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Top performers: BP, 
Solar-Fabrik and Sunways
First results from PHOTON‘s module tests

In March 2004, Solar Verlag – 

publisher of PHOTON International 

and its German sister magazine 

PHOTON – began independently 

measuring solar panel performance 

at its own test site. The initial batch 

of modules have completed their 

first year of testing. The results are 

highly interesting.
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omAt precisely 12:51 a.m. and 18 seconds 
on Sept. 12 the year was over. For 12 

months in PHOTON‘s yield test, three 
modules each of Solar-Fabrik‘s SF145A 
(145 W power rating), Sunways‘ MHH 
plus (190 W), BP Solar‘s BP7185S (185 W), 
and Sharp‘s NTR5E3E (175 W) showed 
what they were capable of under real 
conditions. During this time only one 
BP module had to be removed from the 
test because a manufacturing flaw in the 
measuring instrument was detected.

Module manufacturers provided 
module power from STC measurements, 
so we were able to standardize yield ac-
cording to STC power. On average, the 
modules delivered an annual yield of 
more than 1,030 kWh per installed kW 
at a solar irradiation of about 1,210 kWh 
per m². Sharp came in lowest, producing 
only 979 kWh per kW. 

Based on the average performance of 
three modules from each manufacturer, 
BP‘s panel performed best. However, 
when taking into account measurement 
variation of +/- 1.85 percent, test results 
from Solar-Fabrik and Sunways mod-
ules (received from Sunways subsidiary 
MHH) were in the same ballpark. Sharp‘s 
module performed worst of the four, us-
ing an STC rating of 188 W as its refer-
ence point (nameplate was 175 W). The 
Sunways module has a nameplate power 

of 190 W, but contains cells with a power 
of about 199 W. The measured power of 
the modules from BP and Solar-Fabrik 
are closer to their actual nameplate 
power. Variations within each group was 
greatest among Solar-Fabrik‘s modules. 

The relationship between standard-
ized measured yield and standard-
ized measured total solar irradiation 
determines the module performance 
ratio, which reveals data independent 
of location. Here the results also show 

Up to the test? Heinz Neuenstein, head of the PHOTON Lab, wants to see performance under every 

weather condition.

Results of module measurements after one year
Module type PSTC (W) Irradiation module 

level (kWh/m²)
Yield (kWh) Standardized yield 

(kWh/kW)
Average values 
of standardized 
yields (kWh/kW)

Performance
Ratio (%)*1

Average
PR values (%)

Solar-Fabrik 
SF145A

145.80

1,210

148 1,013

1,038

83.66

85.79145.46 154 1,056 87.21

146.69 154 1,047 86.48

Sunways / MHH 
plus190

199.5

1,212

205 1,028

1,031

84.81

85.02199.6 207 1,039 85.70

196.7 202 1,025 84.55

BP 7185S 186.1
1,210

194 1,045
1,044

86.38
86.33

187.6 196 1,044 86.29

Sharp NTR5E3E 187.9

1,210

183 973

979

80.37

80.88188.0 185 982 81.11

187.9 185 982 81.14

Module-PR = 
Measured yield [kWh]

Yield from STC - Power [kWh]
Total irradiation at 1,000 W/m² [kWh/m²]

Measured total irradiation [kWh/m²]
× × 100% *1
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Relative deviations from top performer BP Solar:

The BP modules had the highest standardized 

yield based on its STC power. The numbers show 

the negative deviations of the other modules.

that the modules from Solar-Fabrik, 
Sunways, and BP perform best, while 
Sharp‘s module trails significantly (see 
table, p. 8). 

The STC power rating is the actual 
power of the module as measured by 
the manufacturer using a solar simula-
tor. This value has a much narrower 
tolerance than the module‘s nameplate 
rating, which does not represent a guar-
antee of a module‘s actual power.

Further possibilities for analysis

The yield tests delivered a great 
volume of data that can be analyzed 
variously. For example, the tests allow 
the determination of the parameters 
of a complete two-diode model of the 
measured module. PHOTON works on 
determining these parameters through 
extrapolation by the end of a test year. 
The measurements from our German 
test site can be virtually transferred to 
other locations to simulate performance 
as long as high-quality weather statistics 
are available for these areas. Moreover, 
the better the characteristics of the mod-
ule are understood, the better and more 

Comparison of fi rst results
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precisely a PV system can be designed 
and installed – for example in regards to 
excessive load capabilities of the inverter 
or estimating the yield for a given area. 
PHOTON offers yield measurements for 
module manufacturers and other inter-
ested parties. Philippe Welter, Heinz Neuenstein

For more information, email Heinz Neuenstein at:
heinz.neuenstein@photon-magazine.com

How we measure

A module yield must always be interpreted in 
relation to module power. And that‘s the way 
we measure. Every module type is represented 
by several units, and we publish average values 
as well as the variation.

During the IV-curve measurement, our 
proprietary electronic test equipment is only 
connected to the module so that no MPP-
tracker falsifi es the result. The IV-curve of each 
module is measured once per second with 
2,000 reading points. Under full solar irradia-
tion, the entire measurement takes less than 
10 milliseconds. At lower irradiation levels, the 
period of measurement increases automatically 
to guarantee that all 2,000 reading points for 
each IV-curve are measured. In the remaining 
time of each second, energy is fed into the grid 
so the module temperature does not rise and 
affect effi ciency. 

The module‘s Voc and Isc are measured se-
parately and transferred to a computer. Using 
these measurements, the Vmpp, Impp, and fi ll 
factor can be calculated. Additional data is 
gathered on module temperature, the solar 
irradiation as measured by a high-precision 
pyranometer, and silicon sensors, as well as 
typical weather data. The fi nal test results are 
only available after 12 months, which then 
need to be matched to a calendar year, and 
then calculated into a solar year. The result 
is a statistical value, measured in kWh per W 
of module power, that can be compared with 
results from other products.

Schedule for PHOTON‘s module yield test

Already tested

• BP7185 (185 W)
• Sharp NTR5E3E (175 W)
• Solar-Fabrik SF145A (145 W)
• Sunways MHH plus (190 W)

Currently in testing

• Isofoton I 110/24
• Kyocera KC 170GHT2
• Photowatt PW 1650 poly (175 W)
• RWE Schott ASE-300-DG-FT (300 W)
• Sanyo HIP J54BE2 (180 W)
• Shell Solar SQ 150-Q
• Solarworld SW 210 poly

Test start planned for 2006

• CSG Solar CSG 100
• CSI CS6A - 170
• Evergreen EC - 120
• First Solar FS - 265
• Sanyo HIP - 210NHE1
• Shell Solar PowerMax Eclipse 80 - C
• SunPower SPR - 220 - WHT

Specialized electronic test equipment has been 

developed in the PHOTON lab.
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