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Bifacial PV modules can produce 
electrical energy by absorbing light 
from both front and rear sides of 

the module, resulting in an additional 
gain of 10-15% more electrical energy 
output.1 The primary difference between 
bifacial modules and traditional mono-
facial modules is that the rear side of the 
cell also has a grid pattern for contact 
rather than completely covered by an 
aluminium contact. A glass or another 
transparent backsheet is used behind the 
solar cells to capture light reflected from 
the ground. More and more PV manufac-
turers are offering these modules and 
they are gaining marketplace accept-
ance. The additional gain depends on 
the amount of reflected light (albedo) 
reaching the rear side, which is highly 
dependent on the local site layout, 
ground cover, height of modules from the 
ground, distance between modules in a 
row, the distance between the rows, the 
time of day and the time of year. There 
is an increased uncertainty in energy 
forecasts due to the variabilities in albedo 
resulting from all these factors. These 
uncertainties compound the complexity 
and uncertainty of project design and 
can even be a hindrance in the adoption 

of bifacial modules in the industry and 
hence have attracted a lot of research 
interest recently.2 

Measuring incoming, front-side irradi-
ance, is relatively simple compared to 
reflected irradiance on a site in that for 
a particular site under clear sky condi-
tions the incoming irradiance will be 
spatially uniform at a given time, while 
reflected or rear-side irradiance can 
vary as acknowledged above and be 
confounded by other factors like racking. 
The solar PV community recognises the 
need to monitor rear-side irradiance and 
international standards organisations like 
the IEC have provided definitions and 
recommendations for monitoring rear-
side irradiance. In IEC 61724-1 2021 there 
is guidance for the type, spacing and 
orientation of sensors for monitoring rear-
side irradiance and horizontal albedo. 
Even following the provided monitor-
ing recommendations provides limited 
spatial coverage which may or may not be 
representative of the entire site.6,7

Measurement of power production 
losses due to PV module soiling on 
bifacial modules is another area that is 
very important and suffers from variabil-
ity and complexity of the albedo and 

rate of PV module soiling at a site. This 
is all compounded due to the spectral 
mismatch of incoming and reflected 
irradiance which can vary over time and 
depends on the ground cover, racking 
and current ground conditions.3-5 
Figure 1 shows the spectrum of reflected 
sunlight from different ground surfaces. 
Another challenge is the anticipated 
differences in the rate of soiling on each 
side of a module (front and rear), and 
the fact that a bifacial module has only 
a single power output which gives no 
insight into irradiance or soiling losses to 
power production from incident versus 
reflected light.

There is still no clear consensus on 
the best methods to be used to deter-
mine losses due to soiling of bifacial 
PV modules. To date there is still no 
consensus on the best methodologies to 
measure soiling on mono-facial panels 
and for reasons discussed above bifacial 
panels add to the confusion around 
this topic. There are optical sensors that 
promise easy installation and relatively 
maintenance-free operation, but the 
data quality from these sensors has been 
questionable and does not correlate well 
with the production losses reported in the 
plant production data. Another method-
ology compares the output from two PV 
devices, one clean and one soiled. This 
methodology provides a soiling loss index 
(SLI) that best correlates to plant perfor-
mance but requires expensive periodic 
maintenance and can be burdensome to 
implement. This method becomes more 
complex for bifacial modules for reasons 
mentioned above, as well as the fact that 
these panels have only one output and 
the contribution from the front and rear 
side cannot be separated easily. 

Some early adopters of bifacial PV 
technology used four collocated modules 
with different cleaning routines to deter-
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Figure 1. Spectrum of reflected light from four different ground materials. 
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mine soiling losses and to understand 
the different soiling rates of the front 
and rear sides of the modules. One 
module was cleaned regularly on both 
sides, a second was cleaned only on the 
front side (rear side left to soil naturally), 
a third was cleaned only on the rear side 
(front side left to soil naturally), and the 
fourth module was left to soil naturally 
on both sides. While this method is 
cumbersome, and the maintenance 
requirement is tedious it provides a 
good overall soiling rate, including 
separate rates of soiling for the front and 
rear sides which gives plant operators 
more useful information. In practice it is 
rarely implemented due to spatial limita-
tions and maintenance requirements. 

Another approach for monitoring 
soiling losses on projects using bifacial 
PV modules is to follow the Method 2 
guidance in the IEC 61724-1 2021 and 
to compare the output from one clean 
panel to the output of a soiled panel 
assuming that on an average they see 
similar reflected irradiance.8 If this 
method is deployed it is recommended 
that care should be taken to maintain 
the ground conditions the same behind 
both the panels. If all parameters are 
held equal behind two bifacial modules 
this methodology can be successfully 
implemented, but the operator will be 
left with a single SLI but with no insight 
into front versus rear side soiling.

In a recent study Campbell Scientific 
Inc. proposed a method to separate the 
contributions of incident and reflected 
irradiance from the output of bifacial 
modules and determine power losses 
due to soiling on the front and rear 
sides of a bifacial module. Two identi-
cal bifacial PV modules were installed 
side by side at the same tilt. Module 
performance on both modules was 
monitored following Method 2 outlined 
in Annex C of the IEC 61724-1 2021, 
wherein one module is maintained as 
a clean reference and the second is 
left to soil naturally. In our study short 
circuit current and temperature of these 
two modules were measured and an 
effective irradiance was calculated.9 
Additionally, in this study reflected 
irradiance was measured underneath 
each bifacial module with a small low 
form factor silicon pyranometer adhered 
to the centre of the rear side of each 
module. This was possible due to the use 
of half-cut cell PV modules deployed in 
this study.

To draw a correlation between front 
and rear-mounted irradiance sensors and 
the output of the bifacial PV modules, 
on a clear sky day, the front side of the 
modules were covered with an industrial-
grade thick black plastic sheet (thickness 
0.15mm). This was temporary and the 
measured output of the modules in this 
state can be attributed to the rear-side 
contribution only. An in situ bifacial-
ity gain can be deduced from these 
measurements and used in calculating 
front-side and rear-side soiling losses 
moving forward. 

The aim of this study was to gain 
insight on and also to explore a method-
ology to separate the contributions to 
module output from front and rear sides. 
This method allowed the calculation of 
an overall SLI and individual SLI for each 
of the front and rear sides of the bifacial 
PV modules within the uncertainty of the 
measuring equipment. The results from 
this study were promising; the overall 
losses from soiling were dominated by 
soiling on the front side as expected, 
while the soiling loss on the rear side 
was minimal and may be affected by 
the spatial variations in the albedo 
across the two modules under compari-
son.2 While the results from the study 
provided additional insights it is unclear 
if the methodology would be gener-
ally accepted in the industry. Sites with 
seasonal variability might also need to 
repeat covering the front of the modules 
for a seasonally dependent bifaciality 
gain factor which would be an additional 
hindrance to the widespread adoption of 
this method in practical applications.

In summary, while bifacial PV technol-
ogy promises advantages in power 
production it creates performance 
monitoring challenges that prove to 
be complex, but that will need to be 
resolved if project production uncertain-
ties are expected to remain at levels 
and expectations currently set with the 
deployment of mono facial PV modules 
on projects. The variability of reflected 
irradiance and soiling of PV modules over 
time and location will impact production 
and development of a project signifi-
cantly impacts the site environment 
contributing to both of these factors. 
Either project owners and developers will 
learn to cope with higher yield uncertain-
ties or new and better methodologies 
for quantifying production performance 
from bifacial PV modules will need to be 
developed. 
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Figure 2. Irradiance as measured by a Si pyranometer, and 
effective Irradiance measured by two full-size bifacial modules. 
As we can see the effective irradiance is about 10% higher than 
the irradiance. This additional gain is coming from the rear side 
of the module.

Figure 3. Albedo underneath the two bifacial modules and the 
effective irradiances from the back side of the module. The 
top of the PV module has been covered with a 0.154 mm thick 
black plastic sheet.


