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A study in Kagoshima shows that the latest generation of 
tunnel oxide passivated contact (TOPCon) modules surpass 
P-type BC modules on energy yield over the initial month of a 
1-year period. The TOPCon product showed an average 
energy yield of 2.22% and maximum 6.95% higher than its 
P-type counterpart.

Background of the Project：
Most PV manufacturers are now well underway with the switch 
to N-type primarily TOPCon technology, rolling out to main-
stream installations. In the past few months, the photovoltaic 
industry has debated over technical route of XBC. The manu-
facturers promised more rated power and front-side efficiency 
because there is no grid line on the front of the product. And 
as they make their way into some pilot projects, we can see 
how these claims play out in the field under various climate 
conditions. Many studies have been carried out already, and 
the signs so far are good for TOPCon.

One such study recently confirmed an average 2.22% (up to 
6.95%) gain of TOPCon versus P-type BC in normalized energy 
yield (energy generated per unit of capacity) over an initial 
one month period of September 12 to October 11, 2024. 
German company TÜV NORD carried out the test in Kagoshi-
ma (31°35′2.8″N, 130°32′32.9″E), Japan
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TOPCon Modules Outperform P-type BC by Up to 6.95% in Energy Yield

Project Introduction：
Three module types were installed at the site: a N-type 
TOPCon module rated power 575W from Jinkosolar, a 580W 
P-type BC module and a 605W N-type BC module. The test 
installation comprised two modules of each type, installed on 
fixed tilt racking 20 ° ,1.2 meter above the ground. The sample 
specifications are as follows:

Test Results：
From September 12 to October 11, 2024, we tested the above 
technologies. The samples’ initial power was measured using 
SAT without spectral correction. Power output data was gath-
ered with a high-precision CR1000X system for individual com-
ponents. TOPCon module generated 136.86 kWh/kW，P-type 
BC 133.87 kWh/kW，N-type BC 129.98 kWh/kW. Thanks to its 
higher bifacility and lower temperature coefficient, when nor-
malized based on each module power rating, the module 
achieved a yield 2.22% higher than P-type BC  and 5.29% 
higher than N-type BC.

In sunny and cloudy days during the period, TOPCon modules 
energy yield consistently remains 2%-3% higher than P-type BC 

modules and 5%-6% higher than N-type BC modules. The high-
est yield gain of TOPCon modules over P-type BC occurred on 
October 2, a rainy day, generating 6.95% more electricity per 
kilowatt than the P-type BC modules. While TOPCon outper-
formed N-type BC up to 9.06% on October 6, still a rainy day. It 
proves that even in low light condition, TOPCon demonstrates 
better generation capability due to less current leakage and 
higher bifacility compared to XBC counterparts.

Jinko’ s TOPCon module also achieved the highest perfor-
mance ratio of the three. Performance ratio compares the 
actual energy yield to a calculation based on the power 
rating and weather conditions. TÜV NORD measured a 94.19% 
performance ratio for the TOPCon module, with the other two 
trailing slightly behind, 91.99% for P-type BC and 89.29% for 
N-type BC. The future data validation plan will involve swap-
ping channels and component installation positions to mini-
mize systematic differences.

Figure 1：Project Picture
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Cell Technology Module Size(mm) Module type 
N-type TOPCon
 

2278x1134x30
 

Dual Glass
 

P-type BC
 2278x1134x30 Single Glass N-type BC

 

2278x1134x30 Dual Glass 


