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in question, allowing the reader to gauge the
significance of each module's rank.

Modules In the test
This indicates how many modules successfully
completed a full year of testing during the year

photon.info/laboratory
Further information on PHOTONLab,the test field
and the yield tests can be found on this website.

Yield measurement 2011
This indicates that the yield measurements
used to calculate the data in the box were
taken during 2011.

these values to increase in future. Eventually, it
is expected that modules will have performance
ratios reaching ~early 100 percent.

Phntnn

Colorbars
The color bars depict the rank of performance
ratios stretching from 70 to 100 percent. Ver­
tical white lines indicate the respective posi­
tions of the worst- and the best-performing
modules in the test. with the worst appearing
to the 113ftand the best to the right (and the

----------' values for each appearing beside them). The
position of the module in question in relation
to the worst and best performers is indicated
by a black triangle. • pw
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URankmg
Aleo Solar AG 'leo 5_18225 All solar modules that have been installed on

Performancera',o 87 6°/ R k 15
70% • /0 ar.OO% the test field since January 2011 and success-
I 1M • B I fully completed a full year of measurements

f-Vieldm •• ""ment2Dll 46modulesln.hetest I-- have been ranked based on their performance
-photon.info/laboratorv ratios. Several modules exhibited ratios that

were nearly identical, and these modules can
1'---------,llbe considered virtually indistinguishable with

regard to ranking, especially considering mea­
surement uncertainties. Caanqes in the weather
(an unusuallycool summer or an unusually sunny
winter) can also affect the ranking.What is clear.
however, is that a highlyranked modulewill con­
sistently outperforma poorly ranked module.

70

Performance ratio ----------'1
Performance ratio takes into account the
amount of solar electricity produced by the
device in relation to the solar irradiance avail­
able and the efficiency of the module under
standard test conditions (STC).A performance
ratio of 100 percent would mean that a module
with a 15-percent conversion efficiency, for
example, produced 150 kWh under 1,000 kWh
per m2 of solar irradiance in a year. Hence.
knowing these values allows for a direct com­
parison between modules that use different
cell technologies and have different degrees of
efficiency.The best modules in this year's tests
had performance ratios close to (0, in the case
of the top-ranked device, above) 90 percent.
Performance ratios under 85 percent are con­
sidered relatively poor. Further improvements
to module technology will most likely cause

Module data ------------,
Tne company listed in this field is the firm
that supplied the device. In most cases, this
is the company that produced the module.
Some companies order devices from other
manufacturers and then rebrand them as their
own (in which case, the name of the former
is listed, rather than the name of the original
manufacturer).

The PHOTON performance ratio logo - sorting the wheat from the chaff

Further information
Toget details about PHOTONLab'smoduletests,
please go to:www.photon-Iaboratory.com.

solar irradiation, delivering high yield in the
summer months, have considerable reductions
in performance during fall and winter - when
the share of diffuse irradiation is higher. The
opposite scenario is also possible. Naturally, the
summer months playa disproportionately large
role for annual yield calculations.

Winter can also impact results, albeit differ­
ently: modules on the test field are not cleaned
during the year, and PHOTON Lab does not re­
move snow. Frameless modules therefore have
an advantage, as snow tends to slide off these
models faster.

The age of the modules should also be taken
into account when analyzing yield information:
a module installed in 2005 cannot be compared
directly with a module just recently installed on
the test field. •

ferent combinations of modules and inverters
result in better or worse performances, which
makes it impossible to compare results.

Another factor that poses challenges for
module yield comparisons is standardization ac­
cording to the manufacturer's specified nominal
power. These specifications can deviate consider­
ably from actual power - power under standard
test conditions (STC). That's why PHOTON Lab's
yield tests always standardize to STCpower.

The table shows yield measurements for
all of the modules that have been installed on
PHOTON Lab's test field for at least a month
(see table, p. 71). In the performance ratio col­
umn, results are shown for modules that were
installed on the test field for the whole of 2011.
Only monthly values are stated for modules that
were installed later. It is important to consider,
however, that the results from a single month
say relatively little about how the modules
function over the course of a full year. For in­
stance, modules that perform well under direct

The overview tables document the current
status of solar module yield measurements

conducted by PHOTON Laboratory. Since 2005,
the lab has been measuring solar module yields
under real-world conditions. At least one mod­
ule of each model is installed on an open field,
facing south at a 300 incline. PHOTON Lab's
proprietary measurement devices take second­
by-second measurements of the IV curve for
each module. The test also captures other im- .
portant values such as global irradiation, as
well as module and air temperature.

For testing purposes, it's important that
modules actually feed in their electricity, as
they would heat up in open-circuit mode. It's
also important to measure yield before it hits
the inverter. One common mistake made in
yield comparisons, apart from using gener­
ally imprecise measurements, is capturing data
at the electricity meter - after the output has
passed through the inverter. Inverter efficiency
impacts yield measurements. Moreover, dif-

- October 2012 results
PHOTON Lab's outdoor module tests

science & technology I modules I test

www.photon-Iaboratory.com.
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",~I.e~.S!lI.ar""""" "" : AleoS_18225 Multi: DE.ES ., ,2,00~.. ".""", .! ,4/~010", ".230,5 : 15 j 87,6 : 96.1 • _912." .. ..1.7.7 Ll,0~7:0
AlexSolar .,""" ". ""rALM~i'90~:2~", ".,,' ,', Mono 'rCN'" .... , 2009 " .. .: 7/~011 .r. ,,1,878T'" "":::::~:I:S~:5" ,8~~"""J5,6 ;,1,00,61
Amerisolar AS-SM-190,\fl{...., Mono 1/2012 195,0 -: 94.7 90,6 76.6 i1.0305

"''' "'". ,:,A,S:6.P3~-,230,VV,"",,,, ",,",' ,~,~i.i!""",,,' '" '" ,,,' """"'~,' ,11//,22.00,1122"',',..2233,68'",'08.,',,',":: ",:'99'66"','5i'.,,9~,1, "",n.B.Tl,02S:S
Apollo Solar : 23SG6M • t-A~I,ti"",,,;,,",,,,, """ 2011 9,1,,8,:"J8,1",:'1,04:4L~
AS'E'i~~~':;~'iih's~h~iiS~'I'~~i'"'[' 'ASE~:ioii-'IiG:Fi:i:ioowi;;'" l' Ribbon"" i,,~S, '" 'i~~?_:_~oO~::::::::::::iooj :DOS.,l,:~,,:, ,4,2.::'::8~::i:I. '86,'a '1 82.4 ,,7,0,2,!" ,93?:9,,j
k'ii~~""'"'''"'''"'''"'"'''''''''''''~':~¢~j6,Pi156-~o.~,::,::,::,:,',:',J Multi, "",.L"o.~"" Through20.11'" L,z.;,20.11",} 232,9 : - • " ,9,~.8 ~~L'n" 78.3 ll.020,1

,':"A,C:2.S0tv1!1~~-,60~"'" ", : ,M.,ono",,,,.L.~N:,EU . 1/2012. 248.9: - 93.9 87,9 76,0 i 1.000,1 :
'8isol ''''''--' ",--,--"",, __, B~U-21S-2!221 Multi SI . 'z'ooi' "'''--'''':'::,:~doio,:J .., 2291 j":"'88:2.:': 94.:~'" :'8901":', "76.7 :,',i:qi::i;i'J

Bosch Solar --"'"" "':J~~~~c1~-i~~6'230' ~~~~""''''"'ci'E''' ,,' '~'ci6Loi'ci""".L.~;i~i-{- ,,,,,~~~:},;,,, .: .... " :','" ~~: :~h'"'~~,:''-i:mI-l
i,"':~~~~~~ Multi "'eN" . Th;()~~~:~~i:i::::".L_7!2011 ?~:z.:s.:::::::::::L 98.1 90.7 79,4" j 1.031.7

"'"'''' """" (',1ulti""",,' LT~r.o.u.~~,?~,l,l 5/2011 287.4 .. j"",9,4.:~ , ~9,1 "..?_6:,S."U:~13,4. .:
'" "" """"" __'" ",B~71~S,S·2 Mono ES,IN " """" 200S • 185.1'3 ,J..4~~:,,7~_7"",8~~,,: 81,4 , "~9:3,,:,,,9~60
BYO ... , BVD240P6-30 Multi CN ,: ,~(~,01,2,,:::::Z4i6.. 96,6. -*' 78,2 -"C:~i;~y~::::::' """'" 'CpiX250~A:96::::::::'" Mono. """"'''' "7/2,01,1" .. ,,,244,0 ,,,""'. ' ,::,.L,9~,,6,,: '8~.:C::){g:T: 96S.9
Canadian Solar CS6A-170P "'" M.~I(::::: CN 2007_!p,urchased) 2007' 174~~3,,.3,6"., 8~,6, :',,8~,s..: "8~,1,,,: 71.8 9S6.7

'i:'EEGS~i~~~5 SST24o~60ilX" Mono CN 2005 • 2/20i',' '" 239,0 .:::,..L 95.2 89,9 ":_7j_.:ri.:O:i:qZ26
, ,," "",," ,,', SST265:7,2P",:'::,,::':, M.,ulti"",,;, CN 2005 """",' 2ii,qj,1"T,,',,28X.:O:T,"~,T, ,,,::: ,L,,9~,,6,'" 89,8 ,';',:.J.6',S,,:'l,0220

CHSolar ; CHSolar180mono" ; Mono CN"""",,_Th.rou,Qh,2~1~· 4/2010' 184,4' 4 . ,8~,1".L,,9~,,9 90A j 77.6 j 1.028.1
Chaori Solar Energy "", "'''cRM24iisi'56P-'60'':,':''~,:, ""Multi , ... '" "", 5j?oif"":24:'.:ri.:'," :" ", -: 96,2 • ::~;' '''fj,s.:,-_;': ":':~,

"""'" """ '" "" """ • CRM245S'i56M~60' Mono , "", __,__,__"" [,5/2012",,, 246,3 ::"J,:),i}"j, _*4 ",..1.1,0" _'4

China Sunergy "'''b;UNZ4ii:60P' "" """M~lii" "TcN 1(2012 243.7 ,'"'' -t: :::: ,,9~4 88.6. 76.4. 1.008.0 .
CSUN2S0-60M ~~~<:::::::::CN i. '"'''''' 1/~,01,? 248.4 :::::,,' ., ",,9.50 ' 900 C::::,7§..:S. 11.0239

'"'''''''''''''''''' """"""'" • CSUN260-60M ,,,,,,,,,,M.~no,,,. CN "" ,,," ",:,,1/~012 " 2~,0",,,,,,,, """ ";",9~,8,, 90.4 ,.J.7',5 .Ll,0~8:6
Chint Solar / Astronergy "rCHSM56i2M~iii5" tvI~~~ "',,.. , ",..,.".,LY.2012 187,4. . - i 958 ,909.,,' ".?l,S., !1:0340
"" '''''' '" " """" """,,:,'§i:S:~6,6iiii):Z3,~ , ",. Multi ", , ' , ",1(?,~12, L,..23~,U '" ,,' :,:,:~T:,-s46 ,.8~.5" ,_7~,,5,.L\0~6}
CNPVSolar • CNPV-185M Mono :,',i:,:CN.. 2006 " ", ; 3/2010 .. 19,38 6. L ~8.8 .: 950 90.2 76,,8:1:026,5

~::"cNP\i:i9ilM "" l\i1on~ '''' CN 2006 j 7/2011 197,4 . 94.:4. 88,4 763,L 1,0051
"c~~y:??~P,,,,,,, ,-'\Aulti CN ?0,0,6 .JI?Ol1 224.2 '" "" 96.7 90.4 ...?8,2: 1.027.9

,~~~t:~~,r-",,, ~:~~i ~~ ~~~: """,l"'i~i~i-i"",m:'i"":""'" -: :::: ' :~:~; ~~:~"H:~~~~.
Cone~gv'"T'" .,.,"""'; 'C'~~~;gy-P~';;~rPlus220P" ", :~~Iii" ::,:',:':D.~" 2009 ,", """':' ':iiioi'o'" '::'~24j:';','lf: "87,7:0:' ::9'503..;. 89.:9.:'!,',:"7j_.:i': 'i:02Z"2""

'" """""" ." .. P~;;;erPl~;i35P' Multi Dr "",' ' ',":,:',:",:~'::1i~i};;~}4~~";",, ,,' "" "';, ,\l~,4,,; ,91,3]",,77,2 ,L\,()~9()
CSGPVTech :¢.~Gi~osi::i5/~~,~~" Mono CN 2008 "., ,,' • 6/2010 184,1 5 890 :.. ,96'3..,1 91.7 77.9 i 1.043.3

" ""'"'' .. '" ' CSG230M.~-,30~','" Multi i CN 2,00~'" """",', 6/2~!,0",,,..22~._3,, 10 8~,_2"L,,9~,S,,:, 89.8 77.2 .:'\021,2
D~,~o,~~vv,Energ~ " '" , ""o.Q23S~S,Ca""""", Multi ,;"~N,, ,,' 1(~012";,,,,238,0 'j ,9~,0"L.B9.4 "",_7_7._7,,!,1,01,6:9)
"o.a~4,E,~er.~y.. ,. "'.""'.""';' ,o.ay~41lM.,C,18,5"".,'." "'." M.,ulti,,,,,,,,,~A",:': ::1::icio(:::""" "',:, _2~,01,1,"." "l,~~"S,',,' ". "" '''',,', "9~,1,,, 872 ... 7.5,.3":,,991,6
,E~in~,Ph.0t,ov,oltaic,!e~h,no.lo~r:EGM-185 . Mono : CN . 2010 • 2/2011 • 188.4' """. ",,:: ,j ,\l~:!", 89~ \ J~,8 . 1,018,5
EmmveePhotovoltaics ." ES-230P60" , .. " :::::::::~'~Iti'" "'\"iN"""'" :Z:00~_:_2,01l"",:::Ui~oj'0::\::::23:4.(: 27_"i",8~,1""",9~"O . 8~"2"",,, 7,S',3,::",9803
.,e:r,Solar,,·::::::::::::::::::::::::· .. ,. ET-P660240 .", .. ; ,M.,Ultl,,::::i::~ii:::'.:::" ,..,"",.,"',. '" L_7f2011"""..23~,1".,,.. """,.,."",,,97,8 . 92,3"",.,1.9,1",: ,1,O~O1
"E,ure,n~r""""""""", PEPV230"'" '. "" LM.,ultl"""" ES 1/2012 23S.3 "",;"",,::..L,,9~,~,; 90.3 i 77.1 : 1,027.3
Evergreen Solar EC-120" ..,,,...R.ib.b.o~.,,.,,.L,,u.~,,..,,.,,,,. 2~~4~?~~'(,',:,:" ",' 2006''ri'~i:,~;,~:,: 31 L ~Sl.,,:,,,,9,0:,1"L" 84.'7''L: ·:_7:2::9.:,',r:964:i

ES-180-RL*' ,Ribbon : DE 2006-2008 2007 • 185.4'3 '44 79,8."':',,,8.2.:2...BO,O '"" 6~:,S,,,,:,,,910,3
ES-A-210-fa2 fll~~~n :::::US" 2008 '" 3iioli 210,0 ...."...:::.,.:.",.9.3) 872 75,8 992.3

""" ""'" , "" """" __",,, ,U~~Pl,0:fc3"" " __,,,'''' Ribbon ,; ~S,," '" ""'" '" ,; _2/2,Q!,1","~1,1,.z...",, '" ,,,,,,;,,,9~,q,,, 87.9 7,5,U, .9999
,F~~~~,~i~,~~,lis AP60-230"""""",,,, .: Multi IT ;..z.01~ ",,"" ,7(2011 2288 ",,' '" '" 97.3 i ,8,B,3":"J8._7,,j,1,0049
,Firs_t,~~,I,~~",_ "."..F~~26.5."""".""."",,, ,C,dTe"""", US • 2006-2011 2007 6S.4*3 30 85.5 9~,4"j",8?.7 73,1",.",9~6:8",
Fluitecnik FTS-220P Multi i :PT '" """" '" "1i'iiioi','1''''z3""ij ; - . 9~,6":",8~,,0,,:,,,_7,81,,!,1,01_2:1,,;
'F~~~kf~'rt'S~j~;' FS215W-POlY""""""" 'M~iti""":' CN .r. """'" " ""',, 2009""" 22i',3 • 24 .j.. 00'4" 94.2 • 89.2 76,2 ~1.01S,1
'ij'j"''''e"'' GS260 96 "M"""""" iii:" "",' ." '--' "-- . 2/2011 2529" '94'j"'"'90'0''''' '7'6:6'1'i:024:i'"
""a,a.xx..~,er~v """"""."""""m_-"""" '" " ",ono ,'.. ' """"",,,,',,, ,,,,' ""'" ,.", """.""'"
Hanwha SolarOne*' SF1,eOMS~24,(175,YVI" Mono : eN .,,, ' 2007' 174,6*3 '38 81,8 88.3: 87,3 71.4: 993,S

:. SF,16,o.:?4:ltvl~!S,(_sca~)i Mono eN ... " Tii/201() 183,0 19 872' , 927 r 89.4 .... ,..7,5.,0•1.017.5
.,'" ""'''''''''' '" "'" "" SF160-24_-1,iv11,80,.""."",,~:,~~no", eN,. ''''.' ""'," ,__" "" :,[. ,ZiZ01,i,:'_T,:::i),8,6",,," ",."., .j.. 9,3,4";",8~,3"",,, 7,S',6,,j,l ,0~49, ,j

"H.arElo,n,~,ola_~",,,",,,,",,,,,,,,,,,,,,,~R:2,~0p'-,18/~b""""" ",,:. Multi""",,,, ., .. ". , '''' __'''''' • 7/2ml",,, ,23~"6"i",::",, ~ 97,9 • 90,8; 79.2 ~1.033.2 •
"H.elio,~.T~_c~n!llo.9Y • H3A230P Multi EU , '" , Y201,2"1,'"23~,2".,,, ",.::':':":"'93,8'-:- 8ii3··'''''i5.'9'·::i:o~4 i'-
Hengdian GroupO~~g~""""":"[jMi'90~M"25-72'"'''''' Mono CN ,,' :,,4/~01,2 ,; 196.6 - • 94,2 -*' ; ,..1.6,2,,; ",,,::*',,

,~i:~i~:~i~~~:~~~;~X"'"'''''''''':''HG''lS0siBa''''''''" .". Mono ,L_1(~01,2 ""94.'5""" "'; ""':':"1"'95,""" 9L.l ,'7_7,O.:.1,03,62
Huanghe T H.Rl'9@ii~, Mono CN '" ,.. '''". 1/20'12 ''''90'9'''' """ ""'~'T"95.'8''''''91S. 77.5 .1.041.0 •

""""""""""",""""" .L.~H~30(30)P , M.ulti CN ;"""""""'""'" ;__1(2,0!,z; 231.7 """L,,:::~:'T,,9,8I O9,2.i' ":i9.:6,jl:04Bi .
IBCSolar IBCMonoSol240TT Mono DE """",.",Through2011 • 2/2011 i 2460 """":::,,.L ..,,9,S,} 85.7 77.1 ,s. 9751

""""" "_",,. ,,,,,,,,,,IIB_'lCl'0~/~204n1;,ol,2,~0,TT"""""M.~no"" L~E""""i"TIlrou,Qh,2,011", • 4/2ii1'2" i "245'2 "8"2','1"'i,94,9 .;", <~,,',_7_6,U"""",
Isofoton '" ""'"'' Mono :""E,S Jhrou.9.~?~OS ,', ':200'6:,': i'OZ:S~3•),(' 87.9 83,4 71.1 948.6

IS-170/24*' Mono : ES 2007 2009 172.8 40 81.0 87.4 83.3 i. 70.7! 948.0

PHOTON lab's outdoor module tests: Results of October 2012 V:ie1dmeasurements'
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j'~ti~~'s~i~~:::::::::::::::.:·:i)ji3:ci(:iO!i':1:6~~~~92 L.~.ono ··;··CN·····:..2.00~ L.2/~01.1.: .. 232.4 .; :::::9~.:5:T::8lJ.3 765 .. :.1:0(j4,l...
Jinko Solar JKM190M-72' Mono 2010! 712011 191.1 , 97.0 92.1 78.5: 1,041..6

JKM235P-60 Multi 1/2012 231.4 97.2 92.0 78.6: 1,046.3....... ' ..,....... . , :.. , ..
JKM255M-96 . Mono :..!/20.!.1 ..2.597 9.4..1. B9.D. .?6..6.. 1,~1.2.1)

...................... ;..JKM275P .~.ulti...... .. ; .L.4/~012 275.5 ; ;.. 9.8.9 _" 80.0·! _•••
..J~.S.ol~.r J~r.A29.0~:72 ; Mono ;.... ...; .. :._1I~01.2 296.9.; ~ . 959 889990 77..:.77::.63::.:;•...:.11:.::.0021:.22:.::48::.-_-
Kenmec Mechanical . TKSA-23001 Multi' TW .[..1/2.°1.1. 235.0' .... ;... 9.~..5

..K.i~~~~:~~:I~~lI .... ·::::::::::::::::~S~-:6P~~~~:iO:: .. :"M'~lti .::::!'N. ::::.20lO :..2/2.011 : 23~1.. :::::::::::::: .. i..9~..0. :...9~.9.. :•....7.9.3.. Ll:0n5
KioIO.P'holo.~?ltaic:;. .. KPV.2.1.~PE·2 Multi .:..~T 2008-201~ 2009 20~6 1.6..:...8.7.4 : 9.64.':' 90.6 7.R.0 : 1.0310
Kyocera KC170GT-2'2: N.1~I~i • JP Through2006 • 2006"!·1'!8.4·' .3~ .• 817 . 87.3 82.8 70.6 94.2.}

.. ;..KD210GH-2PU Multi .. :ju Oz~1J9:::."""... :.; .2/2.01.1. 212.1 92.8 86.8 75.1 987.8
Latitude i;~lar ! .~itii~~~:rji~i~.i~.3.s.) . Multi . SE 2/2011 ··....240.·5.. · .. ·.. ·:.:~i;..' _'I, .......::"2 .... :::.~.'.'

..L.Latitu~e.P6.-60/6.12~5) "M~iti !'SE' .. 1/2012 241.2 .... ;.. : ; ,,9,2.9.. : 7.98.. , ...1.5.1".. 908.1
li!lh~.ay'~~~e~l'le~~~.~~!lY. ;..L'N.23.5(29)~.1.65~~:9~.::::::::~:~I:ti ["eN .:::: ':'.4/2_01L. 235.7.; ;. 96,1 .: <~ _7_7.L ::~: .
lilie Energie LilieSPL185 Mono . . • 2/20.1.1..... 185.3 94.4 88.8 ?6...~.. ~:~.1.O'.5

. .. ..LilieSPL185-1 Mono : 72.//..22..00.11..11 :; 2182.18:..31 ;.. :.. 1 ; .. 9.41 8!.8 .. i.. 76.1 . 9991
linsun Renewa.ble. .. S.K6.0P6.... Multi ; . 96.6 91.7 J8.1:1.1:04.3?::
Linuo L~l?q(~6)N.1~18.5. Mono..... . 2003 1.(2.011. 1918 96.0 89.9... J?..!.! 1.022...~..

........ :..LN.2401~~)P.-.22~.. Multi ; 2003 7/2.01.1.. .L 23~..5..L i ; 9.5..8.. ; 89.3 7.1..5. L\0.1.?:3.. ;
..l~x.orS.olar _ _ ;.l.)(~18~tv1/1.25:7.2+ ; Mono ; CN ;.2007 .. ; .2/~011..L..18~~ .: j ;.. 94.6.; .. 88.0 ..1.6.5 \O~OL_
Mage Solar ' MagePowertecPlus225/6PJ' fIJ1ulti ~.N ". '.~.hm.u.~h2011.. 2009 232.0' 22 l.B.69 94.7 89.8,. 76.6 • 1.0220

·~9~Po0e'rt~:P.I~~z~i6PHUSMulti US .!!(2.ol1 231.8 .96.?..,L .8.96 779 j 1.019.0
~a.~e..Pov;erte~P.1u.s.2~0!6P.~Multi... . C.N......... : ..?1.2011 229.9 ..8S.0.... 70.0 69.5 ]9.6.:1.

................................... ':"~~Qe.Pow.ert.ec.PI.us.~301.6P~L.~.ulti C.N..... ... i.Y2.012 229.9 95.2 .8!.s... .. ,,1,70 998.8
....~0.~~.~24qD-60 Mono CN •1.1.2.011.."•.....24.61 ,.. . 9'43"" 88.9 76.3. 1:~112

.......................................... ~.GS.tv1:2~5:D........... Mono ....... ~.N....... ; .T.hrou.Qh2.01.1 L.1/2.°1.1.. ;....29~..o .: i" : 9.~..0.. i...8~.4 777 1.017.2
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