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1. INFORMACJE OGÓLNE 

Wcielenie zastosowa�  na podstawie Gwarancji Rezultatów S
onecznych zak
ada istnienie 
zaufania w� ród wszystkich zaanga� owanych stron oraz w szczególno� ci zaufania dostawcy 
produktu do u� ywanych technologii. Maj� c to na uwadze, niezale� nie zatwierdzane procedury 
oraz istnienie mechanizmów do obiektywnej oceny wiarygodno� ci s�  kluczowymi kwestiami 
ca
ego dzia
ania. 
 
Propozycje poni� ej oparte s�  na nast� puj� cych faktach lub ust� pstwach: 
�  Ch��  zaanga� owanych krajów na promowanie zastosowa�  energii s
onecznej poprzez 

zwrócenie szczególnej uwagi na wydajno��  i zdolno��  do utrzymania si�  na rynku 
instalacji, 

�  Stwierdzenie, � e jako��  produktów i instalacji jest dla wszystkich krajów podstawowym 
koniecznym warunkiem ulepszenia zaufania u� ytkowników do kolektorów s
onecznych i 
konsekwentnego ulepszenia ich wtargni� cia na rynek, 

�  Fakt, � e ci� g
e otwieranie si�  rynków mi� dzynarodowych oraz wzrastaj� ca intensywno��  
dzia
a�  handlowych narzuca ocen�  jako� ci produktu na podstawie wspólnych lub 
podobnych kryteriów.  

�  Dzia
ania w
adz pa� stwowych, które pragn�  dalszego rozpowszechniania energii 
odnawialnych, obni� aj� cych si�  inwestycji i coraz wi� ksze 
� czenie ich z jako� ci�  
produktów oraz stwierdzonych oszcz� dno� ci w zakresie energii. 

 
Propozycje, które nast� puj� , zaprezentowane s�  w taki sposób, aby pozwala
y na elastyczn�  
adaptacj�  ka� dego kraju zgodnie z jego osobliwo� ciami i nadrz� dno� ci� . Podstawow�  kwesti�  
jest zapewnienie okre� lonego poziomu bezpiecze� stwa w produktach i procedurach, które 
sprawiaj� , � e scenariusz wprowadzenia Gwarancji Rezultatów S
onecznych (GSR) podchodzi 
do rynków krajowych w sposób bardziej realistyczny.  
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2. WYMAGANIA KOLEKTORÓW S	ONECZNYCH ORAZ STANDARDY 
METOD TESTOWYCH 

2.1 Podej � cie europejskie 

Ogólnie przyj� te jest, � e cel standardów stanowi zdefiniowanie naukowo kompletnej oraz 
technicznie mo� liwej do uzyskania podstawy do oceny cech charakterystycznych produktu lub 
us
ugi, do której si�  odnosz� . Równolegle do tego, przedstawiaj�  one poziom techniki oraz 
stopie�  zgody sektorów produkcyjnych, konsumentów oraz pa� stwa dotycz� cych polityki, jaka 
jest prowadzona przez ka� de pa� stwo w ka� dym sektorze.    
 
Sytuacja przed stworzeniem Standardów Europejskich w kilku pa� stwach dotycz� ca 
dost� pnych materia
ów (standardy w polu kolektorów s
onecznych) by
a nast� puj� ca: 
-  Wi� kszo��  krajów europejskich zastosowa
o przepisy krajowe oraz standardy w celu 

charakterystyki kolektorów s
onecznych i systemów. W niektórych przypadkach (np. 
Grecja) wysi
ek opracowania krajowych standardów nie zosta
 zako� czony i st� d 
zaadoptowano w
a� ciwe standardy ISO.  

-  Obszary obj� te standardami by
y ró� ne w zale� no� ci od kraju. W niektórych krajach 
standardy zosta
y ograniczone wy
� cznie do testowania produktów i charakterystyki, 
podczas, gdy w innych krajach (np. Francji) dotyczy
y one tak� e instalacji ko� cowej.  

-  Testowanie nie by
o obowi� zkowe w tych pa� stwach. Jednak� e, w praktyce musia
y by�  
one przeprowadzone w celu uzyskania subwencji. Tylko produkty testowanie, oznaczaj� ce 
wi� ksz�  konkurencyjno�� , mog
y uzyska�  subwencje.  

-  Nie by
o wspólnego systemu ewaluacji ani wzajemnego rozpoznania laboratoriów w 
ró� nych krajach. W wi� kszo� ci przypadków, ka� de z pa� stw wymaga
o przeprowadzenia 
testów przez w
asne laboratorium krajowe.  

-  Stopniowo, i po kryzysach zwi� zanych z energi� , jakie mia
y miejsce w przesz
o� ci, 
wi� kszo��  pa� stw zaadoptowa
a � rodki wspieraj� ce w zakresie kolektorów s
onecznych, 
które ró� ni
y si�  w zale� no� ci od kraju. W niektórych pa� stwach, obecna by
a potrzeba 
certyfikacji produktu, w innych, potrzeba raportów testowych produktów, w pozosta
ych 
krajach nie by
o � adnych wymaga�  (zwi� zanych g
ównie z kwestiami podatkowymi).  

 
Konieczno��  wspólnego podej� cia by
a oczywista, a szczególnie bior� c pod uwag�  wsparcie 
finansowe przez Uni�  Europejsk�  w zakresie kolektorów s
onecznych. Jednak� e, wa� n�  rol�  
w tej sytuacji odegra
o stopniowe obalenie barier narodowych dotycz� cych obrotu produktami 
oraz przysposobienie nowego i sferycznego podej� cia, zgodnie, z którym: 
-  Obrót produktami w Unii Europejskiej, które wp
ywa
y na bezpiecze� stwo, higien�  oraz 

ochron�  � rodowiska zak
ada ich obowi� zkow�  certyfikacj�  i oznaczanie (Oznaczanie WE) 
zgodnie z zasadami Legislacji Europejskiej. Dla pozosta
ych produktów, schematy 
certyfikacji zosta
y rozwini� te w sposób dowolny.  

-  Dla sektora obowi� zkowego i dowolnego stworzono wspóln�  baz�  techniczn�  do 
ewaluacji produktów (wspólne standardy). Ta baza techniczna wyra� a zgod�  wszystkich 
stron zainteresowanych (przemys
u, pa� stwa, konsumentów). Standardy Krajowe s�  
stopniowo harmonizowane z odpowiadaj� cymi im europejskimi standardami. 

-  Wspólny system oceny laboratoriów testuj� cych, organów kontroluj� cych oraz organów 
certyfikuj� cych zosta
 zaadoptowany, oparty na serii EN 45000 lub nowszej serii EN ISO 
17000. Wspólny system ewaluacji (akredytacja) pozwala, by organ akredytowany w 
jednym kraju, by
 akceptowany w pozosta
ych pa� stwach.  

 
St� d te� , sugeruje si� , aby wszystkie zainteresowane kraje Europy Wschodniej, w przypadku 
nie posiadania ich, poczyni
y wszelkie niezb� dne wysi
ki w celu zaadoptowania Standardów 
Europejskich. Istniej�  tak� e pewne szczególne powody, dla których przyj� cie standardów 
europejskich jest proponowane:  
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�  Standardy europejskie tworz�  kompletne podej� cie, które obejmuje starsze standardy 
ISO, bez zbyt du� ego odchylenia si�  od nich na poziomie technicznym.  

�  Standardy europejskie wyra� aj�  zgod�  wszystkich interesariuszy, ktrórzy aktywuj�  si�  w 
najwi� kszym (w zakresie ilo� ci) i bardziej dynamicznym rynku kolektorów s
onecznych, 
rynku, od którego oczekuje si� , � e stanie si�  bardziej dynamicznym w niedalekiej 
przysz
o� ci w wyniku dzia
a�  wspieraj� cych Unii Europejskiej.  

�  Zaadoptowanie podej� cia europejskiego znacznie u
atwi marketing produktów pomi� dzy 
ró� nymi pa� stwami poprzez eliminowanie przeszkód technicznych.  

�  U� ytkownicy, z drugiej strony, b� d�  za�  mieli szans�  na dokonanie wyboru spomi� dzy 
szerokiej gamy produktów na bazie jako� ci produktu. Wynikiem jest polepszenie zaufania 
konsumenta do takich produktów oraz konsekwentnie ulepszenie przebicia 	 róde
 energii 
odnawialnej.  

 
W niedalekim okresie, do momentu pe
nego zaadoptowania standardów UE, lub w trakcie 
okresu, w którym harmonizacja nie istnieje, zaproponowano stworzenie kryteriów i relacji, 
które pozwol�  na wcielenie korelacji pomi� dzy wynikami testu z ró� nych metod testowych. W 
ten sposób producenci nie b� d�  zmuszeni do p
acenia za przeprowadzenie testów 
dodatkowych.  
 
G
ówne istniej� ce standardy EN dotycz� ce ró� nych komponentów kolektorów s
onecznych 
mog�  by�  podsumowane w sposób nast� puj� cy  
 

 Kolektory s
oneczne S
oneczne 
ogrzewacze wody 

Systemy o 
niestandardowej 

budowie  
Wymagania 

ogólne 
EN 12975-:2006 EN 12976-1:2006 EN 12977-1:2001 (w 

budowie prCEN/TS 
12977-1) 

Metody testowe EN 12975-2:2006 EN12976-2:2006 EN 12977-2:2001 (w 
budowie prCEN/TS 
12977-2) 

Cechy 
charakterystyczne 

zwi � zane z 
dzia
aniem 

s
onecznych 
systemów 

grzewczych 

  EN 12977-3:2001 (w 
budowie prCEN/TS 
12977-2) 

Metody testowe 
dla magazynów 

s
onecznych  
 

  W budowie 
prCEN/TS 12977-4 

Metody testowe 
dla sprz � tu 
kontrolnego  

  W budowie 
prCEN/TS 12977-5 

 
2.2 Infrastruktura testowa 

Istnienie Infrastruktury testowej do testowania kolektorów s
onecznych musi by�  kwesti�  
priorytetow�  w ka� dym pa� stwie. Do� wiadczenie wykaza
o, � e korzy� ci posiadania 
infrastruktury testowej s�  rozliczne: 
�  Poprzez testowanie mo� na w sposób znacz� cy pomóc lokalnych producentom w ich 

wysi
kach zwi� zanych z ulepszeniem swoich produktów, jako� e wydajno��  i 
wiarygodno��  produktów b� dzie oceniania obiektywnie, ich ubytki zostan�  zlokalizowane 
a w
a� ciwe rozwi� zania b� d�  zaproponowane. 
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�  Sektor producentów w ka� dym kraju b� dzie w stanie rozszerzy�  swoje dzia
ania poprzez 
stworzenie wej��  na inne rynki szczególnie w zakresie rynków europejskich, poprzez 
posiadanie wszelkich niezb� dnych wyników testów.  

�  Rz� d ka� dego z pa� stw b� dzie mia
 mo� liwo��  ograniczenia niezdrowej konkurencji 
wynikaj� cej z importowania przez inne kraje produktów o niskiej jako� ci, na korzy��  
u� ytkowników.  

 
Oczywistym jest fakt, � e stopie� , w którym wymagania standardów b� d�  usatysfakcjonowane 
a kompleksowo��  techniczna instalacji powinna odpowiada�  osobliwo� ciom ka� dego z krajów 
i jego mo� liwo� ciom finansowym. W aneksie prezentujemy s
oneczn�  infrastrukur�  testow� , 
która zosta
a rozwini� ta w Grecji, w NCSR „Demokritos”.  
 
Istotn�  kwesti�  jest tak� e ocena kompetencji laboratoriów testowych, które istniej�  lub zostan�  
stworzone, tak, aby jako��  i obiektywno��  wyników zosta
a zapewniona. Odnotowano, � e 
najbardziej kompletnym i mi� dzynarodowo akceptowanym systemem ewaluacji jest ten oparty 
na akredytacji laboratoriów zgodnie z EN ISO/IEC 17025. W konsekwencji, zaleca si� , aby 
podczas rozwijania Infrastruktury testowej, wymagania tego standardu by
y brane pod uwag� , 
nawet w przypadku, gdy akredytacja nie jest kwesti�  priorytetow� .  
 
Jednak� e, ustanowienie i operowanie udogodnieniami testowymi ma nieuniknione znaczne 
koszty. Rekomendacje zwi� zane z udogodnieniami w ka� dym pa� stwie musz�  bra�  pod 
uwag�  to, co obecnie istnieje, rozmiar i wzrost rynku termicznej energii s
onecznej przez pod-
sektor produktów oraz prawdopodobne zapotrzebowanie i mo� liwo��  p
acenia za us
ugi 
testowe.  
 
Plan rozwoju udogodnie�  testowych powinien bra�  pod uwag�  kompromis pomi� dzy kosztami 
a zapotrzebowaniem. Zaleca si� , w ramach typowego planu, stworzenie nowych lub 
rozszerzanie istniej� cych udogodnie� : 
�  Najpierw, warsztat testowy dla termosyfonowych s
onecznych ogrzewaczy wody zgodnie 

ze standardem testowym w zakresie s
onecznych ogrzewaczy wody. 
�  Nast� pnie, warsztat testowy dla kolektorów s
onecznych zgodnie ze standardem 

testowym w zakresie kolektorów s
onecznych. 
 
Powody podane dla tej w
a� nie kolejno� ci s�  nast� puj� ce: 
�  Najbardziej obiecuj� cym rynkiem w niedalekim czasie jest rynek indywidualnych 

termosyfonowych s
onecznych ogrzewaczy wody. 
�  Wdro� enie warsztatu testowego ogrzewaczy wody jest 
atwiejsze i ta� sze ni�  wdro� enie 

warsztatu testowego kolektorów.  
 
Wreszcie, odnotowano, � e dla celów rozwoju Infrastruktury testowej, istniej� ce do� wiadczenie 
innych krajów europejskich mo� e by�  wykorzystane i fundowane z Programów Strukturalnych 
UE.  
 

2.3 Wymagania ogólne 

Standardy testowe pozwalaj�  na okre� lenie charakterystycznych cech technicznych produktu. 
Ogólne wymagania standardów, maj�  jednak na celu zdefiniowanie okre� lonego poziomu 
jako� ci, który musi by�  zaspokojony przez te charakterystyczne cechy techniczne, tak, aby 
produkty mog
y korzysta�  z okre� lonych przepisów (uczestnictwo w przetargach, subwencje, 
itd.).  
 
W niektórych przypadkach poziom jako� ci jest obliczany poprzez ustalenie granic w zakresie 
wyników testu (np. ilo��  wody wpuszczonej do � rodka kolektora s
onecznego po te� cie 
przenikania deszczu). W innych testach, poziom jako� ci dotyczy przejrzysto� ci i w
a� ciwej 
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charakterystyki produktu (np. mo� e istnie�  wymaganie zwi� zane z mierzeniem wydajno� ci 
kolektora s
onecznego, ale nie granica wydajno� ci). Ponadto, niektóre standardy ogólne nie 
dotycz�  wyników testów, ale prostych kontroli lub wymaga�  dokumentowych. Standardy 
wymaga�  ogólnych s�  istotnym krokiem naprzód od standardów technicznych.  
 
Standardy wymaga�  ogólnych s�  d
ugoterminowym priorytetem w porównaniu do standardów 
testowych. Ale kraje uczestnicz� ce mog�  zawrze�  wcielenie poszczególnych standardów 
wymaga�  ogólnych w bliskiej kolejno� ci wzgl� dem standardów testuj� cych.  
 
Standardy wymaga�  ogólnych musz�  by�  w
a� ciwe dla rynków lokalnych. Uci�� liwe 
wymagania mog�  by�  nierealistycznie drogie, aby im sprosta� , wyceniaj� c producentów 
lokalnych poza rynkiem i inhibituj� c rozwój rynku jako ca
o� ci. Ustanowienie standardów 
wymaga�  ogólnych na w
a� ciwym poziomie mo� e by�  szczególnie trudne w przypadkach, 
gdzie jest nieunikniony brak kapita
owej si
y nabywczej i nacisku w celu zredukowania 
kosztów pocz� tkowych. Wyst� pi�  mo� e tak� e brak utrzymania, i to mo� e by�  argumentem dla 
tego, by produkt dro� szy wymaga
 mniejszych wydatków. Odpowiednie zbilansowanie 
pomi� dzy jako� ci�  produktu a kapita
em i kosztami utrzymania musi by�  znalezione. 
 
Adopcja wymienionych powy� ej standardów w omawianych pa� stwach Europy Wschodniej 
jest zaprezentowana w nast� puj� cej tabelce:  
 

Standardy 
EN 

Bu
garia Polska  Rumunia S
owacja S
owenia 1 

EN 12975-1 BDS EN 12975-1 PN EN 12975-1 DIN EN 12975-1 STN EN 12975-
1 

SIST EN 12975-
1 

EN 12975-2 BDS EN 12975-2 PN EN 12975-2 DIN EN 12975-2 STN EN 12975-
2 

SIST EN 12975-
2 

EN 12976-1 BDS EN 12976-1 -  STN EN 12976-
1 

SIST EN 12976-
1 

EN12976-2 BDS EN 12976-2 - DIN EN 12976-2 STN EN 12976-
2 

SIST EN12976-
2 

ENV 2977-1 BDS ENV 12977-1 Standardy 
dotycz� ce 

- STN ENV12977-
1 

SISTENV12977-
1 

ENV12977-2 BDS ENV 12977-1 elementów 
systemowych 
pracuj� cych 

- STN ENV12977-
2 

SIST 
ENV12977-2 

ENV12977-3 BDS ENV 12977-1 pod ci� nieniem - STN ENV12977-
3 

SISTENV12977-
3 

1) W S
owenii standardy ISO zosta
y tak� e zaadoptowane, i bardziej szczegó
owo:  
 

ISO 9806-1:1994 – Metody testowe dla kolektorów s
onecznych -- Cz���  1: Wydajno��  termiczna oszklonych p
ynnych 
kolektorów grzewczych ze spadkiem ci� nienia  
 ISO 9806-2:1995 - Metody testowe dla kolektorów s
onecznych -- Cz���  2: Kwalifikacyjne procedury testowe 
 ISO 9806-3:1995 – Metody testowe dla kolektorów s
onecznych -- Cz���  3: Wydajno��  termiczna oszklonych p
ynnych 
kolektorów grzewczych ze spadkiem ci� nienia 

 

 
2.4 Certyfikacja i kontrola rynku  

Certyfikacja oznacza charakterystyk�  produktu poprzez testowanie i ocen�  jego dzia
ania w 
zakresie spe
niania lub nie ogólnych wymogów. Dotyczy w
a� ciwie tylko tych próbek 
produktów testowanych a nie ca
o� ci produkcji.  
 
Celem certyfikacji jest wprowadzenie systemu sprawdze�  i regulacji tak, aby cechy 
charakterystyczne próbki (rodzaju produktu) mog
y by�  generalizowane dla ca
o� ci tych 
samych produktów producenta. Oznacza to, � e certyfikacja jest swego rodzaju narz� dziem 
weryfikuj� cym jako��  ca
ej produkcji i ko� czy si�  oznaczaniem produktu, tak, aby konsumenci 
mogli w prosty i 
atwy sposób dostrzec t�  weryfikacj� .  
 
Certyfikacja pozwala na lepsz�  przejrzysto��  i kontrol�  na rynku, poprzez: 
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�  Produkt certyfikowany jest produkowany w procesie, który zaspokaja okre� lone 
wymagania, i st� d niesie ze sob�  gwarancj�  dla u� ytkownika, � e produkt, który ten� e 
kupuje odpowiada cechom charakterystycznym sprawdzanym podczas testowania. 

�  Certyfikacja mo� e oznacza�  istotn�  inwestycj�  i zmiany, jakie musi dokona�  producent, 
ale, w momencie ich osi� gni� cia, wymagania mniejszych nak
adów w celu utrzymania 
certyfikowanego statusu a producent ma mo� liwo��  twierdzenia, � e ca
a jego produkcja 
spe
nia okre� lone wymagania, co sprawia, � e produkt jest bardziej konkurencyjny na 
rynku w porównaniu do konkurencji nieprzechodz� cej procesu certyfikacji.  

�  Jeden certyfikat zawiera wiele wymaga�  technicznych i innych oraz oferuje prosty sposób 
w
adzom rz� dz� cym na wsparcie polityki motywacyjnej.  

�  Certyfikat jest prosty i zrozumia
y przez wszystkich udzia
owców.  
 
Takim schematem certyfikacyjnym jest „Solar Keymark". „Solar Keymark" zosta
 
zaproponowany przez CEN / CENELEC jako dowolny schemat certyfikacji, który ma na celu 
wskazanie zgodno� ci ze Standardami dotycz� cymi produktów lub w
a� ciwo� ciami produktu, 
które nie znajduj�  si�  w sektorze obowi� zkowym.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Schemat „Solar Keymark” 

 
W odniesieniu do polityki reguluj� cej rynku, realn�  propozycj�  by
oby bazowanie na 
nast� puj� cych dwóch punktach: 
�  Kolektory s
oneczne mog�  by�  rozprowadzane w sposób dowolny dopóty, dopóki 

spe
niaj�  wymagania obecnej legislacji.  

�  Wszelkiego rodzaju wsparcia, subwencje, odst� pienia od podatków i wybór produktów dla 
zaopatrzenia krajowego mo� e by�  po
� czony z cechami charakterystycznymi jako� ci tych 
produktów, jako� e wywodz�  si�  one z testowania zgodnie z zatwierdzonymi standardami, 
oraz idealnie, certyfikowanymi na podstawie okre� lonego schematu certyfikacji.  

Certyfikacja b� dzie mo� liwa w krajach po
udniowych, gdzie istniej�  w
a� ciwe Standardy 
Techniczne, Standardy Wymaga�  Ogólnych i gotowe dost� pne instalacje testowe. 
Certyfikacja jest, wi� c celem d
ugoterminowym.  
 
 
 
 
 

  

��������	
����   

Schemat certyfikacji    

Nowe  
standardy   

 

Testowanie   

    Oznaczenie  
produktów    

•    Sie�  laboratoriów   
  (Procedury testowe)   

•    Procedury ceryfikacyjne   

•    Jako��  w produkcji   

•    Oznaczanie   
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Ogólny schemat procedury certyfikacyjnej 

Certyfikacja i 
Etykietowanie  

Standardy  
testowania 

Laboratorium 
testuj� ce 

Wyniki 
testów 

Wymagania ogólne 

Schemat certyfikacji  
 

·  Okre� lone wymagania 
·  Procesy ewaluacyjne I 

zasady 
·  Zasady oceny 
·  … 
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3. WZMOCNIENIE PRAKTYK „GWARANTOWANEGO WYKONANIA” 

Zastosowanie zasady gwarantowanego wykonania jest oparte na istniej� cym zaufaniu w 
zakresie technicznych cech charakterystycznych produktów, dotycz� cych wiarygodno� ci i 
wydajno� ci. Obiektywny system ewaluacji tych cech charakterystycznych jest jedyn�  
gwarancj�  dla inwestora i mo� e prowadzi�  do zredukowania ryzyka inwestycyjnego. 
Konsekwentnie, propozycje wymienione powy� ej, mog�  w sposób pozytywny wp
ywa�  na 
szerzenie takich praktyk, co mo� e prowadzi�  do zredukowania kosztów ko� cowych 
wymaganych inwestycji.  
 
Innym bardzo istotnym czynnikiem udanej umowy GSR jest zastosowanie zatwierdzonych 
schematów hydraulicznych w zwi� zku z w
a� ciwym wymiarowaniem tych instalacji 
s
onecznych. Projektanci systemów s
onecznych powinni porzuci�  
atwe podej� cia, takie jak 
zale� no��  od sugestii dostawców sprz� tu i rozpocz��  u� ywanie zatwierdzonych metod 
wymiarowania i kalkulacji. Innym g
ównym czynnikiem w zakresie udanego wdro� enia umowy 
GRS jest istnienie certyfikowanych pomiarów instrumentalnych dla promieniowania 
s
onecznego, warunków pogodowych (temperatura, itd.) i wska	 niku przep
ywu. St� d, 
jednorodne dostarczenie kluczowych danych u � ywanych w obliczeniach wyników 
s
onecznych cz�� ci technicznej schematu GRS musi by�  zapewnione jednorodnie i 
bezpiecznie.  
 
Ponadto, standaryzowana metodologia oblicze �  u� ywana do okre � lenia 
gwarantowanego wyniku s
onecznego domowych s
onecznych instalacji wody ciep
ej musi 
by�  zapewniona.  
Wszystkie parametry, które zosta
y u� yte do wyliczenia wydajno� ci systemu musz�  by�  jasne i 
okre� lone w umowie GSR. Metoda „SOLO” zosta
a zatwierdzona w zwi� zku z umowami GSR 
i jest zalecana do u� ytku jako podstawa dla krajowych adaptacji zgodnie ze wspólnymi 
metodami sortowania wed
ug wymiarów, które mog�  by�  niezb� dne do tego, by metoda ta 
by
a akceptowana na rynkach lokalnych.  
Maj� c standaryzowane i 
atwe do zrozumienia przewidywania, co do wyników s
onecznych, 
cz���  techniczna umów GSR mo� e by�  w 
atwy sposób ustalona, co u
atwia udane wdro� enie 
podej� cia GSR na rynek.  
 
Jako, � e podej� cie GSR i ogólne obliczenia zwi� zane z wynikami s
onecznymi s�  raczej nowe 
dla wi� kszo� ci profesjonalistów na europejskim rynku kolektorów s
onecznych, zaleca si�  
ustanowienie krajowego kr � gu niezale � nych ekspertów , w celu zapewnienia wsparcia w 
zakresie ustalania umów GSR. Szczególnie w przypadku wprowadzania podej� cia GSR na 
nowo na rynek, niezale� ni konsultanci mog�  by�  cz� sto potrzebni w celu wsparcia zaufania 
inwestorów i dostawców w to narz� dzie.  
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4. PODSUMOWANIE REKOMENDACJI 

Rekomendacje zosta
y podsumowane w tabeli poni� ej. Tabela ta wskazuje tak� e priorytet dla 
poszczególnych rekomendacji oraz czas, w jakim mog
yby by�  one podj� te. Rekomendacje 
zosta
y zgeneralizowane dla wszystkich krajów uczestnicz� cych. Pa� stwa ró� ni�  si�  na wiele 
istotnych sposobów, wi� c rekomendacje te mog�  by�  modyfikowane w celu dopasowania do 
warunków krajowych. 
 

Rekomendacja  Priorytet / skala czasowa Uwagi  

W ramach pierwszego kroku 
skoreluj istniej� ce standardy 
ze standardami 
harmonizuj� cymi na 
szerszym rynku 
mi� dzynarodowym. 

Cel krótkoterminowy (2 lata).  Praca powinna by�  podj� ta w 
sposób, który prowadzi do 
adaptacji i zaadoptowania 
standardów 
mi� dzynarodowych. 

Promuj zatwierdzony projekt i 
metody wymiarowania dla 
instalacji s
onecznych a tak� e 
metody standaryzowane w 
celu obliczenia wyników 
s
onecznych. 

Cel krótkoterminowy (2 lata). Przenie�  do� wiadczenie, 
informacje i szkolenie 
projektantów, publikacje 
podr� czników, itd.  

U� ycie certyfikowanych 
instrumentów pomiarowych 
dla promieniowania 
s
onecznego, warunków 
pogodowych (temperatura, 
itd.) i wska	 nika przep
ywu. 

W przypadku istnienia 
organów certyfikuj� cych, cel 
krótkoterminowy (2 lata), 
inaczej, cel d
ugoterminowy 
(10 lat). 

Promowanie rynku 
certyfikowanych 
instrumentów pomiarowych, 
kampanii informacyjnych dla 
techników, instalatorów, 
dostawców, itd.  

Adaptacja i zaadoptowanie 
mi� dzynarodowych 
(europejskich) standardów.  
 
 
 
 

Cel � rednioterminowy (5 lat). Przeniesienie ekspertyzy. 
Budowanie lokalnych 
mo� liwo� ci w zakresie 
wiedzy i do� wiadczenia. 

Rozwijanie lokalnych 
obiektów testuj� cych 
posiadaj� cych uprawnienia 
do certyfikacji.  

Priorytet w zakresie 
inwestycji o najmniejszych 
kosztach w krótkim okresie (2 
lata), rozwój pe
nej 
infrastruktury. Cel 
d
ugoterminowy (10 lat). 

Niezb� dny jest plan 
d
ugoterminowy. Rozwa� : 
Obecne udogodnienia, 
rozmiar i wzrost rynku 
termicznej energii s
onecznej 
przez pod-sektor produktów; 
prawdopodobne 
zapotrzebowanie i mo� liwo��  
p
acenia za us
ugi testowe 
(w
� cznie z zaadoptowaniem 
Standardów Testowych).  

Rozwijanie i wcielenie 
standardów wymaga�  
ogólnych 

Cel d
ugoterminowy (10 lat). Upewnij si� , � e standardy s�  
w
a� ciwe dla rynków 
lokalnych. Nale� y uzyska�  
zaanga� owanie 
akcjonariuszy, szczególnie 
wa� ne do udanego 
zaadoptowania standardów 
nadobowi� zkowych. 

Promuj standardy wymaga�  
ogólnych. 

Cel d
ugoterminowy (10 lat). Rz� d ma promowa�  
standardy wymaga�  
ogólnych poprzez u� ywanie 
wzmocnionych przepisów, 
itd. jako baz�  dla motywacji 
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w przetargach rz� dowych. 
Zaadoptuj certyfikacj�  Cel d
ugoterminowy (10 lat). Przenie�  do� wiadczenie 

Schematu Keymark 
Utwórz kr� g ekspertów GSR  Cel krótkoterminowy (2 lata). Przenie�  do� wiadczenie, 

informacje i szkolenie w 
zakresie kwestii GSR 

Legislacja, zach� ty w celu 
zaadoptowania podej� cia 
GSR  

Mo� liwy cel krótkoterminowy 
dla projektów bardziej 
kluczowych takich jak 
przetargi rz� dowe (2 lata); 
cel d
ugoterminowy dla 
wszystkich instalacji (10 lat). 

Rozwa�  u� ywanie GSR jako 
w
a� ciwego, w celu 
zagwarantowania i 
monitorowania projektów 
kluczowych. Zach� ta do 
s
onecznych projektów 
termicznych z podej� ciem 
GSR. 
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ANNEX I. STANDARDIZATION OF THERMAL SOLAR IN THE 
INTERNATIONAL (ISO) AND EUROPEAN (EN) LEVEL - THE 
EXISTING SITUATION 

I.1 EXISTING ISO STANDARDS IN THE SOLAR THERMAL FIE LD 

The global energy problem and the advantages of solar energy have resulted to a huge 
increase of interest about products using solar energy as energy source, and especially in the 
last decades. A wide variety of solar thermal products started to appear in the world market 
and in some areas very intensively.  
For this reason, from the early 80s the International Standards Organization (ISO) started 
activities through Committees around the world aiming to developing Standards concerning 
solar thermal products.  
The results of these on-going activities until today is mainly the elaboration of a series of 
Standards which concern evaluation of quality characteristics and efficiency of solar collectors 
and solar water heating systems. Moreover, Standards concerning properties of materials and 
parts used in solar thermal products, guides to material selection, design and installation, 
measuring instruments calibration procedures and characteristics and other general matters 
around solar energy have been elaborated. 
Nowadays, the existing ISO Standards in the area of solar energy, categorized per scope, are 
the following: 
 
Standards concerning solar collectors testing metho ds. 
ISO 9806-1:1994 - Test methods for solar collectors -- Part 1: Thermal performance of glazed 
liquid heating collectors including pressure drop  
The Standard establishes methods for determining the thermal performance of glazed liquid 
heating solar collectors. It provides test methods and calculation procedures for determining 
the steady-state and quasi-steady-state thermal performance of solar collectors. It contains 
methods for conducting tests outdoors under natural solar irradiance and for conducting tests 
indoors under simulated solar irradiance. (Detailed description will follow). 
ISO 9806-2:1995 - Test methods for solar collectors -- Part 2: Qualification test procedures 
The Standard establishes test methods for determining the ability of a solar collector to resist 
the influences of degrading agents such as high sunshine, rain, snow, wind, hail, humidity. It 
defines procedures for testing collectors under well-defined and repeatable conditions but 
does not include pass/fail criteria for the test results. (Detailed description will follow). 
ISO 9806-3:1995 - Test methods for solar collectors -- Part 3: Thermal performance of 
unglazed liquid heating collectors -sensible heat transfer only- including pressure drop  
The Standard establishes methods for determining the thermal performance of unglazed liquid 
heating solar collectors. It contain methods for conducting tests outdoors under natural solar 
irradiance and simulated wind and for conducting tests indoors under simulated solar 
irradiance and wind. 
 
Standards concerning solar water heating systems te sting methods 
ISO 9459-1:1993 - Solar heating -- Domestic water heating systems -- Part 1: Performance 
rating procedure using indoor test methods 
The Standard involves system testing for periods of one day for a standardized set of 
reference conditions. The results therefore allow systems to be compared under identical 
solar, ambient and load conditions. The results therefore provide a rating for a standard day.  
ISO 9459-2:1995 - Solar heating -- Domestic water heating systems -- Part 2: Outdoor test 
methods for system performance characterization and yearly performance prediction of solar-
only systems  
The Standard is applicable to solar-only and solar-preheat systems. The performance test is a 
"black box" procedure, which produces a family of "input-output" characteristics for the 
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system. The test results may be used directly with daily mean values of local solar irradiation, 
ambient air temperature and cold water temperature data to predict annual performance. The 
results therefore permit performance predictions for a range of system loads and operating 
conditions but for an evening draw-off.  (Detail description will follow). 
ISO 9459-3:1997 - Solar heating -- Domestic water heating systems -- Part 3: Performance 
test for solar plus supplementary systems   
The Standard applies to solar plus supplementary systems. The performance test is a "black 
box" procedure, which produces coefficients in a correlation equation that can be used with 
daily mean values of local solar irradiation, ambient air temperature and cold water 
temperature data to predict annual performance. The test is limited to predicting annual 
performance for one load pattern. The results therefore permit annual system predictions for 
one daily load pattern. 
 
Moreover, there are the following ISO/DIS Standards in the same area:   ISO/DIS 9459-4 - 
Solar heating -- Domestic water heating systems -- Part 4: System performance 
characterization by means of components tests and computer simulation   
The Standard defines a procedure for characterizing annual system performance using 
measured component characteristics in the computer simulation program "TRNSYS". 
Procedures for characterizing the performance of system components other than collectors 
are also presented. The results therefore permit performance predictions for a range of 
system load and operating conditions. 
ISO/DIS 9459-5 - Solar heating -- Domestic water heating systems -- Part 5: System 
performance characterization by means of whole system tests and computer simulation   
The Standard defines a procedure for dynamic testing of complete systems to determine 
system parameters for used in a computer model. This model may be used with hourly values 
of values of local solar irradiation, ambient air temperature and cold water temperature data to 
predict annual performance. The results therefore permit performance predictions for a range 
of system load and operating conditions. 
 
Standards concerning testing and selection of materials 
ISO 9553:1997 - Solar energy -- Methods of testing preformed rubber seals and sealing 
compounds used in collectors  
The Standard gives requirements for the classification and testing of rubbers used to seal 
solar energy collectors in order to aid selection for specific applications. The design 
requirements pertain only to permissible deflection of the rubber during thermal expansion or 
retraction of the seal in use and to the tolerances on dimensions of moulded and extruded 
seals. 
ISO 9808:1990 - Solar water heaters -- Elastomeric materials for absorbers, connecting pipes 
and fittings -- Method of assessment  
The Standard specifies a means of assessment of elastomeric materials  for use in the 
manufacture of absorbers, connecting piping and fitting for use in solar water heaters.   
ISO/TR 10217:1989 - Solar energy -- Water heating systems -- Guide to material selection 
with regard to internal corrosion  
The Technical Report gives recommendations about materials and their characteristics and 
specifications, to be used in water heating systems using solar energy with regard to internal 
corrosion of parts of the system.    
 
Standards concerning measuring instruments calibrat ion and characteristics 
ISO 9059:1990 - Solar energy -- Calibration of field pyrheliometers by comparison to a 
reference pyrheliometer  
The Standard describes the calibration of field pyrheliometers using reference pyrheliometers 
and sets out the calibration procedures and the calibration hierarchy for the transfer of the 
calibration.   
ISO 9060:1990 - Solar energy -- Specification and classification of instruments for measuring 
hemispherical solar and direct solar radiation 
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The Standard establishes a classification and specification of instruments for the 
measurement of hemispherical solar and direct solar radiation integrated over the spectral 
range form 0,3 � m to 3 � m. These instruments are classified according to the results obtained 
from indoor or outdoor performance tests. Primary standards are classified on the basis of 
their design and specification of measuring reproducibility under outdoor test conditions 
verified by periodic pyrheliometric intercomparisons.      
ISO 9846:1993 - Solar energy -- Calibration of a pyranometer using a pyrheliometer  
The Standard specifies a method for calibration of pyranometers using pyrheliometers. It is 
applicable to all pyranometers in horizontal as well as in tilted positions. Its use is mandatory 
for the calibration of secondary standard pyranometers according to ISO 9060 and is 
recommended for the calibration of pyranometers which as used as reference instruments in 
comparisons.  
ISO 9847:1992 - Solar energy -- Calibration of field pyranometers by comparison to a 
reference pyranometer  
The Standard describes the calibration of field pyranometers using reference pyranometers 
and sets out the calibration procedures and the calibration hierarchy for the transfer of the 
calibration. 
ISO/TR 9901:1990 - Solar energy -- Field pyranometers -- Recommended practice for use  
The Technical Report gives recommended practice for the use of filed pyranometers in solar 
energy applications (i.e. testing of solar collectors or other devices, monitoring of solar 
systems). It is applicable for both indoor and outdoor use of pyranometers when measuring 
global and reflected solar radiation, or radiation form a solar simulator. The measurements 
may be carried out on either a horizontal or an inclined surface and the pyranometer may be 
combined with a sun-shading device to measure diffuse radiation.  
 
Standards concerning other topics  
ISO 9488:1999 - Solar energy -- Vocabulary  
The Standard gives definitions of terms relative to solar energy. 
ISO 9845-1:1992 - Solar energy -- Reference solar spectral irradiance at the ground at 
different receiving conditions -- Part 1: Direct normal and hemispherical solar irradiance for air 
mass 1,5 
The Standard provides spectral irradiance data for an air mass 1,5 for use in all solar 
applications where a standard spectral irradiance is required for the direct normal radiation 
and hemispherical radiation. It provides an appropriate standard spectral irradiance 
distribution to be used in determining relative performance of solar thermal, photovoltaic and 
other systems, components and materials where the direct and hemispherical radiation 
component is desired. 
ISO/TR 12596:1995 - Solar heating -- Swimming-pool heating systems -- Dimensions, design 
and installation guidelines 
The Technical Report gives recommendations for the design, installation and commissioning 
of solar heating systems for swimming pools, using direct circulation of pool water to the solar 
collectors. It includes calculation of heating load and pool covers. It is applicable to all sizes of 
both domestic and public pools that are heated by solar energy either alone or in conjunction 
with a conventional heating system.  
As seen by the existing Standards, the scope of these ISO Standards is focused to the 
definition of procedures, through which evaluation of quality characteristics and efficiency of 
solar collectors, solar water heating systems and their materials under well-defined conditions 
is performed. However, in the existing ones concerning testing, there is no mention about 
evaluation of product conformity to specific requirements, which furthermore are not defined. 
The results of testing serve only for information purposes 

 
I.2 The European Standards 

The approach of the European Union is very similar to that of ISO in the technical level (test 
methods), since the European Standards reference directly to the respective ISO Standards.  
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The basic difference, beyond test conditions and methods, is in the introduction of the 
meaning of «general requirements», with which solar thermal collectors and systems must 
conform. This practically means that: 
·  Products must be tested according to procedures almost identical with these of ISO 

Standards, and marked, concerning their efficiency and reliability,  
·  For results of some tests there exist requirements and limits which have to be satisfied by 

the products, 
·  All test results must be available to the user, no matter whether there is or there is a limit,  
·  A specific procedure is defined for evaluation of conformity of the total of the production 

with the general requirements and not only of the production samples.  
 
It is furthermore noted that the matter of conformity to general requirements is very important 
for the manufacturer, since it is connected to certification.  
The new European Standards are already valid and are mentioned in the following table.  
 

Standard - title Subject 
EN 12975-1:2006, «Thermal solar systems and components 
- Collectors - Part 1: General requirements» 

General requirements for the solar 
collector   

EN 12975-2:2006, «Thermal solar systems and components 
- Collectors - Part 2: Test methods» 

Test Methods for the solar collector 

EN 12976-1:2006, «Thermal solar systems and components 
- Factory made systems - Part 1: General requirements» 

General requirements for the 
factory made solar systems  

EN 12976-2:2006, «Thermal solar systems and components 
- Factory made systems - Part 2: Test methods» 

Test Methods for the factory made 
solar systems 

ENV 12977-1:2001, «Thermal solar systems and 
components - Custom built systems - Part 1: General 
requirements» 

General requirements for the 
custom built solar systems 

ENV 12977-2:2001, «Thermal solar systems and 
components - Custom built systems - Part 2: Test methods» 

Test methods for the custom built 
solar systems 

ENV 12977-3:2001, «Thermal solar systems and 
components - Custom built systems - Part 3: Performance 
characterization of stores for solar heating systems» 

Performance characterization of 
stores for solar heating systems  

Standards under development Subject 
prCEN/TS 12977-1, «Thermal solar systems and 
components - Custom built systems - Part 1: General 
requirements» 

General requirements for solar 
water heaters and combisystems 

prCEN/TS 12977-2, «Thermal solar systems and 
components - Custom built systems - Part 2: Test methods» 

Test methods for solar water 
heaters and combisystems 

prCEN/TS 12977-3, «Thermal solar systems and 
components - Custom built systems - Part 3: Performance 
characterization of stores for solar heating systems» 

Performance test methods for solar 
water heaters   

prCEN/TS 12977-4 «Thermal solar systems and components 
- Custom built systems - Part 43: Performance 
characterization of solar combistores» 

Performance test methods for solar 
water heaters   

prCEN/TS 12977-5 «Thermal solar systems and components 
- Custom built systems - Part 43: Performance 
characterization of control equipment» 

Performance test methods for 
control equipment.    
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Solar collectors: General requirements (EN 12975-1)  
The Standard defines the requirements that have to be fulfilled for the product conformity and 
also tests required for the solar collector. Tests defined are given in the following table.  
 

Test  Conformity criterion Comments 
Internal pressure No major failure  - 
High temperature resistance No major failure - 
Exposure No major failure - 
External thermal shock  No major failure - 
Internal thermal shock No major failure - 
Rain penetration ·  water penetration < 5 gr/m2 

·  humidity increase < 10% 
·  condensation < 5% of cover area 

only for glazed 
collectors  

Mechanical tests No major failure - 
Freezing resistance No major failure only in certain 

cases 
Efficiency - no efficiency limit 

 
No major failure means that none of the following occurs: 
-  absorber leakage or deformation that permanent contact between  absorber and cover is 

established 
-  breaking or permanent deformation of cover or cover fixings 
-  breaking or permanent deformation of collector fixings points or collector box 
-  vacuum loss (for vacuum tube collectors) 
-  accumulation of humidity inside the collector  

 
The Standard defines the procedure that has to be followed for evaluation of conformity of the 
collector. This procedure defines: 
·  Conduction of the above tests in a specified order by an appropriate testing laboratory, 
·  Continuous internal control by the manufacturer in the framework of an existing quality 

control system in the production (of EN ISO 9000 series) 
·  Checks by an appropriate body if quality control system in the production does not exist.  
 
Moreover, the Standard defines security requirement for the materials and their properties 
(combustibility, toxicity, stability in high temperature, resistance to UV radiation, mechanical, 
thermal and chemical requirements, etc), design (water tightness, no leakages, cover 
stresses, absorber corrosion, etc) installation and weight of the collector. Finally, it defines the 
existence of collector identification material (drawings, data sheets, labeling, installer 
instruction manual, etc).  
 
Solar collectors: Test Methods (EN 12975-2) 
Test methods for solar collectors are the same that are defined in the Standards ISO 9806-1 
«Test methods for solar collectors - Part 1 - Thermal Performance of glazed liquid heating 
collectors including pressure drop» and ISO 9806-2, «Test methods for solar collectors - Part 
2 - Qualification test procedures». 
 
Minor differences appears in the testing conditions, and especially in the measurement of 
collector efficiency according to the "steady-state" method. However, these differences have 
practically no effect on the obtained results. 
 
The main differences that exist between the ISO and the EN 12976-2 are the following:  
·  A new test method is defined for measurement of collector efficiency, called "quasi-

dynamic method".  
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According to this method the collector is tested continuously over days with different 
sunshine levels. The equation describing collector efficiency is actually an extension of the 
one of the ISO 9806-1 method, since it contains a number of extra parameters affecting 
collectors efficiency (influence of direct and diffuse irradiance and wind speed). Moreover, 
the effective thermal capacity and the incidence angle modifiers for direct and diffuse 
irradiance are also included. These factors are determined from test data by mult-
parameter least squares regression. 

·  In rain penetration test, the absorber of the collector must be kept warm in temperature 
around 500C. This can be achieved by circulating hot water in this temperature through the 
collector during the test.   
Extra infrastructure for this (beyond the one for the test according to ISO 9806-2) is a 
closed hydraulic loop consisting of a water tank, electric heater, expansion tank and a 
temperature regulator.  

·  Three new tests are introduced, These are the mechanical tests: 
-  positive pressure test on the collector cover 
-  negative pressure test on the collector cover 
-  negative pressure test on the collector fixings 
Below a description of these tests is given. 

 
Positive pressure test on the collector cover 
The transparent cover of the collector may experience a large positive load due to the effect of 
wind or snow. The resistance of the cover to a positive load is related to the properties of the 
cover material. 
The collector is placed horizontally on the ground. On the collector a foil is laid and on the 
collector frame a box is placed, high enough to contain the required amount of gravel or 
similar material. This material is distributed in the frame so that everywhere the same load is 
created. 
 
 
 
 
 
 
 
 
 
 
 

Schematic diagram of positive pressure test 
 
Alternative to this method, the load can be applied by loading the cover using suction cups or 
water. Another way is to apply an air pressure on the collector cover. 
The test pressure is increased in steeps of 100 Pa to the recommended maximum test 
pressure, which is at least 1000 Pa.  
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The collector is inspected for deformations.  
 
 
 
 
 
 
 
 
 
 

 
 
 

Collector mechanical test: positive pressure test on the cover. 
 
Negative pressure test on the collector cover 
This test is intended to assess the extent to which the collector cover is securely fixed to the 
collector box to resist uplift forces caused by strong winds. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Schematic diagram of negative pressure test 
 
The collector is installed horizontally on a stiff frame and a lifting force, which is equivalent to 
the test pressure, is applied evenly to the cover. Negative pressure can be applied either by 
using suction cups uniformly distributed over the cover, or (for collectors having an airtight 
collector box) applying pressure in the inside area between absorber and cover with an air 
pump through a hole in the collector box. 
The test pressure is increased in steeps of 100 Pa to the recommended maximum test 
pressure, which is at least 1000 Pa.  
The collector is inspected for deformations.  
 
Negative pressure test on the collector fixings 
This test is intended to assess the extent to which the collector fixings can withstand uplift 
forces caused by strong winds. 
The test can be performed at the same time with the negative pressure test on collector cover 
in the same testing installation. Alternatively, the lifting force can be applied by a positive 
pressure uniformly distributed over the back of the collector by means of air pressure in large 
air bags. 
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The test pressure is increased in steeps of 100 Pa to the recommended maximum test 
pressure, which is at least 1000 Pa.  
The collector is inspected for deformations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collector mechanical test: negative pressure test. 
 
General requirements for domestic solar water heati ng systems (EN 12976-1 and ENV 
12977-1) 
General requirements for domestic solar water heating systems are the same for every type of 
system. These requirements concern either the whole system or parts of it.  
The requirements concern the solar collector, which actually are the same as defined in the 
respective Standard), and the following points given in the next table.  
 

Test Way to examine conformity 
Drinking water suitability EN 806-1:1999 
Water contamination EN 1717:1999 
Freeze resistance EN 12976-2:2000.  

Check of external parts, protection of internal parts, antifreeze 
fluid.  

Overtemperature protection - scald 
protection 

EN 12976-2:2000.  
Checks on safety measures, resistance of materials in high 
temperatures 

Protection from reverse flow EN 12976-2:2000.  
Checks on the system design  

Pressure resistance Storage tanks and heat exchangers acc. to EN 12897:1997. 
Checks on the system design 

Electric safety EN 60335-1 and 
�  60335-2-21 
Lightning protection ENV 61024-1 
Materials Resistance of materials in external influences.  

Materials acc. to ISO/TR 10217 (internal corrosion). 
Collector  EN 12975-1:2000 
Mechanical strength of supporting frame  Declaration of max. values for snow and wind acc. to ENV 1991-2-

3 and ENV 1991-2-4 
Verification by calculation or test acc. to EN 12976-2:2000 

Piping ISO/TR 10217 
Circulation pump 
�  809 and 
�  1151 
Heat exchangers 
�  307 
Storage tank pr
�  12897:1997 
Control system Resistance of sensors in high temperatures, good thermal contact.  
Performance One of the methods of EN 12976-2:2000 
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The Standard defines the procedure that has to be followed for evaluation of conformity of the 
system. This procedure defines: 
·  Conduction of the above tests in a specified order by an appropriate testing laboratory, 
·  Continuous internal control by the manufacturer in the framework of an existing quality 

control system in the production (of EN ISO 9000 series) 
·  Checks by an appropriate body if quality control system in the production does not exist. 
Moreover, the Standard defines security requirement for the system in the design (safety 
valves, safety lines and expansion lines, blow-off lines, resistance of system parts to external 
influences, etc). Finally, it defines the existence of documentation for the installer and the user  
and guides for system marking.  
 
Test methods for solar water heating systems (EN 12 976-2 and ENV 12977-2)  
The European Standards make a distinction between factory made systems and custom made 
systems. The basic concepts behind this distinction are the following:  
-  Factory made systems are the systems that are marketed under a specific trade name. 

These systems are considered as a unit.  
-  Custom made are the systems that are so constructed such that they can change their 

dimensions by changing their parts (collector, tank). The scope for this is that tests in the 
system are not to be repeated in the case that, for example, only the collector area 
changes.  

-  Thermosyphon solar water heating systems are considered as factory made systems. 
-  For pumped solar water heating systems the manufacturer can select the category. 
-  For custom made systems, tests for all part of it are required (collector,  tank, control 

system). Moreover, the calculation of energy output is not done by a testing but by using 
mathematical simulation based on results of the several parts of the system (collector, 
tank, control system). The simulation algorithm will be commonly accepted. 

-  Concerning tests for performance of factory made systems, these are the same with the 
methods described in the Standards ISO 9459-2 (Input-output method) and ISO 9459-5 
(dynamic method). 

Concerning performance testing, it is noted that: 
·  Thermosyphon-type systems are tested according to the method of Standard ISO 9459-2, 

and alternatively (under specific assumptions), according to the method of ISO 9459-5.  
·  Solar pre-heat systems can be tested according to both methods.  
·  Systems that use supplementary electrical heating can be tested according to the method 

of method ISO 9459-5. 
·  The Standard defines the conditions for the calculation of the annual energy output of the 

system for four characteristic areas of Europe. 
Furthermore, the Standards defines procedures for: 
-  Freeze resistance checks in the system or the antifreeze liquid 
-  Overtemperature protection test 
-  Pressure resistance test 
-  Checks on water contamination, lightning protection, mechanical strength of supporting 

frame and safety equipment. 
 
Tests for solar systems storage tanks (ENV 12977-3)  
This Standard is part of the custom made solar water heating systems testing. These test 
methods deliver parameters, which are needed for the simulation of the thermal behavior of a 
store being part of a small custom built system. 
Two types of testing are defined: the first is separate tests in the store and the second is test 
in the whole system. 
In the first test, the store is installed in an charge / discharge circuit and a series of tests are 
performed under different charge / discharge temperatures, flowrates and duration. The series 
of tests give a number of parameters that characterize the store. Parameters can be derived 
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either by analytical energy and power balances or by parameter identification. This is done by 
a computer program using a store model. 
 
In the second test, the procedure is similar to the one of the first (parameters identification) 
except that the data are gained during a whole system test according to ISO 9459-5 with 
additional sensors in the collector loop. The determination of the store parameters is done by 
means of parameters identification. 
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ANNEX II. DESCRIPTION OF THE MAIN TESTING INFRASTRU CTURE 
FOR SOLAR THERMAL PRODUCTS IN GREECE 

In the Mediterranean basin, the whole of the solar collectors produced and marketed are flat-
plate glazed collectors. For this reason, the two testing Standards that found application in this 
area were the ISO 9806-1 and ISO 9806-2, which will be described below. 
Furthermore, due to the climatic conditions of the Mediterranean basin, the solar water heating 
systems produced are of thermosyphon type where either they have no auxiliary back-up or if 
existing it is used very rarely, i.e. they are solar-only or used as solar preheat systems. These 
systems are installed households having storage tank volumes of usually 100-160 liters and 
not exceeding 300 lt. Therefore, and taking into account the climatic conditions of the area 
under investigation, the testing Standard that applies in the ISO 9459-2, which will be 
described below. Below, we present the solar testing infrastructure that was developed in 
Greece, in the NCSR “Demokritos”. 
 
Description of the ISO 9806-1 Standard 

 
ISO 9806-1:1994 - Test methods for solar collectors -- Part 1: Thermal performance of glazed 

liquid heating collectors including pressure drop 
 

Scope  
The Standard establishes methods for determining the thermal performance of glazed liquid 
heating solar collectors. It provides test methods and calculation procedures for determining 
the steady-state and quasi-steady-state thermal performance of solar collectors. It contains 
methods for conducting tests outdoors under natural solar irradiance and for conducting tests 
indoors under simulated solar irradiance.  
The Standard defines the necessary infrastructure and procedures for the determination of the 
following collector characteristics:  
a) instantaneous efficiency curve 
b) thermal capacity and time constant 
c) incident angle modifier 
d) pressure drop 
 
Testing infrastructure and requirements  
The test installation consists of a unit for production of water with constant temperature, a 
closed water circuit arrangement and stand for placing collectors and fans.  
For data sammpling and subsequent working-out of them, appropriate measuring instruments 
and software is used. 
The unit for production of water with constant temperature must be able to produce constant 
temperature water in the temperature range of 10 - 90oC, which enters the collectors under 
test. Water temperature in collectors inlet must be constant with a maximum permissible 
deviation of  +0.1K during tests. The unit can consist of a cooling machine, electrical heaters 
and heat exchangers. The cooling machine absorbs thermal energy taken from water, as it 
passes through  collectors. Cold water can circulates in one circuit of heat exchanger, 
whereas collectors water circulates in the other circuit of them. The regulation of the water 
inlet temperature can be done automatically by controlling the operation of the cooling 
machine and the electric heaters. 
The closed water circuit arrangement consists of pipes and necessary instruments and 
devices for water circulation. The circuit can contain a circulation pump, a flow regulator, a 
flowmeter, a readable flowmeter, a pressostatic switch, water filter, exhaust valves, safety 
valve, level valve, expansion vessel and hand-operate ball valves. 
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Schematic diagram of the test installation for collector efficiency testing according to ISO 
9806-1 

 
The collector under test is placed on the testing stand. In the lower side of the stand there 
must be a fan. The fan must be able to provide air with velocities of 2-4 m/s in the collector 
aperture. 
For the conduction of the tests the following instruments are necessary: 
·  Pyranometer for measurement of total irradiance. It is placed on the collector level. It must 

be of Class I. Normal specifications are responsivity + 1 W/m2, stability: + 1%, temperature 
response : + 1%, spectral sensitivity  (0.3 -3.0 � m): + 2% , linearity: + 1%, and range: 0-
1200 W/m2 

·  Pyranometer for measurement of difuse irradiance, as the above equipped with a shadow 
ring. 

·  Temperature sensors for measurement of temperature in inlet and outlet of the collectors. 
These can be of Pt100 type with required range of 0 to 1000C and accuracy of + 0,10C:  

·  Ambient temperature sensor, which can be of Pt100 type with required range of -300C to 
1000C and accuracy of + 0,50C. It must be shaded from radiation and be well ventilated. 

·  Flowmeter, for measuring flowrate of liquid through the collector. It can be mass or 
volumetric flowmeter in the range of  0 - 1000 lit/hr and required accuracy of + 1% of 
the measured value. 

·  Anemometer (wind velocity sensor) for measuring wind velocity around the collector, with 
range of 0 to 10 m/s and required accuracy of + 0,5 m/s. A movable air speed instrument 
can also be used for checks. 
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·  Differential pressure gauges for measuring pressure drop of liquid through the collector. 
They can be in the range of 0 - 1 bar and required accuracy of  1% full scale. 

·  An arrangement for measurement of solar radiation angle of incidence must also exist. 
·  Linear scale for measuring collector areas with required accuracy of +0,1%. 
·  Balance for measuring collector fluid capacity with required accuracy of +10%. 
·  Data logger, where analog signals from sensors are recorded during tests with required 

accuracy of + 0,5% of the full scale reading. 
·  Control system for the automatic operation of the installation 
·  Proper software for analyzing test data and producing results. 
Before each test, test installation is checked for its correct operation. These checks concern 
operation of circulating pump, connections of the instruments with computer, correct operation 
of the hand-operate flow regulator, water leakage in any part of the circuit, operation of 
electrical heaters and of cooling unit, correct operation of the fans, correct operation of the 
pressostatic switch and optical checks of expansion vessel, safety and exhaust valves and of 
water filter. 
The preparation work before tests is that the collector shall be visually inspected and any 
damage recorded. The collector aperture cover shall be thoroughly cleaned. If moisture have 
formed on the collector components, then the heat transfer fluid shall be circulated at 
approximately 800C for as long as is necessary to dry out the insulation and collector 
enclosure. The collector pipework shall be vented of trapped air by means of an air valve or by 
circulating the fluid at a high flowrate. Finally the fluid shall be inspected for any particles by 
means of the transparent tube. 
 
Collector efficiency testing  
The collector is tested under clear sky conditions. Data points which satisfy the requirements 
given below are obtained for several fluid inlet temperatures spaced evenly over the range 
from ambient temperature to 700C.  
 
Four tests are carried out for determination of no, in which inlet temperature is selected such 
that the mean fluid temperature in the collector lies within + 3K of the ambient air temperature. 
Subsequently, tests are carried out in which water inlet temperature is higher (e.g. 40, 60, 
800C), four tests for each inlet temperature. 
 
The test period for a steady-state datta point shall contain a pre-conditioning period of at least 
15 min with the correct fluid inlet temperature, followed by a steady-state test period of at least 
15 min. The collector is considered to be in steady-state conditions when the following values 
do not exceed the ranges stated below: 
·  total solar irradiance : + 50 W/m2  
·  fluid mass flowrate  : + 1% 
·  ambient temperature : +1
  
·  collector fluid inlet temp. : +0.1
  
 
During each test period the following conditions must be fulfilled:  
·  the incidence angle of direct solar radiation will be less than 300.  
·  The average value of the surrounding air speed must lie between 2 and 4 m/s. 
·  The total solar irradiance at the plane of the collector aperture shall be greater than 800 

W/m2 
·  The fluid flowrate is set to 0,02 kg/m2s, and held stable to within 1%. 
·  Test data where the diffuse solar irradiance is more than 20% of the total solar irradiance 

are not taken into account. 
·  Test data where the fluid temperature difference is less than 1,5K are not taken into 

account. 
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During each test, measurements of global solar irradiance, diffuse solar irradiance, air 
velocity, ambient temperature, flowrate of the heat tranfer fluid, temperature of the heat 
transfer fluid at the collector inlet and temperature rise of the fluid between the inlet and the 
outlet of the collector are obtained. Moreover the angle of incidence of direct solar iradiation is 
noted. 
The collector instantaneous efficiency is given by:  
 
 n = Q / A.G = (m. cp. �� ) / � .G 
 
where:  m : flowrate through the collector 
 cp : specific heat of the liquid 
  �� : temperature rise of liquid through the collector 
 Q  : power delivered by the collector 
 G  : solar irradiance 
 A  : reference collector area 
 
From the 16 test data points, the instantaneous efficiency is calculated by: 
 

n = n0 - Uo T*, (linear equation), or 
n = n0 - � 1 T* - � 2 G T*2 (second order equation) 

 
where:    T* = (tm - ta) / G (use of collector mean water temperature tm), or 
     T* = (tin - ta) / G (use of collector inlet water temperature tin). 
 
and: n  : collector instantaneous efficiency 
 n0 : collector maximum efficiency 
 Uo : collector heat loss coefficient 
 � 1 : heat loss coefficient representing losses through convection 
 � 1 : heat loss coefficient representing losses through radiation 
 tm : mean water temperature 
 tin : water temperature at the collector inlet  
 ta : ambient air temperature 
 
The instantaneous efficiency can be expressed with regard to collector gross area (AG) or the 
absorber area (AA). 
 
Determination of effective thermal capacity 
Thermal capacity determines the transitional energy behavior of the collector. 
The Standard defines an analytical way for determining the effective thermal capacity, based 
on the masses of the several parts of the collector and their specific heat. Weighting factors 
are taken into account for the fact that certain elements are only partially involved in the 
collector thermal inertia. 
 
Thermal capacity can also be measured by test. The test is performed under clear sky 
conditions with a solar irradiance at the plane of the collector aperture greater than  800 W/m2. 
The heat transfer fluid is circulated through the collector at the same flowrate as that used for 
collector efficiency testings. The collector fluid inlet temperature is set approximately equal to 
the ambient air temperature. The aperture of the collector is shielded from the solar radiation 
by means of a solar reflecting cover. When steady state has been reached, the cover is 
removed and measurements are continued until steady state conditions have been achieved 
again.  
 
During test, the collector fluid inlet temperature tin, the fluid temperature difference �� , the 
ambient air temperature ta, the total solar irradiance G and the fluid mass flowrate m are 
measured and recorded.  
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The following relation, which describes the collector behavior in the transient period, 
calculates effective thermal capacity: 
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Variations of G,��  and (tin -ta) with time are plotted as a function of time and the areas under 
the curves are the values of the integrals. The values of  n0  and U0 are taken from collector 
efficiency testings. 
 
Determination of time constant 
Time constant, as the thermal capacity, determines the transitional energy behavior of the 
collector. The time constant is determined by the test procedure followed for determination of 
effective thermal capacity. 
The difference between the temperature  of the fluid at the colector outlet te and that of the 
ambient air ta shall be plotted against time in the period between the two steady states. The 
time constant of the collector tc is defined as the time  taken for the collector outlet 
temperature to rise by 63,2% of the total increase from  (te - ta)1  to (te - ta)2.  
 
Determination of incidence angle modifier 
Collector instantaneous efficiency is determined with vertical incidence of solar radiation. The 
incidence angle modifier determines the collector efficiency for other angles of incidence. 
The test is performed outdoors using a movable test rack, where collector orientation and tilt 
angle can be changed at any time. The efficiency of the collector is determined in incidence 
angles of  0, 30, 45 and 60 degrees. In each data point, the collector inlet fluid temperature 
will be close to the ambient air temperature. The quantities measured during efficiency 
testings are measured and recorded. 
The incidence angle modifier is given by: 
 
 k�  = no�  / no 
      
where: no�  : the value of  no  in incidence angle �  
 no   : the value of  no  in zero incidence angle. 
 
 
Determination of collector pressure drop 
Pressure drop is an important parameter involved in the design of central solar collector field 
and also for the proper operation of thermosyphon-type solar water heating systems. 
 
The test is performed by using the fluid which is used for the normal operation of the collector. 
The heat transfer fluid flows from the bottom to the top of the collector. The fluid inlet 
temperature is kept constant with a deviation of + 5oC, and the temperature of the collector is 
close to that of the ambient air with deviation of + 10oC. 
 
At least 5 pressure drop measurements are performed in flowrate values equally spaced over  
the range of  0,005-0,05 kg/s m2. The fluid flowrate is held constant within  +1% of the nominal 
value during test measurements. In each measurement, the fluid flowrate and the pressure 
drop between the collector inlet and outlet connections, together with the fluid temperature at 
the collector inlet are measured.  
 
The pressure drop is presented graphically as a function of the fluid flowrate. 
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Infrastructure for testing collectors according to ISO 9806-1 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Unit for production of water with constant temperature - testing according to ISO 9806-1  
 
 
Description of the ISO 9806-2 Standard  

 
ISO 9806-2:1995 - Test methods for solar collectors -- Part 2: Qualification test procedures 

 
Scope  
The solar collector is a device installed outdoors and such that exposed in climatic and other 
external conditions, such as high sunshine, rain, snow, wind, hail, humidity, etc. These may 
result to several problems concerning resistance, durability, internal corrosion and generally 
aging.  
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Apart from these external conditions, the collector is influenced by the conditions in its interior 
and the nature of its fluid. 
This Standard establishes test methods for determining the ability of a solar collector to resist 
the influences of such degrading agents. It defines procedures for testing collectors under 
well-defined and repeatable conditions but does not include pass/fail criteria for the test 
results. 
 
Qualification tests 
Qualification tests are carried out in the sequence shown in the following table in three 
collectors of exactly the same type. 
 

Test Collector 
Internal pressure A 
High temperature resistance  A 
Exposure A, B and C 
External thermal shock A 
Internal thermal shock A 
Rain penetration A 
Freeze resistance A 
Internal pressure (retest)  
Thermal performance A 
Impact resistance (optional) A or B 
Final inspection A, B and C 

 
Internal pressure test 
 
 
 
 
 
 
 
 
 
 
 

 
Schematic diagram of internal pressure test 

 
The absorber is pressure tested to assess the extent to which it can withstand the pressures 
which it might meet in service.  
The test apparatus consists of hydraulic pressure source, a safety valve and a pressure gauge 
with an accuracy of 5% of the actual reading. 
The absorber is filled with water of temperature near the ambient temperature and then it is 
pressurized to the test pressure. Test pressure, in the case of metallic absorbers, will be 1,5 
times the maximum collector operating pressure specified by the manufacturer and is 
maintained constant for 10 minutes. In the case of absorbers made by organic materials, the 
test is performed in the high temperature using hot oil and the pressure is then raised in 
stages until the test pressure. In each stage the pressure in maintained for 5 min, and the test 
pressure for at least 1 hour. 
During the test, the test pressure, the temperature of the pressure fluid and the ambient air 
temperature are recorded. 
The collector is inspected for leakage, swelling and distortion. 
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Collector testing according to ISO 9806-2: Internal pressure test. 

 
High temperature resistance test 
When a collector is first installed in a building or is for some reason drained of fluid it may 
experience high irradiance levels and approach very high stagnation temperatures. This test is 
intended to assess the extent to which the collector can withstand such conditions without 
failure.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Schematic diagram of high temperature resistance test 

 
The collector is mounted outdoors and it is not filled with fluid. One of its fluid pipes is sealed 
to prevent cooling by natural circulation of air, but the other is left open to permit free 
expansion of air in the absorber. The test is performed for a minimum of 1 hour after steady 
state conditions have been established. During the test, total solar irradiance on the collector 
must be above 950 W/m2, air temperature above 250C and wind speed below 1 m/s. 
 
A temperature sensor, shielded from solar radiation, is attached to the absorber. During the 
test, the climatic conditions and the collector absorber temperature are recorded. 
The collector is inspected for degradation, shrinkage, outgassing and distortion 
 

 

 



31 / 41 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

ollector testing according to ISO 9806-2: High temperature resistance test. 
 
Exposure test 
Experience suggests that much can be learned about the durability of a collector by inspecting 
it after a relatively short period of exposure. Such an exposure also allows the collector to 
"settle" such that subsequent qualification tests are more likely to give repeatable results. This 
test can reveal problems in the collector concerning the cover, insulation, absorber paint 
material and the whole construction. 
The collector is mounted outdoors but it is not filled with water.  One of its fluid pipes is sealed 
to prevent cooling by natural circulation of air, but the other is left open to permit free 
expansion of air in the absorber. 
The collector must be exposed for at least 30 days with a minimun radiation of 14 MJ/m2. 
Moreover, it must be exposed for at least 30 hours to an irradiance greater than 850 W/m2.  
During the test, the climatic conditions and the collector absorber temperature are recorded in 
daily base. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Schematic diagram of exposure test 

 
The collector is inspected for damage or degradation. 
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In the case that the test is combined with the two external thermal shock tests, the first 
external shock is caused during the first 10 of the 30 hours defined above and the second 
during the last 10 of the 30 hours. 
 
External thermal shock 
Collectors may from time to time be exposed to sudden rain storms on hot sunny days 
causing a severe external thermal shock. This test is intended to assess the capability of a 
collector to withstand such thermal shocks without a failure. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Collector testing according to ISO 9806-2: Exposure test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Schematic diagram of external thermal shock 
 
The collector is mounted outdoors but it is not filled with water.  One of its fluid pipes is sealed 
to prevent cooling by natural circulation of air, but the other is left open to permit free 
expansion of air in the absorber.  
An array of water jets is arranged to provide a uniform spray of water over the collector. 
The collector is maintained in steady state operating conditions under a high level of solar 
irradiance for a period of one hour before the water sprays are turned on. It is then cooled by 
the water sprays for 15 minutes. The water spray shall have a temperature of less than  250C 
and a flowrate in the range of  0,03-0,05 l/sec m2.  
A temperature sensor shielded from solar radiation is attached to the absorber.  
During the test, the climatic conditions, the collector absorber temperature and the spraying 
water temperature are recorded. 
The collector is inspected for cracking, distortion, condensation or water penetration.  
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Internal thermal shock  
Collectors may from time to time be exposed to a sudden intake of cold heat transfer fluid on 
hot sunny days, causing a severe internal shock. This test is intended to assess the capability 
of a collector to withstand such thermal shocks without a failure. 
The collector is mounted outdoors but it is not filled with water.  One of its fluid pipes is sealed 
to prevent cooling by natural circulation of air, but the other is connected to a water source.  
The collector is maintained in steady state operating conditions under a high level of solar 
irradiance for a period of one hour before it is cooled by supplying it with water for at least 5 
minutes. The water shall have a temperature of less than  25oC and a flowrate of  at least 0,02 
l/s.m2.  
 
 
 
 
 
 
 
 
 

Schematic diagram of internal thermal shock 
 
 

Schematic diagram of internal thermal shock 
 
A temperature sensor shielded from solar radiation is attached to the absorber. 
The collector is inspected for cracking, distortion, and deformation.  
 
Rain penetration 
This test is intended to assess the extent to which collectors are substantially resistant to rain 
penetration.  
The collector shall have its fluid inlet and outlet pipes sealed and be placed in a test rig at the 
shallowest angle to the horizontal recommended by the  manufacturer. If this angle is not 
specified, then the collector angle will be 45 degress or less. The collector shall be sprayed on 
all sides using spray nozzles or showers for a test period of 4 hours. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Schematic diagram of rain penetration test 
 
The water spray shall have a temperature of less than 25oC and a flowrate in the range of 
0.03 to 0.05 l/s.m2.  
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The collector is weighted before and after the test. The scales used to weight the collector 
shall have an  accuracy of at least 20 g. 
The collector is inspected for water penetration. The results of the inspection i.e. the places 
where water penetrated and the amount of water penetrated is  reported.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Collector testing according to ISO 9806-2: Rain penetration test 
 
Freeze resistance 
This test is intended to assess the extent to which collectors which are claimed to be freeze 
resistant can withstand freezing and freeze-thaw cycles. 
Two test procedures are recommended: one for collectors which are claimed to be freeze-
resistant when filled with water, and one for collectors which are claimed to resist freezing 
after being drained. 
For both cases, test is performed inside a cold chamber at the shallowest angle to the 
horizontal recommended by the manufacturer. If this angle is not specified, then the collector 
angle will be 30 degrees. Next, the collector is filled with water at operating pressure, and 
remains there (for the collectors of the first case) or drained after 10 min (for the collectors of 
the second case). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Schematic diagram of freeze resistance test 
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The cold chamber is cycled, in such way so that low temperature of -20 + 2oC is kept for at 
least 30 min and high temperature of above 10oC is kept for another 30 min. The collector is 
subjected to three freeze-thaw cycles. At the end of the test the collector is refilled with water. 
The collector is inspected for leakage, breakages, distortion and deformation. 
 
Impact resistance 
This test is intended to assess the extent to which a collector can withstand the effects of 
heavy impacts, such as those caused by vandalism  or those likely to occur during installation. 
Heavy impacts may also be caused by hailstones. 
The collector is mounted on a firm  support and steel balls of 150 g are used to simulate the 
impact : 
·  either the collector is mounted horizontally and the balls are dropped vertically 
·  or the collector is mounted vertically and the impacts are directed horizontally by means of 

a pendulum. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Schematic diagram of impact resistance test 
 
The height of the fall is the vertical distance between the point of release and the horizontal 
plane containing the point of impact. 
Initial height of drop is 0,4 m, and the height is raised by 0,2m  till the maximun height of 2 m. 
The steel ball will be dropped 10 times from  each height. 
The point of impact shall be no more than 5 cm from the edge of the collector cover and no 
more than 10 cm from the corner of the collector cover, but it shall be moved by several 
millimeters each time the steel ball is dropped. 
The collector is inspected for damages.  
 
Final inspection 
When the full test sequence has been completed, all three collectors are dismantled and 
inspected. 
All abnormalities shall be reported and accompanied by photographs. 
 
Description of the ISO 9459-2 Standard  
 

ISO 9459-2:1995 - Solar heating -- Domestic water heating systems -- Part 2: Outdoor test 
methods for system performance characterization and yearly performance prediction of solar-

only systems 
Scope 
The Standard establishes test procedures for characterizing the performance of solar 
domestic water heating systems operated without auxiliary boosting, and for predicting annual 
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performance in any given climatic and operating conditions, but only for an evening draw-off. 
"A black box" approach is adopted which involves no assumptions about the type of system 
under test; the procedures are therefore suitable for testing all types of systems. It applies also 
to solar-only domestic water heating systems designed to heat potable water to be supplied 
for domestic water usage and is not intended to be applied to other systems.  
The Standard defines the necessary infrastructure and procedures for the determination of the 
following system characteristics: 
a) determination of the system performance curve (daily system performance) 
b) determination of the temperature increase curve 
c) determination of draw-off profiles in days with low and high radiation levels 
d) determination of mixing draw-off profile 
e) determination of storage tank heat loss coefficient - collector loop connected and 

disconnected 
f) determination of calculated draw-off profiles  
g) determination of yearly energy output and hot water volume delivered in any given climatic 

and operating conditions. 
 
Testing infrastructure and requirements 
The testing infrastructure consists of a closed hydraulic test loop which has the main task of 
preparing and maintaining water in desired and constant temperature and to fill storage tank 
of the system under test with it at specific time periods. It consists also of the system and the 
fans supporting frames. 
For data sammpling and subsequent working-out of them, appropriate measuring instruments 
and software is used. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Schematic diagram of the test installation for solar systems performance testing according to 
ISO 9459-2 

 
The loop contains heating elements and cooling machine for preparing and regulating water 
temperature, water tanks for storing water used for testing, pumps for water circulation, 
electrovalves, expansion tank, safety devices, exhaust valves, hand-operated valves and a 
heater for heating water used in some tests. The operation of the hydraulic loop is done 
automatically. 
The system under test is placed on the testing stand. In the lower side of the stand there must 
be a fan. The fan must be able to provide air with velocities of 2-4 m/s in the collector 
aperture. 
For the conduction of the tests the following instruments are necessary: 
·  Pyranometer for measurement of total irradiance. It is placed on the collector level. It must 

be of Class I. Normal specifications are responsivity + 1 W/m2, stability: + 1%, temperature 
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response : + 1%, spectral sensitivity  (0.3 -3.0 � m): + 2% , linearity: + 1%, and range: 0-
1200 W/m2 

·  Pyranometer for measurement of difuse irradiance, as the above equipped with a shadow 
ring. 

·  Temperature sensors for measurement of temperature in inlet and outlet of the storage 
tank. These can be of Pt100 type with required range of 0 to 1000C and accuracy of + 
0,10C:  

·  Ambient temperature sensor, which can be of Pt100 type with required range of -300C to 
1000C and accuracy of + 0,50C. It must be shaded from radiation and be well ventilated. 

·  Flowmeter, for measuring flowrate of liquid through the collector. It can be mass or 
volumetric flowmeter in the range of  0 - 1000 lit/hr and required accuracy of + 1% of 
the measured value. 

·  Anemometer (wind velocity sensor) for measuring wind velocity around the collector, with 
range of 0 to 10 m/s and required accuracy of + 0,5 m/s. A movable air speed instrument 
can also be used for checks. 

·  Data logger, where analog signals from sensors are recorded during tests with required 
accuracy of + 0,5% of the full scale reading. 

·  Control system for the automatic operation of the installation 
·  Proper software for analyzing test data and producing results. 
The system is mounted on the supporting frame provided by the manufacturer and according 
to the manufacturer's instructions. Pipings between collector and storage must be very well 
insulated. The heat transfer fluid must be the one specified by the manufacturer. The 
orientation of the collector must be south with deviation of  +10 degrees . The collector must 
not be shaded during tests. Pipings must be well insulated and be protected by a reflective 
weather-proof coating. 
Before the beginning of the tests, the system is inspected visually and the collector cover is 
cleaned carefully. Checks in the test loop and its parts are done concerning their proper 
operation. 
 
Determination of daily system performance 
The testing involves a number of one-day tests, which are independent of each other. The 
minimum required number of testing days is six. On each day of the test the system is allowed 
to operate outdoors and a single draw-off is applied at the end of the day. At the start of the 
test each day, a preconditioning of the pipings of the solar systems with water of constant 
temperature tmain. Daily radiation values must be evenly spread over the range of 8 - 25 MJ/m2  
and the values of difference (ta,av - tmain) from  - 5
  to + 20
 , for each test day. 
The tests starts 6 hours before solar noon, after the storage tank has filled up with cold water 
of constant temperature tmain. The system is left to operate with exposure to the solar radiation 
for 12 hours. At 6 hours after the solar noon hot eater is draw-off from the store at a constant 
flowrate of 600 lt/h. The cold water entering the store must be at the temperature tmain defined 
during the morning filling of the system. This temperature must not fluctuate by more than  
+0,25 
  and must not drift by more than 0,2
  during draw-off. 
The draw-off volume must be three times the system tank volume.  If the water temperature 
difference between  inlet and outlet of the system tank, after draw-off of three system tank 
volumes, is greater than 1K, then the draw-off is continued until this temperature difference is 
achieved. 
Before evening water draw-off,  preconditioning of the pipings of the solar systems with water 
of constant temperature tmain is done. 
During operation of the solar systems, i.e. during exposure of the systems to the solar 
irradiance for the period from 6 hours before solar noon to 6 hours after the solar noon, the 
following quantities are measured and recorded:  
·  Total solar irradiance in the collector aperture 
·  Diffuse solar irradiance in the collector aperture 
·  Ambient air temperature 
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·  Wind velocity, unless a wind generator is used. In that case, only one measurement is 
enough. 

During the evening draw-off, the following quantities are measured and recorded every 15 
seconds:  
·  Water temperature in the inlet of the system tank, 
·  Water temperature in the outlet of the system tank, 
·  Draw-off water flowrate  
The performance of the system is assessed from the energy collected by the solar system, Q, 
for a value of total radiation, � ,  and temperature difference  (ta,av - tmain) and is given by the 
following relation: 
 

Q = a1 H + a2 (ta,av - tmain) + a3 
 
where: 
Q   :  the amount of energy stored in system storage after operation of the system. This 

energy is taken at the end of the day during water draw-off, 
H    :  the solar radiation fallen on the collector system  during operation of the system, 

ta,av : the average value of the ambient air temperature during operation of the system 
tmain : the temperature of the water in the system tank in the start of the operation period  
Coefficients a1, a2 and  a3  relate to the performance of the system, characterize it, express 
the system efifciency, losses and inertia and are determined from the test data by using the 
least square method. 
 
The experimental results are presented grafically in a input - output graph , in which the test 
data are presented together with characteristic lines of the system that derive from the above 
equation for several values of  (ta,av - tmain), such as  -10,0,+10 and +20
 . 
 
Determination of the temperature increase curve 
The following relation expresses the temperature increase of the water in the store at the end 
of the day: 
 

(td,max - tmain) = b1 H + b2 (ta,av - tmain) + b3 
 
where: 
td,max : the maximum temperature of the water in the store at the end of the day  
As in the system performance equation, coefficients b1, b2 and  b3 are determined from the 
test data by using the least square method. 
 
Draw-off profiles in days with low and high radiati on levels 
During draw-off, the hot water temperature leaving the store decreases with time (or draw-off 
volume). This is due to the thermal stratification of the water and the effect of mixing of hot 
water with entering cold water.  
The hot water temperature leaving the store is plotted against each tenth of drawn store 
volume and this is the draw-off profiles curve. This curve gives valuable information to the 
manufacturer and the user about the way the stored energy is delivered by the system and 
reveals information about correct operation of the system.  
Two draw-off curves are plotted, one for a day with low radiation and one for a day with high 
radiation. 
 
Determination of mixing draw-off profile 
This test is carried out in order to determine the amount of mixing between hot water n the 
tank and cold water entering the tank during a hot water draw-off. The mixing draw-off profile 
is obtained by drawing off water from a tank, which has been preheated to a uniform high 
temperature. 
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Heating of the water of the solar systems to a uniform temperature can be achieved either by 
filling the storage tank with hot water or by allowing it to hat up by operating the system with 
no draw-off for several days.  
After the water in the systems tanks is brought to a uniform temperature and either after 
sunset or with collectors covered, hot water draw-off takes place with flowrate of  600 lt/h with 
cold water entering the store with temperature less than 300C. This temperature tmains must not 
fluctuate by more than  +0,25 
  and must not drift by more than 0,2
  during draw-off. 
Before evening water draw-off,  preconditioning of the pipings of the solar systems with water 
of constant temperature tmain is done. 
The draw-off volume must be three times the system tank volume.  If the water temperature 
difference between  inlet and outlet of the system tank, after draw-off of three system tank 
volumes, is greater than 1K, then the draw-off is continued until this temperature difference is 
achieved. 
From the measured values water temperatures in the inlet and outlet of the system tank and 
the draw-off water flowrate, the hot water temperature leaving the store is plotted against each 
tenth of drawn store volume and this is the mixing profiles curve.  
The comparison of the mixing curve with the draw-off curve for a day with high radiation 
shows the degree of mixing of hot water with cold water entering the store during draw-off. 
This shows important information concerning mainly the design of the store. 
 
Determination of storage tank heat loss coefficient   
The test is performed in order to determine the heat loss coefficient of the store.  
Test is performed overnight with no radiation. The water in the store of the system is heated to 
a uniform temperature above 60oC. Following this, the tank is left the whole night long for a 
period of at least 12 hours (cold period). In this period, there may be some early morning or 
late evening hours as long as during these hours the collector gets no irradiance. 
At the end of the cold period the water of the tank is circulated so that it reaches a uniform 
temperature. 
During the test, the ambient air temperature near the tank is measured every hour during the 
cold period. Moreover, the initial mean temperature of tank water ti and the final mean 
temperature of tank water tf are recorder. From these values, the average ambient air 
temperature during the cold period, tas   and the test duration � t is found. The keat loss 
coefifcient is then given by the following relation: 
 
 Usc = (4180 * Vs / � t) * ln [(ti - tas) / (tf - tas)] 
 
where Vs is the store volume in lt. 
 
The test is performed twice. In the first one, the tank in connected to the collector loop. In the 
second test the collector loop is disconnected. In this case only the tank heat losses are 
measured. The determined heat loss coefficient Usc from the first test is compared with the 
determined heat loss coefficient Us from the second test in order to reveal possible reverse 
flow problems of the system. 
 
Determination of yearly energy output and hot water  volume delivered in any given 
climatic and operating conditions 
The parameters of the systems determined by the above tests are used by the "day-by-day" 
procedure in order to predict the annual energy output of the system (in kWh) and the daily 
hot water volume delivered, under known climatic and usage conditions. The procedure is as 
follows: 
·  calculation of the daily energy stored at the end of the day, given the daily climatic and 

operating conditions 
·  calculation of the delivered energy by the system under specified draw-off conditions 
·  calculation of the energy remained in the tank after draw-off and temperature of water 
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·  calculation of the losses during the night and temperature at the beginning of the next day 
The above procedure is repeated for all days of the considered period. According to the 
standard, the procedure is done for three characteristic areas with different climates using 
mean daily values of solar radiation, ambient day and night air temperature and coldwater 
temperature.  
Moreover, calculation is done for the following usage conditions: 
·  one evening draw-off with volume equal to one store volume 
·  one evening draw-off with temperature limit of hot water of 350C 
·  one evening draw-off with temperature limit of hot water of 400C 
However, the calculation can be done for every other installation place and usage 
conditions.The performance of the system is calculated for each day from the climatic data of 
the day, the consumption of hot water in the day, and by taking into account the energy 
remained in the system from the previous day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Infrastructure for solar systems testing according to ISO 9459-2. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Detail of the infrastructure for solar systems testing according to ISO 459-2 
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Outdoor infrastructure for solar systems testing according to ISO 9459-2.  
 

 

 


