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ABSTRACT

Clean and renewable energy sources are strongly debated and are being seen as a great alternative to meet
society's energy demand, either for economic reasons or for reasons of lower carbon emissions,
consequently there is a growing search for these energy sources. In this way, solar energy is gaining more
and more space, especially in homes. With this, the objective of this study is an analysis of the
implementation of a bifacial solar system in a residence, aiming at a better use of generation by installed
space of the system. The advantage of the bifacial is the generation from the lower face, which can
increase the electrical production in each panel by up to 25%.

Keywords: Panels, Bifacials, Systems, Residences.

INTRODUCTION

With the growing demand in the global solar photovoltaic sector, progressively more countries
have been standing out in this energy sector. Brazil has been following this growth, having improved more
and more in the sector. One of the motivations for the gain of the Brazilian solar sector was the reduction
in the price of photovoltaic modules and the publication of Normative 482/2012, which determined new
guidelines for distribution and generation in Brazil. With Normative 482/2012, the customer is now based
on legal terms, to generate and consume their own energy in an efficient, renewable and zero-waste
generation in energy generation. A considerably good factor of Brazil is the climate, which is
predominantly tropical, receiving a large amount of solar radiation every day of the year. With rates
ranging from 5483Wh/m”2 and 4444 Wh/m”2 between the most different regions of Brazil, according to
data from CRESESB, (2023).

Because of this Brazilian potential, it is absolutely likely that the execution of solar systems in

businesses, industries and especially in homes, are ideal for our current scenario.
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With the broad search for solar panels, scholars in the area develop other technologies to innovate,
as in the case of bifacial panels.

Solar energy from photovoltaic panels is in continuous growth in the country and on the world
stage, but until some time ago there was distinction. Until in 2012, with the publication of Resolution No.
482, which involves the extension of small-scale distributed generation, a sector that gained strength in
Brazil and that, in 2020, reached the mark of 6 GW of installed power, a high number compared to the
total installed potential at the time, according to data from ABSOLAR (Brazilian Association of
Photovoltaic Solar Energy) [GLOW SOLAR, 2021].

In mid-2012, the National Electric Energy Agency (ANEEL) consolidated the first Normative
Resolution, REN No. 482, which defined the general conditions for access to distributed microgeneration
and minigeneration in Brazil, in addition to completely elaborating the entire system so that it was
possible to carry out the compensation of electricity. Despite this, after a few years, some adjustments to
this resolution were indispensable, with the purpose of minimizing costs and time for connection and
expanding the audience, which was modified in Resolution No. 687, of 2015. And, from then on, it is
likely that each and every person with a CNPJ or CPF will generate their own energy, from renewable
sources [GLOW SOLAR, 2021]. The new regulation of 2022 had some changes in deadlines, all the
provisions of Law 14,300 that do not depend on ANEEL's specification or adequacy of the
concessionaires' systems, can already be applied immediately. ANEEL had 180 days to regularize the
Law, that is, to update Normative Resolution REN No. 482 to avoid conflicts with Law 14,300 [GOV
2022].

The main changes in Law 14,300/2022 were related to installed power, that there were some
changes in the distributed minigeneration part, which for non-dispatchable sources reduced the limit from
5MW, as it was in REN482, to 3MW. And the higher limit of 75 kW (seventy-five kilowatts) was
maintained, this for systems connected to the electricity distribution network through the installation of
consumer units (GOV, 2022).

Associated with the compensation of electricity, before the resolution of Law 14,300 there was a
total compensation system, which refers to a compensation system of 1 to 1. In the old model, everything
that was injected into the network could be consumed without discounts for this, but evidently, still paying
the PIS and COFINS tax rates, but this has no direct relationship with tariff components [GOV, 2022].

The main contributions of this work:

1) an analysis of a bifacial solar system mounted on a residence, and to ascertain the best use of these
panels;
2) performing a comparative analysis with conventional panels and ascertaining the difference

between them;
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3) system sizing, with updated values;
4) prepare an economic feasibility study of the project. The project is aimed at a better use of

generation by installed system space.

OBJECTIVE
The objective of this work is to analyze a system of bifacial solar panels, installed on the roof of a
residence, in order to evaluate the best condition to install it and what values can be obtained with this

theoretical installation, when compared to conventional panels.

METHODOLOGY

Data collection on bifacial panels.

Structure studies for installation. The most appropriate structure is the one that uses the upper part
of the houses in built-in concrete roofs (slab), and built-in roofs can be chosen or also those of fiber
cement that are not found in greater quantity, which have a good surface reflection.

The analysis methodology for the comparison and obtaining the results was carried out in an Excel
spreadsheet, with all the base data for the calculations being noted in the spreadsheet. Base information of
the installation region was captured on the CRESESB website, with the average solar irradiation data with
values represented in (KWh/ m~2*day), also acquiring the ideal angle for the best use of the panel, which
is 23° degrees positioned to the north.

The location chosen was the municipality of Rosana, in the interior of the state of Sdo Paulo (SP),
latitude 22° 34' 48" S and longitude 53° 03" 32" W.

DEVELOPMENT
FORMULATION OF THE PROBLEM

The study consists of the analysis of a system of bifacial solar panels in homes, analyzing the best
way to obtain the best use of solar incidence. It is known that in large installations there is good use, but in
homes some type of ideal mounting structure can be created for bifacial photovoltaic solar systems, with a
reflective surface that better takes advantage of the rays reflected by the roof of the house and adequacy of
the height of the panels in relation to the reflective surface, as well as with a well-sized structure it is
possible to reduce the spaces used and consequently reduce the amount of equipment.

The types of constructions for the preparation of the project are, the built-in roof or building
surfaces is an alternative for the installation of panels, since it contains a surface with a considerable
reflection that most of the time is concrete, which if positioned correctly can obtain considerable use,

linked to bifacial technology. Another alternative would be the installation of bifacial solar panels with 2
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functions, which would be the roof with a secondary utility and the generation of electricity with the plates
as the main purpose. This installation of the panels is possible with the utility of serving as a cover as well,
as it is a material that serves to seal between the spaces of one plate and another. In the case of this study,
asbestos cement roofs (former "asbestos™ roofs) were the option, as they are in greater quantity and it
would be good to have the results of the studies of this implementation of monofacial and bifacial panels
for analysis.

Every part of the structure of the modules will be recorded and determined with the necessary seals
for the panels used in the roof part. The equipment selected for the analysis, such as common and bifacial
panels, inverter and other necessary items. Figure 1 shows the monofacial solar panel chosen for the

comparison.

Figure 1. 555W Monocrystalline Solar Panel Sunova 72MDH 30mm

Table 1 provides the standard information for the common cell monocrystalline solar panel.

Table 1. Specifications 555W Monocrystalline Solar Panel.

Rated Power 555W
Tension 40.89Vdc
Current 13.58A

Efficiency Face Frontal 21,5%
Cell Type Monocrystalline
Maker Sunova
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In the midst of several innovations, Sunova Solar's panels are developed with Half-Cell technology
(that is, cells cut in half to make the system more efficient) and protection against the problem of Hot
Spots (with a circuit designed eventually to avoid the occurrence of hot spots that may arise due to
shading in the solar panels).

Sunova's solar panels have a high performance and are differentiated by their resistance and
durability, with quality assured by the double inspection in el Test (a rigorous test that proves the
robustness of photovoltaic cells).

Figure 2 shows the bifacial solar panel chosen for the comparison.

Figura 2. Painel Solar 575W Monocristalino Bifacial Half-Cell Sine Energy - SN575-144MTB

Table 2 shows the standard information of the monocrystalline solar panel of bifacial cells.

Table 2. Specifications 555W Monocrystalline Solar Panel

Rated Power 575W
Tension 42.24Vdc
Current 13.63A

Face Frontal 22,25%

Efficiency Bifacial 27,81%

Cell Type Monocrystalline
Maker Sine Energy
INMETRO Registration 003207/2023

With a high power generation on account of the combination of technologies, Half-Cell, TopCon,
Multi-busbar, monocrystalline cells and Bifacial Design offer an average efficiency of 27.81%. This
bifacial photovoltaic solar panel reaches an average output of 2,875W per day with just 5 hours of full sun

and can reach up to 3,594kW per day with 25% bifacial power gain.
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Panel service time increased with Anti-PID technology, induced potential degradation is less over
the life of the panel. In this way, the loss of power occurs at a slower pace and has less impact on power
generation.

The SN575-144MBT solar module has a robust structure to last a long time, to withstand harsh
weather conditions, allowing for superior durability.

With the 575W bifacial solar module, we have the possibility of a number of applications, being
more suitable for grid-connected systems in open areas, homes and businesses that are installed on the
ground or on fiber cement roofs (former "asbestos" roofs) to take advantage of the sunlight reflected on
the surface and captured by the cells at the bottom.

Figure 3 contains the chosen solar inverter.

Figure 3. GROWATT on-grid photovoltaic solar inverter

GROWATT

Table 3 shows the most relevant technical specifications of the inverter:
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Table 3. Specifications GROWATT on-grid solar PV inverter

Rated Power 2kwW
Maximum Input Voltage 500Vvdc
Rated Voltage(Output) (180V-280)
Max. DC Current by MPPT 13A
Max. Current output 16A
Efficiency 97,2%
Type of Investor On-grid
Maker GROWATT

The built-in roof or building surfaces is an alternative for the installation of panels, since it
contains a surface with a considerable reflection that most of the time is concrete, which if positioned in
the right way obtains considerable use, when considering bifacial technology.

In the analysis of this installation, it was considered that the panels were designed with the
intention of generation at the bottom, that is, corresponding to the bifacial solar panel model, to be later
compared with the monofacial solar module, being installed in the same frame. The structure must be
positioned a little higher than the slab or, in the case of this study, above the fiber cement roof of the
leisure area of the residence, at a height of at least 1.2 meters.

Figure 4 below shows how the panels should be grouped and inclined, with only two panels having

to be adjusted in the height part of the roof in relation to the roof.

Figure 4. Installation of modules with the inclination for bifacial panels on concrete roof
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The next section exposes the results and tests of the proposed formulation.



TESTS AND RESULTS
The most appropriate structure is the one that uses the upper part of the houses in built-in concrete

roofs (slab), and built-in roofs can be chosen or also those of fiber cement that are not found in greater

quantity, which have a good surface reflection.

The analysis methodology for the comparison and obtaining the results was done in an Excel

)

spreadsheet, with all the base data for the calculations being noted in the spreadsheet. Base information of

the installation region was captured on the CRESESB website, with the average solar irradiation data with

values represented in (kWh/m”2*day), also acquiring the ideal angle for the best use of the panel, which is

23° degrees positioned to the north.

The location chosen was the municipality of Rosana, in the interior of the state of S&o Paulo (SP),
latitude 22° 34' 48" S and longitude 53° 03' 32" W. Next, the climatic data were obtained from CRESESB,

which are expressed in figures 5 and 6 below:

Figure 5. Solar irradiation values in Rosana — SP

Estagéo: Rosana

Municipio: Rosana , 5P - BRASIL

Latitude: 22 601° §

Longitude: 53,04 0O

Distancia do ponto de ref. (22,58 5; 53,09888%° 0) 2,5 km
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The place of theoretical implementation of the system was a residence in the municipality of
Rosana, district of Primavera — SP. The selected installation point was the leisure area of the house.

Figures 7 and 8 below show the roof where the structure with the panels will be designed:

Figure 7. Roof of Implementation Analysis in Residence

The structure assembled with the panels will be positioned facing the geographic north, with an

inclination of 23 degrees, which would be inclined towards the trees in figure 8, the structure would be
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The dimensioning of the monofacial system to compare with the values of the bifacial system was

adapted to a height of 1.3 meters from the fiber cement roof, a structure that would be fixed to the upper

wall next to the roof, giving more security in the matter of supporting the project.

performed with data from the chosen residence. With the house defined, the energy bill for the month was
purchased, but in addition to the data for the month for the month, there was other important information
from previous months.

Figures 9 and 10 show the energy bill for the pandemic period in 2021, as the new energy tariffs

were placed in automatic debit, and it will no longer be printed from this date on.

Figure 9. Elektro energy bill of the residence
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Figure 10. Consumption values referring to previous months (Elektro energy bill).

In both systems they will be connected to the grid (On-grid), for this reason it is not necessary to
implement a battery bank for the storage of excess electricity not consumed, this excess energy being
exported to the electricity grid itself and used in periods when energy production is zero. In this way,
making the project much more advantageous, as batteries have a high cost.

The methods used to obtain the calculation of the sizing of the quantity of solar panels and
inverters will be shown below:

The Monthly Consumption (kWh) is equal to the sum of all 12 months present on the bill and

consequently equal to the annual consumption, equation 1 indicated below:

Annual Consumption(kWh/ano) = Monthly consumption(kWh) (Eq.1)

The average monthly consumption (kWh/year) is the annual consumption divided by 12 months,

which was the period considered, equation 2:

Annual Consumption(kWh/year) (Eq 2)

Average monthly consumption(kWh/més) = Prys——

Daily consumption (kWh/day) is the result of the average monthly consumption divided by the
average of the total days of the 12 months, which is 30 days.
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Average monthly consumption(kWh/maés)
30 days

Daily consumption(kWh/dia) = (Eq.3)

Peak power (kW/Peak) is given by the average daily household consumption divided by the

average daily irradiation, expressed in equation 4 below:

Daily consumption(kWh/dia)

Peak power (kW /Pico) =

(Eq.4)

Average irradiation per day(kWh/m2.dia)

After the formulas and other necessary parameters, the Excel spreadsheet was assembled based on
CRESESB data and the equations presented. The first step in assembling the spreadsheet was the
construction of table 4 with the survey of household consumption.

Table 4. Survey of electricity consumption data (Excel)

=
- Levantamento de dados do consumo de energia elétrica

Energia minima Consumo

_ Consumo| . - -
Mes [KVWh] disponivel por considerave

3 més [kWh] 1 [kWh]
4 |Jan 148 50 98
s |Few 174 50 124
s |Mar 203 50 153
7 |[Abr 176 50 126
s Mai 165 50 115
e Jun 179 50 129
10 | Jul 190 50 140
11 |Ago 150 50 100
1z |Set 161 50 111
13 |Out 184 50 134
12 | Now 166 50 116
15 |Dez 159 50 109
15 Media 171,25 - 121,25

Consumo diario medio

anual

[KWh/dial{considerando

meés 30 dias) 5,708333333
17

(Eq.4) will be used to obtain the peak power of the system, together with the variable of the
average annual daily consumption that was presented in table 4 and the lowest solar daily irradiation index
of the year, in figure 6, identified in the line of the angle equal to latitude. With this will occur an addition,
which is 25% in relation to the peak power of the photovoltaic solar sizing, a safety measure used in any
solar project to have a margin in case something occurs in a way that was not initially foreseen. Table 5

shows the peak power, which will be the demand of the system.
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Table 5. Peak Project Power(Excel)
kWipico 1,749680715|[kW/p]

Em Watls 1749680715 [Wip]

The monofacial sizing was carried out in the Excel spreadsheet, with the equipment presented
above, 4 555W Half-cell modules from Sunova and a Growatt 2kW inverter will be used for the
construction of the experimental photovoltaic solar project.

System 1, which is bifacial sizing, being the best option, was prepared in the Excel spreadsheet,
with the models of bifacial panels, presented in figure 2 above, 4 bifacial modules of 575W Half-cell from
Sine Energy and an inverter from Growatt 2kW will be used for the construction of the experimental solar
photovoltaic project.

Table 6 shows the values of the materials used in the implementation of the photovoltaic panels,

including the structure and the panels themselves.

Table 6. Installation Values Monofacial PV Modules (Excel)
]

Sistema 1/ Sistema 2/
Painéis Fotovoltaicos 575W 555W

» (Bifacial) (Monofacial)
Quantidade de Painéis Fotovoltaicos necessarios 3,042922983  3,888179367 Placas
Quantidade de Painéis considerados 4 4 Placas
Poténcia do sistema/dia 23 222 kW/dia de Geragdo
Preco do Placas RS 423440)R$  3.692,00 R$
Prego de Instalacéo R$ 1.000,00/R$  1.000,00 R$
Preco Total do Sistema(Paingis) R$ 523440)R$ 469200 R$

In relation to the inverter chosen for the monofacial and bifacial systems, it will be the same, for a
better comparison between both and because the difference in the power of the set of panels of both
systems, despite the bifacial system having a higher production value, are within the value allowed by the
2 kW inverter, which reaches a maximum power of up to 2.8kW, according to data from Growatt's
datasheet. The final estimated price of the structure is composed of the structures of the panels for the
fiber cement roof, cables and the circuit breakers responsible for the safety of the system, and will be the

same cost for both projects.



Table 7. Value referring to the number of inverters and price of the structure (Excel)

Sistema1 / Sistema 2 /
Inversores 2kW 2kW
» (Bifacial) (Monofacial) <j
Quantidade de Inversores necessarios 0,874840358 0,874840358 Invesores
Quantidade de Inversores considerados 1 1 Invesores
Poténcia do sistema 2 2 kW
Pre¢o do Invesores R$ 244900 | R$ 244900 R$
Preco de Instalagio R$ 500,00 | R$ 500,00 R$
Prego Total do Sistema(Inversores) R$ 2.949,00 | R$ 2.949,00 R$

\

Soon after, with the sum of the prices of panels with the installations, together with the inverter and

the rest of the materials (structure), we obtained the value of the monofacial project (system 2) without
profit, which is 9,141.00 reais (R$), where the estimated profit on the project would be 25%, as it is a

small project. However, on top of this amount, the 4% of taxes on the assembled system will be deducted,

achieving a net profit of R$ 1,828.20. The value of this project considering all charges and the amount that

will be paid by the client is R$ 11,426.25. All the data of this system with monofacial panels are in table 8

below.

Fonte 1 alinhamento

W Preco Sem Lucro

PayBack

N I § - - b A~ € 35 [E5 Mesclar e Centralizar -

ema

B~ 2% Quebrar Texto Automaticamente Geral

B % o %3

|rs

E )

»

# 5 =
Formatago Formatar como Estilos
Condicional - Tabela~  Célula ~

Estilos

S

9.141,00

2.285,25

1.828,20

Table 8. Monofacial PV System Value, Profit, Tax and Payback(Excel)

’) L == x‘;‘ E

de | Inserir Excluir Formatar e

células

u

assificar Localizare | Suplementos
* e fFiltrar ~ Selecionar -

v 0O
Edigio Suplementos

\J w

5,584022402

Imposto

| -

457,05 4% - sobre o valor final do sistema

Subsequently, with the sum of the value of bifacial modules with the installations, together with

the inverter and the rest of the materials (structure), with this we have the value of the bifacial project



\V4

without profit, R$ 9,683.40. In this way, the estimated profit on top of the project would be 25%, where
on top of this value will be deducted the 4% taxes on the system after assembly, concluding with a net
profit of R$ 1,936.20. The value of this project considering all charges and the amount that will be paid by
the client is R$ 12,104.25, with a difference in the final cost of the project of R$ 678.00, when compared
to the monofacial system, being below the cost of the benefit that the photovoltaic bifacial system will
provide. Table 9 contains the data on the values of the bifacial design.

Table 9. Bifacial PV System Value, Profit, Tax and Payback (Excel)

Itaico Residencial - Excel Welington Souza

Lz i - ,
NI S - oA~ € 35 [ Mesclare Centralizar - . o uo % @ | Formatagio Formatarcomo Estilosde | Inserir Excluir Formatar Classificar Localizare | Suplementos
Condicional ~ label ula ~ . - - e

jl Prego Sem Lucro RS 968340
RS 242085 |
R$ 12.104,25
R$ 1.936,68 |
Com Maior Valor do més
PayBack 5,915361834 Anos
Imposto RS 48417 ‘ 4% - sobre o valor final do sistema

As a result, for the calculation of Payback, the value of 0.84 R$/kWh was used with the charges
already considered, because at the time of the invoice we had a scenario of tariff increase due to the flags,
being a value slightly higher than the current cost, which would be 0.754 R$/kW according to data from
NEOENERGIA [2023]. With this scenario considered, the value of 5.915 years was reached for the return
on investment in the implementation of the bifacial panels and the time of 5.584 years for the system of
common modules.

In the scenario of the bifacial system, there will be an addition in the production of the panel due to
the lower face, in view of this the panel will produce in general at least 12.5% more of its nominal power,
and this number of generation from the back of the panel is limited due to the wall on the side of the roof
(figure 7), which makes it impossible to produce in the infra part of the project in the afternoon, losing 6
hours of full sun on this side. If there were no such limitation in the case of this installation, this value
could reach 25% of addition to the overall energy production, when compared to the system with
monofacial modules. With this installation there is a possibility of exponentially increasing energy

production in relation to monofacial panels on cloudy days, where there are few direct rays and many
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In analogy with the monofacial module, the bifacial can have a useful life of 5 years longer than its

reflected rays from the sun, and can reach more than 40% of production on cloudy days, being another
huge advantage compared to a photovoltaic system with monofacial solar panels.

competitor, and can reach up to 30 years of use. The degradation index is different between the two panel

models and can be observed graphically. Light-induced degradation (LID) starts at 2% and annual power

degradation of 0.45% in bifacial panels and 0.55% in monofacials, that is, bifacials degrade less over time
and have a higher efficiency, due to the glass at the bottom [CANASOLAR, 2022].

FINAL CONSIDERATIONS

The implementation of a photovoltaic solar project in a home is a promising alternative for the
customer, as it obtains the long-awaited minimum energy bill, paying only the charges of electricity
distribution and saving a large part of the value in the residential electricity bill. We have more than 70
million homes without a photovoltaic solar energy project, data on the number of houses in Brazil
obtained from [IBGE, 2022]. According to G1 data, more than 1.1 million homes already have solar
energy on their roofs, with a large number of houses for the implementation of new solar photovoltaic
projects [BRASIL, 2023].

Consequently, it would be interesting to obtain a higher yield for the implementation of solar
energy in homes, with a better use of the available space, generating more energy with a smaller occupied
space, and the differential, with few changes, was shown in this theoretical analysis, that few structural
changes are necessary in the implementation of bifacial photovoltaic systems, in other words, a great
alternative to improve the project's electricity productivity. The bifacial solar system obtained the
advantage of having a higher power compared to monofacial panels, this is due to the production of
energy by the lower face, and can be even greater, if the project when assembled does not have a wall that
impairs the reflection of the sun in the afternoon, which is the case of this system, which loses 6 hours of
full sun at the bottom.

The installation of the bifacial system in this study has a cost of R$ 12,104.25, referring to the total
value of the investment for the project, with all the charges involved. The amount can be financed, to be
paid with an amount close to that of the energy bill. The difference when compared to the monofacial
photovoltaic system has a value of R$ 678.00 higher, and this increase is compensatory, taking into
account the higher return on energy production. Payback is slightly higher, 3 months, due to the final price
of the project with bifacial panels of 5.9 years and 5.6 years for single-sided panels. This difference is

irrelevant when comparing production gains.


https://canalsolar.com.br/o-efeito-lid-das-celulas-fotovoltaicas/
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