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ABSTRACT: The economic viability of
photovoltaic energy depends on several factors
such as associated costs, energy tariffs, capital
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cost, energy consumption and production. Aiming
to provide a tool that makes it possible to assess
the potential of photovoltaic energy in a generic
way for different regions and that it is possible
to easily change the calculation assumptions,
an electronic spreadsheet was developed. The
development of this spreadsheet was carried
out using Microsoft Excel and programming in
Visual Basic for Applications (VBA). Through
this spreadsheet, it was possible to simulate
several scenarios estimating the annual Internal
Rate of Return (IRR), specific Net Present Value
(NPV) and Discounted PayBack (DPB). The IRR
and NPV were calculated using Excel’s native
functions, with the specific NPV being the ratio
between the NPV and the investment made. The
PBD was calculated through a function created
through VBA.

KEYWORDS: PHOTOVOLTAIC  ENERGY,
ELECTRONIC SPREADSHEET, ECONOMIC
FEASIBILITY.

DESENVOLVIMENTO DE UMA
FERRAMENTA COMPUTACIONAL
PARA DIMENSIONAMENTO E ANALISE
DA VIABILIDADE ECONOMICA DE
SISTEMAS FOTOVOLTAICOS

RESUMO: A viabilidade econémica da energia
fotovoltaica depende de diversos fatores como
custos associados, tarifas de energia, custo de
capital, consumo e produc¢éo de energia. Visando
proporcionar uma ferramenta que possibilite
avaliar o potencial da energia fotovoltaica de
forma genérica para diversas regides e que
seja possivel alterar facilmente as premissas de
célculo foi desenvolvida uma planilha eletrénica.

Capitulo 2


http://lattes.cnpq.br/9356476964884212
http://lattes.cnpq.br/3664388491683265
http://lattes.cnpq.br/8847175700677292
http://lattes.cnpq.br/0842599717842402
http://lattes.cnpq.br/9013009708304943

O desenvolvimento desta planilha foi realizado por meio do Microsoft Excel e programacéo
em Visual Basic for Applications (VBA). Por meio desta planilha foi possivel simular diversos
cenarios estimando a Taxa Interna de Retorno (TIR) anual, Valor Presente Liquido (VPL)
especifico e PayBack Descontado (PBD). ATIR e VPL foram calculados por meio de fun¢des
nativas do Excel, sendo o VPL especifico a razdo entre o VPL e o investimento realizado. Ja
o PBD foi calculado por meio de uma fungéo criada por meio do VBA.

PALAVRAS-CHAVE: ENERGIA FOTOVOLTAICA, PLANILHA ELETRONICA, VIABILIDADE
ECONOMICA.

11 INTRODUCTION

In Brazil, solar photovoltaic and wind energy are the fastest growing energy sources,
respectively 92% and 15% between 2018 and 2019[1]. Since 2012, through ANEEL
regulation 482 it is possible to generate energy in this way and reduce the amount paid for
energy to the minimum rate through a compensation system. One of the types of photovoltaic
solar energy generation is distributed generation, normally carried out by means of small
generators and from renewable sources, close to consumer units. In this system, the excess
of generated energy is stored in the concessionaire’s network and remains as a balance for
the consumer when there is a need to withdraw energy from the network[2]. According to the
Brazilian Association of Photovoltaic Solar Energy (ABSOLAR), micro and mini distributed
generation tripled between July 2019 and June 2020, growing by 45% even during the
pandemic period[3-4].

The generation of electrical energy through photovoltaic modules is influenced
by parameters that vary depending on the geolocation of installations, such as received
irradiation and temperature. In this way, each technology has a respective efficiency
depending on where it will be installed[5]. In addition to the performance of the modules,
there are other variables that affect the feasibility of investing in a photovoltaic system,
some of which are specific, regional and national.

This work proposes to create a spreadsheet that scales and assesses the potential
for using photovoltaic energy, according the Brazilian specifics. This worksheet requires the
following variables to be informed: time to start generation; Discount Rate (DR); operation
and maintenance cost; disaggregation of photovoltaic modules; annual yield of photovoltaic
modules; type of connection; energy consumed per month; tariff flag used in the simulation:
green, yellow, red or a weighted average according to a history; tariff values referring to the
brands; database with prices of photovoltaic systems; federal tax rate, Social Integration
Program (PIS) and Contribution to Social Security Financing (COFINS); Tax rate on the
Circulation of Goods and Services (ICMS) or formula that allows estimating the same for a

given state.
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21 MATERIALS AND METHODS

The spreadsheet developed in this work was developed using Microsoft Excel
software together with programming in Visual Basic for Applications (VBA). The Annual
Internal Rate of Return (IRR) and the Net Present Value (NPV) were calculated using native
Excel functions. However, in order to enable a better comparison between results from
different simulations, the specific NPV is displayed in the spreadsheet. That is, the ratio
between the NPV and the amount invested. On the other hand, the Discounted PayBack
(PBD) was calculated using a function that is not native to Excel, which is developed with
programming in VBA.

To calculate the aforementioned financial indicators, it was necessary to determine
the investment’s cash flow and a Minimum Attractiveness Rate (MAR) to be used as DR.
The cash flow is automatically determined by the spreadsheet according to the project, but
the DR is determined by the user. As a reference for DR, for Brazilians, the IPCA+ treasury
is suggested, as it has a similar liquidity to the simulated scenario (15 years) and the lowest
credit risk in Brazil. It was considered that the readjustment of the energy tariff was 85%
of inflation, and should be added on top of the fixed, net rate, a factor that remunerates an
investment risk.

As the performance of a photovoltaic system depends on the technology used and
the conditions under which it will be submitted, it is necessary to know the performance of
a module to carry out the dimensioning of a system. This performance varies according to
several variables that can be regional, such as the climate and temperature the module will
be subjected to, or specific to a situation such as shading and the inclination and direction
in which the panel is installed.

In this work, the same premises that the Institute for the Development of Alternative
Energies in Latin America (IDEAL) adopted to develop its simulator, América do Sol were
adopted. That is, the system consists of polycrystalline silicon slabs pointing to the north and
with a fixed inclination equal to the latitude of the evaluated location, without considering
a possible shading of the neighborhood[6]. In this way, in addition to adopting an already
established simulation standard, it is possible to use data from América do Solto determine
the Annual Yield (AY) of the photovoltaic modules in a given location. Once the AY has
been defined, it is necessary to know what the Minimum Rate (MR) the customer will pay
regardless of its usage. This MR varies according to the connection type in 30 kWh (single-
phase), 50 kWh (two-phase) and 100 kWh (three-phase). As in this work, a flat Energy
Consumption (EC) and Energy Production (EP) are considered. That is, it does not vary
throughout the year. The Nominal Power (NP) of a photovoltaic system can be calculated
using Eq. 1.
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However, the Energy Produced (EP) by a photovoltaic system varies with the time it
is used, which is generally between 0.2% and 1% per year[7]. The Energy Production Decay
(EPD) value is normally provided and guaranteed by for a certain period. Thus, to find the
SE in a year (1), one can use Eq. 2.

The Base Tariff (BT) in effect is determined by the National Electric Energy Agency
(ANEEL), varying according to the concessionaire and the Federation Unit (FU). BT
receives surcharges according to power generation conditions. That is, the tariff flag. The
spreadsheet allows simulations to be carried out with a specific flag or with a weighted
average based on the history of tariff flags in Brazil. The taxes that can be calculated using
Eq. 3 are added to the previous amount. Of these taxes, only ICMS has predefined rates,
which vary according to the State and amount of energy consumed. Federal taxes, PIS and
COFINS, currently vary from month to month and are usually estimated according to the
average amount charged in recent months. Eq. 4 shows how to calculate the Final Tariff
(FT) according to BT, Taxes (I) and Addition Referring to Tariff Flag (ARTF).

The spreadsheet was developed in order to simulate a 15-year scenario of equipment
use without the need for replacement, one of the scenarios simulated by Dantas and
Pompermayer[8]. This scenario is simpler, as it does not need to estimate the future price of
the equipment to be replaced and has a unit cost close to a 20-year scenario in which the
inverter and stringbox need to be replaced[8]. The Project Cost (PC) was estimated through
the linear interpolation of a database obtained by contacting companies in the segment
in the assessed location. The invested value of the project is the present value of the PC,
where it is brought to present value by a DR. It was considered that the time between
payment and the start of energy generation is 2 months, given the procedure established
by ANEEL[9]. Finally, the remainder of the cash flow is determined by Energy Savings (ES).
The ES for a given year (1) can be obtained through Eq. 5, considering the Operation and
Maintenance Costs (OMC) estimated at 1% of the CP according to Nakabayashi (2015)[10].

31 RESULTS AND DISCUSSION

The developed spreadsheet makes it possible to evaluate the influence of several

Collection: Applied electrical engineering Capitulo 2 “



variables such as: energy consumed, disaggregation of photovoltaic modules, taxes,
connection types, tariff flag, time to implement a project and DT. The main sheet, in which
the main variables are changed, can be seen in Fig. 1, with its data referring to a design
carried out for Campos dos Goytacazes/RJ, Brazil.

Assumptions of the Photovoltaic System Project Selected System Result
System Lifetime | 15 years Invested Value ‘ R$ 9.143,14
One Year Savings X RS 1.660,66 Value per unit produced RS 6,43 /Wp
Savings generated in year X Time to start generation
tariff RS 0,92527 Total energy savings R$ 22.013,70
Taxes 31,87% Economic analysis
PIS + COFINS (2019) 6,17% Discount Rate/MAR
ICMS 18% IRR 15,47%
Flags Specific NPV 26,62%
Energy consumed on average per month DPB 8,90 Years
Connection Type
Energy produced 1894 kWh/year Label:
Rated power 1400 Wp Gray - Constants
Annual Yield
Encrgy Use

Breakdown of modules

Yellow - Secondary Results

Operation and maintenance | Orange - Main Results

Figure 1. Main layout of the elaborated spreadsheet.

By comparing the calculation methodology and the result obtained with other works
such as the IDEAL simulator[6] and other works on the development of design sheets[11],
we can observe that the worksheet developed in this work meets the design requirements
with the differential to also carry out a more detailed and personalized economic
evaluation, according to the user’s assumptions. In addition to showing capital gain, the
financial indicators used in this study also took into account the value of money over time.
Furthermore, the spreadsheet allows you to visualize the drop in energy production, as well
as its effect on energy savings.

41 CONCLUSIONS

The sizing results were slightly different when compared to sizing performed by
companies that made up the project database. This difference is mainly attributed to the
consideration of the seasonality of energy consumption and production, as these variables
influence the capacity of the installed system. However, considering that the objective of
this work is to develop a spreadsheet for a regional assessment, it can be said that it met
the proposed objectives.

It was also noticed that most companies considered tariff readjustment and DT
scenarios out of date with the current Brazilian scenario. The results obtained through this
spreadsheet are in some cases significantly different. Thus, it emphasizes the importance
for the consumer to assess the calculation assumptions and for companies to update them,
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since the profitability of the direct treasury and inflation in Brazil are not stable. Thus, this
work can contribute to those who wish to study, teach, develop research or even simulations
on photovoltaic systems, from an energy and/or economic point of view. The use of this
spreadsheet also enables initial studies to be carried out on the feasibility of photovoltaic
energy in a given region. However, it should be noted that this method does not replace an
assessment for a specific project, as there are specific variables that cannot be predicted

by a generic dimensioning.
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