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Abstract— This paper focuses on evaluating and analysing bifacial over monofacial PV, the ideal design to favour bifaciality 
and to ensure the maximization of the radiation collected, the optimum configuration for a bifacial photovoltaic module 
which is investigated numerically, in order to easily determine the annual yield that optimise bifacial gain. Modelling a 
bifacial photovoltaic system for a case study, Nanjing, China, showed that power production is highly dependent on the 
incident radiation, stand design and reflectivity of the ground. For a typical photovoltaic plant, the bifacial gains varies from 
25%-39% for power production and from 33%-42% for the irradiation received, depending on the tilt angle. Higher stand 
and more reflective ground surfaces boost the bifacial gains. It is also shown that the electrical generation gain is propotional 
to the irradiance gain and both increase with the diffuse fraction. Finally, there is the necessity to devise an electrical model 
for the optimization of a bifacial PV configuration   to enhance the electrical production by effortlessly and accurately 
predicting the energy gains and maximum power point of operation of a bifacial pv (MPP) which is the main objective of 
this research which aims to provide the basis of a future performance analysis of a bifacial PV technology. 

Index Terms—. Bifacial module, Maximum power point (MPP), Photovoltaic system, Energy gains, Solar cells   

——————————      —————————— 

1 INTRODUCTION                                                                     

ncreasing the power output of solar modules is a crucial step 

towards lowering the cost of electricity generated by 

photovoltaic plants [1]. [2]. One strategy for increased power 

output is the use of bifacial solar cells that are designed to accept 

incident light to the front and rear of the cells. This concept was 

already developed in the 1960s [3]. but only recently module 

manufacturers started selling bifacial modules as a standard 

technology. The gain from using a bifacial configuration often 

exceed the power output of monofacial solar modules by a 

surprising amount and values of up to 50% have been reported [4]. 

Nevertheless, the bifacial system modelling is more complex than 

that of the monofacial system due to the need to estimate the rear 

side illumination, which depends on the percentage of diffused 

radiation, the sun elevation, the background reflectance, the height 

of the module above the ground and the tilt angle. The geometric 

factors are the tilt, the height above ground, and the length of the 

solar modules. These geometric factors affecting the bifacial solar 

cell efficiency have been extensively studied elsewhere [5] - [13], 

and here we address the issue of the energy bifacial gain and the 

MPP. 

While bifacial PV cells currently make up an insignificant 

percentage of worldwide PV cell sales, the technology is in some 

ways a continuation or logical extension of standard monocrystal-

line silicon (mc-Si) cell technology. Depending on whether the 

semiconductor material contains a relative abundance or defi-

ciency of electrons, the industry broadly categorizes mc-Si cells as 

either n-type or p-type devices, respectively. It is possible to fabri-

cate bifacial cells out of both p-type and n-type wafers, given high-

quality silicon material, although the process requires some addi-

tional manufacturing steps compared to producing conventional 

monofacial cells. In practice, more than 90% of the PV cells sold 

worldwide are based on a p-type architecture, while the vast ma-

jority of the bifacial products are n-type devices. This underscores 

the fact that many n-type PV cells, which are primarily found in 

niche high-efficiency modules from companies such as LG, Pana-

sonic and SunPower, are inherently bifacial.) P-type devices dom-

inate the market because they are cost-effective to fabricate at 

scale. While n-type bifacial cells offer the highest efficiency, com-

panies such as SolarWorld are predicting that p-type bifacial cells 

can provide a good balance between performance and cost. 

The rapid growth of the solar industry in recent years has 

been largely premised on significant up-front cost reductions, es-

pecially lower costs for PV modules. Bifacial PV modules run 

counter to the grain in the market since they are inherently more 

expensive than conventional monofacial modules. Fabricating bi-

facial PV cells requires not only high-quality mc-Si wafers, but 

also anywhere from two to six additional manufacturing steps 

compared to conventional cells. The crux of the bifacial value 

proposition, therefore, is improved production and performance 

over the life of the system, which is a function of both bifacial en-

ergy gains and improved durability. Because bifacial modules of-

fer high conversion efficiencies, they also have the potential to 

lower balance of system (BOS) costs, which make up an increasing 

percentage of up-front system costs. The ultimate goal, of course, 

is a lower levelized cost of energy (LCOE) which is an issue of 

bifacial pv. 

2 PRINCIPLE AND MODELLING OF BIFACIAL SYSTEM  

Along with the incident radiation on the front side, bifa-

cial PV take advantage of the diffuse, reflected and direct radiation 
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that reach the module’s active rear side, depending on its orienta-

tion, elevation and tilt, site’s characteristics and the position of the 

sun in the sky. Thus, the power output of the rear side is highly 

dependent upon the local ground’s albedo and its surroundings, the 

module installation configuration and meteorological conditions. 

From the shadow region on the ground, only diffuse radiation is 

captured by the solar module, while in the unshaded area, both di-

rect and diffuse radiation are reflected, affecting the rear side of 

the bifacial module. When considering a PV stand, the evaluation 

of bifacial gains becomes more complex due to the different vari-

ables involved, not only the aforementioned ones, but also the 

packing density (distance between and within rows), the shadows 

produced by the mounting, the additional shading caused by the 

neighbouring modules and the obstruction of reflected radiation. 

These considerations make bifacial PV power plants more sensi-

tive to the installation layout than the traditional ones that integrate 

monofacial. 

The achievable of bifacial technology has been estab-

lished with the aid of simulation and measurements now not only 

for single modules, the place strength boosts between 5% [14] up 

to 54% [15] have been reported, however also for small and large 

PV stands, with reported strength output increments between 5% 

and 25% [16], relying on the size of the system. However, these 

references from literature refer to small systems and the success of 

bifacial science relies upon on demonstrating the equal gains on 

larger scale PV strength plants. Bankability, which is the collection 

of real-world existing bifacial energy-yield data, is one of the chal-

lenges that bifacial PV science has to face in order to facilitate its 

wider deployment [14]. 

For a given installation, it is necessary to precisely predict 

the powerproduction and the Bifacial Gain (BG) expected for the 

various feasible stand geometries and special solar cells’ architec-

tures. The BG is defined as the ratio between the surplus power 

produced by way of bifacial PV and the energy yield of widespread 

monofacial PV, calculated using the following equation. 

 

𝐵𝑖𝑓𝑎𝑐𝑖𝑎𝑙 𝐺𝑎𝑖𝑛 =
𝑒𝑏𝑖−𝑒𝑚𝑜𝑛𝑜

𝑒𝑚𝑜𝑛𝑜
               (1) 

Where 𝑒𝑏𝑖 is the energy yield of bifacial PV and 𝑒𝑚𝑜𝑛𝑜 is 

the energy yield of  monofacial PV. The BG can also be calculated 

in phrases of specific yield (Wh/Wp). The modelling of bifacial 

PV structures requires the development of a suitable irradiance 

mannequin as properly as a particular elecrical mannequin of the 

bifacial PV modules. 

 

A. Irradiance Bifacial Model  

 

The irradiance model is required for the prediction of the 

incident irradiance on the front and rear surfaces of the solar 

module. Modelling a bifacial PV device is complex, by and large 

due to the fact the estimation of rear radiation now not only relies 

upon on correlated variables, such as the location, ground albedo 

and design of the stand, however additionally due to uneven 

incident mild (caused  through shadings of the mounting structure, 

junction boxes, module frames, irregular reflectors and even the 

neighbouring modules in the identical array). Thus, the model 

ought to consider the externalities imposed by way of the 

installation’s design, the environment and the shading of the floor 

and its albedo, and is commonly based on two distinct approaches. 

The “view factor  method” calculates the radiation 

“emitted” from the underlying surface and acquired via every cell. 

The floor below the module is divided into two parts: the shaded 

and unshaded region; in the former only diffuse radiation is 

reflected, whilst in the latter each direct and diffuse radiation are 

reflected.  

  𝑉𝑖𝑒𝑤 𝐹𝑎𝑐𝑡𝑜𝑟𝐴1− 𝐴2  
= 

1

𝐴1
 ∫ ∫

cos𝜃1×cos𝜃2

𝜋𝑟²𝐴2𝐴1
 𝑑𝐴2𝑑𝐴1                   (2)      

Where 𝑟 is the distance between the differential areas 𝑑𝐴1 

and 𝑑𝐴2 and 𝜃1 and 𝜃2 are the angles between the normal vectors 

of the surfaces and the line that connects 𝑑𝐴1 and 𝑑𝐴2, respec-

tively 

 

  Fig 1: Basic illustration of the View Factor 

B. Electrical Bifacial Model 

The rear and front radiation estimated with the aid of the 

irradiance model will be delivered as an input in the electrical 

model to reap the simulated bifacial strength production. The 

system’s characteristics that englobe the small print of the module 

performedand the system set up are additional protected in the 

electrical model. 

 
Fig 2: single diode equivalent circuit for a monofacial solar cell 
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Almost all electrical unit canbe represented via a 

minimalist digital circuit. Monofacial solar cell are typically 

modulated via a single diode equal circuit, because the 

characteristics I-V curveof an illuminated photo voltaic cell 

behaves as an perfect diode affected via a series and shunt 

resistance[16]. The I-V characteristic eguation of the single diode 

equivalent circuit is formulated from kirchhoff’s modernlaw and 

given by: 

  𝐼[𝐴] = 𝐼𝑝ℎ − 𝐼0 [exp (
(V+IRs

nVT
) − 1 ] −

𝑉+𝐼𝑅𝑠

𝑅𝑠ℎ
                  (3)   

Where 𝐼𝑝ℎ is the photocurrent generated, 𝑉𝑇is the thermal 

voltage dependent on temprature, 𝐼0 is the diode reverse saturation 

and n its ideality factor. 

Different electrical fashion of bifacial photo voltaic cells 

have been proposed, developed and examined to predict its 

strength manufaturing output. Most of the models developed 

consider that a bifacial photo voltaic cell can be represented as two 

monofacial cells in parallel, represented via the single diode or 

two-diodes equal circuit. The electrical design of the model is 

introduced in fig 3 below 
 

 
Fig 3: Typical equivalent electrical circit for a bifacial cell 

 

The wide variety combination for the incident radiation 

at the front and rear facet of a bifacial module is in reality infinite, 

so its neither sensible nor feasible to determine the electrical 

parameters of the pv modulefor all those conditions. 

J.Singh et al, have synthesized a approach to electrically 

represent bifacial PV modules for all illumination 

prerequisites[17]. The basis is the one-diode model of a 

monofacial cell and the electrical parameters given as an input to 

the model are extracted from the I-V curves received 

independently for the front and rear sides of the cell. Therefore, the 

interference between each sides is not considered, which can lead 

to mild deviations between the experimental records and the 

simulation results. These extracted parameters consist of the brief 

circuit currents, 𝐼𝑠𝑐 front and 𝐼𝑠𝑐 rear and open circuit voltages, 𝑉𝑜𝑐 

front and 𝑉𝑜𝑐 rear, for the front and rear sides of the bifacial solar 

cell, respectively. 

 

3. Bifacial Cell Design and Model Dynamics    
 

A photovoltaic cell block is already drawn in MATLAB 

Smuilink®, which includes pohotovoltaic prompted modern-day 

and temprature dependence. Each block has three ports: 

tremendous and negative voltages and one to the account for the 

incident irradiance in W/m². in order to examine bifacial and 

monofacial electrical behaviour, two models was created. The 

monofacial module will consist of 60 photovoltaic cells (as those 

proven in fig 4(a) ) linked in series. The bifacial module is similar 

to the preceding one however it considers every cell as a parallel 

of two photovoltaic cell blocks, proven in fig 4(b) while the output 

current for a monofacial cell is given by Equation 3, without the 

shunt resistance aspect due to the fact its value is commonly too 

large and can be neglected, for a bifacial cell its given by a way of 

Equation 4  

𝐼[𝐴] = |𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 (
(𝑉+𝐼𝑅𝑠

𝑛𝑉𝑇
) − 1]|

𝐹𝑟𝑜𝑛𝑡
→   + |𝐼𝑝ℎ − 𝐼0 [𝑒𝑥𝑝 (

𝑉+𝐼𝑅𝑠

𝑛𝑉𝑇
) − 1]|

𝑅𝑒𝑎𝑟
←     (4) 

 

 

Fig 4: simulated monofacial (a) and bifacial (b) solar cells in 

Smuilink®. The –C- block represents the input of the hourly 

irradiance (W/m²) from MATLAB workspace and –BS- converts 

the input signal to a physical signal. 

 

The photovoltaic cell block illustrated in figure 4 

approves deciding on between an 8-parameters model (two 

exponential diodes) or an easier model with 5-parameters that 

assume the saturation modern-day of the 2d diode is zero and the 

impedance of the parallel resistor is endless[18]. 

While 𝐼𝑠𝑐 and 𝑉𝑜𝑐 had been extracted from the module’s 

datasheet (STC), the sequence resistance was once calculated[19] 

𝑅𝑠 =
𝛼𝑆𝑇𝐶 ln(1−

𝐼𝑚𝑝𝑝,𝑆𝑇𝐶

𝐼𝑠𝑐,𝑆𝑇𝐶
) + 𝑉𝑜𝑐,𝑆𝑇𝐶  − 𝑉𝑚𝑝𝑝,𝑆𝑇𝐶

𝐼𝑚𝑝𝑝,𝑆𝑇𝐶
                   (5) 

Where 𝛼𝑆𝑇𝐶 is the thermal voltage timing completion 

thing for Standard Test Condition (STC)[19]. The value of the 

remaining parameters were left as default. TIPH1, TXIS1 and 

TRS1 are coefficients for the temprature dependence upon the 

solar-induced current, the diode’s saturation current and the 

sequence resistance respectively[18]. 

For each cell, the hourly rear and front incident irradi-

ances will be estimated based on the mean value of 16 radiation 

sensors distributed uniformly throughout the PV cell. These pre-

dictions are processed in MATLAB®, as well as the wind velocity 

and ambient temperature of China. Then, the temperature of the 

module is estimated based on the equations presented above and 

using the imported data. 

The models below are the Simulink model of the bifacial 

and monofacial where the solar module is connected to a variable 

resistor. The resistance varies linearly according to an input ramp 
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with a slope of 1 ohm. An ampere meter and a voltmeter are used 

to determine the photo-generated current and the voltage at the ter-

minals of the resistor, respectively. The product of both variables 

is registered in a power array and sent to MATLAB’s workspace. 

This power array consists in the power delivered by the module 

according to the value of the load’s resistance, during a simulation 

time of 100 seconds. 

A MATLAB® routine was developed to determine the 

Maximum Power Point (MPP) of operation for the solar module 

and the comparison between the both modules. A flowchart of the 

MPP tracker technique will be implemented. 

Maximum power point tracking (MPPT) techniques are 

used in photovoltaic (PV) systems to maximize the PV array out-

put power by tracking continuously the maximum power point 

(MPP) which depends on panel’s temperature and on irradiance 

conditions. The perturb and observe (P&O) maximum power point 

tracking algorithm is the most commonly used method due to its 

ease of implementation and it’s the method used in this paper. A 

drawback of P&O is that, at steady state, the operating point oscil-

lates around the MPP giving rise to the waste of some amount of 

available energy; moreover, it is well known that the P&O algo-

rithm can be confused during those time intervals characterized by 

rapidly changing atmospheric conditions. In order to limit the neg-

ative effects associated to the above drawbacks, the P&O MPPT 

parameters must be customized to the dynamic behavior of the spe-

cific converter adopted. A theoretical analysis allowing the opti-

mal choice of such parameters was carried out. This algorithm uses 

the sign of the old perturbation and the sign of the increment in the 

power to decide the next perturbation. As long as there is an incre-

ment in the power, perturbation remains the same direction. How-

ever, if the power decreases, then the new perturbation goes in the 

opposite direction, and process is repeated until the MPP is 

reached. 

 

Table 1: Input Data for the Simulation 

PARAMETERS FRONT REAR 

Bifacial Irradiance 
(W/m²) 

1000 300 

Monofacial Irradi-
ance (W/m²) 

1000 - 

Short Circuit Cur-
rent (A) 

8.98 7.96 

Open Circuit Volt-
age (V) 

0.65 0.64 

Quality Factor (Di-
ode emission coef-
ficient) 

1.5 1.5 

Series Resistance 
(Ω) 

0.013 0.018 

TXPH1 (1/k) 0 0 

TXIS1 3 3 

TRS1 0 0 

Ambient Tempera-

ture (c) 

25 25 

Simulation Time (s) 100 100 

Tilt angle 15-90 15-90 

 

4 SIMULATION RESULTS 

To assess the performance of bifaciality and compare bi-

facial PV systems with those that use monofacial PV modulesdif-

ferent indicators can be used. The comparison must cover effi-

ciency and energy generation factors. 

The electrical production and energy boost due to bifa-

ciality were obtained for distinct modules’ configurations, namely 

for tilt angles from 15° to 90°.The bifacial PV module performance 

will also be compared to the one of a monofacial PV module in the 

same conditions and with the same configuration, in order to ana-

lyse the bifaciality advantages in terms of efficiency, energy boost 

and mounting position. The monofacial electrical results were ob-

tained adapting the bifacial electrical model and removing all the 

calculations relative to the rear side. 

For readability, results are presented considering a refer-

ence Bifacial PV system configuration that is set according to the 

information known about the Bifacial PV plants being installed. It 

will be located in mainland China, with a ground surface of white 

gravel, the module's elevation will be about 1 m and the tilt angle 

will be 30º. 

To imitate the bifacial architecture, the output powers of 

the front and rear panel are combined in series and parallel were 

applied. In series, the current is limited by the lowest current of the 

two panels, while the voltage is the sum of the two panels' voltages. 

In parallel, the voltage is limited by the lowest voltage of the two 

panels, while the current is the sum of the two panels' currents. The 

power gain resulted from the series or parallel connection is calcu-

lated by considering the front panel as the reference panel because 

the front panel is the panel of the regular direction. 

 

Power Output vs Voltage 

Similar to an I-V curve, the highest voltage occurs at the 

open-circuit condition and the current is zero and the short-circuit 

voltage is zero at the origin of the curve, but the current is maxi-

mum. Since the power is nothing but the voltage times the current 

(P=V*I), the power at both the short-circuit and open-circuit con-

ditions is equal to zero since either voltage or current equals zero 

at each of these points. 

               The power P is given by P=V*I. A photovoltaic cell, for 

the majority of its useful curve, acts as a constant current source. 

However, at a photovoltaic cell's MPP region, its curve has an ap-

proximately inverse exponential relationship between current and 

voltage. This is known as the maximum power point (MPP) and 

corresponds to the "knee" of the curve. 
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Fig 5: power output vs. Voltage 

The power curve modelled here is a parabolic function of 

the Voltage and varies to a maximum for both the Bifacial and 

Monofacial PV model. The observed turning points are the rec-

orded maximum power points (MPPs). This is illustrated in the 

figure 5 above. However, the shape of the power curve may be 

skewed to the right depending on the input value of the Series Re-

sistance (Ω). 

 

I-V Measurement Comparison 

Solar Cell I-V Characteristic Curves show the current and 

voltage (I-V) characteristics of a particular photovoltaic (PV) cell, 

module or array giving a detailed description of its solar energy 

conversion ability and efficiency. Knowing the electrical I-V char-

acteristics (more importantly 𝑃𝑚𝑎𝑥) of a solar cell, or panel is crit-

ical in determining the device’s output performance and solar effi-

ciency. The main electrical characteristics of a PV cell or module 

are summarized in the relationship between the current and voltage 

produced on a typical solar cell I-V characteristics curve. 

A standard module rating condition for bifacial PV mod-

ules would be a boon to the PV community as it would provide a 

common, accepted basis for measurement and nameplate rating of 

bifacial PV products. Through simulation and experiment, we have 

investigated back-side irradiance conditions that are appropriate 

for the power rating of bifacial modules. 

So we measured the I-V characteristics of the front and 

rear side of a module as monofacial and together as bifacial to 

compare the determination of the device’s output performance and 

solar efficiency. 

 

 
 

Fig 6: I-V curve variation for Bifacial and Monofacial Model 

 

For comparing single sided measurement and bifacial 

measurement of commercial modules, it’s important to consider 

the form of the I-V Curve. Most bifacial modules have distorted 

rear I-V curves, due to partial shading by the junction box, cabling, 

frame or label, or due to cell sorting by front side current only. As 

in the Ge method a modules IV curve is measured only under ele-

vated front irradiance, the distortion of the rear IV curve will not 

be detected, due to shade of the junction box as can be seen in the 

figure above. 

The procedure for the measurement of the electrical 

power (current-voltage (IV) characteristics) of bifacial solar de-

vice that have been reported in this paper is the front-side illumi-

nation only. This is a more advanced method for the characteriza-

tion of bifacial solar devices based on measuring the front and rear 

IV characteristics at STC, likewise under single-sided illumina-

tion. As further input, this method requires the additional determi-

nation of the series resistance Rs or the pseudo fill factor of the de-

vice. After a linear dependence between current and irradiance, 

this method then numerically simulates the power of bifacial de-

vices under bifacial illumination. This approach is called equiva-

lent irradiance (Ge) method for which no additional Rs determina-

tion is required. 

𝐺𝑒 = 1000𝑊 𝑚² +⁄  (
𝐼𝑠𝑐𝑅𝑒𝑎𝑟

𝐼𝑠𝑐𝐹𝑟𝑜𝑛𝑡
) (

𝑃𝑚𝑎𝑥𝑅𝑒𝑎𝑟

𝑃𝑚𝑎𝑥𝐹𝑟𝑜𝑛𝑡
)@𝑆𝑇𝐶 ∗ 𝐺𝑟         (6) 

 

Tilt angle Optimization and its influence on the Power Produc-

tion 

Elevation of the module is a key factor, along with the 

optimal tilt angle, in determining the power production of the mod-

ule. The inhomogeneous irradiance distribution at the rear of the 

module influences the choice of the best tilt angle for bifacial mod-

ules. The optimum tilt angle that maximizes the annual energy 

yield of the module is dependent on the latitude, the albedo and the 

elevation of the module. The values of the optimum tilt angle de-

creases with the module elevation until a certain limit, depending 

on the other parameters. The effect of self-shading is less severe 

with high elevation, and a smaller tilt angle allows to take a better 

advantage of the reflective irradiance. 

Results show those optimal tilt angles are smaller for 

higher albedo. This is due to the more uniform irradiance if the 

module has a smaller tilt angle, which increases the electrical per-

formance. However, according to previous Matlab simulations, the 

optimum tilt angle increases with the albedo. In this former model, 

non-uniformity of the back irradiance is taken into account but is 

not converted to the corresponding energy production losses. This 

could explain the difference and also only direct irradiance were 

considering in the Matlab code. The figure 7 below presents the 

simulation results for the power production of a bifacial and mon-

ofacial PV module as a function of the power with the tilt angle. 
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    Fig 7: Variation of daily power production vs. the tilt for the PV array. 

 

As we can see that under the same condition with the 

same configuration and area there is production of a 512.77W 

power of the bifacial module compared to the 274.3W front and 

238.76W power of the monofacial front and rear. As we know tak-

ing advantages of the incident radiation on the rear side of the mod-

ule significantly improves the total power and overall total energy 

production. Although the lack of standards for bifacial PV modules 

affect these values, a tenuous advantage due to bifaciality and as-

sociated to the system costs can be confirmed. As we can see from 

the result we know that the optimal tilt angle for the bifacial model 

is 49° that of the monofacial front is 58° and that of monofacial 

rear is 60° respectively. The main issue between bifacial optimal 

tilt angle and that of the monofacial is the rear side. The rear side 

ability for diffuse irradiance is really low but these simulation 

takes into account both the direct irradiance and the diffuse irradi-

ance. 

The optimal tilt angle for monofacial front module, which 

can only utilize front illumination is about 58° and it’s mainly de-

termined by direct sunlight. For back illumination height increases 

significantly with the module inclination angle. Hardly any direct 

current light reaches the module at the back, but contribution from 

diffuse current and reflected from the ground gives the back or rear 

module the required irradiance which allow us to have an optimal 

tilt angle of 60°. Increasing the module tilt further reduces the 

shaded area on the ground and therefore increases ground illumi-

nation. The optimal module tilt angle for the bifacial is a compro-

mise between optimal tilt angle for the front and beneficial higher 

tilt angle for the back contribution which we can see from the 

graph is about 49°. Overall the optimal tilt angle for bifacial mod-

ules is significantly lesser than that for monofacial module. There 

is about 9°. 

 

Operating Variable with respect to the simulated Time 

As it was previously described, the PV operating temper-

ature greatly influences the yield of electrical conversion. This 

yield decreases dramatically as the temperature increases, which 

in most cases occurs when the panel is subjected to the maximum 

isolation. Electrical power produced by a PV device not only is 

linked to the solar irradiance on the panel and to the cell tempera-

ture but also depends on current voltage. 

The effect of the input simulation time on the current(I), voltage 

(V) and the daily power (P) production is shown in the figure be-

low, and shows that the MPP is reached in less than 10s and this is 

mainly because of the spectral mismatch. 

 

 
 

Fig 8: Operating variable vs. Time 

The graph above is the simulation time with respect with 

the power, voltage and power for the proposed module and we can 

see the difference between the bifacial and monofacial front and 

rear. From the graph the simulation time for the bifacial and front 

and rear module to reach its peak is almost the same time which is 

around 0 to 10 seconds. 

The electrical behaviour of the PV module is really dif-

ferent when the module is working in different operating regimes. 

If the panel is connected to an optimized and variable electrical 

load (with a maximum power point tracking system), the output 

power is quasi-linear to solar irradiance. If the MPPT device is not 

present, depending on the connected electric load, the relation be-

tween power output and solar irradiance could be no longer linear. 

 

Bifacial Gain Effect 

The term bifacial gain comes into picture here as it a com-

mon parameter that give the amount of energy gained through the 

rear side in comparison to the front side. Another term important 

in the bifacial PV field is ‘albedo’. It gives the fraction of light that 

would be reflected back from a ground surface. The Bifacial gain, 

also referred to as the additional energy yield, represents the 

amount of power produced by the backside of the cells and can be 

calculated using equation below, 

𝐵𝑖𝑓𝑎𝑐𝑖𝑎𝑙 𝐺𝑎𝑖𝑛 =  
𝑌𝑏𝑖𝑓𝑐𝑖𝑎𝑙 𝑌𝑚𝑜𝑛𝑜𝑓𝑎𝑐𝑖𝑎𝑙⁄

𝑌𝑚𝑜𝑛𝑜𝑓𝑎𝑐𝑖𝑎𝑙
    (7) 

 

Where 𝑌𝑏𝑖𝑓𝑐𝑖𝑎𝑙 and 𝑌𝑚𝑜𝑛𝑜𝑓𝑎𝑐𝑖𝑎𝑙  are the electricity yield in 

kWh for bifacial and monofacial solar modules respectively. The 

bifacial gain at the scale of a power plant is of prime interest for 

the solar industry but is hard to estimate in real conditions. Thus, 

an accurate model of the bifacial PV plant is required, and an op-

timized design to calculate the bifacial gain was researched. 

The figure 9 below represent the result of the simulated 

bifacial gain from the parameters given from a solar company in 

china to get the optimum tilt angle with the highest gain over front 
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and rear. The figure 9 below is to explain the relationship between 

the front and rear. 

 

 
 

Fig 9: Bifacial gain effect on the monofacial front and rear 

 

It can also be noticed from the figure that the amplitude 

and variation of the bifacial gain density for the rear side with the 

tilt angle of the module is lower when compared to the front side. 

Consequently, the front side is decisive for the quantification of 

the total solar energy received and intercepted by the PV module. 

As we can see the optimal tilt angle is same but the main reason of 

the difference between the bifacial gain of the front and rear is the 

tilt and the irradiance received. 

 As mentioned earlier the surrounding of the module has a 

strong influence on the energy yield, and for a stand-alone module, 

this leads to unrealistically high illumination of the module rear 

side. It is also important to be sceptical about reports collected dur-

ing a short period of time. Both weather as well as seasonality has 

a significant impact on the bifacial gain. That said, there are many 

publications available that allow for reasonable estimations for 

commercial installations. There are many influencing factors and 

therefore the range of potential bifacial gain is wide 

 So according to the results the Small experimental or 

demonstration systems show bifacial gains of 15% to 25% With 

larger commercial systems, realistic bifacial gains are expected in 

a range from 5% to 15% as we can see from the figure above. Op-

timization of mounting geometry and mounting structure is essen-

tial in order to draw the full benefits from bifacial PV modules. 

Table 2: Maximum Power Point (MPP) from Simulation 

SYSTEM 
CHARACTER-
ISTICS 

BIFACIAL 
MODEL 

MONOFA-
CIAL FRONT 

MONOFA-
CIAL REAR 

MPP(W) 512.7668 274.3697 238.7628 

Vmax(V) 32.5736 32.6157 32.11877 

Imax(A) 15.7418 8.4122 7.4338 

Optimal Tilt 
Angle 

49 58 60 

 

According to the simulation and taking in environmental 

temperature factor these are the values for energy output optimiza-

tion. The Bifacial PV module performance was also compared to 

the one of a monofacial PV module in the same conditions and 

with the same configuration, in order to analyse the Bifaciality ad-

vantages in terms of efficiency, energy boost and specific produc-

tion. The monofacial electrical results were obtained adapting the 

Bifacial electrical model and removing all the calculations relative 

to the rear side and also removing the front side for calculation of 

the rear side. 

 

5. Conclusion 

The aim of this research paper was to compare the re-

sponse of bifacial solar module with monofacial PV modules, in 

terms of incident radiation and electricity generation. Based on 

these theoretical results, bifacial gain was quantified and the opti-

mal configuration of a single bifacial module and a PV system was 

proposed. 

Energy yield for bifaciality is very much location depend-

ent and highly influenced by how they are setup and installed. Be-

sides, a ground surface with high reflectivity is desirable and its 

one of the key parameters for bifacial module electrical perfor-

mance. It is important to highlight the proportionality between the 

irradiation (IBG) and the energy (EBG) bifacial gain, since it im-

plies that the boost for the collected irradiation discussed can be 

extrapolated in terms of maximum power point (energy output). 

However, this proportionality does not assure that the optimum 

IBG configuration also maximizes the overall energy conversion. 

Indeed, the optimum tilt angle for a bifacial module was found to 

be similar to the monofacial case. 

However, after analysing the principal model for optimi-

zation of energy yield we can show that the model has the capabil-

ity of prediction of the maximum power point for better energy 

yield for bifacial PV systems. 
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