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ABSTRACT: I-V characteristics of bifacial and mono-facial modules in the test roof-top PV field in Jerusalem were 

monitored simultaneously. Analysis of factors affecting the energy gains due to contribution of bifacial module back 

is based on time-of-day, daily and monthly energy generation data. Among these factors: diffuse to global radiation 

ratio, season and time-of-day Sun position. Daily energy gain of an in-field bifacial vs. a mono-facial module at 

underlying surface albedo ~0.50 varies in the range 5 – 38 %. An evaluated equivalent efficiency of 21 % is based on 

the measured yearly gain for bifacial solar cells with a front efficiency 18 %. Optimization of the PV field design 

should increase these values. 
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1 INTRODUCTION 

 

      The objective of using bifacial instead of regular 

mono-facial modules is generation of additional energy 

due to conversion of the radiation collected by the solar 

cell back. Initial modeling of the behavior of bifacial 

cells was undertaken for use in space and the first 

application of bifacial cells was in space in the early    

70-s [1, 2]. Several publications were dedicated to 

simulation of radiation incident on the rear of a terrestrial 

bifacial panel [3 – 5]. 

      However agreement of the experimental with the 

calculated data were not very satisfactory [5]. Some 

detailed outdoor measurements were undertaken in an 

attempt to find a correlation between back irradiance and 

the back contribution in energy generation of stand-alone 

bifacial modules [6].  

      Experimental evaluation of the relative energy gain 

due to conversion of light received by the module back 

should be undertaken under conditions equivalent to the 

actual application of bifacial modules.  For instance, in 

the case of a PV field installation, the outdoor 

comparative tests of mono- and bifacial modules should 

be arranged for this type of PV system. Some limited data 

on measurements of bifacial modules under actual PV 

field installation conditions were published [7].  

      Therefore, additional experiments determining the 

superiority of bifacial modules for energy generation in 

an environment equivalent to the actual application 

would be useful.  

      In comparative monitoring of bifacial and mono-

facial modules, attention should be paid to the fact that 

energy generation by PV modules under actual 

application conditions is affected by many factors.  Those 

factors can be related not only to bifaciality of the 

module design, i.e. to the possibility of back contribution 

in energy generation, but may be connected to properties 

of the module front. Comparison of the energy generated 

by different modules requires separating the effects 

which can cause measured differences.  

      Examples of differences in energy generation by 

modules of equal nominal power were demonstrated 

during experiments with regular mono-facial        

modules [8]. It was shown, that the actual annual energy 

generated by regular mono-facial modules per nominal 

power determined at standard conditions (1000 W/m2 

solar irradiance  with  AM 1.5  spectrum,  25 oC)  can  

vary    by   10 %.   Therefore,   for   correct    comparative  

monitoring of mono- and bifacial modules it should be 

taken into consideration that not only rear module 

response, but other factors connected to the module front 

can affect the integrated energy generation. Among these 

factors: efficiency dependence on irradiance, angular 

dependence of module short circuit current, and 

temperature coefficient of power. These factors should be 

taken into consideration when analyzing the effect of the 

rear contribution.   

      This paper summarizes the comparative energy 

generation data for bifacial and regular mono-facial 

modules. The data were collected during outdoor 

monitoring of I-V characteristics of modules installed as 

part of roof-top solar field. To extract the factors not 

connected with bifacial design, some additional 

parameters characterizing front side only of tested 

modules (both mono- and bifacial) were determined.  

  

2 EXPERIMENTAL 

 

      The outdoor measurements were made in Jerusalem 

(31o:47' North altitude) with the panels mounted on a flat 

roof with reflectance (albedo) ~ 50 %. Bifacial modules 

of 1.63 x 0.87 m made of  72 bifacial  single crystalline 

n+-p-p+ Si solar cells were tested. The cells were 

laminated between a front tempered glass and a 

transparent plastic back. Back efficiency of the bifacial 

module is 71 % of the front at standard conditions. 

Regular mono facial modules of ~the same nominal 

power made of single crystalline Si solar cells were used 

for comparative measurements. I-V characteristics of 

each module were measured every 3 min by I-V tracer 

PVE Photovoltaik Engineering Company (Germany), 

Model PVPM - 2540C and saved in memory.  For 

evaluation of the energy gain of the bifacial module, the 

measured module power was normalized by nominal 

front Pmax of the given module. 

      Nominal front Pmax was determined at STC conditions 

as described in [6]. 

      Comparative measurements of bifacial and mono- 

facial modules were made when modules of both types 

were mounted inside the "field" of several module rows. 

The modules were oriented at a fixed position south at 

30o to the horizon. The distance between rows (in S-N 

direction) and between separate modules (in E-W 

direction) was 150 and 20 cm, respectively.  Elevation of 

the module lower edge was 70 cm. 

      Pyranometers (Kipp & Zonen SP, model LITE)   with 

16 mm      diameter   silicon   detectors   were   used    for 

simultaneous    determination   of   global   and   diffused 



irradiances in the horizontal plane. Calibrated reference 

Si solar cells were used at the same time for front and 

back module irradiance measurements. 

      Module temperature was determined using 

thermocouples glued to the front and back of the modules 

as well as based on Voc values.  

      Angular dependence of module I-V parameters at 

front illumination were measured by exposing the module 

at a given angle between the direction to the sun and the 

module normal. The direct and scattered light 

contributions in the module plane were determined. 

      Irradiance dependence of I-V parameters were 

measured using several white nylon cloths for light 

attenuation. The rear side of the bifacial module was 

covered by a black cloth during each measurement. 

 

 

3 RESULTS 

 

3.1 Test results of front parameters of bifacial and 

mono-facial modules 

      The results indicate that both bifacial and mono-facial 

modules under front illumination are characterized by ~ 

equal power temperature coefficients. 

      Angular dependences of short circuit current are 

identical for both modules, and follow approximately a 

cosine function. The results of measurements of short 

circuit current of front illuminated bifacial and mono-

facial modules as a function of sun rays direction are 

shown in Fig.1. 

 

 
 

Figure 1:  Angular dependence of short circuit current for  

                mono-facial and bifacial  modules 

 

       No visible difference in module behavior was 

observed at decreased irradiances. As can be seen from 

Fig. 2, power vs. front irradiance dependence for mono- 

and bifacial modules are described by ~the same 

empirical equations.   

        Thus, no significant difference in front parameters 

of mono- and bifacial modules were found, and therefore 

no additional effect on energy gain was expected other 

than  the contribution of the back of the bifacial module 

in energy generation. 

 
a)

 

b) 

Figure 2:  Power as a function of front  irradiance for 

                  a mono-facial (a) and a bifacial (b) module  

 

3.2 Monitoring results of comparative energy 

generation of bifacial and mono-facial modules  
       The summary of comparative monitoring of bifacial 

and mono-facial modules is shown in Fig. 3 as monthly 

energy generation gain. The generated energy gain is 

related to nominal module power at standard conditions. 

The gain for a standalone bifacial module for several 

months is also shown in the Figure. As can be seen, the 

standalone bifacial module provides an additional ~3 to 

~13 % energy gain. 

 
Figure 3: Monthly energy gain of a bifacial vs. a mono-   

                facial module 

  



          The results of the same measurement in more  

detailed form (daily energy gain) demonstrate the fine 

structure of the gain. Short time fluctuations depend on 

real light characteristics (i.e. diffused to global irradiance 

ratio) for a given day. 

 

 
 

Figure 4: Daily energy gain of a bifacial vs. a mono- 

                 facial module 

 

      More detailed comparative monitoring of energy 

generation by mono-facial and bifacial modules is 

presented as time-of-day dependence. An example of 

such dependence for a sunny day is presented in Fig. 5. 

The increased gain can be seen for the morning and 

evening hours, when portion of scattered radiation is 

larger. (Due to the site topography causing shading of the 

sun in the evening, when it is below ~20o above the 

horizon, the contribution of the back of a bifacial module 

is decreased in the afternoon). In the morning the direct 

sun rays hit the back (in the time frame between the 

spring and the autumn equinoxes). As a result of 

morning and evening effects, the daily gain is 

significantly higher than during the middle of the day. 

 

 
 

Figure 5: Monitoring of energy generation by regular 

                mono-facial and bifacial modules for sunny  

                day 01.05.2011 with diffused/global 

                radiation ratio 11 % 

 

     The   same  type  of  measurements  for  a  day   with 

prevailing diffused radiation (Fig. 6) shows a significant 

increase  in  gain   when  diffused  radiation   dominates: 

~38%   when  diffused/global   radiation  ratio  is  88 % 

compared to  ~16 % when 89 % of radiation is direct sun 

radiation. 

 
 

Figure 6: Monitoring of energy generation by regular  

                and bifacial modules for cloudy day   

                 17.09.2010 with diffused/global  radiation   

                 ratio 88 %. 

 

      Daily energy gains can be evaluated as a function of 

diffused/global radiation ratio.  Such dependences are 

different for different seasons, but demonstrate an 

obvious energy gain increase with increase of the 

diffused component of the light. Daily energy gain of  a 

bifacial  vs. a mono-facial module as a function of 

diffuse to global radiation ratio is shown in Fig. 7 for two 

seasonal sun positions: near the winter  Solstice 

(November 21 – January 21) and the summer Solstice  

(21May – 21July). 

 

 
 

Figure 7: Effect of diffused/global radiation ratio on 

               daily energy gain of bifacial vs. mono- 

               facial module 
 

4. DISCUSSION 

     Based on comparative evaluation of several front 

parameters of tested mono- and bifacial modules 

(temperature coefficient of Pmax, angular dependence of 

Jsc and irradiance dependence of Pmax) it can be assumed, 



that front parameters should not distort the comparative 

behavior of modules. In other words, one would not  

expect a difference in integrated front side energy 

generation, for different outdoor tested mono-facial 

modules as was measured in [8]. Therefore no correction 

of energy gain was required to determine the exact 

contribution of the back of the bifacial module. 

     The data of simultaneous outdoor monitoring of 

bifacial and mono-facial modules reflect the effect of 

bifacial module use under the actual conditions of a PV 

field installation, when rows of modules shade the 

reflecting surface. This shading effect is responsible for 

seasonal differences in the gain: in winter, practically the 

entire underlying surface is shaded in the middle of the 

day whereas in summer the shade of each module is 

minimal.  As a result energy gain in summer is ~2 times 

higher than in winter. Daily energy gain of in-field 

bifacial vs. mono-facial module in Jerusalem varies in the 

range 5 – 38 % with  yearly gain above  16 %. These 

numbers were determined at an albedo of underlying 

surface ~0.50. Increasing the albedo value to 0.75 should 

result in an additional ~4% energy gain [7]. 

      Not only seasonal, but daily sun movement 

dramatically affects the power gain of a bifacial module.  

Fig. 5 (as well as Fig. 6) demonstrates clearly the bifacial 

module power generation and power gain during a 

complete day. High gain in the morning and evening 

hours can be explained by increased contribution of 

diffused/scattered light. It can exceed 100 % in early 

morning (~90 % in Fig. 5) due to the sun rays hitting the 

back surface of the module. The effects of tilted sun rays 

and an increased amount of diffused light in the morning 

and in the evening lead to an increase of daily energy 

generation and energy gain relative to regular mono-

facial module. 

      Significant difference in energy gain between 

standalone and in-field bifacial modules (Fig. 3) indicates 

the possibility for improvement of field design by 

optimization the distances between modules.  No less 

important is the elevation of the bifacial module above the 

underlying surface [6].  If the module is close to the 

surface the illumination of its back is more non uniform. 

Maximum and minimum illumination can be several times 

different depending on module elevation. The energy gain 

which is limited by a low illuminated section of the 

module is significantly changed with module elevation. 

       The energy gain due to use of a bifacial module 

increases with the shift to weather with dominating 

diffused radiation. When the diffused to global radiation 

ratio increases, the energy gain also increases 

significantly. Day to day changes in light characteristics 

explains the uneven changes of daily energy gain 

diagram (Fig. 4). More than two times larger daily energy 

gain can be seen for a day with dominating diffused 

radiation (Fig. 6) compared to a sunny day (Fig. 5). 

Under conditions of prevailing diffused radiation   

seasonal differences in the energy gain decrease (Fig. 7). 

However, in practice periods with dominating diffused 

radiation are typical for winter, but not for summer. 

      To illustrate in another form the above data on 

measured energy gain of tested solar modules, the 

equivalent efficiency of a bifacial cell can be evaluated. 

Adding the back contribution (for the above mentioned 

conditions) to the front cell efficiency the equivalent 

efficiency can be determined. It would be of interest to 

determine efficiency a regular mono-facial cell should 

have  to achieve the same energy generation level as a 

bifacial cell. In the case of an 18 % solar cell front 

efficiency and above 16 % yearly energy gain, which was 

measured in the described experiments, the equivalent 

efficiency is ~21 %. This value would be  higher, if the 

bifacial solar cell is used under the conditions providing 

improved back contributions (higher albedo of underlying 

surface, for example). Equivalent efficiency of 22 % is 

easily achievable.  

 

5. CONCLUSIONS 

 

      Simultaneous monitoring of I-V characteristics of 

mono- and bifacial modules was undertaken using the 

test roof-top PV field in Jerusalem (31o:47' North 

altitude).  

      Daily energy gain of an in-field bifacial vs. a mono-

facial module in Jerusalem with an underlying surface 

albedo ~0.50 varies in the range  5 – 38 % with  yearly 

gain above  16 %. This value can be increased with  

optimization of PV field design. 

      Factors affecting the energy gain due to bifacial 

modules use were evaluated, including  diffuse to global 

radiation ratio, season and time-of-day sun position. 

      An equivalent efficiency of bifacial solar cells with 

front efficiency 18 %  is equal to 21 % at the test 

conditions used in the study and can be increased with 

increasing underlying surface albedo. 
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