**) Aev 666nkav oTtolxeia and meAdTn
Specifications supplied by customer No data were provided by the customer
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY XYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

\.\1.5 Yypé Metagopag Ocppdtntag / Heat Transfer Fluid

- Tonog*/ Type* :
Nepo katYAUKOAN, ouykévtpwon YAUKOANG & ... ...

Water/glycol mixture, concentration of glycol

AasL/ Oil O ®pseov/ Freon O Agpag/ Air

- Bapog vypoU*/ Total fluid content™ & .. ... ... .l 0.7 kg

\.1.6 AvtipukTikiy mpootacia* / Antifreeze protection*
- Mpootaoia / Protection

Nai / Yes 0 Ooxi/ No

S AN OBNer

A.1.7 ZulAékteg / Collector system

- AplBuoOGg ZuAAektov Movadag/ Number of collectors in the System:. . ... ... .. . ... ... .. . 1

- YuvoAikr emu@avela culhektdv/ Total collector gross @red:................................... 2.33 m?

A.1.8 XIxebiaopdg ouAAéktn / Collector design
- Tonog ZuAAéxktn / Collector type:
Eninedog / Flat plate
C wAnvev kevol / Evacuated tube

C AAMog / Other:

- JUVOAIKO €pBABOV GUAAEKTN / Gross @rea:................................ ... 2.33 m°

- EuBadov mapaBipou GUANEKTN / Aperture @rea: . ............................................... 212 m?

- EuBadov anoppo@nti) GUAAEKTN* / Absorberared*............................................. 2.15 m°
(*) Ztouxeia mou &nA®vovtal amd Tov MEAATN (**) Aev 666nkav oTtolxeia and meAdTn
Specifications  supplied by customer No data were provided by the customer
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOZ MHTPQOY IYSTHMATOS / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2
- ApIBUOG kaAuvupatwv/ Number of COVEIS: .. ... ... . ... ... 1
= YAIKA KOAUMMPOTOIV: security Glass

Cover materials:

- NOX0G KAAUMMATWV® 4 mm
Cover thickness*:

- YAKO povoong (TTAGTR)*: ... moAvoupeBavn - meTpoBauBakag - vaAoveacua
Insulation material (Back)* ... ... .. ... .. polyourethane - rockwool - glass textile

- YAIkO poveong (TTAEUPIKG) ... ... ... ... vaAoBdaupakag - eAaoTikd KAAupa
Insulation material (SidesS)* ... . . ... glasswool - elastic cover

- Maxog pévwoNG* =@ ... 50 mm (nAatn/ back) - 30 mm (mAgupikd/ sides)
Insulation  thickness™:

- YAIKO TTAQUOIOU™ . . aAoupivio (mMAeupég) Aapapiva yaABaviCe(mAatn)
Casing material*:............................. aluminium (sides) galvanized steel sheet (back)

- OAIKO Bapog cuAAEKTN Xwpic uypd / Weight of collector without fluid: ... ... .. ... ... .. . **Kkg

- ONIKéG BlaoTdoeic/ Gross dimensions:..................................... (1.980 x 1.175 x 0.120) m

A1.9 Anoppoontig / Absorber

SYNIKO™ €vI0io @UAAO AAOUUIVIOU KOl OWATNVEG XAAKOU
Material: ... . one piece aluminium sheet and copper tubes
- TOMOG KOTAOKEUNG ... 2UYKOAANTOG pe laser

Construction TYDE™ laser welded
- Tpomnog enefepyaoiag NG EMQAVEING . ... ETIAEKTIKN Ba®n

Surface treatment . . . selective  coating
- Ap1Buoc ocwAnvev 1y "kavahiov” / Number of tubes or channels: ... ... . 10
- AIGUETPOC OWANVOV (E0WTEPIKN) 1) B100TACEIG KAVORIWV . ... ... 7 mm

Tube diameter (inside) or channel dimensions*:

- A6oTOON METAED OWANVGOV | "KAVOAIWV™ . 110 mm
Distance between tubes or channels*

(*) Zroxeia mou BnAdvovTal ané Tov NeEAGTN (**) Aev 866nkav otoixeia and meAdTn
Specifications supplied by customer No data were provided by the customer
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN ZYEITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOZ MHTPQOY ZYITHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.1.10 Actapevry / Storage tank

- KaTaoKEUOOTAG . ABGANAZIAAHZ

Manufacturer:: ... ... . ATHANASIADIS
- Tonog* / Model . avoEeidwtn/ inox
S OYKOG VOIUMIE: 1361
- EEwTepIKn B1apeTpOG BeEapevig/ Outside tank diameter: .. ... 48 cm
- Mnkog 8egapevng eEwtepika / Outside tank length™. .. ... .. .. .. .. ... 85 m
- YAIKO HOVWONG™ . moAuvoupeBavn - valoBauBakag

Insulation material=.......... ... . polyurethane - glasswool
- Maxog povwonc* / Insulation thiCKNesS™:. .. . . . . 70 mm

*

- Tonog evaAAaktn* / Heat exchanger type*:
O Mavdoag / Double jacket
IE'Eueo\(pomuou owAnva / Straight pipe
O Me owArva eiikoedny / Spiral pipe

A.1.11 AvtAia* / Pump*

- KOTOOKEU OO TG
Manufacturer

- TOTIOG / MOdEL: . .

- ITPOMEG SPEOU: - r/min

- loX0G/ Rating: . . kw

A.1.12 Puveuotig* / Controller*

- KataokevaotNG /Manufacture ... ... ... .
- TOMOG T DO
(*) Ztoixeia mouv BnAdvovral and Tov meAdTn (**) Aev 866nkav otoxeia and meAdTn
Specifications  supplied by customer No data were provided by the customer

EAK08.1-2 / 4.1 YeAiba / Page 6 amd/ from 34



EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY IYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.1.13 ZwAnveg ovvbeong petafly cuAAékTn kot Sefapevig”
Connecting piping between the collector(s) and the tank*

- Mapetpoc/ Diameter 10 mm
- MAkoG/ Length: 1.3 m
S YAIKO HOVONG & E0WTEPLKEG

Insulation material ... internal
- Maxog pévwong / Insulation thickness: . ... ... ... ... .. . o

A.1.14 Ixnuatiké Sidypappa tou cuvothipatog / Schematic diagram of the system

Agv 6606nke oxnuatikd S1dypappa ToOU CUCTIHATOG Ao TOV MEAGTN.
Customer did not provide schematic diagram of the system.

A1.15 ZIx6Awa oto oxebiaopd Tou cuotipuatroc / Comments on the system design

Aev umtapxouvv oxo6Aia / No comments.

(*) Zroxeia mou nAdvovTal and Tov meAd (**) Aev 866nkav otoixeia and neAdTn
Specifications supplied by customer No data were provided by the customer
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOZ MHTPQOY ZYZTHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2 / ISO 9459-2

A.1.16 Acbopéva ovotipatog / System data

- KAion ZUANEKTN / Collector tiltangle:................. ... ... 45 uoipeg/ degrees

- Mapoxn o1o KOKAGUA OUANEKTN™ . **
X * %k

Flowrate in collector 00D ...

A1.17 odowtoypagia tov cvothpatog / Photograph of the system

(*) Ztoixeia mou BnAdvovTal ané Tov MEAGTN (*™) Aev 666nkav otolxeia ané mMeAATN
Specifications  supplied by customer No data were provided by the customer
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOY”
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"
APIOMOX MHTPQOY ZYZTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2 / 1SO 9459-2

A.2 AOKIMH AMOAOZIHZ IYSITHMATOZX / SYSTEM PERFORMANCE TEST

A.2.1

ZXNHUATIKO S1AypaApPpPa TOU CUCTHNATOG SoKINQV

Schematic diagram of test loop

1 2UAAEKTNG 1 Collector array

2 Ag€aueviy NAlOKOU CUOTNUOTOG 2 Storage

3 Owiaké nAakd cvotnua 3 Domestic solar hot water system
4 Avepiotpag 4 Fan

5 KukAo@opntig avauigng vepol 6eEaueving nAlakod 5 Tank mixing pump

6 Tpiodn mveupatiky Bava 6 Three-way valve

7 Pubuiomg Beppokpaaiag vepol oy £icodo 7 Inlet temperature controller

8 Moévwon owAnvooewv 8 Insulation

9 AY®RYOG EKKEVWONG 9 Draw-off bleed pipe

10 Eioob0g kplou vepol 10 Cold water inlet

11 ‘EE080¢g CeoTol vEPOUL 11 Hot water draw-off

12 Aveubduetpo 12 Anemometer

13 MupavépeTpo 13 Pyranometer

14 MupavépeTpo pe axtoAlo okiaong 14 Shaded pyranometer

15 AwoOnmpag Beppokpaaciag meptBAAAovTOg 15 Shaded ambient air temperature sensor
16 AlcOntpag Bepuokpaaiag 16 Temperature transducer

17 Poéuetpo 17 Flowmeter

18 Pubuiotg pong 18 Flow controller

EAK08.1-2 / 4.1

YeAiba / Page 9 amd / from

34



EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY ZYITHMATOX / SYSTEM REFERENCE :

2099 DE 2

A.2.2 Aebopéva METPNOERV KAl AMOTEAECMATA UTMTOAOYIOUQV

System performance test results and derived data

Aebopéva Twv PETPNOE®WV amd TIGC SOKIMEG Kal

noapouatafovtal otov llivaka A.1

TO OTOTEAEOUATA OXETIKOV UTIOAOYIOPQOV

Test results and derived data are presented in table A.

Fewypagikd Mikog/ Test location longitude: ... . . . . .. ...

lewypa@ikd MAatog / Test location latitude

MivakagA.1 / Table A.1

EN 12976-2/ 1SO 9459-2

Huepop. Kata tnv Siapketa Tng 12Wpou dokipig Amopdotevon AmoAaBi
Date During 12-h test Draw-off Output
H-M-E H tagay | tmain | (4)-(5)| u Va | taay | tamen |(100-(8)  Q
D-M-Y MJ/m?| my/m?|  °C °C K m/s [ °C °C K MJ

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

05.06.08 25.28 7.5 26.2 21.7 4.6 2.5 408 34.5 69.8 48.1 21.74

06.06.08 22.65 6.9 23.9 21.3 2.7 2.5 410 32.1 63.7 42.4 18.41

10.06.08 24.66 7.4 25.6 20.9 4.7 2.5 410 32.6 66.2 45.3 19.95

12.06.08 25.17 5.8 28.8 21.4 7.4 2.5 410 34.6 70.7 49.3 22.49

13.06.08 25.03 7.3 28.8 21.3 7.6 2.5 408 34.4 70.3 49.1 22.30

16.06.08 25.34 4.7 28.6 22.1 6.5 2.5 408 35.2 70.9 48.8 22.12

17.06.08 25.31 4.3 31.0 22.0 9.0 2.5 410 35.5 72.0 50.1 22.99

18.06.08 24.93 5.4 33.6 22.4 11.2 2.5 409 36.2 73.0 50.6 23.39

19.06.08 25.10 6.3 35.0 22.8 12.3 2.5 409 36.9 74.6 51.9 24.07

03.07.08 25.03 3.1 31.6 23.6 8.0 2.5 410 36.4 71.1 47.5 21.69

04.07.08 24.57 2.9 31.2 23.9 7.3 2.5 408 36.5 71.3 47.4 21.37

05.07.08 23.60 2.4 32.0 24.3 7.8 2.5 409 37.5 73.5 49.3 22.38

06.07.08 24.76 2.2 31.9 24.3 7.6 2.5 409 37.4 73.2 49.0 22.16

16.07.08 11.89 5.2 28.4 23.7 4.7 2.5 409 30.9 54.6 30.9 12.27

17.07.08 24.64 5.3 29.1 23.8 5.2 2.5 410 36.6 72.3 48.5 21.71

18.07.08 18.80 5.1 30.9 23.7 7.3 2.5 410 32.8 59.7 36.0 15.56

19.07.08 25.18 6.0 32.7 24.3 8.4 2.5 409 37.4 73.2 48.9 22.17

20.07.08 25.14 6.4 33.6 24.6 9.0 2.5 408 37.6 73.2 48.6 22.06

21.07.08 15.82 5.0 34.6 24.5 10.1 2.5 410 34.5 64.2 39.7 17.02

22.07.08 10.17 6.9 34.5 23.7 10.8 2.5 408 31.7 56.2 32.5 13.51

23.07.08 13.68 4.1 32.4 24.2 8.2 2.5 408 31.9 55.8 31.6 12.95

24.07.08 11.74 3.3 27.4 24 1 3.3 2.5 409 30.9 53.5 29.5 11.59

27.07.08 14.59 6.8 30.2 24.7 5.6 2.5 410 33.0 58.5 33.9 14.19

28.07.08 17.04 71 29.2 24 1 51 2.5 408 33.5 60.8 36.7 15.86

Ynueiwon: Ta couBoAa opifovtal otnv napdypapo A.6.

Note: Symbols are defined in clause A.6
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY XYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.2.3 KapnOAec an6doong cvoTthipartoc / System performance curves

Ta petpolueva onueia evepyelakng anoAapncg elcdyovtal oto Zxnua A.1 kat mpooegyyiCovtal
HE TNV HEBO0BO ehaxioTwv TeTpaydvev ue v efiowon A.1. Xapdaooovtal subeieg ypaupég ya
TILEC [’[a(day)-tmain] = -10K, 0K, 10K, 20K, xpnoIUOoTOoIlOVTAG TOUGC OUVTEAECTEG Qy, a, kat Os.

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 [ta(day)' bnain] =
10K, OK, 10K, 20K, using the derived coefficients dj, a, and as, and labelled to indicate the
values of [fagay) = main/ mentioned.

(1) : ta(av) - tmain = -10 K (3) - ta(av) - tmain = +10 K
(2) - ta(av) - tmain = 0 K (4) - ta(av) - tmain = +20 K
40 : ! : Y .

1
15

Hupepima Evepyeaxd Anodofn Cout,
Draily output

0 5 L 45 20 25 30
Huepriota nAlakn OKTIVOBOANG oto eninedo tou cuAAéktn - H, [MJ/mZ]
Daily solar irradiation on plane of collector

Ixfiua A.1 / Figure A.1

FpauuIkh €Kkppaon TNG NUEPNOLAC EVEPYELOKNG ATMOAABNG TOU CUOTANATOG
Linear fit to data of the daily energy output of the system

Q = aH+a(t, -t )+a
omnov / where
B s S 0.70 m*
A, = erereesrersessrnne 0,36 MJ/K
B, crsrasnressrarsssassissonins 1.84 MJ
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOL"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

API®OMOX MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.2.4

KapnuAeg avinong Bepuokpaciag cuoTHHATOG [td(max) -t
System temperature increase [lamax) - t_..] curves

main:I

Ta upetpolupeva onueia Oepuokpaciakng avfnong elcdyovtal oOTo Ixnua A.2 «kal
npooeyyiCovtal pye v puéEO0BO eAaxioTwv TeETpaywvwv pe Tnv eEicwon A.2. Xapdooovtal
gubeieq ypoaupég yio TIHEC [tagay - tman] = -10K,  OK, 10K, 20K, xpnoigomolovrag Ttoug
OUVTEAEOTEG b1, b2 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 [taday)- tman] = -
10K, OK, 10K, 20K, using the derived coefficients b1, b2 o bs, and labelled to indicate the
values  of [taday)-tmainJmentioned.

(1) © taimi - treain=-T0 K {3) ! bajaws - train m +TO K
[EI 1.'|.|,:'n s |l1|'| = D K 1"1-:| Raiaiad - 1|l'un = 4-'2|:|' K

70

AGEnon Bepuokpaniag, [K]
Temparaiure Increase

0 5 10 158 20 25 3

Huepnola nAtakn aKTIVOBOANaoTo eninedo Tou ouAAékTn - H, [MJ/mZ]
Dailysolarirradiation on plane of collector

Ixfiua A.2 / Figure A.2

Fpapuikn €ékppacon g avgnong g Oepuokpaaciag Tou vepol
Linear fit to data of the temperature increase

omou / where

dimag] 1 rrain = I:}1 H + DE I:'[Ei.l'.': ’ I'|‘.|3||'-} T I::'CI (A2)
B s 1.30m K/MJ
S 0.58
5 IR R aROrE ARy ) b4 . 1)
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"

LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.3 ZYNTEAEZTHZ OEPMIKQN ATTQAEIQN AEZAMENHZ
STORAGE TANK HEAT LOSS COEFFICIENT

A.3.1 Me 10 ouAAékTn ouvdebeuévo / Collector loop connected

- H 8okwun éywe / Testperformed :

oto UnaBpo / outdoors
O oe eowtepikd xOpo / indoors

- Apxikr) péon Bepuokpaacia vepol deEapevig (W)

Initial average temperature of water in tank

- Tehikr) péon Beppokpacia vepod deEapevie ().

Final average temperature of water in tank

- Méon 6eppokpacia nepiBaArovtog atn Sidpkela ™G SokIUAG tas@yi. .ot

Average ambient air temperature adjacentto store during the test

- Méon tax0TnTa avépou mMave oto CUAAEKTN™ ... ...

Average wind speed over collector*

- Méon taxdmrta avépou mave otn SEEAMEVA™: ...

Average wind speed over tank*

- Awapkela sokipng/ Duration of test (A):. ...

- YuvteAeoTncg Oepuikov anwAelov deEapevnc {ammd myv oxéon (A.3)}, (Use): .. ...

Deduced value of mean storage heat loss coefficient {fromeq. (A.3)}, ( Usc)

BERNELY [ |
- " In

|
' Al 1, -1

(*) Znueiwon : Npénet va eival 3m/s < taxdTnTa avéuou <5 m/s
Note : It should be 3 m/s < wind speed < 5 m/s

______ 23.1 °C

...... 3.5 m/s

...... 3.5 m/s

39303 s

1.4 WK
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY ZYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2 / 1SO 9459-2

MNtoOon g Oeppokpaciag Tov vepol NG SeEapevng
Temperature drop of water in the tank

O ovvtedeotng Us xpnowomnoweitar (e€iowon A.3) yia Tov mpoodiopioud ™G TEAIKAG
Oeppokpaciag touv vepoU tTng 6eapeving t; (BAEne MNivaka A.2) BewpovTag 81apOPETIKEG
TIUEC NG apxlkng Oepuokpaciag Tou vepol 1 kat g péong Oepuokpaciag aépa
nePIBAAAOVTOG tagmy Yia Bldomua 12 wpav.

The coefficient US is used (equation A.3) to determine the final tank water temperature I

(see Table A.2) considering various values of the initial tank water temperature [; and of the
average ambient air temperature tysayin @ 12-h period.

Mivakag A.2 / Table A.2

Apxkr) BgplL. vepol Méon Beppokpacia mepiBaAAovTog katd 1o 12wpo, °C
Initial water temperature Average ambient air temperature around the tank during 12 h, °c
°C 0 5 10 15
70 62.9 63.4 63.9 64.4
60 53.9 54.4 54.9 55.5
50 44.9 45.5 46.0 46.5
40 36.0 36.5 37.0 37.5

EAKO8.1-2/ 4.1 seAiba / Page 14 ano / from 34



A.3.2

EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

Me to oUAAékTn anocuvdedepévo / Collector loop disconnected

- H 6oxiun

gywe / Test performed :

oto Ona®po/ outdoors

(01

£0wTePIKd XOPo / indoors

- ‘Oykog Aggauevig/ Tank Volume (Ve): ... . . -1

- Apxikr) péon Bepuokpaacia vepol deEapevig (W) -°C

Initial average temperature of water in tank

- Tehikny péon Beppokpacia vepod deEapevie (b): ... -°C

Final average temperature of water in tank

- Méon Beppokpacia mepiBaAAovtog otn S1APKEIR TNG BOKIMNG tasan: oo -°C

Average ambient air temperature adjacent to store during the test

- Méon tax0TnTa avépou mMave oto GUAAEKTN™ . . ... .. .. -m/s

Average wind speed over collector*

- Méon taxdmrta avépou mave otn OEEAMEVA™ ... . -m/s

Average wind speed over tank*

- Awapkewa dokwung/ Duration of test (AY): . -s

- ZuvTeAeoTNG BepuikOV anwAeldv 8egapevng {amod myv oxéon (A3)}, (Us): ... .. -W/K
Deduced value of mean storage heat loss coefficient {from eq. (A.3)}

2nueiwon:

Note:

(*) Znueioon :

Note :

EAKO08.1-2/ 4.1

Katd tv 8idpketa avtig g Sokiung dev Aaupdavel xopa avaocTpo@n pon Kat o
OUVTEAEOTNAG OEPUIKOV AMWAEIQV avapévetal va eival i8log (eav Sev ouvufaivel
avaoTtpo@n por] 0To O00TNUA) N UIKPOTEPOG (edv LTIAPXEL OVACTPOPN PON OTO
o00TNUO) OXETIKA HE AUTOV TOU UTIOAOYIOTNKE HE TO KUKA®MO TOU OUAAEKTN
ouvbebepévo (mapdypapog A.3.1).

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).

Mpénet va eivat 3m/s < Taxdtnta avéyou <5 m/s
It should be 3 m/s < wind speed < 5 m/s
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.4 OEPMOKPAZIAKEXZ KATANOMEZXZ ATTOMAXZTEYZHX
DRAW-OFF TEMPERATURE PROFILES

Ad41 Ocppokpaciak KATAVOUN AMOPAOTEUONG UE NUEPROLA akTivoBoAia H otnv meploxi
8 MJ/m?- 15.99 MJ/m’

Draw off temperature profile for test day with a daily irradiation H in the range 8 MJ/m2
to 15.99 MJ/n?

- Huepounvia / Date:. 24/07/2008
- NMapoyxn amopdotevong/ Draw-offflowrate:. . ... ... .. . . .. .. ... 528.3 I’h
- Oykog 8eEapevng/ Tank volume (V)i ... . 1361
- Huepnola nAakn axktivoBoAia oto eninedo tov guAAékt, (Hy: ... ... . ... .. 11.7 MJ/m?

Daily irradiation on plane of collector

- Méon 6epuokpacia neptBaAriovtog/ Ambient air temperature,  tagay): . ................. 27.4 °C
- Oepuokpacia kpovou vepol / Cold water supply temperature, (tmain)i....................... 24.1 °C
- Oeppokpaatakn diapopa/ Temperaturedifference, (taayytmain): ... 3.3°C
a0
70
— m B0
£ 3
5.0
=5 % 50
S E
=8
o o 40
T ®
E_ =
=59
1 1
g
o 20
10
o
0 02 04 D5 OB 1 12 14 18 18 2= 22 24 25 28 3

‘0OYKOG vepou anopdotevong (moAAamAdoiog tou V)

Volume of water drawn-off (multiple of V)

IxXAuna A.3 / Figure A.3
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.4.2 Osppokpaciakiy katavourn OTMOMACTEUONG e nuepfiola aktivoBolia H otnv meploxn
16 MJ/m* 25 MJ/m’

Draw off temperature profile for test day with a daily irradiation H in the range 16 MJ/m2

to 25 MJ/m’

- Huepounvia / Date:. 06/06/2008
- NMapoyxn amopdotevong/ Draw-offflowrate:. ... ... ... . . ... ... ... 552.5 I/h
- Oykog degapevng/ Tank volume (Ve)i. .. . 136 |
- Huepnola nAakn aktivoBoAia oto eninedo tou cuAAéktn, (Hy: ... ... .. . .. 22.7 MJ/m®

Daily irradiation on plane of collector

Méon 6epuokpacia meptBaArovtog/ Ambient air temperature, (taday): 23.9 °C

- Oepuokpacia kpvouv vepou / Cold water supply temperature, (tmain): 21.3°C

Oepuokpactakn diapopa/Temperaturedifference, (tagayytmain):. - oo 2.7 °C

80

e
o
o

e
3
/

N
o

Oe po K 10 QV EPO
D&y ¢ aeenp e
w B
o o

_
o

0 02 04 06 0.8 1 12 1.4 16 18 2 2.2 24 26 28 3

‘0OYKOG vepou anopdoTtevong (moAlamAdotog tou V)

Volume of water drawn-off (multiple of V)

Ixfiua A.4 / Figure A.4
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.4.3 Oeppokpaociaki) Katavopn avauiing

Mixing  draw-off temperature profile

- Huepounvia/ Date:. . . 25/07/2008
- Nopoxn anopdotevong/ Draw-offflowrate: ... ... .. . . . ... 551.21/h
- Oykog 8eEapevng/ Tank volume (V)i ... . 1361
- Oepuokpacia kpovou vepol / Cold water supply temperature, (tmain):....................... 24.5 °C

100

B0

BO

Bepuorpooin vepol, 0]
Draw-off watar tampearaurs

o 0z 04 06 08 1 12 14 16 1B 2 22 24 286 28 3

‘0OYkoG vepol anopdoTteuong (moAlamAdoiog tou Vi)

Volume of water drawn-off (multiple of V)

Ixqua A.5 / Figure A.5
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY XYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.4.4. KavovIKOMOINUEVEG OEPHUOKPACIAKEG KATAVOUEG
Normalised temperature profiles

A.4.41 Tipég KAVOVIKOTIOINUEVWYV OEppoOKPACIOK@V KATAVOU®V OTTOMOOCTEUCEWV f(V) kat
avaping g(V), Baciouéveg ota debopéva dokipwv Tov napaypdewv A.4.1, A.4.2 kat 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.

NMivakag A.3 / Table A.3

g(v) % a(v) %
Multiple of tank H<16 MJ/m2 H>16 MJ/m2 Multiple of tank H<16 MJ/m? | H>16 MJ/m2
volume volume
0-0.1 14.49 13.09 9.62 1.5-1.6 0.27 0.15 0.17
0.1-0.2 14.31 13.09 9.62 1.6-1.7 0.22 0.12 0.14
0.2-0.3 13.88 13.05 9.62 1.7-1.8 0.18 0.09 0.11
0.3-0.4 13.16 12.88 9.62 1.8-1.9 0.14 0.07 0.08
0.4-0.5 12.13 12.35 9.62 1.9-2.0 0.12 0.06 0.07
0.5-0.6 10.73 11.40 9.62 2.0-2.1 0.10 0.04 0.06
0.6-0.7 8.70 9.66 9.61 2.1-2.2 0.07 0.03 0.05
0.7-0.8 5.92 7.12 9.60 2.2-2.3 0.04 0.01 0.03
0.8-0.9 2.52 3.71 9.54 2.3-24 0.02 -0.01 0.02
0.9-1.0 1.02 1.28 8.20 24-25 0.00 -0.02 0.01
1.0-1.1 0.63 0.75 291 2.5-2.6 -0.02 -0.03 0.00
1.1-1.2 0.50 0.50 0.84 2.6-2.7 -0.04 -0.04 -0.01
1.2-1.3 0.42 0.36 0.44 2.7-2.8 -0.05 -0.05 -0.02
1.3-1.4 0.37 0.27 0.28 2.8-2.9 -0.08 -0.06 -0.03
1.4-15 0.32 0.20 0.21 2.9-3.0 -0.08 -0.06 -0.03
0-1.0 96.9 97.6 94.7 0-3.0 100.0 100.0 100.0
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN IYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.4.4.2 Alaypappata KOVOVIKOTTOINMEVWY KATAVOU®OV antopdotevong f(V)

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

P _ —— He16 Mima
—p— M 16 MM
18 f : i
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0 02 04 06 08 1 1.2 14 18 18 2 22 24 25 28 3

‘0OykoG vepol anopdoTteuong (moAianidoiog touv V)

Volume of water drawn-off (multiple of V)

Ixfua A.6 / Figure A.6
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN IYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.4.4.3 Awaypappa kKavovikomoinpévng katavoung avaupgng g(Vv)
Graph  of normalised mixing draw-off temperature profile g(V)

18 T

16 -

Karavaun avaming givl, %
Mizing profile

L] 02 04 05 OB 1 1.2 14 16 18 Z 22 24 26 2B a

‘0OykoG vepol amopdoteuong (moAlanidoiog touv V)

Volume of water drawn-off (multiple of V)

Ixfiua A.7 / Figure A.7
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY ZYITHMATOX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.4.5 Ymoloyilopeveg OEpUOKPACIOKEG KATAVOUEG

Computed  draw-off profiles

A4.51 Ocpupokpaciaky katavopnq yta H = 10 MJ/mz,ta(day) = 25°C, kat tnan = 20°C
Draw-off temperature profile for H = 10 MJ/m?, tagay) = 25°C, kat tpan = 20°C

B85 8838

s

Gepuokpooia vepow, ['C]
Water temperature

o o

=

02 04 0.6 0E 1 1.2 1.4 1.6 1.8 2

‘Oykog vepol amopdoteuong (moAhamAdoiog tou V)

Volume of water drawn-off (multiple of V;)

Ixfua A.8 / Figure A.8

A.4.5.2 Oeppokpaciaky katavopn yta H =20 MJ/m? tagay) = 25°C, Kkat tyain = 20°C
Draw-off temperature profile for H = 20 MJ/m’, Laday) = 25°C, kai tpan = 20°C

BEEBE8EE

Bepuoxpogia vepod, [TG)
Water tempearaturs

—
=]

[=]

0 0.2 0.4 {8 08 1 1.2 14 16 1.8

3%

‘Oykog vepol amopdoteuong (moAlamAdoiog tou V)

Volume of water drawn-off (multiple of V;)

Ixfua A.9 / Figure A.9
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPFEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOX MHTPQOY ZYITHMATOX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ ISO 9459-2

A.4.5.3 Oepupokpaoctaky katavoun yta H = 10 MJ/m?, taay) = 10°C, kat tman = 10°C
Draw-off temperature profile for H = 10 MJ/mZ, lawayy= 10°C, xau bpan = 10°C

Sepuokpaoia vepoud, ['C)
Water temperaturs
Y
L]

0 0.2 04 0.8 & 1 1.2 14 1.6 1.8 2

‘OykogG vepol amopdoteuong (moAAamAdoiog tou V)

Volume of water drawn-off (multiple of V)

Ixfua A.10 / Figure A.10

A.4.5.4 Oeppokpaciak] katavopn yta H =20 MJ/m?, taay) = 10°C, xat tmain = 10°C
Draw-off temperature profile for H = 20 MJ/m’, baday) = 10°C, xau tpan = 10°C

Bepporpacia vepod, [T
Water iemperature

o &2 .4 08 0.8 1 1.2 14 16 18 2

‘OykoG vepol amopdoteuong (moAAamAdotog tou V)

Volume of water drawn-off (multiple of V)

Ixqpa A.11 / Figure A.11
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN IYITHMATQN / EKE®E "AHMOKPITOX"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZX / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.4.6 Apeon cUYKPION TOV OEPUOKPACLAKAOV KATAVOUQV anopdotevong (H= 16 M-_I-"rnz,'l Kot

avaugng
Direct comparison of draw-off (H = 16 MJWm?®) and mixing  temperature profiles

2

Craw-off watar tamparatura
=
]

Sepuokpaoin vepol anopaoreaong, i ['C]
B

a 0.2 04 s 0a 1 12 1.4 1.6 1B 2

Oykog epol amopdoTtevong (mMoAAanAdaoiog Tou V)

Volume of water drawn-off (multiple of Vg)

Ixfipa A.12 / Figure A.12
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EPFAZTHPIO AOKIMQN HAIAKQN & AAAQN ENEPTEIAKQN ZYITHMATQN / EKE®E "AHMOKPITOZ"
LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOXI MHTPQOY ZYITHMATOZX / SYSTEM REFERENCE : 2099 DE 2

A.5 TPOBAEWYH ETHZIAX ENEPIEIAKHZ ANMOAABHZ

ANNUAL

PERFORMANCE

PREDICTION

A5.1 Metewpoloyika Scdopéva mou XpnotpomotROnkav yta tnv etTiota npoBAePn
data assumed in annual prediction

Climatic

EN 12976-2/ ISO 9459-2

Nepioxny 1 / Location 1 :

AOHNA / ATHENS (23°, 44' - 38°, 00"

MrAvag/ Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hiit (MJ/mZ)** 13.1 13.4 14.1 18.0 19.2 20.5 21.7 23.0 21.7 16.6 12.4 9.9
ta(day) (OC) 11.9 11.8 13.4 16.7 21.6 25.9 29.3 29.2 25.8 21.1 16.5 13.6
tamigy  (°C) | 10.4 | 10.0 | 111 | 13.8 | 183 | 223 | 257 | 258 | 22.9 | 187 | 147 | 122
train (C)| 11.4 | 105 | 11.4 | 14.0 | 17.7 | 21.4 | 241 | 251 | 241 | 215 | 17.8 | 141
Mepioxn 2 / Location 2 : WUERZBURG (9°, 58' - 49°, 46)
MrAvag/ Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hiit (MJ/mZ)** 5.3 9.7 12.3 15.9 17.8 18.2 18.4 17.0 15.0 10.2 5.7 4.6
ta(day) (OC) 1.3 1.8 6.7 10.1 15.5 18.4 20.2 20.3 16.4 10.8 5.0 2.4
wnighty  °) 0.3 0.5 4.6 7.0 11.7 | 150 | 17.0 | 167 | 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
Nepioxn 3 / Location 3 : NTABOS / DAVOS (9°, 51' - 46°, 49
MrAvag/ 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) (OC) -3.5 -3.1 0.4 3.5 8.7 11.4 15.1 14.2 11.0 7.5 0.7 -2.0
anighy  cc) | 6.4 | 72 | -36 | -0.5 3.6 6.2 9.9 9.6 6.7 3.4 22 | -47
train (C)| a7 4.6 4.7 5.0 5.4 5.8 6.1 6.2 6.1 5.8 5.4 5.0
Nepioxn 4 / Location 4: STOKXOAMH / STOCKHOLM (18°, 03' - 59°, 20"
MrAvag/ Month| 1 2 3 4 5 6 7 8 9 10 11 12
Hue (MJ/m?)** | 3.3 7.7 13.3 | 16.9 | 206 | 21.2 | 193 | 178 | 133 | 7.7 3.9 2.9
ta(day) (OC) -2.5 -2.8 1.3 6.4 13.0 17.2 19.5 18.8 13.8 8.4 3.3 -0.6
‘a,(night) toc) -3.2 -4.1 -1.3 2.7 8.2 13.1 15.3 14.8 10.7 6.4 2.3 -1.3
tmain (C) 3.0 2.2 3.0 5.2 8.4 11.6 13.9 14.8 14.0 11.7 8.5 5.3

(*) Source Meteonorm (Global Meteorological Database for applied climatology) /TInyf KApotikdv
6ebopévwv Meteonorm (MetewpoAoyikr Bdaon Aedopévwv)

(** onig / in 45°

Inueiwon: EmeEnynon cvuBoAwvdivetatotnvnapdypa®oA.6
Note : Symbols are definedin clause A.6.
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A.5.2 AeSopéva katavalwong yta evepyelakn anoAafn (BAéne napaypago A.5.3)
System usage data for energy output (see paragraph A.5.3)

Antottioeic meAdtn / Customer requirements

NMepioxn 1 / Location 1

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

Ve (I)

tn (°C)

Nepioxn 2 / Location 2

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

ve (1)

ty (°C)

NMepioxn 3 / Location 3

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

Ve (I)

tn (°C)

Nepioxn 4 / Location 4

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

Ve (I)

tn (°C)

Inueiwon: EneEnynon cvuBoAwv divetar otnvnapdypapo A.6
Note : Symbols are definegin clause A.6.
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LABORATORY OF TESTING SOLAR & OTHER ENERGY SYSTEMS / NCSR "DEMOKRITOS"

APIOMOZ MHTPQOY ZYXTHMATOZ / SYSTEM REFERENCE : 2099 DE 2 EN 12976-2/ 1SO 9459-2

A.5.3 TMpoBAendopevn evepyetakny anoAapni QL (MJ) Tou cuoTApATOG KATO aMd TIC GUVONKEG
KatavaAwong nmou opiotnkav otnv A.5.2.

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

‘Oykog mou katavaA®@Onke EAdxloto 6plo Beppokpaaciag
Consumed  volume Minimum  temperature limit

Mrvag V, th

Month Meploxn / Location Meploxn / Location

1 2 3 4 1 2 3 4

10

11

12

‘Etog / Year
(MJ)

Etog/

Year'"
(MJ/m?)

1) MpoBAenduevn €TROLO EVEPYELOKN aTOAAPBN TOU CUOTAUATOG ava m2 empdvelag Mapadblpouv OUAAEKTN
. 2
Predictedannual energy output per m of collector aperture area.

2) YnoAoylopég obppwva e to mpoétumo ISO 9459-2, cuuneplAayfavopévou kal Tou TpOMOL anopdotevong Ceotou

vepoL
Calculationaccordingto Standard ISO 9459-2, concerninghot water draw-off pattern as well

3) MNpo6BAedn nou Baoiletal ota petewpoAloyikd dedouéva nov mapouvoiafovral oty A.5.1
Predictionbased on climatic data presented in A.5.1.
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A.5.4 TMpoBAenodpevn evepyetakn amoAafn Q. (kWh) Tou ocucTHHATOG KAT® QATO TUTIKEG
ouvBrkeg katavaiwong (Ve=Vs, t.=35°C, 1,=40°C).

Predicted energy output Q; (kWh) of the system, under standard usage conditions
(Ve=Vs, 1:=35°C, t,=40°C).

KatavdAwon dykou ‘Oplo eAaxiotng Beppokpaciag
Consumed  volume Minimum temperature limit
MHNAZ V.=V, t, = 35°C t, = 40°C
MONTH Meploxny / Location Meploxn / Location Meploxn / Location
1 2 3 4 1 2 3 4 1 2 3 4
1 94 37 75 21 67 5 26 0 55 0 10 0
2 89 60 91 41 66 21 58 9 52 8 46 4
3 105 95 132 88 80 53 101 41 71 40 87 32
4 126 116 132 115 112 88 97 80 103 76 89 66
5 141 138 144 151 134 119 117 130 130 108 99 121
6 146 135 139 153 142 120 114 141 139 115 101 135
7 160 139 160 147 158 128 141 136 154 121 127 125
8 164 129 153 133 163 117 128 119 159 110 114 111
9 145 104 134 90 142 88 107 68 138 81 99 59
10 112 68 116 51 103 42 75 23 96 36 62 13
11 82 33 75 22 67 2 33 0 58 0 23 0
12 73 29 65 17 43 1 18 0 36 0 9 0
Etog/Year
1437 | 1083 | 1416 | 1029 | 1277 | 784 | 1015 | 747 | 1191 | 695 | 866 | 666
(KWh)
Etoc/Year 678 | 511 668 | 485 | 602 | 370 | 479 | 352 | 562 | 328 | 408 | 314
(kWh/m?)

1) MpoBAemduevn €TrOl0 EVEPYELAKN ATOAABN TOU CUOTANATOG avda m2 empavelag mapabupou CUAAEKTN

Predictedannual energy outout per m of collector aperture area.

2) YnoAoylopo6g c0pupwva pe 1o mpoétuno I1ISO 9459-2, cuuneptAaufavouévou kat Tou TpdéMou anopdotevong {eoTtou
vepol
Calculationaccording to Standard I1SO 9459-2, concerninghot water draw-off pattern as well.

3) Mp6éBAePn mov Baciletal oTa HETE®POAOYIKA dedopéva mou napouvatdfovral otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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A.5.5 MNpoBAemopevn péon npepnota anolafn Leotol vepol (liters) Tov ocuoTHPUATOG KATY
and TuTkéG ouvOrkeg katavdAwong (t.=35°C, t,=40°C).
Predicted average daily quantity of hot water (liters) per month under standard usage

conditions (,=35°C, 1,=40°C).

Oeppokpaacia CeoTol vepoL
Hot water temperature
MHNAZ t, = 35°C tn, = 40°C
MONTH Meploxn / Location Mepioxn / Location
1 2 3 4 1 2 3 4
1 67 4 24 0 53 0 8 0
2 66 20 59 8 54 7 40 3
3 80 49 93 35 69 32 68 24
4 112 90 93 77 114 65 73 55
5 134 133 110 137 162 100 80 108
6 142 159 112 173 215 123 85 136
7 158 183 135 179 269 138 104 134
8 163 175 124 164 297 129 94 123
9 142 130 107 93 251 96 84 65
10 103 56 71 28 147 39 50 14
11 67 2 32 0 76 0 19 0
12 43 1 16 0 39 0 7 0

1) YmoAoytouog cOpupwva povo pe 1o mpoétumno ISO 9459-2, ovuneptAappfavouévou Kat Tou TpOMOL anoudoTtevong (eotou

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

2) Mpo6BAedn mouv BacileTal oTa HETEWPOAOYIKA 6edopéva mouv mapovatdfovtat otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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A.5.6 MNapovociaon Tov §eIkTOV an6600ong nAtakoV CUOCTHNATOG
Presentation of the system performance indicators for solar-only systems

indi -1
Performance indicators for solar-only systems on annual base for a demand value of 50 | d

Agikteg andéboong yia nAlakd cuoTHPATA 0 £TRO BAon yia {\mon 50 | d’

Meploxn (Mewy. MAGTOG) | Qd QL ‘sol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 2784 1511 54.3
Wuerzburg (49,5° N) 2670 1592 59.6
Davos (46,5°N) 3021 2195 72.7
Athens (38,0°N) 2075 1524 73.5

T 5
Performance indicators for solar-only systems on annual base for a demand value of 80 | d

AgikTeg amOE00NG yia NAIGKA CLUOTALOTA Ot £THOla Baon yia {Rmon 80 | d”

Meptoxn (Mewy. MAAGtog) | qd QL ‘sol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 4455 2351 52.8
Wuerzburg (49,50N) 4272 2517 58.9
Davos (46,5° N) 4833 3488 72.2
Athens (38,0°N) 3320 2566 77.3

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

Agikteg anéboong yia nNAlakd cuoTHuaTa og eTRola Baon ya {imon 110 | d’

Meptoxn (Mewy. MAAGtog) | qd QL ‘sol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 6126 3063 50.0
Wuerzburg (49,5° N) 5874 3273 55.7
Davos (46,5°N) 6646 4512 67.9
Athens (38,0°N) 4565 3512 76.9

1) YnoAoyioudg cvppwva pe 1o mpotuno ISO 9459-2. O tpoémog anmopdotevong {eotol vepol OUNPWVA ME TO MPOTUTIO
EN 12976-2
Calculation according to  Standard 1SO 9459-2. Hot water draw-off pattern according to Standard EN12976-2.

2) MpoéBAedn mouv Baciletar ota peTewpoAoyikd dedopéva mou mapovatdlovral otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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. . -1
Performance indicators for solar-only systems on annual base for a demand value of 140 | d

Agikteg anéboong yia NAIOKG CUOTAUATA 0g £TRola Baon yia {Rtmon 140 | d’

Meploxn (Mlewy. MAGTOG) | Qd QL ‘sol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 7796 3524 45.2
Wuerzburg (49,5° N) 7475 3715 49.7
Davos (46,5° N) 8458 5047 59.7
Athens (38,0°N) 5810 4171 71.8

- 5
Performance indicators for solar-only systems on annual base for a demand value of 170 | d

Agikteg anéboong yia NAIOKG cuoTAUATA O0g £TRola Baon ya {Rton 170 | d’

Meploxn (Fewy. MAAGTOC) | Qd QL sol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 9467 3705 39.1
Wuerzburg (49,5° N) 9077 3908 43.1
Davos (46,5°N) 10271 5153 50.2
Athens (38,0°N) 7055 4676 66.3

. . -1
Performance indicators for solar-only systems on annual base for a demand value of 200 | d

Agikteg anéboong yia NAlakE CUOTHUATA 0 £TRO BAon yia {\ton 200 | d’

Meploxn (Fewy. MAGTOG)

Location (latitude)

Qd

MJ

QL

MJ

‘sol

%

Stockholm (59,2°N) 11138 3740 33.6
Wuerzburg (49,5° N) 10679 3954 37.0
Davos (46,5° N) 12084 5171 42.8
Athens (38,0°N) 8300 5016 60.4

1) YnoAoylopo6g oOppwva pe 1o mpoétumno ISO 9459-2. O tpdénog anopdotevong Ceotol vepol OUPPWVO ME TO MPOTUTO

EN 12976-2
Calculation according

to Standard ISO 9459-2.

Hot water draw-off pattern according

2) Mpo6BAePn mov PacifeTal oTa UETEWPOAOYIKA 8edouéva mou mapouvatdlovral otnv A5 1

Prediction based on

EAKO08.1-2/ 4.1

climatic data presented in A.5.1.
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A %
Performance indicators for solar-only systems on annual base for a demand value of 250 | d

Agikteg aMG600NG Yo NAIOKAG CUOTAUATA 08 £TROLa Baon yia {ntnon 250 | d’

Meptoxn (Fewy. MAdTog) | Qq QL fsol
Location (latitude) MJ MJ %
Stockholm (59,2°N) 13922 3752 27.0
Wuerzburg (49,5°N) 13349 3967 29.7
Davos (46,5°N) 15104 5186 34.3
Athens (38,0°N) 10375 5263 50.7

1) YnoAoylopo6g obp@wva pe to npoétuno ISO 9459-2. O tpoéMOg anmopdotevong {eotol vepol cUUPWVA PE TO MPOTUTO
EN 12976-2
Calculation according to  Standard I1SO 9459-2. Hot water draw-off pattern accordingto Standard EN12976-2.

2) Mpo6pAedn mov Paciletal oTa peTewpoAoyikd Sebopéva mov mapouvcidfovral otnv A.5.1
Prediction based on climatic data presented in A.5.1.
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A.6

SYMBOAA / SYMBOLS

Kavovikomoinuévn katavour] anoudoTteuong
Normalized draw-off temperature profile

MNocootd kAGALYPNG CnToluEVNC evEPYELAG OTIO TO NAIOKO CUOTNUA
Solar fraction

%

Kavovikomoinuévn katavour avAauigng
Normalized mixing draw-off temperature profile

Huepnola nAtakn aktivofoAia oto moapdBupo Tou GUAAEKTN
Daily solar irradiation (radiance exposure) in the collector aperture

MJ/m?

Hq

Huepnowa 8iadxutn nAtakn aktivofoAia oto moapdBupo Tou GUAAEKTN
Daily diffuse solar irradiation (radiance exposure) in the collector aperture

MJ/m?

Hy

Méon unviaia nAlakn aktivoBoAia o opilovTio eminedo
Monthly average daily solar irradiation on a horizontal plane

MJ/m?

Htilt

Méon unviaia nAtakr okTivoBoAio oe KekAlpEvo eminedo
Monthly average daily solar radiation on a tilted plane

MJ/m?

QL

QoéAun evépyela ov Aapfdvetal andé 1o cOTNUQ
Useful energy extracted from the system

MJ

Qd

Zntolpevn evépyela amnd 10 cOOTNUA
Heat demand

MJ

ta

Oepuokpacia aépa meptPAAAOVTOGQ
Ambient or surrounding air temperature

°C

Oepuokpacia aépa nepiBdAlovtog YOpw amnd tnv deapevn
Ambient air temperature adjacent to the store

°C

td

Oepuokpacia Tou vepol TOU ATIONACTEVETAL
Water temperature of load drawn-off

°C

tf

TeAiky Beppokpaacia Tou vepol
Final water temperature

°C

th

Anaitobpevn Bepuokpacia Ceatol vepol
Required hot water temperature

°C

ti

Apxikr) Bepupokpacia Tou vepou
Initial water temperature

°C

tmain

Oepuokpacia kpbou vepol BIKTOOUL
Cold water supply temperature

EA
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tn

Méon Bepuokpacia agpa neptBdAAoviog katd tTnv didpkela Tng vOXTag
Average ambient air temperature during the night

Taxvtnta mepiBaAloviog aépa
Surrounding air speed

m/s

JUvTEAEOTNG OEPUIKOV anwAelov SeEauevig
Storage tank heat loss coefficient

W/K

OykoG TOou vepOU TOU KATAVOAQVETAL TNV nuUépa
Volume of daily hot water consumption

Vg

Oykog vepol aTMOUACTEUONC
Volume of water drawn-off

Oykog 6eEapevng
Fluid capacity of the store

Acikteg /

Subscripts

(av)

Mé&on Tiun TG mapapéTpou
Average (mean) value of parameter

Méon Tiun g napauétpou tnv nepiodo 6 ®PeG mPv To NAlakd PeoNUEPL

€wC 6 OpeC YeTA amd auTo

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

to 6 h after solar noon

(max)

MEylotn TR ™G MapapéTpou
Maximum value of parameter
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