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Evaluations over a 9-month period at BiTEC confirm the trend that the SF7 
Bifacial solar trackers in 2P obtain significantly more Bifacial Gain than 1P, 
2.1%. Albedo and tracker geometry are critical for Bifacial Gain.
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Evaluations carried out at BiTEC over a 9-month period confirm that SF7 Bifacial solar trackers with a 
two-in-portrait configuration (2P) obtain 2.1% more Bifacial Gain than trackers with a one-in-portrait 
configuration (1P)

BiTEC field data shows that individual bifacial modules mounted in SF7 Bifacial solar trackers provide 16.2% 
Bifacial Gain under high albedo conditions (58%) and 10.1% under medium albedo conditions (29%) 

Soil albedo values are critical for Bifacial Gain. The influence of this variable is also present in GCR and 
tracker geometry effects.  
 

1. ABSTRACT

This whitepaper is the third part of a summary presenting the results obtained from September 2018 until June 2019 at Soltec’s 
Bifacial Tracking Evaluation Center (BiTEC) in Livermore, CA, USA. BiTEC studied Bifacial Gain in photovoltaic modules developed 
according to the two most common market configurations nowadays: 1-in-vertical (1P) and 2-in-vertical (2P). Results obtained 
during fall, winter and spring months show that individual modules in 2-in-vertical configuration obtain a Bifacial Gain of 16.2% 
under high albedo conditions (58.1%), that’s 2.1% more than the same modules under a 1P configuration for identical conditions. 

This document will also build on information provided in previous whitepapers to better understand the impact of Bifacial Gain 
factors, with the aim to enhance knowledge and optimize bifacial module performance. 

Lastly, this document intends to be a practical guide for using instruments and/or available tools to measure albedo in photovoltaic 
plants, as well as for considering important factors during measuring activities. 

 

2. RESULTS AT BITEC, SEPTEMBER 2018 - JUNE 2019

As explained in previous whitepapers, the high power generation of bifacial modules is revolutionizing the 
world of solar energy. Bifacial technology is also transforming the design of fixed and tracking structures, and 
even the design of photovoltaic plants themselves. 

Fully understanding the performance of photovoltaic plants equipped with bifacial modules is the main goal 
of BiTEC’s test plant. To that end, multiple aspects impacting production are taken into account, including 
obvious ones (tracker height, pitch, etc.) and others not as obvious but equally important to ensure high 
albedo, such as grass mowing or ground cleaning and maintenance, among others. 

Results obtained with bifacial modules at BiTEC (Bifacial Tracking Evaluation Center) over the period analyzed, 
show that a seasonal albedo of 18.9% would translate into a Bifacial Gain of 7%. Under high albedo (58.1%) 
conditions, the Bifacial Gain obtained is 16.2%. 

Measured BiTEC Results Bifacial Gain Estimation

Albedo (%) Bifacial Ratio (%) Module Bifaciality (p.u.) Bifacial Gain (%)

Seasonal
18.9%

8.8%

0.75 6.6%

0.80 7.0%

0.85 7.4%

White
58.1%

20.3%

0.75 15.3%

0.80 16.2%

0.85 17.3%

Table 1. Estimated Bifacial Gain for modules with different Bifaciality as a function of measured bifacial ratio for 9 months (period fall, winter and spring) at SF7 
bifacial. Source: BiTEC

As previously explained, tests at BiTEC provide bifacial ratio information on SF7 bifacial trackers under various 
albedo conditions. Table 1 includes an example of data usage to estimate maximum Bifacial Gain obtainable with 
different types of modules installed on the SF7 bifacial tracker, depending on module bifaciality.

2.1. 1P trackers and 2P trackers: nine months of analyses

In addition to determining Bifacial Gain under various conditions, BiTEC aims to establish itself as an 
information source in the area of solar tracking structure optimization. In that sense, BiTEC has assessed the 
Bifacial Gain of individual modules in 1P and 2P tracker configurations. To do that, bifacial modules Jolywood 
JW-D72N-355 were installed in 2P configuration on a SF7 bifacial tracker (module height in horizontal 
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position: 2.35 m) and a module of the same type was installed on a 1P tracker (module height in horizontal 
position: 1.35 meters). The surface on which trackers were installed had the same albedo (58.1%) and trackers 
had the same GCR (0.4%).

Figure 1. Example of rear shading on 1P and 2P. 1a) 1-in-Portrait 1b) 2-in-Portrait SF7 Bifacial. Source: BiTEC

BiTEC continued assessing the Bifacial Gain of individual modules in 1P and 2P tracker configurations during the 
winter season. 

Configuration
Module 

Height (m)
Albedo 

(%)
GCR 0.4
Pitch (m)

Bifacial Gain (%)

 Fall  Winter Spring  Overall

2P (SF7 Bifacial) 2.35 58.1 10 19.2 14.3 13.2 16.2

1P 1.35 58.1 5 16.8 12.6 11.2 14.1

� 2.4% 1.7% 2.0% 2.1%

Table 2. Bifacial Gain calculation for modules on trackers in 1P & 2P configurations for 9 months. Source: BiTEC

Table 2 shows Bifacial Gain calculation results estimated in relation to the normalized generation of monofacial 
module Jinko JKM320PP-72. Modules installed on the SF7 bifacial tracker in 2P configuration under high albedo 
conditions (some 58%) during the last nine months yielded 2.1% more Bifacial Gain than the same modules in 1P 
configuration, hence confirming the results presented in the previous whitepaper.  

Data collected and analyzed during spring months confirm the Bifacial Gain differences identified over the two 
previous periods between the SF7 bifacial solar tracker in 2P-configuration and the standard 1P-configuration 
tracker.  Table 3 suggests a theoretical breakdown of this Bifacial Gain difference (2.1%). As above-mentioned, 
1.3% of it comes from a lower module operating temperature and 0.7% corresponds to the lack of torque tube 
module shading. The remaining 0.1% results from other factors relating to the design of a structure optimized for 
bifacial modules.

Parameters Calculated Bifacial Gain

Lower average module temperature (better cooling) +1.3%

No torque tube shading +0.7%

Higher module height and pitch, and other design details. +0.1%

Total +2.1%

Table 3. Difference of Bifacial Gain measured on SF7 Bifacial solar trackers compared to 1P trackers. Theoretical breakdown. Source: BiTEC

Daytime bifacial module power curves for 1P and 2P tracker (SF7 Bifacial) configuration were analyzed 
at BiTEC. Measurements (Figure 2) show that during peak hours, the power increase of a 2P tracker 
compared to a 1P tracker follows a mostly constant pattern (Zone B. Figure 2). However, the power 
difference is minimal during initial tracking hours (Zone A. Figure 2) and increases late in the day (Zone 
C. Figure 2). Such performance is consistent with air temperature changes throughout the day (colder 
in the morning, warmer in the evening). Enhanced SF7 Bifacial tracker performance during peak hours, 
when temperature values are maximum, confirms that optimized photovoltaic module cooling is the main 
reason for increased 2P tracker generation.

1P - Torque tube 2P - SF7 Bifacial - Gap
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Figure 2. Comparison of instantaneous power measured in a 2P SF7 Bifacial tracker and a standard 1P tracker. Jolywood 355Wp Modules, White Albedo, clear 
day (June 22, 2019). Source: BiTEC .

3. PLANT PARAMETERS AND THEIR IMPACT ON BIFACIAL GAIN

3.1. Albedo evolution

As explained in the first and second whitepapers, the most determining factor of Bifacial Gain is ground 
albedo, a property that changes depending on color and surface characteristics. Grounds of light color and 
soft texture have higher albedo and favor increased power generation in bifacial-module sites.

Pictures in Figure 3 show the status of different measurements taken under seasonal albedo conditions at 
BiTEC. These measurements reveal that seasonal albedo remained stable around 19% until the rainy season 
in California, in late November 2018. From then on, grass growth caused an accumulated value reduction to 
17.2%. When grass was cut in March, seasonal albedo values increased again, reaching a value of 19.6% during 
the 9-month period. 

Figure 3. Evolution of grass at seasonal albedo areas from September (left) to June (right). Source: BiTEC

Measurements shown in Table 4 confirm that surface changes directly impact the albedo value and, in turn, 
the Bifacial Gain.

Type of ground
Albedo Bifacial Gain

Fall Winter Spring 9 months Fall Winter Spring 9 months

Scenario A: 
White

62.8% 55.5% 53.2% 58.1% 19.2% 14.3% 13.1% 16.2%

Scenario B: 
Gravel

32.0% 25.5% 27.2% 29.0% 11.9% 9.3% 7.8% 10.1%

Scenario C: 
Seasonal

19.2% 17.2% 19.6% 18.9% 7.9% 6.5% 6.1% 7.0%

Table 4. Bifacial Gain for SF7 Bifacial tracker for each albedo measured for 9 months. Source: BiTEC
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3.2. Pitch

Pitch (or distance between trackers) is a decisive factor of bifacial module generation. On the one hand, 
pitch increase entails longer tracking time and minimal solar irradiation losses to prevent module shading. In 
other words, reduced generation resulting from tracker misplacement during backtracking is lessened. This 
is true for both projects with bifacial modules and monofacial modules. Furthermore, in the case of projects 
with bifacial modules, rear side energy absorption during tracking is higher, meaning pitch impact on Bifacial 
Gain is a factor closely linked to albedo. 

Figure 4 shows specific production variations (kWh/kWp/year) resulting from increased pitch in monofacial 
and bifacial projects under different albedo conditions. As shown, increased monofacial module generation 
is very similar under various albedo conditions. In the case of bifacial modules, the curve slope is more steep 
for high albedo (63%) than for seasonal albedo (19%), which means that the higher the albedo, the higher the 
influence of pitch growth on generation increase.

Figura 4. Bifacial Production Sensitivity to Pitch. PVSyst estimate.Source: Soltec

Two main reasons support this production increase: One, pitch increase implies more tracking hours and, 
in turn, higher module front side production. Figure 4 shows how the pitch-related production increase is 
similar in monofacial plants and bifacial plants with low albedo, meaning this effect is not linked to albedo. 

Two, having wider aisles implies that the surface area capable of reflecting solar irradiation is larger, 
translating into an increased view factor and, in turn, increased rear side power generation. Figure 5 shows 
how a pitch-related bifacial production increase is more significant for larger albedo values. This second 
effect is evident during tracking.

Both effects were observed at BiTEC by comparing the instantaneous power of modules assembled on SF7 
Bifacial 2P solar trackers with different pitch and similar albedo. Measured data shows, on the one hand, that 
trackers with the highest pitch generate more energy in the early hours of the day because tracking starts 
earlier and, on the other hand, that instantaneous power during tracking time is larger for trackers with 
higher pitch due to an increased view factor. 

With the aim to quantify pitch impact on Bifacial Gain during tracking hours, bifacial modules on SF7 Bifacial 
trackers with GCR of 0.4, 0.47 and 0.33 were compared at BiTEC during common tracking hours. The results 
obtained in March are shown in the following table.



6 ©Soltec, all rights reserved. The total or partial exploitation, reproduction, distribution, public communication or alteration of this work is prohibited 
without the written authorization of Soltec.

BiTEC Results 3 - Fall 2018 – Summer 2019

Pitch 8.7 meters 10 meters 12 meters

Bifacial 
Gain

9.49% 12.11% 14.58%

� -2.62% Baseline 2.47%

Table 5. Bifacial Gain for Different Pitch Values. Albedo 58.1% Jolywood 355W 
Module. Source: BiTEC

3.3. Temperature Effects

The operating temperatures of bifacial modules 
and monofacial modules are not the same. Analyses 
carried out by Libra & Poulek show differences of 
up to 3 degrees centigrade between monofacial 
modules (glass/c-Si/foil) and bifacial modules 
(glass/c-Si/glass) by the same manufacturer and of 
similar design [1].

In addition to module technology, module’s operating 
temperatures are also conditioned by tracker 
geometry. As shown in previous whitepapers, there 

is a temperature variation between upper and lower tracker modules with 2P SF7 Bifacial configuration. 
Such difference also exists when comparing module temperatures under a 1P configuration. 

Data collected by sensors installed on monofacial modules at BiTEC confirms a significant temperature 
difference between upper and lower solar tracker parts. Such difference is caused by various factors, 
including distance between measured points and the ground. In other words, such difference would depend 
on tracker height and angle in any given moment.

The convective structural factor is indicative of the structure’s capacity to refrigerate modules. Figure 6 shows 
the module’s operating temperature sensitivity in relation to tracker’s convective factor.

3.4. Mismatch

Rear side irradiation is not homogeneously distributed 
in bifacial modules, hence impacting module 
generation. 

Since a module is a set of photovoltaic cells, a 
string could be considered a set of cells connected 
in series. Mismatch losses may occur when cells 
within a module (or string) fail to operate under 
the same conditions, that is, their irradiation levels 
or operating temperatures differ. Mismatch losses 
are the difference between the sum of independent 
MPPT for each cells and the typical I-V curve MPPT 
for a complete string. Mismatch is determined by 
module height and module operating temperature 
differences. Potential partial shading should also 
be considered as it could result in reduced rear 
irradiation homogeneity. 

Irradiation was measured in specific tracker points at BiTEC (Figure 7). A comparison of the evolution of 
the curves throughout the day reveals that, the lower the height of the module, the greater the differences 
between the rear irradiation in the measured points. That means that East module rear irradiation mismatch 
is higher in the morning whereas West rear irradiation mismatch is higher in the evening.

  

Figure 5. Comparison of instantaneous power curve measured in SF7 Bifacial 
trackers with different pitch. Module Jolywood JW-D72N-355, Albedo 58.1%. 
Source: BiTEC

Figure 6. Module’s operating temperature under different structural convection 
factors (PVSyst. estimate) Source: Soltec. 
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Figure 7. Rear side energy absorption depending on tracker angles in 2P geometries. Source: BiTEC

The irradiation mismatch can be approached analyzing rear irradiation standard deviation along the module. 
With this purpose, accurated simulations are carried out by using  NREL’s Bifacial Radiance software [2], which 
enables the use of measurement points all along the tracker width [3]. Results of irradiation distribution for low 
and high angles in SF7 bifacial and 1P tracker is represented in figure 8 where areas of mismatch and rear shading 
are clearly identified. Assement of standard deviation for high angles shown in table 6 reveals that the down 
module in SF7 2P tracker presents values in the range of 18%, like 1P tracker (similar module height on this angle) 
whereas rear irradiation standard deviation at SF7 bifacial up module is reduced to values around 6%. 

2P SF7 Bifacial                                       Standard 1P

UP module standard deviation 6.3%                  --

DOWN module standard deviation             17.8% 18.5%

Average 12.0% 18.5%

Irradiation Mismatch* 2.4% 3.7%

Table 6. Rear irradiation mismatch and rear standard deviation comparison at a 52.5o angle 
*Relative to total irradiation

2P tracker
52.5o angle

square torque-tube
2.35 m module height

1P tracker
52.5o angle

round torque-tube
1.35 m module height

1P tracker
7.5o angle

round torque-tube
1.35 m module height

Figure 8. Module rear side irradiation distribution with trackers in 2P Vs. 1P in different anglesand hights, with square and round torque tubes. Source: BiTEC 

UP

DOWN

2P tracker
7.5o angle

square torque-tube
2.35 m module height

UP
DOWN
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This irradiation deviation implies that PV cells work on different Power-Voltage curves, and may cause electrical 
mismatch losses when strings are connected in parallel. Table 7 shows the worst case instantaneous measurements 
of 8 modules-strings taken in BiTEC during a clear day and a very high inclination angle of the tracker (maximum 
power difference between strings). The comparison with different connection modes is carried out as follows. 
Modules in string 1 are Western side and string 2 are Eastern side of the torque tube, whereas string 3 connects 
4 modules in the Eastern and 4 modules in the Western side. The addition of Maximum Power Point (MPP) of 
each string (working independently) compared to the MPP of the 3 P-V curves in parallel allows estimating 
worst case instantaneous electrical mismatch of 0.3%. BiTEC instantaneous measurements (figure 9) show that 
these condition variations between the strings involve slight modifications on the MPP Voltage, then the effect 
on the output power is minimim, below the labelled mismatch between modules in the same string. Long term 
measurements support that the agregated mismatch effect for a full month results in 0.06% energy loss for 
bifacial modules, whereas for monofacial modules, results in 0.04%. 

4. HOW TO MEASURE ALBEDO?

The word “albedo”, which comes from Latin and means “whiteness”, is defined as “the fraction of the 
incident sunlight that the surface reflects” [4]. 

In the area of photovoltaic energy, ground albedo is evaluated as the ratio between global irradiation and 
reflected irradiation throughout the day. This is a non-dimensional number smaller than “1”, with “1” being 
total ground reflection and “0” total absorption. It is usually expressed as a percentage [4].

Solar albedo depends on directional irradiation distribution and surface properties. Typical surface albedos 
vary from 4% for fresh asphalt, 25% for green grass and up to 80-90% for fresh snow [5]. 

Knowing terrain albedo values and their evolution 
during the project’s operational period is paramount 
to accurately predict bifacial plant production. This 
information is essential to determine economic 
feasibility and the very decision of installing 
bifacial modules instead of monofacial modules. 
Thus, this document will closely look into albedo 
measurement within a photovoltaic project. 

4.1. Albedometer measurements 

Using an albedometer is the most reliable method 
to measure ground albedo. An albedometer is 

an instrument measuring global solar irradiation and reflected irradiation to calculate the actual albedo. An 
albedometer is comprised of two pyranometers installed horizontally, with the one facing down measuring 
reflected solar irradiation. [7].

Figure 10. Graphic representation of albedo reflection [6]. percentages at 
BiTEC. Source: BiTEC 

String V (V) I (A)
E(kWh/
kWp)

Mismatch

String 1 285.81 8.89 216.27 0.03%

String 2 286.11 8.68 215.55 0.03%

String 3 286.31 8.76 215.71 0.09%

Single 
addition

- - 215.91 -

Group (3) 286.03 26.24 215.79 0.06%

Table 7. Electrical measurement per string. Worst Case Instanteous/Agregated. 
Source: BiTEC.

Figure 9. P-V curve in the MPP range per string at 17:00 h August 7th. Source: BiTEC

Instantaneous

Group (3)

String 1 String 3

String 2

Month Agregated
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4.1.1. Factors to be considered when using albedometers

Certain factors need to be considered when using albedometers in the solar field.

1. Selecting the measurement point          
The location where albedo is measured should be representative of the entire plant. That means 
that albedo should be measured where ground texture and color best represent ground conditions, 
avoiding areas with large rocks or where grass grows irregularly. Since measuring in angled surfaces 
leads to error, it is important to measure albedo in a terrain as horizontal as possible, ensuring no 
shades exist during the day measurements are taken. In the case of heterogeneous terrains, it is best 
to use multiple measurement points. 

2. Selecting measurement times          
Using an albedometer to measure albedo implies a certain dependency on the Sun’s angle of incidence, as 
seen in Figure 14. Thus, it is best to measure albedo around midday (± 2 hours), discarding the rest of the day 
and limiting the shading effect.

Figure 11. Example of albedometer. Source: Hukseflux [8]. Figure 12. Pyranometer commonly used to measure albedo 
(KIPP&ZONEN) [9].

Figure 13. Hourly pattern of albedo measured using an albedometer. Clear day, White ground. Source: BiTEC
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4.1.2. Factors to be considered when using pyranometers

It is also necessary to take into consideration factors affecting pyranometer measurements and, in turn, 
albedometer measurements.

1. Height            
Similarly to bifacial module rear irradiation, height is a determining factor that affects albedo measurements. 
If the pyranometer is placed too low, a smaller area would be measured and its own shade would interfere. 
If the pyranometer is placed too high, measurements would be affected by diffuse irradiation, especially in 
low albedo areas. A height ranging between one and two meters is considered ideal.   
  In areas with vegetation, it is important to ensure the grass is short. In the case of snowy regions, 
a mechanism for adjusting pyranometer height should be available to ensure pyranometer distance to the 
snow remains constant. Access to the pyranometer for balancing reasons should be possible without altering 
the surface area below, especially if it is snow-covered.

2. Periodic Recalibration          
Device design should ensure a measurement error of less than 2%. Pyranometers should be recalibrated 
every one to two years, following manufacturer instructions.

3. Cleaning           
Continuously operated pyranometers should ideally be inspected at least once per day, increasing inspection 
frequency based on specific factors, such as weather observations. During inspections, pyranometer glass 
protections should be carefully cleaned and dried to prevent routine measurement distortions. Frozen snow 
or frost should be carefully removed using deicing fluid before the glass is cleaned. Daily inspections should 
contribute to ensuring the device is leveled, no condensation is present inside the dome and detection 
surfaces remain black.

4.2. Measurements Using Satellite Data

Albedo can also be measured using satellite data. Extraterrestrial albedo databases are available [10]. In fact, 
some models use measurements taken at a distant place, considering that horizontal irradiation is not affected 
by shading at the measurement point.

The advantage of satellite albedo is that it can be used as confirmation measurement for average and maximum 
albedo values, in addition to offering an idea of albedo evolution. However, its main inconvenience is that 
extraterrestrial albedo may differ significantly from solar albedo in a specific lot, which is a key parameter to 
estimate bifacial module power generation in a photovoltaic plant. Furthermore, extraterrestrial albedo provides 
macroscopic area measurements, with no specific information on the lot housing the photovoltaic project. 

To obtain more precise measurements, some specialized companies implement hybrid models. On the one 
hand, local albedometers are installed to know specific terrain albedo values over a relatively short period. Later, 
measurements are correlated with historical satellite data, obtaining a rather accurate long-term evolution forecast.

ALBEDO (1 MONTH)

Figure 14. Extraterrestrial Albedo Map (on a per-month basis). Source: NASA. https://neo.sci.gsfc.nasa.gov/view.php?datasetId=MCD43C3_M_BSA
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4.3. Databases

Considering the relevance of albedo for photovoltaic projects with bifacial modules, a number of initiatives to 
draft albedo value maps are being developed. One of these initiatives is being carried out by NREL, which aims to 
generate a worldwide database for albedo values [11].

4.4. Albedo measurement at a solar plant 

Some tracking system trends measure albedo in the rear side of the tracker. This is known as rear albedo, which is 
basically the ratio between front side irradiation and rear side irradiation. A pyranometer measures irradiation in the 
plane of its sensor. To measure module rear side irradiation, the pyranometer should be aligned to the photovoltaic 
panel rear side.  Such measurement cannot be extrapolated to other module distribution geometries because rear 
albedo is conditioned by various aspects:

 - Differ from values in the ends. 

 - Variations throughout the day, depending on local shading patterns.

 - Variations across the seasons, which condition vegetation growth and shading patterns. 

Additional inconveniences may affect tracking systems when East-West slopes and tracking algorithms are present.

BiTEC has compared ground-measured albedo and measured tracker rear side albedo, with results showing a 
considerable variation depending on the type of measurement. 

Figure 15. Ground-measured albedo vs. measured tracker rear side albedo Source: BiTEC

4. CONCLUSION

As shown by results obtained at BiTEC during fall, winter and spring months, individual bifacial modules 
in 2-in-vertical configuration (SF7 Bifacial) obtain a Bifacial Gain of 16.2% under high albedo conditions 
(58.1%), that’s 2.1% more than the same modules under a 1P configuration for identical conditions. Such 
difference results from multiple plant design factors, with the main one being the operating temperature 
of modules, which is lower in 2P-configurations than in 1P-configurations.

Tracker pitch positively impacts power generation because, on the one hand, tracking time increases for 
both monofacial and bifacial plants and, on the other hand, module rear side view factor increases. Bifacial 
production differences caused by larger aisle width exist throughout the entire tracking period and are 
directly related to albedo.

Lastly and as mentioned in previous whitepapers, albedo is the most influential Bifacial Gain parameter 
and can vary seasonally depending on ground changes, such as those caused by grass growth. When 
developing a bifacial plant, it is key to know plant albedo, which can be measured using different methods. 
Having said that, albedo is commonly measured with albedometers placed horizontally in shade-free, 
representative ground locations
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