2nd German-West African Conference on Sustainable, Renewable Energy Systems SusRES — Kara 2021
Photovoltaic

https://doi.org/10.52825/thwildauensp.v1i.5

© Authors. This work is licensed under a Creative Commons Attribution 4.0 International License
Published: 15 June 2021

Bi-facial Open-Space Photovoltaic Systems versus
Conventional Systems using Mono-facial Modules

A Technical and Economic Comparison

t1,2

Marcus Schmidt"?, Martin Hinneburg?, Lutz B. Giese®

! Technische Hochschule Wildau (Graduate), Germany
2 SUNfarming GmbH Erkner, Germany

3 Technische Hochschule Wildau, Germany

Abstract: As part of a scientific work within the solar company Sunfarming GmbH, the aim
was to find out whether bi-facial modules on open spaces deliver better results economically
than conventional mono-facial solar modules. In this context, an already installed 750 kW,
PV system with mono-facial solar modules was compared directly with a structurally identical
PV system with bi-facial modules, which, however, does not exist in practice but was only
simulated with PV software. The second part of the investigation includes the comparison of
four different assembly systems or elevation variants in order to determine the system with
the best relationship between system yield and costs.

The final result of the first investigation showed that the use of bi-facial modules reduced
the specific costs per kWh by approximately 5 %. In order to improve this effect, the use of
compact assembly systems is recommended, e.g. five rows of modules per table with
horizontal alignment.
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Introduction

For many years, photovoltaics have been one of the most important players in renewable
power generation in Germany. The PV modules have been optimized in terms of production
and quality, especially in the last 10 years, which at the same time increased customer
demands, prices have fallen and the degree of efficiency depending on the design has
already reached over 20 %. With the aim of placing as much power as possible in a small
area, the trend of bi-facial modules developed on the market in 2018/2019. The technology is
able to convert solar radiation into electrical energy on both the front and rear of the module.
According to the suppliers and manufacturers, additional energy yields of 5-30 % compared
to mono-facial modules are possible depending on the orientation, inclination and shading

[1].

In this context, the question arises to what extent the bi-facial standard modules
compare to mono-facial modules in terms of additional power and whether these can
generally replace the conventional modules in open spaces. For this consideration, the
actual costs and energy yields of a current open-space system were examined and
compared with the costs and yields of a simulated system with bi-facial modules.
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PV Open Space Systems

A ground-mounted PV system basically
consists of the following main components:

¢ Mounting system / substructure
e Solar modules

e (Generator connection boxes

e Inverter

e Transformer and transfer station

The mounting system is used to hold and
align modules (Figure 1). The modules are

inclined to a certain angle (15°-30°) with the aid Figure 1. PV system with bi-facial modules.
of the frames, while this is already guaranteed

by the roof inclination in roof systems. The

more module rows a table has, the lower the inclination must be selected in order to
minimize the effect of wind loads. The mounting system is one of the most important factors
influencing the effectiveness of the PV system [2].

A conventional mono-facial solar module usually consists of several crystalline solar
cells with silicon as the starting material. The solar cells form the heart of a PV system, as
the actual photovoltaic effect takes place in these or convert the energy of the photons into
electricity. In practice, mainly polycrystalline (light blue appearance) and monocrystalline
(dark blue appearance) are used, which differ only in terms of the type of production and the
degree of efficiency. While polycrystalline solar modules have an efficiency of 13-17 %,
monocrystalline modules can have an efficiency of more than 20 %, but this is associated
with higher costs. In a PV system, the solar modules are connected in series, creating so-
called strings that are then led to the generator junction box [3].
cells are halved after production, the peak -
performance can be improved by 2-3 % according
to the Fraunhofer Institute for Solar Energy Figure 2. Half-cell technology [4].

Systems, since the electrical resistance and thus the
energy losses are reduced within the cell connectors [4].

The nominal output of a solar module is
specified in kilowatt-peak (kW,) and indicates the
maximum output of the module, which is also
optimized with half-cell technology (Figure 2). If the

>

The generator junction boxes have the task of bringing the individual solar cables or
strings together and, if necessary, of separating the load from the rest of the system by
means of a switch disconnector (e.g. for maintenance work). By merging the strings, cable
runs and costs can be saved [2].

The solar generator generates direct current and can therefore not feed into the power
grid with alternating current. Therefore, all PV modules must be connected to one or more
inverters depending on the generator power. This converts the direct current (DC) into
alternating current (AC). In addition to the conversion, the inverters also perform the following
tasks [3]:

¢ Performance optimization

¢ Plant monitoring

e Power feed-in
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Performance optimization: The inverter detects the point of maximum power
(MPP = Maximum Power Point) per module string. This point is different at any time
depending on the irradiance, shading and module temperature, which is why the MPP is
constantly searched for and tracked (MPP tracking) [5].

Plant monitoring: Thanks to the independent operation, inverters can switch to stand-
by mode when the voltage is too low in order to save energy and switch on again when there
is sufficient incidence of light. They can also automatically disconnect themselves from the
network in the event of network faults or failures using a disconnection device. With the help
of a communication interface, the inverters and thus the yields of the PV system can be
remotely monitored at any time, e.g. to quickly identify any loss of yield [6].

Power feed-in: After a successful conversion, the electricity is fed into the
corresponding electricity network. While this process takes place in small PV systems (e.g.
5 kW,) via the house connection with 230 V, larger systems (e.g. 750 kW, open-space
systems) feed into the medium-voltage network between 1 kV and 35 kV via the transformer
or the transfer station [2].

The transformer is connected to the PV generator via the inverter and transforms the
output voltage of the inverter to the required medium-voltage level. In addition, with the help
of a switchgear within the station, it is possible to disconnect the transformer from the power
grid [2].

However, the energy from the PV system is fed into the public grid with the help of the
transfer station. This also takes over the counting of the energy generated by the generator
and at the same time forms the property boundary of the PV operator and the responsible
network operator [7].

Bi-facial Modules PV Open Space System

In contrast to the mono-facial cell, the bi-facial solar cell can convert the solar radiation on
the front as well as on the back into electricity. However, these are not two separate areas,
but simply the same item. The bi-facial PERC cell (PERC = Passivated Emitter Rear Cell) is
characterized by its dielectric layer (dielectric = non-conductive). The illustration in Figure 3
shows both a conventional solar cell and a PERC cell. The standard cell (left) has a full-
surface aluminum metallization on the back, which serves as a conductive contact for the
cell. The PERC technology, on the other hand, involves the creation of a dielectric layer that
has several small holes with the help of a laser. This means that the silicon wafers only have
contact with the aluminum metallization through the tiny holes [1].
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Figure 3. PERC cell technology [8] (in German).

By modifying the back of the cell, the radiation can also be received from the back. In order
to fulfill this function, there must also be a transparent back [8].
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The back is not symmetrical with the front and for this reason can only partially absorb
the radiation as efficiently. The ratio between back and front performance is called the bi-
facial factor and is approximately 70 % under standard test conditions [1].

In addition, there are the following influencing factors that influence the rear side yield of
bi-facial modules:

The reflection factor (albedo) is a percentage of the reflection radiation that hits the
back of the module and depends on the color and nature of the surface. While light colors
have an albedo value of approximately 60-90 % (e.g. show), grass, for example, guarantees
a value of approximately 23 % [1].

The higher the angle of installation, the more diffuse radiation can reach the rear, and
the same applies to the installation height of the module tables [1].

The row spacing between the module tables also has an influence on the radiation
behind the modules. At short distances, the horizon is narrowed down, so that the diffuse
radiation decreases. Self-shading can also occur at low positions in the sun if a module table
is too close to the rear one [1].

The last influencing factor is the shading from the solar cables and the mounting system.
The profiles of the mounting system should therefore not cover the rear of the bi-facial
modules [1].

Economics of Bi-facial PV Systems

Economic Comparison of Two 750 kW, PV Systems

A 750 kW, PV system that had already been built by SUNfarming GmbH was used as the
basis for the investigation, and its investment costs were compared with the annual energy
yields in order to calculate the specific costs in €/ kWh. In the study, these specific costs
should represent a measure of the profitability of a PV system.

With the help of the simulation software PV-Sal, it was then possible to simulate the
same PV system with the same technical configurations that instead contains bi-facial solar
modules. For the simulation system, the theoretical investment costs and yield data were
also put in relation and the specific costs were calculated. According to the comparison, the
specific costs when using bi-facial modules decreased by 3.17 %. However, it should be
noted here that it is not certain whether the simulation software can calculate the actually
possible energy yield through the rear. An additional energy yield of approximately 5 % was
output in the simulation, which can therefore differ slightly from reality.

Economic Comparison of Different System Concepts

In the second part of the investigation, the standard assembly system used was compared
economically with four other elevation concepts. An area of approximately 4 hectares was
used as the basis, which was covered by the concepts below in full simulation.

The fundamental data set of the installation concepts and their technical configuration is
shown in Table 1.

Table 1. Comparison of the system concepts [own illustration].

Concepts/ Reference | Conceptl | Concept2 | Reference | Concept 3 | Concept 4
Orientation of modules | Vertical Horizontal | horizontal | horizontal | horizontal
Module rows per table | 2 3 4 5 6
Installation angle 30° 30° 25° 20° 15°
Elevation (in m) 0.6 0.6 0.6 0.6 0.6

Row spacing (in m) 3 3 3 3 3
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In Figure 4 sketches of the configurations can be seen.

Figure 4. System concepts 1 to 4 and reference [own illustration; in German].

During the simulations of the individual concepts, it turns out that the space utilization
increases with the size of the module tables and that, despite the lower elevation angle, a
higher energy vyield is possible with concepts 3 and 4. At the same time, however, the
possible reverse side yield decreases by up to 4 % compared to concept 1.

Following the same procedure as mentioned above, where the investment costs and
energy yields are used to calculate the specific costs, the end result shows that the specific
costs of the first two variants are slightly more than for the comparison system.

Variants 3 and 4, on the other hand, have lower specific costs. Of the four different concepts,
variant 4, with an optimization of 0.84 % compared to the reference system, at least in
theory, represents the most economical PV system.

In the investigations, the bi-facial modules turned out to be the more economical variant
for elevated PV ground-mounted systems. The additional yield of the bi-facial modules is
high enough in the simulations to compensate for the additional costs and to achieve a
positive benefit. Since it was not possible to determine whether the simulation software can
realistically calculate the additional yield from bi-facial modules, it is nevertheless advisable
to carry out a precise yield report in order to achieve a final result.

Conclusions

The bi-facial modules have not yet fully achieved the market breakthrough, but due to the
ever increasing demands on solar modules, the trend is likely to continue to rise until the bi-
facial modules may have replaced the mono-facial modules for the most part on the market.
Here, however, one can only assume speculation.

The increase in yield can be of great advantage, especially in regions such as in the
African area, as the solar radiation is about twice as high as in the European area, whereby
the profitability could probably be optimized again.

In addition to the pure increase in yield, the transparency and the longer shelf life due to
the glass-glass construction speak for the use of bi-facial solar modules, as this opens up
completely new applications for photovoltaics, in which conventional mono-facial modules
could not be used efficiently. At the moment, the modules are mainly used as roof-integrated
in greenhouses, in order to serve as both a power generator and a roof at the same time.
The modules are also suitable for multi-purpose use for facades, balconies, noise barriers
and carports. In addition, they can also be erected on flat roofs with the lightest possible foil
as a substrate in order to increase the albedo value. In this case, the high reflection factor
could achieve an additional energy yield on the back that clearly exceeds 5 %. For this
reason, it is advantageous to examine the economic viability of bi-facial modules in other
areas of application and to test them in practice.
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