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Abstract:

The search for more effective and at the same time cost-effective solutions in the PV
industry causes the creation of an increasing number of installations using bifacial modules. This
article presents a comparison of the energy gains of two photovoltaic farms - the first with
bifacial modules, and the other with mono-facial modules. Moreover, the market of bifacial
modules is discussed along with development prospects in the coming years, the technologies are
characterized and the main factors influencing the improvement of energy gains from the
operation of panels.
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Introduction:

The search for more effective solutions in obtaining energy from renewable energy
sources influences the growth of types of photovoltaic panels available on the market and their
efficiency all over the world. Current development works concern the improvement of their
efficiency, the development of bifacial technology and the optimization of cell production.
Double-sided panels have two sides covered with toughened glass or foil, which allows them to
absorb light both on the front and back of the panels. In bifacial panels, photons are absorbed on
both sides, which means that the energy produced is 30% higher compared to traditional single-
sided panels. As the International Technology Roadmap for PV shows in its studies, the future
belongs to bifacial technology. It is assumed that bifacial cells will dominate the market in the
coming years (Figure 1). However, it should be emphasized that the development of this
technology is still required at the cellular, modular or system level [1, 2, 3, 4]
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Fig. 1. Forecasts of the Share of Bifacial and Monofacial Panels in the Photovoltaic Market
According to ITRPV 2022

Theoretical Part:

Bifacial panels, unlike monofacial ones, are characterized by the possibility of generating
electricity both on the front and rear side of the PV module (Figure. 2). In addition, the radiation
dose received by the rear part of the module means that more current is generated, which allows
for obtaining more power from cells with the same surface area [2, 5, 6].
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Fig. 2. Bifacial Panels Operation Diagram [13]

According to many experts, this technology is currently on the right track as the newest
trendin the PV industry and will soon become the dominant standard. PV installations in the
world with two-sided modules in 2016, they had a capacity of only 97 MW in the world. In
2019, this power increased to almost 6 GW. As the price difference between the double-sided
module technology and the single-sided technology decreases, it is expected that the market
share of this technology will increase [7, 8, 4]
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Bifacial panels, according to the research carried out so far, are considered to be more
efficient compared to their traditional counterparts. Due to double-sided modules, you can get up
to 20-25% more energy. Much depends on how much sunlight is reflected from a special surface.
All shading elements also have a particularly large impact on performance. To increase the
efficiency of bifacial panels, the parameters that should be taken into account during assembly
are important. These parameters include the presence of shade, the angle of inclination of the
panels, the type of surface, the presence of specific weather conditions or the orientation of the
installation. Very important for the efficiency of two-sided modules is the so-called the albedo
factor, which shows the ability to reflect light from a given surface. The brighter the surface, the
more light it can reflect and the better for energy recovery from the back surface of the module.
The table below shows the factors for each type of surface:

Tab. 1. Albedo Values of Selected Surfaces .ga s/ sras Ao siel ais ol flhs

Type of surface Albedo
Black ground 0,08-0,14
Grass 0,14-0,37
Dry sand 0,35-0,45
Wet sand 0,20-0,30
Concrete 0,20-0,35
Asphalt 0,05-0,20
Fresh snow 0,80-0,95

In Poland, the annual amount of insolation amounts to an average of 1000 kWh / m®.
About 77% of the annual radiation energy is obtained in the summer half-year, while only 23%
in the winter half-year from October to April. The months of June, July and August are the
sunniest, where about 43% of the annual radiation is obtained [10, 11, 12, 3, 5, 13].

Materials and Methods:

For this analysis, a grid connected photovoltaic system is modelled and simulated using
PVsyst software. The main purpose of this analysis is to compare the annual energy efficiency of
0,48 MW farms with bifacial and monofacial panels located in Poland. The article compares two
farms. The first PV plant that is described in this study comprises RSM-144-6-405-BMDG-
Bifacial PV modules. The farm contains 1200 modules of power 405 Wp and three inverters
Sun2000-125KTL-MO. The grass was taken as a substrate under the panels with albedo 20%.
The panels are arranged in 18 rows in south direction at an angle 25° and a pitch 3,5 m (Figure.
3).
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Fig. 3. The Visualization of Sample PV Farm with Bifacial Panels Arranged on the South
(source: PVsyst, own elaboration)

The second PV farm that is described in this study comprises RSM-144-6-405-M PV
modules. The farm contains 1200 modules of power 405 Wp and three inverters Sun2000-
125KTL-MO. The panels are arranged in 18 rows in south direction at an angle 25° and a pitch
3,5 m (Figure. 4).

West

Fig. 4. The Visualization of Sample PV Farm with Monofacial Panels Arranged on the
South (source: PVsyst, own elaboration)
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Results and Discussion:

A. The farm with bifacial modules

The most important results of the simulation for a farm with bifacial panels are presented
in the (Table 2.) For the study location, annual global irradiance on horizontal plane is 1057,0
kWh/m?. Annual DC Energy produced from the PV array and annual AC energy injected to grid
are 547,78 MWh and 540,01 MWh respectively.

Tab. 2 Simulation Results for Farm with Bifacial Modules (source: PVSyst)

GlobHor DiffHor T_Amb Globlnc GlobEff EArray E_Grid PR

| kWh/m? kWh/m? C kWh/m? kWh/m? MWh MWh ratio
January 18.6 13.72 -1.56 28.7 220 11.15 10.97 0.786
February 35.5 2143 -0.46 52.8 46.1 23.12 22.79 0.888
March 78.8 41.57 3.28 102.7 97.5 47.65 47.00 0.942
April 122.4 59.20 8.93 143.7 137.7 66.14 65.22 0.934
May 158.2 78.15 14.18 167.3 159.9 76.04 74.96 0.922
June 160.9 86.44 16.98 162.7 154.9 73.59 72.55 0917
July 159.2 80.29 19.35 164.2 156.5 73.45 72.38 0.907
August 139.9 66.86 18.72 156.0 149.6 69.49 68.47 0.903
September 94.3 49.05 13.66 116.3 111.0 52.44 51.73 0.915
October 54.3 30.73 8.91 76.9 70.2 33.59 33.14 0.887
November 216 15.65 4.52 31.9 256 12.70 12.51 0.806
December 13.3 8.17 0.69 251 17.1 8.44 8.29 0.679
Year 1057.0 551.26 8.99 12284 11481 547.78 540.01 0.905
Legends

GlobHor Global horizontal irradiation EArray Effective energy at the output of the array

DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid

T_Amb Ambient Temperature PR Performance Ratio

Globlnc Global incident in coll. plane

GlobEff Effective Global, corr. for IAM and shadings

As part of the simulation, it was determined normalized productions such as collection
losses, system losses and produced useful energy per installed kWp/day (Figure. 5). Lc is the
Collection losses or the PV array capture losses i.e. 0,28 kWh/kWp/day. Ls is the system loss i.e.
0,04 kwh/kWpl/day and the Yf is the produced useful energy i.e. 3,04 kWh/kWp/day.

Normalized Energy [kWh/kWp/day|
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Fig. 5. The Visualization of Sample PV Farm with Bifacial Panels Arranged on the South

(source: PVsyst, own elaboration)
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B. The farm with monofacial modules

The results of the simulation for a farm with monofacial panels are presented in the
(Table 3.) For the study location, annual global irradiance on horizontal plane is 1057,0 kWh/m?.
Annual DC Energy produced from the PV array and annual AC energy injected to grid are
518,30 MWh and 510,89 MWHh respectively.

Tab. 3 Simulation Results for Farm with Monofacial Modules (source: PVSyst)

GlobHor DiffHor T_Amb Globlne GlobEff EArray E_Grid PR

kKWhi/m? KWh/m? °C KWh/m? KWh/m? MWh MWh ratio
January 18.6 13.72 -1.56 287 22.0 10.67 10.49 0.751
February 355 21.43 -0.46 52.8 46.0 2242 22.10 0.861
March 78.8 41.57 3.28 102.7 97.4 45.95 45.32 0.908
April 122.4 59.20 893 1437 137.4 652.84 61.97 0.e87
May 158.2 78.15 14.18 167.3 159.5 71.21 70.19 0.863
June 160.9 86.44 16.98 162.7 154.5 68.39 G7.41 0.e52
July 159.2 80.29 19.35 1642 156.1 68 .34 67.34 0.844
August 139.9 56.86 18.72 156.0 149.3 65.47 G4.52 0.851
September 94.3 49.05 13.66 116.3 110.8 5013 49.45 0.875
October 54.3 30.73 8.91 76.9 70.2 32.56 3213 0.860
November 216 1565 452 319 2586 12.16 11.97 0771
December 13.3 8.17 0.6%9 251 171 8.16 8.02 0.657
Year 1057.0 551.26 B8.99 1228.4 11459 518.30 510.89 0.856
Legends
GlobHor Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio
Globlnc Global incident in coll. plane

GlobEff Effective Global, corr. for lAM and shadings

For second farm collection losses is 0,44 kWh/kWp/day, the system loss is 0,04
kWh/kWp/day and produced useful energy - 2,88 kWh/kWp/day. These values are shown in
(Figure 6).

& T | T T | T T T T | T
7 __ . Lc: Collection Loss (PV-array losses) 044 KWh/EWp/day __
i Ls: System Loss (inverter, ...} 0,04 KWhikWpiday i
¥ Produced useful enargy (inverter output) 2 88 KWhikWpiday
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Fig. 6. The Visualization of Sample PV Farm with Monofacial Panels Arranged on the
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Conclusions:

The following conclusions were drawn from the comparative analysis of two photovoltaic
installations with the same power connected to the grid:

v’ with the specified installation parameters, the farm with bifacial panels annually produces
about 6% MWh per year,

v/ maximum energy injected into the grid is in the month of June for both installation,

v in simulated farms the average performance ratio (PR) of the bifacial system is operated
at 90,45% and 85,58% for monofacial system.

Additional energy profit with a slightly higher financial outlay contributes to the growing
interest in bifacial technology all over the world. In the case of installation of bifacial panels, it is
important to provide a suitable substrate with the highest ALBEDO coefficient, control of
substrate pollution, installation of double-sided photovoltaic panels much higher than traditional
ones.
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