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RESUMO

Sistemas de energia solar fotovoltaica (FV) podem ser melhor integrados
em edificagdes, respeitando a arquitetura original ou mesmo sendo
considerados durante o projeto de um novo edificio. O desafio para os
projetistas é criar um compromisso entre a arquitetura do prédio e a
funcdo de gerar energia nas construcdes. Além dessas questdes técnicas,
é importante que os projetos levem em conta um estudo dos aspectos
econdmicos, uma vez que a determinacdo do valor de bens é tdo relevante
guanto sua producdo fisica. Este trabalho define um método para
selecionar fachadas e coberturas de edificios, apropriadas para a
integracdo de sistemas fotovoltaicos conectados a rede, no campus sede
da Universidade Federal de Santa Catarina (UFSC) em Floriandpolis-SC.
Para serem aceitos, os sistemas fotovoltaicos devem ter um impacto
positivo na arquitetura dos edificios, além de gerar energia. Ainda, os
sistemas devem ser economicamente vidveis. A analise econdmica
baseou-se no calculo do Valor Presente Liquido (VPL), da Taxa Interna
de Retorno (TIR), do Tempo Descontado de Retorno (DPBT) e do Custo
Nivelado de Energia (LCOE). A ideia foi criar um minigerador
fotovoltaico com capacidade instalada de 1 MWp, utilizando apenas
fachadas e coberturas de edificios da UFSC, e avaliar o impacto que a
energia produzida por este gerador possui no consumo da Unidade
Consumidora (UC) Cidade Universitaria da UFSC. Os resultados
mostraram que as integraces dos modulos FV as fachadas (em forma de
brise soleil e fachadas ventiladas) e as coberturas trouxeram beneficios
estéticos e de conforto térmico e visual para as 6 edificacfes escolhidas
para este estudo. Se apenas as fachadas fossem consideradas, a andlise
econdmica ndo seria atrativa, mas com a adicao das coberturas os sistemas
tornaram-se economicamente viaveis. Com a instalacdo do mini gerador
de 1 MWp, o consumo anual de energia da universidade seria reduzido
em até 7.42%. Portanto, este estudo demonstrou que € importante que 0s
projetistas estejam cientes das possibilidades, funcionalidade e integracdo
dos sistemas fotovoltaicos e sua oportunidade de serem economicamente
viaveis.

Palavras-chave: Sistemas fotovoltaicos integrados a edificacdes.
Fachadas solares. Coberturas solares. Analise econdbmica de sistemas
fotovoltaicos conectados a rede elétrica.



RESUMO EXPANDIDO

Introducéo

Existem vérias maneiras de produzir eletricidade, cada uma com suas
vantagens e desvantagens. A tecnologia solar fotovoltaica (FV) é uma das
formas mais proeminentes na atualidade e consiste no uso de médulos FV
que convertem diretamente a luz solar em energia elétrica. Uma das
grandes vantagens desta forma de geracdo de energia é poder integrar-se
em edificios, utilizando os moédulos FV superpostos a arquitetura
existente, bem como substituindo materiais de revestimento ou vedacdo.
Diversos trabalhos foram realizados para estudar e aprimorar 0s
dispositivos utilizados na geracdo de energia elétrica a partir da irradiacéo
solar (CHALASANI; CONRAD, 2008; KAHOULI-BRAHMI, 2008;
TOLEDO et al., 2010; FAHRENBRUCH; BUBE, 2012; GRAU et al. .,
2012). No entanto, ndo se tem dado muita atengdo a questdo da poluicdo
visual e, em particular, ao impacto na arquitetura dos edificios quando da
instalacdo dos médulos FV.

O papel do arquiteto, engenheiro ou designer na integracdo de moédulos
FV é manter um compromisso entre a forma dos edificios e a funcdo dos
sistemas FV (RUTHER, 2004; URBANETZ; ZOMER; RUTHER, 2011;
ZOMER et al., 2013). O nucleo de qualquer atividade arquitetbnica esta
no ato de construir (ZUMTHOR, 2009), por isso é fundamental que as
interferéncias sejam feitas por um profissional da construcéo civil, ja que
este é capaz de integrar a plasticidade da forma, a qualidade do espaco e
0s requisitos técnicos e funcionais da construgdo. O problema é que,
devido a falta de conhecimento, esse profissionais muitas vezes se
recusam a usar sistemas FV em seus projetos. O medo de comprometer a
geracéo de energia ao inovar na maneira como os médulos séo instalados,
ou que os modulos comprometam a estética arquitetbnica sdo as
principais causas dessa falta de interesse.

Além disso, um projeto de arquitetura e/ou engenharia depende néo
somente de solugdes técnicas, mas também de solucdes econdmicas,
ambientais, politicas e culturais. Determinar o valor de bens e servicos
em termos econdmicos é tdo importante quanto produzi-los através das
leis da fisica (CORTES, 2012). Portanto, é essencial que os projetistas
conhecam os indicadores econémicos de um investimento, como o Valor
Presente Liquido (VPL), a Taxa Interna de Retorno (TIR), o Tempo de
Retorno Descontado (DPBT) e o Custo Nivelado de Energia (LCOE).
Infelizmente, um projeto técnico nem sempre esta associado a uma
analise econbmica, 0 que muitas vezes significa que o projeto €



tecnicamente viavel, mas economicamente inviavel, e o projetista nem
percebe isso.

Este trabalho, entdo, propfe analisar os compromissos entre a forma, a
funcdo e os aspectos econbmicos dos sistemas FV integrados a
edificacdes e a rede elétrica publica no Brasil, para mostrar e incentivar
os profissionais da construgdo civil a utilizar cada vez mais a tecnologia
FV em seus projetos. O estudo de caso consiste nos edificios existentes
em um campus universitario localizado em clima subtropical, através da
integracdo de modulos FV nas fachadas e coberturas desses edificios.

Objetivos

O objetivo geral desta dissertacdo é qualificar e quantificar superficies
verticais (fachadas) e coberturas adequadas para a integracdo de sistemas
fotovoltaicos (FV) conectados a rede no campus principal da
Universidade Federal de Santa Catarina (UFSC), localizado na cidade de
Florianépolis, Brasil (27° S, 48° O).

Os objetivos especificos sao:

1. Definir critérios para a aceitacdo de fachadas e coberturas para a
integracdo de sistemas FV conectados a rede, com base na analise de
viabilidade técnica, ou seja, os sistemas FV propostos, além de gerar
energia, devem trazer alguma contribuicdo arquitetonica para os edificios.
2. Definir critérios para a aceitacdo de fachadas e coberturas para a
integracdo de sistemas FV conectados a rede, com base na analise de
viabilidade econdmica, que consiste em calculos do Valor Presente
Liquido (VPL), Taxa Interna de Retorno (TIR), Tempo de Retorno
Descontado (DPBT) e Custo Nivelado de Energia (LCOE).

3. Selecionar fachadas e coberturas dos prédios da UFSC pertencentes a
Unidade Consumidora (UC) Cidade Universitaria, que atendam aos
critérios de aceitacdo estabelecidos, até que a area requerida para a
instalacdo de um mini gerador FV de 1 MWp seja atingida.

4. Simular a producédo de energia do mini gerador e avaliar seu impacto
na reducdo do consumo de energia da UC.

Metodologia

O papel dos projetistas € utilizar a tecnologia fotovoltaica (FV) para
enriquecer uma arquitetura nova ou existente. A harmonizacao dela com
os edificios pode conferir mais qualidade estética, e até melhorar o
conforto ambiental das edificacdes através da criagdo, por exemplo, de
brise soleil ou fachadas ventiladas.



Para a aprovacdo das propostas técnicas, a integracdo FV deve mostrar
um compromisso entre o espaco arquitetdnico, o formato da edificacdo e
do sistema FV e a funcdo de geracdo de energia.

A selecdo dos prédios foi baseada principalmente em analises de
sombreamento. O software Ecotect Analysis foi utilizado para gerar
mascaras de sombreamento para as coberturas e fachadas norte, leste e
oeste dos edificios e para quantificar o sombreamento causado pelos
elementos do entorno construido, segundo Zomer (2014). Um critério de
aceitacdo foi estabelecido para escolher as superficies que seriam parte
deste trabalho. Para serem aceitos, 0s sistemas FV de cobertura poderiam
ter um maximo de 10% de sombreamento anual, e as fachadas norte e
leste/oeste, no maximo 17,4%/ano e 18,2%/ano, respectivamente.

A selecdo dos edificios também foi baseada na diversidade de integracéo
FV. Para tornar o estudo mais rico, edificagfes que aceitassem diferentes
tipos de integragdo FV foram escolhidas.

Finalmente, elementos de vegetacdo foram incluidos e uma nova analise
de sombreamento foi feita, desta vez usando o software PVsyst. O mesmo
critério de aceitacao foi utilizado.

A andlise econbmica contou com o estabelecimento de um fluxo de caixa
e com o calculo dos indicadores econdmicos Valor Presente Liquido
(VPL), Taxa Interna de Retorno (TIR), Tempo de Retorno Descontado
(DPBT) e Custo Nivelado de Energia (LCOE).

A Taxa Minima de Atratividade (TMA) foi utilizada nos calculos. Assim,
mudangas no valor do dinheiro ao longo do tempo foram consideradas.
Duas taxas foram utilizadas: 4,48%/ano, que é a taxa atual de rendimento
da poupanca no Brasil, e 3,00%/ano, que é a taxa de juros estabelecida
por um programa de financiamento para energias renovaveis criado pelo
Banco Nacional do Desenvolvimento (BNDES). (BCB, 2017; BNDES,
2017).

Neste trabalho, todas as despesas foram calculadas de acordo com a
poténcia instalada de cada sistema FV, conforme segue:

a) CAPEX: R$3,00/Wp, R$4,00/Wp e R$5,00/Wp, considerando a
intensa reducdo de custos na geracdo de energia solar FV;

b) Reposi¢do de equipamentos: substitui¢ces de inversores a cada 10
anos, cada uma tendo um custo de 21% do investimento inicial
(INSTITUTO IDEAL, 2018);

¢) OPEX: 1% do investimento inicial a cada ano (LACCHINI; RUTHER,
2015).

Como as estruturas metélicas de suporte representam 10% do custo total
de um sistema FV, 10% do CAPEX foi subtraido quando a anélise
econdmica de uma fachada estava sendo feita. Entdo, R$135/m2, que



representa o custo das estruturas metélicas de suporte nas fachadas, foi
adicionado ao CAPEX.

A Unica entrada do fluxo de caixa é a geracdo anual multiplicada pela
tarifa de energia, ou seja, quanto serd economizado na conta de energia
elétrica, ja considerando as varia¢des da tarifa ao longo dos anos e a taxa
de degradacdo na geracéo de sistemas FV.

Para o calculo da geracdo estimada de energia foi utilizado o software
PVsyst.

Como a geracdo de energia solar ocorre durante o dia, foi utilizada a tarifa
de energia elétrica fora do horario de pico de R$0,31068/kWh,
estabelecida pela companhia de energia elétrica local (ANEEL, 2017b).
Foi utilizada uma taxa de degradacéo de geragdo energética de 1,0%/ano,
de acordo com os resultados obtidos nos estudos realizados por
Limmaneeet al. (2017) para modulos FV de p-Si.

18 cenarios econémicos foram considerados, com altera¢Ges na TMA, no
CAPEX e na variagdo tarifaria anual de energia (4%, 6% e 8% ao ano).
Para serem considerados economicamente viaveis, os sistemas FV devem
apresentar um VPL positivo, uma TIR maior que a TMA (4,48% ou 3%),
um DPBT menor que a vida util dos sistemas FV (30 anos) e um LCOE
inferior a tarifa de energia elétrica fora do horario de pico
(R$0,31068/kwh).

Se um sistema FV completo (fachadas + coberturas) ndo satisfez os
critérios de aceitacdo, o edificio foi descartado do estudo.

Este procedimento foi realizado até que um gerador de 1 MWp que
atendesse aos critérios de aceitacdo técnica e econdmica fosse obtido.
Por fim, comparou-se a geragdo anual de energia do mini gerador com o
consumo da UC, registrado na tarifas de energia elétrica, para ver qual
teria sido a redugdo do consumo naquele ano (agosto de 2017 a julho de
2018) caso os sistemas FV estivessem em operacao.

Resultados e Discussédo

Todos os sistemas fotovoltaicos (FV) propostos desempenharam um
papel na arquitetura do edificio, seja através da melhora dos confortos
térmicos e visuais, ou simplesmente ndo tendo nenhum impacto na
arquitetura (0 que € um aspecto positivo neste caso, porque significa que
0s sistemas FV seguiram as formas das edificaces).

A analise econdmica das fachadas ndo foi muito atraente, mas com a
incorporacdo de sistemas nas coberturas, os resultados econémicos
melhoraram.



A geracdo total anual de energia foi de 1.144,66 MWh, enquanto o
consumo total de energia da UC foi de 15.432,24 MWh e o consumo fora
do horério de pico de 14.041,44 MWh.

O mini gerador de 1 MWp reduziria o consumo anual de energia da UC
em até 7,42%, com a maior contribuicdo em janeiro (12,10%) e a menor
em abril (5,38%). Se apenas as horas fora do horario de pico fossem
consideradas, 0 consumo de energia seria reduzido em até 8,15%.

Consideracdes Finais

O estudo mostrou que a instalagdo de um mini gerador de 1 MWp nas
fachadas (pela criacdo de brise soleil e fachadas ventiladas) e coberturas
poderia contribuir para o projeto arquitetdnico e para o conforto térmico
e visual dos edificios, além de reduzir em até 7,42% do consumo anual de
energia da unidade consumidora.

A anélise econdmica foi feita através do célculo dos VPLs, TIRs, DPBTs
e LCOEs. Foram estudados 18 cenarios econémicos para cada edificio,
com variagdes nas TMAs, CAPEXs e variacOes tarifarias anuais de
energia.

A pesquisa mostrou estudos técnicos viaveis para as fachadas, mas a
andlise econdmica ndo foi muito atrativa. No entanto, com a adicdo de
sistemas nas coberturas, mais casos se tornaram economicamente viaveis
e, portanto, atraentes para serem construidos.

Este trabalho demonstrou que é importante que 0s projetistas estejam
cientes das possibilidades, funcionalidade e integracdo dos sistemas
fotovoltaicos (FV) e a oportunidade de serem economicamente viaveis.
Com o custo decrescente dos sistemas FV (INSTITUTO IDEAL, 2018) e
0 aumento do custo da tarifa elétrica no Brasil (ANEEL 2013, 2014,
2015a, 2016b, 2017b), as fachadas FV devem comecar a ser
economicamente viaveis em maneiras mais flexiveis. Consequentemente,
sistemas FV poderdo oferecer solugdes atraentes de integracdo de alta
tecnologia e apelo estético, bem como geracdo de energia renovavel e
livre de poluicéo.

Palavras-chave: Sistemas fotovoltaicos integrados a edificagdes.
Fachadas solares. Coberturas solares. Analise econdbmica de sistemas
fotovoltaicos conectados a rede elétrica.






ABSTRACT

Solar photovoltaic (PV) energy systems can be better integrated onto
buildings, respecting the original architecture or even being considered
during the design of a new building. The challenge for designers is to
create a compromise between the architecture of the building and the
function of generating energy in those buildings. Besides these technical
issues, it is important that the projects take into account a study of the
economic aspects, since the determination of the value of goods is as
relevant as their physical production. This work defines a method to select
appropriated building facades and rooftops for the integration of grid-
connected PV systems, on the main campus of Universidade Federal de
Santa Catarina (UFSC) in Floriandpolis-SC. In order to be accepted, the
PV systems must have a positive impact on the buildings’ architecture on
top of generating energy. In addition, the systems should be economic
feasible. The economic analysis was based on the calculation of Net
Present Value (NPV), Internal Rate of Return (IRR), Discounted Payback
Time (DPBT) and Levelized Cost of Energy (LCOE). The idea was to
create a photovoltaic mini generator with an installed capacity of 1 MWp
using only UFSC buildings’ fagades and rooftops, and evaluate the impact
that the energy produced by this generator has on the energy consumption
of UFSC’s Consumer Unit (CU) Cidade Universitaria. Results showed
that the integrations of the PV modules to the facades (in the form of brise
soleil and double-skin facades) and rooftops brought aesthetic, thermal
and visual comforts benefits for the 6 buildings chosen for this study. If
only the facades were considered, the economic analysis would not be
attractive, but with the addition of rooftops the systems became
economically viable. With the installation of the 1 MWp mini generator,
the university's annual energy consumption would be reduced by up to
7.42%. This study, then, has demonstrated that it is important for building
designers to be aware of the possibilities, functionality and integration of
PV systems and their opportunity to be economically viable.

Keywords: Building-Integrated Photovoltaic Systems (BIPV). Solar
facades. Solar rooftops. Economic analysis of grid-connected
photovoltaic systems.
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1 INTRODUCTION
1.1 JUSTIFICATION AND RELEVANCE OF THE WORK

There are several ways of producing electricity, each having
advantages and disadvantages. The solar photovoltaic (PV) technology is
one of the most prominent forms today, and consists on the use of
photovoltaic modules that directly convert sunlight in electrical energy.
One of the great advantages of this form of energy generation is to be able
to be integrated on buildings, using the PV modules superimposed on the
existing architecture, as well as replacing coating or sealing materials.
Several works have been done to study and improve the devices used in
the generation of electric energy from solar irradiation (CHALASANI;
CONRAD, 2008; KAHOULI-BRAHMI, 2008; TOLEDO et al., 2010;
FAHRENBRUCH; BUBE, 2012; GRAU et al., 2012). However, not so
much attention has been paid to the issue of visual pollution and in
particular to the impact on the architecture of buildings when installing
PV modules.

When integrated to the architecture and to the public electricity
grid, PV energy has many advantages: it generates energy in a
decentralized way and close to its place of consumption, minimizing
losses by transmission and distribution; it operates in parallel with large
power generating stations and can, therefore, decrease the frequency of
blackouts, which in centralized power plants reach a greater number of
people; it does not need batteries, because the public power grid plays this
role (the excess is injected into the grid and the deficit is supplied by the
grid); it does not occupy extra areas, as it is part of the building envelope;
and it brings to the buildings an ecological and sustainable image
(RUTHER, 2004; URBANETZ; ZOMER; RUTHER, 2011; ZOMER et
al., 2013). In addition, in commercial, service, institutional and industrial
buildings, which are mainly used during the day, there often is a
coincidence in the daily hours of maximum demand for electric energy
and maximum insolation, that is, the demand is maximum at the same
time as the PV system generates more energy (DIDONE; WAGNER,
2013).

The role of the architect, engineer or designer in integrating PV
modules into buildings is to maintain a compromise between the shape of
the buildings and the function of PV systems (RUTHER, 2004,
URBANETZ; ZOMER; RUTHER, 2011; ZOMER et al., 2013). The core
of any architectural activity lies in the act of building (ZUMTHOR,
2009), therefore it is essential that the interferences are made by a
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construction professional, since this is able to integrate the plasticity of
the shape, the quality of the space and the technical and functional
requirements of the construction. The problem is that, because of the lack
of knowledge, architects, engineers and designers often recuse to use PV
systems in their projects. The fear of compromising power generation by
innovating in the way PV modules are installed, or the modules
compromising the aesthetics of buildings are the main causes of this lack
of interest in integrating PV systems on buildings.

In addition, an architectural and/or engineering project relies not
only on technical solutions, but also on economic, environmental,
political and cultural solutions. Determining the value of goods and
services in economic terms is as important as producing them through the
laws of physics (CORTES, 2012). Therefore, it is essential that designers
know the economic indicators of an investment, such as the Net Present
Value (NPV), the Internal Rate of Return (IRR), the Discounted Payback
Time (DPBT) and the Levelized Cost of Energy (LCOE). Unfortunately,
a technical project is not always associated with an economic analysis,
which often means that the project is technically feasible, but
economically unfeasible, and the designer does not even realize it.

Several studies have been done incorporating not only the technical
project of PV systems, but also an analysis of their economic viability.

Evola and Margani (2016) investigated the energetic and economic
profitability of the renovation of residential buildings from the 1950s-
1990s, located in temperate climates, through the creation of double-skin
facades composed of PV modules over the existing sealing material. The
analyses were made through variations on the facades’ orientations, on
the number of floors (from 4 to 10) and on the PV modules’ technologies
(c-Si, a-Si and CIGS). The results showed that, for an eight-story building
with the east-west axis greater than the north-south axis, the DPBT is of
approximately nine years, considering the tax incentives in effect during
the period of the study and a 50% self-consumption of the electricity
produced by the PV modules. It was concluded that greater efficiencies
of modules combined with lower prices and higher self-consumption rates
could increase the economic profitability of the evaluated systems.

Davi et al. (2016) carried out simulations of a PV system integrated
to the rooftop of a positive-energy building (which injects more energy
into the grid than its consumption), in four Brazilian cities. The analyses
were done not only on parameters of energy performance, but also on the
economic aspects of these systems within the context of electricity
compensation. DPBT results were shown for different scenarios of initial
investment values and electric energy tariffs. For the city of
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Florianépolis, for example, if an initial investment cost of $1.98/Wp
(R$7.32/Wp) is adopted, the DPBT can vary from 13 to 31 years. In a
more optimistic scenario, with an initial investment cost of $1.08/Wp
(R$4.00/Wp), the DPBT can vary from 8 to 13 years.

Limmanee et al. (2017) analyzed the PV degradation rates of
different technologies in tropical climate conditions and evaluated the
impact of these rates on the LCOEs of PV systems. The degradation of
the modules had values between 0.3% and 1.9% per year and the LCOE
values, which depend on the module technology and on the degradation
rate, were between 4.1 and 14 baht/kWh. It was concluded that, without
reducing costs (assuming an initial investment of 70,000 baht/kW, an
annual maintenance and operating cost of 700 baht/kW, and an interest
rate of 7% per year), the LCOE of PV energy could only approach the
electricity tariff if the rate of degradation were of 0.2%/year or less.

Branker, Pathak and Pearce (2011) reviewed the LCOE calculation
methodology for PV energy. It was concluded that, with the constant
improvement of the PV technology and with favorable financing terms,
PV energy may already have LCOEs that are equal to the electric energy
tariffs in some places. In addition, with the continued decrease in the cost
of PV systems’ installation, the increase in the price of grid electricity and
the increase in industry knowledge, PV technology could become
economically advantageous in future expansion sites.

Sorgato, Schneider and Ruther (2018) analyzed the technical and
economic potential of integrating CdTe PV modules on a commercial
building facade and rooftop, and evaluated the economic feasibility of
replacing traditional facade materials (glass and aluminum composite
material) with PV modules, in six Brazilian cities. It was shown that the
aluminum composite material has a lower cost than the PV modules (what
helps to reduce the investment’s initial cost if the material is substituted
by the PV modules), while glasses are still more expensive. The results
indicated that to replace conventional fagade building materials with PV
modules is an innovative approach of energy generation with economic
benefit.

This work, then, proposes to analyze the compromises between the
form, function and economic aspects of PV systems integrated to
buildings and to the public electricity grid in Brazil, to show and
encourage construction professionals to increasingly use PV technology
in their building projects. The case study consists on the existing buildings
of a university campus located in a subtropical climate, through the
integration of PV modules on the fagades and rooftops of these buildings,
in the most different ways.
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1.2 OBJECTIVES
1.2.1 General objective

The general objective of this master thesis is to qualify and
quantify vertical surfaces (facades) and rooftops suitable for the
integration of photovoltaic (PV) systems connected to the grid at the main
campus of Universidade Federal de Santa Catarina (UFSC), located in
the city of Floriandpolis, Brazil (27° S, 48° W).

1.2.2 Specific objectives

This work’s specific objectives are:

1. To define criteria for the acceptance of fagades and rooftops
for the integration of grid-connected PV systems, based on
technical feasibility analysis, that is, the proposed PV systems,
in addition to generating energy, have to bring some
architectural contribution to the buildings.

2. To define criteria for the acceptance of facades and rooftops
for the integration of grid-connected PV systems, based on
economic feasibility analyses, which consists on calculations
of Net Present Value (NPV), Internal Rate of Return (IRR),
Discounted Payback Time (DPBT) and Levelized Cost of
Energy (LCOE).

3. To select fagades and rooftops from UFSC’s buildings that
belong to the Consumer Unit (CU) Cidade Universitaria, that
meet the acceptance criteria established, until the area required
for the installation of a 1 MWp mini generator is reached.

4. To simulate the energy production of the mini generator and
evaluate its impact on the reduction of the CU’s energy
consumption.
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2 THEORETICAL FOUNDATION
2.1 PHOTOVOLTAIC SOLAR ENERGY

The generation of electricity, essential to modern society, has been
made through several technologies that include thermoelectric generation
(e.g. nuclear, coal, gas, oil, biomass, etc.) and hydropower, and more
recently wind generation.

A more modern and elegant way of producing energy is through
the photovoltaic (PV) effect, whereby, solar cells directly convert the
energy of the sun, or solar radiation, into electrical energy without moving
parts, without emitting noises or any other type of pollution and using the
virtually inexhaustible energy of the sun (RUTHER, 2004). This can be
done by PV systems. These systems are composed of specially designed
plates, the PV modules, which contain components that are sensitive to
solar irradiation: the PV cells, made with semiconductor materials that,
when subjected to sunlight, convert the energy of the light photons
directly into electricity.

Each form of electric energy production has advantages and
disadvantages that imply several associated costs. There are the
environmental costs, that is, the impact that a certain type of generation
can have on nature. There are risks associated with harmful radiation to
humans, as in the case of nuclear power stations that use nuclear radiation
to generate steam. There are issues related to the place where the energy
is generated, thus requiring transmission lines to bring this energy to the
consumer; and also visual pollution, that is, the impact that the adoption
of one or other technology causes in our cities, streets, buildings and
landscapes. Poles, cables, transformers and large quantities of power
measurers, are part of the daily life so that the necessary electric energy
is available; however, there are ways to minimize these elements and
leave the landscape unobstructed.

It is believed that the production of electric energy by PV systems
has great appeal to the minimization of all these costs:

a) The energy can be generated in a decentralized way and close to
its consumption, which minimizes the losses by transmission and
distribution (RUTHER, 2004);

b) When integrated on buildings, PV modules do not occupy extra
areas, since they can use existing surfaces or even replace coating or
sealing materials (RUTHER, 2004);

¢) Its power generation does not cause noise pollution, since its
production is static and silent (RUTHER, 2004);
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d) The maintenance cost is small, since there are no moving parts
that need to be lubricated, corrected and monitored;

e) The energy produced and not instantly used can be injected into
the public power grid, generating credits to its producer, which can be
used when there is no availability of solar irradiation. This strategy is
known as energy compensation system, or net metering (ANEEL, 2012);

f) The energy source, the sun, is abundant, and can be considered
inexhaustible (RUTHER, 2004);

g) PV systems can cooperate with large power plants, thus reduce
the frequency of blackouts (RUTHER, 2004);

h) It brings the image, to those who adopt it, of ecological and
sustainable awareness;

i) In commercial, service, institutional and industrial buildings,
mainly used during the day, there is often a coincidence in the hours of
maximum demand for electric energy and maximum insolation, that is,
the demand is maximum at the same time as the PV system generates
more energy (DIDONE; WAGNER, 2013). In Brazil, air conditioning
loads represent on average 47% of the energy consumption in commercial
buildings and on average 48% of the consumption in public buildings
(LAMBERTS; DUTRA; PEREIRA, 2014). Therefore, the use of PV
systems integrated to buildings can be very useful to reduce the peak
energy demand for air conditioning during the day.

2.1.1 Photovoltaic solar energy in numbers

Figure 1 shows that, in 43 years, the global energy production from
renewable sources fluctuated from 21.5% to 24.3% in relation to the total
energy generation, being the most significant increase in the share of
energy produced by non-hydro renewable sources (geothermal, solar,
wind, tide/wave/ocean, biofuels, waste, heat and others), which ranged
from 0.6% to 8.0% (IEA, 2018). This growth was not only due to the
awareness of global warming, but also due to political interests that raised
fossil fuel prices and created pollution charges.

The need to reduce the emission of pollutants combined with
technological achievements and social commitment will make PV solar
energy one of the most important sources of electricity in the world
(CHIVELET,; SOLLA, 2007). A rise in the numbers of world PV
generation can be seen: it has increased from 4 TWh in 2005 to 328 TWh
in 2016 (IEA, 2018). By the end of 2017, the world’s PV systems total
installed capacity was 414 GW, compared to only approximately 14 GW
in 2008, as shown in Figure 2 (ISE, 2018) and 1 GW in 2000.
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Figure 1 - World energy generation by source for the years of 1973 and 2016.
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By the end of 2018, Brazil had 2,259 PV generators, totalizing
around 1.50 GWp of installed capacity. This number represents almost
1% of the total installed capacity of the country's power generation
enterprises (x160 GWp). In addition, there were 28 (£770 MWp) PV
projects under construction and 52 (£1,450 MWp) with construction not
yet started (ANEEL, 2018). These numbers show that there is a growing
tendency to use the sun as an energy source in the country.

2.2 SOLAR RADIATION

On the Earth’s surface, solar radiation depends on the geographic
location and on the slope and orientation of the plane that is receiving it,
as well as issues related to the local climate (RUTHER, 2004), that is,
solar irradiation reaches all regions of the planet in a non-uniform way.

Global irradiation is the name given to all the radiation that reaches
a certain surface, or the sum of direct and diffuse irradiation. Direct
irradiation is one that reaches a surface directly from the sun. On the other
hand, diffuse irradiation reaches a surface after being dispersed by
atmospheric molecules and particles.

A tilted surface with a slope equal to the local latitude and North
oriented (if the surface is located in the Southern Hemisphere) receives
the largest possible amount of solar irradiation over a year (HUSSEIN;
AHMAD; EL-GHETANY, 2004; MEHLERI et al., 2010).

In tropical and subtropical countries, such as Brazil, the use of solar
energy for electric power generation is quite attractive, since these places
have optimal conditions of solar radiation during the entire year.

Figure 3 shows a map with the annual average of the total daily
global horizontal irradiation incident in Brazil, and Figure 4 presents a
map with the annual average of the total daily radiation incident on a
surface that is North oriented and with a slope equal to the local latitude,
in Brazil.

It is possible to observe that the annual average of the total daily
global horizontal irradiation is very homogeneous throughout the country,
with a maximum value of 6.25 kWh/m2 at specific points in the Northeast,
where there is low precipitation throughout the year and the annual
average cloud cover is the lowest in the country. The city of Floriandpolis
(27° S, 48° W), where this study was carried out, has a well distributed
precipitation throughout the year and presents a low annual average of the
total daily global horizontal irradiation: approximately 4.25 kWh/m2
(PEREIRA et al., 2017). Still, this number is superior to the highest value
of the annual average of global horizontal irradiation in the sunniest place
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in Germany, country that has the 4™ highest PV net installed capacity in
the world (40.7 GW) (SOLARGIS, 2018; IEA, 2018).

Figure 3 - Annual average of the total daily global horizontal irradiation incident
in Brazil, in [Wh/m2.day].
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Figure 4 - Annual average of the total daily radiation incident on a surface that is
north oriented and with a slope equal to the local latitude, in Brazil, in

[Wh/m2.day].
70W

GOW 50'W 40W
vm‘cwclu {

Colémbla

10°S

205
20°S

Argenting

305
30°S

Urugual

w"w 60°W 50'W 40°'W

Wh/m?.dia
3500 3750 4000 4250 4500 4750 5000 5250 5500 5750 6000 6250

x0 0 w0 WOk
istoma de Coordenadas Geograhicas - SIRGAS 2000 g0 eash 40 Mibhansine ICIM - IBGE 2014

Source 2" edition of the Brazilian Atlas of Solar Energy (PEREIRA et aI 2017).

2.3 INSTALLATION OF PHOTOVOLTAIC SYSTEMS

The installation of a PV system consists not only of the PV
modules and a fixing system for them, but also on all the equipment and
wiring that will allow the system to be connected to the batteries or to the
public electricity grid: DC-AC converter system (or inverter), by-pass
diodes and blocking diodes, fuses and circuit breakers, electrical cables,
terminals, overvoltage and lightning protection and connection boxes
(RUTHER, 2004).
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PV modules can be installed on the ground, where they are
mounted on metal structures, or integrated onto buildings, on rooftops
and/or facades.

When integrated to buildings, PV modules act as an architectural
element at the same time as electric energy generators. The architect or
designer can create different shapes with PV modules, being the most
common applications on roofs, fagades, footbridges, windows, brise
soleil, carports, double-skin facades (ventilated facades), balconies and
skylights.

The integration of PV modules on buildings can be divided in two
types: Building-Applied Photovoltaic Systems (BAPV) e Building-
Integrated Photovoltaic Systems (BIPV). BAPV is a retrofit, where the
PV modules, in addition to not replacing sealing/coating materials, can be
installed on the building with different characteristics from those of the
existing sealing surface (orientation and/or slope), aiming at the function
of the PV system, which is to generate the maximum amount of energy.
In BIPV, the integration of the system is thought from the beginning of
the project and the PV modules are installed on the building (or even
replacing its sealing material) with the same characteristics of the
construction (orientation and slope). Therefore, there is a greater
compromise between the architectural form and PV system’s function.

The role of an architect is to use PV energy to increase the quality
of an existing or new architecture, to create harmony between PV
technology and buildings, to improve internal environments of buildings
by creating PV brise soleil or by replacing sealing/coating materials with
PV modules, in addition to establishing a compromise between the
architectural space, the form and the function of the PV system. The
objective is to show that, when there is such a commitment, energy losses
must always be calculated and can, in many cases, be considered
acceptable (RUTHER, 2004; URBANETZ; ZOMER; RUTHER, 2011;
ZOMER etal., 2013).

In addition, PV systems can be installed isolated or connected to
the public electricity grid.

In isolated systems (off-grid) the generated energy is stored in a
battery bank, to be later consumed. This type of installation is usually
used in locations that are far from urban centers, where there is no public
infrastructure for the supply of electricity. Figure 5 shows the operation
of an isolated PV system integrated to buildings.

On the other hand, systems that are connected to the public grid
(on-grid) do not require battery banks, since they use the grid itself to
store the generated energy. When the system generates more energy than
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the demand, the excess is injected into the grid, creating an energy credit
that can later be consumed; when it generates less, the power grid supplies
the deficit. This type of strategy is called net metering and relies on a
bidirectional energy meter, in which case the price of the PV system’s
generated energy is considered to be the same as the one of the energy
sold by the electric utility. Figure 6 shows the operation of a grid-
connected PV system integrated to buildings.

Figure 5 — Iso

lated (off-grid) PV system.
*r

Source: Tudo Sobre Energia Solar: Tipos de Sistema (On-Grid e Off-Grid)
(ENEL SOLUGCOES, 2016). Legend: (1) PV modules; (2) inverter; (3)
bidirectional counter clock; (4) monitoring; (5) charge controller; (6) battery
bank.
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Fvi_glireﬁ — Grid-connected (on-grid) PV system.
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Source: Tudo Sobre Energia Solar: Tipos de Sistema (On-Grid e Off-Grid)
(ENEL SOLUCOES, 2016). Legend: (1) PV modules; (2) inverter; (3)
bidirectional counter clock; (4) monitoring.

2.3.1 Existing photovoltaic systems at UFSC’s main campus

Object of this work, UFSC’s main campus already counts with
some BAPV and BIPV installations.

The first PV system was installed in 1997 and was also the first
grid-connected system in the country. It is located at the rooftop/North
facade of the Mechanical Engineering building, North oriented and with
a slope of 27°. It is composed by amorphous silicon (a-Si) PV modules
(55 opaque modules and 13 semi-transparent ones), reaching an installed
capacity of 2 kWp. Figure 7 shows a picture of the system.
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Figure 7 — Mechanical Engineering building’s PV system.

Source: Laboratério Fotovoltaica/UFSC’s website (www.fotovoltaica.ufsc.br).

Other three PV systems are located at the university’s Culture and
Events Center.

The first one was installed in 2004 and is located at the building’s
rooftop, North oriented and with a slope of 27°. It is a grid-connected
system composed by 80 flexible a-Si PV modules that reach an installed
capacity of 10.24 kWp. Figure 8 shows a picture of the system.

The second Culture and Events Center PV installation was built in
2007 and is located at the building’s North fagade, with a slope of 90°. It
is an isolated system, used for the building’s emergency lights. It has the
shape of a flower and is composed by 6 a-Si PV modules that reach a total
installed capacity of 384 Wp. Figure 9 shows a picture of the system.

The third Culture and Events Center PV installation is also an
isolated PV system, and was built in 2005. It has the function to load a
battery bank that charges electric motorcycles. It is a curved rooftop that
comes out of the building’s North fagade, composed by 6 a-Si PV
modules that reach an installed capacity of 408 Wp. Figure 10 shows a
picture of the system.

UFSC also counts with two identical outdoor living spaces that are
covered by PV modules. One of them is located at the university’s
hospital and the other one at the university’s elementary/high school.
Both were built in 2009 and count with 15 microcrystalline silicon (pc-
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Si) PV modules that reach an installed capacity of 2 kWp. Figure 11 shows
a picture of the school PV system.

Figure 8- C
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Source: Laboratério Fotovoltaica/UFSC’s website (www.fotovoltaica.ufsc.br).

Figure 9 - Culture and Events Center North facade PV system.

Source: Laboratério Fotovoltaica/UFSC’s website (www.fotovoltaica.ufsc.br).
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Figure 10 — Culture and Events Center curved rooftop PV system.
A i ﬂ--ﬂ- --ﬁﬁ

Source: Laboratério Fotovoltaica/UFSC’s website (www.fotovoltaica.ﬁfsc.br).

Figure 11 — UFSC’s outdoor living space covered by PV modules.

Source: Laboratorio Fotovoltaica/lUFSC’s website (www.fotovoltaica.ufsc.br).

Also interesting to be shown is a PV carport that charges electric
vehicles. It is composed by 15 copper indium gallium diselenide (CIGS)
PV modules that play the role of the carport’s coating material. It has an
orientation is 27° E, a slope of 10° and an installed capacity is of 1.80
kWhp. Figure 12 shows a picture of the system.



43

Figure 12 — PV carport to charge electric vehicles.

2.4 REGULATION OF PHOTOVOLTAIC GENERATION IN
BRAZIL

In order to encourage the growth of the implementation of
distributed PV energy in Brazil, the Agéncia Nacional de Energia
Elétrica (ANEEL) approved Normative Resolution No. 482/2012
(ANEEL, 2012). This resolution established the general conditions for
access to microgeneration (up to 100 kWp) and minigeration (from 100
kWp to 1 MWDp) to electricity distribution systems and made possible the
installation of PV systems and the use of the generated energy by any
person, being also allowed to connect them to the public electricity grid
through the net metering system. With this strategy, it is possible to inject
the produced energy excess into the grid and receive compensation from
the energy distributor, that is, the utility will charge only the difference
between the energy consumed and the energy introduced into the grid. If
the amount of injected energy is greater than the one consumed in the
same month, the surplus can be used to reduce future consumption of the
same consumer unit.
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In 2015, ANEEL approved Normative Resolution No. 687/2015,
modifying parts of Resolution No. 482/2012 (ANEEL, 2015b).
Generation plants characterized as distributed microgeneration have now
an installed capacity of less than or equal to 75 kWp, and those
characterized as distributed minigeneration, from 75 kWp up to 5 MWp.
Within the energy compensation system, three new strategies were
introduced: remote self-consumption, shared generation and generation
in condominiums. In remote self-consumption, the generated credits can
be used in other consumer units, as long as they are in the same distributor
area service and in the name of the same owner. In shared generation,
consumers can form a consortium or cooperative to share the generated
energy. Finally, generation in condominiums allows the division of the
PV system’s generated credits among the condominium owners.

2.5 PERFORMANCE OF PHOTOVOLTAIC SYSTEMS

The factors that have influence on the performance of PV systems
are the irradiance, that is, the geographic location of the building and the
positioning of the PV system (orientation and slope), the presence or
absence of shading, the temperature and cleaning conditions of the PV
modules, the mismatch between panels of the same PV series (string) and
the resistances of the conductors.

A PV generator presents optimum efficiency when installed with
the surface facing the equator (geographic North for a system located in
the Southern Hemisphere), and tilted according to the local latitude
(HUSSEIN; AHMAD; EL-GHETANY, 2004; MEHLERI et al., 2010).
In an existing building, this is not always possible. However, several
studies show that the lost power generation from a non-optimum PV
system may be acceptable within certain limits of azimuthal deviation and
slope when there is a compromise between the shape of the building and
the generating function of the PV system integrated to it (URBANETZ;
ZOMER; RUTHER, 2011; ZOMER et al., 2013).

Shading on PV modules can be caused by built elements from the
surroundings or from the building itself and/or by vegetation. Ideally, a
system should be homogeneously illuminated, but since this is not always
possible, the designer must think about the system’s strings in order to
minimize the impact of this shading on the system as a whole, since the
most shaded PV cell is the one that will determine the current and the
power of all parts of the system that are connected in series to this cell.

Regarding the temperature of the modules, manufacturers
normally recommend that if there is a surface (slab, roof tiles, etc.) for the
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installation of the PV system, it is good to keep a distance of at least 10
cm between this surface and the modules, so that there is a minimally
adequate ventilation under them, what should minimize heating.

For a good cleansing of the modules with rainwater, manufacturers
usually recommend a minimum slope of 10°.

For the quantification and evaluation of the PV system’s
performance, the yield, which is the total energy generated in a certain
period in relation to the nominal power of the system [kWh/kWp], is used.

Another widely used index is the Performance Ratio (PR), given
in percentage (%). This rate corresponds to the yield in relation to the
incident annual irradiation on the system’s modules. Its values have
grown considerably over the years due to the improvement of PV
engineering. Figure 13 shows the evolution of PR by the demonstration
of values from the years of 1994, 1997 and 2010. It can be seen that in the
90's a typical PR would be of approximately 70%. With the current
technology, PRs of up to 90% can be reached, being the most common in
the range of 80-90% (ISE, 2018; REICH et al., 2012).

Figure 13 — Performance Ratio (PR) evolution in PV systems.
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Source: Adapted from Photovoltaics Report (ISE, 2018).
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2.6 ELECTRICITY TARIFF

The electricity tariff of the final consumer in Brazil is regulated by
ANEEL. It is calculated from the generation, transmission and
distribution of energy costs, in addition to stipulated expenses with sector
charges and taxes. The energy tariff charged from the final consumer is,
therefore, the sum of all these costs (ANEEL, 2016a).

In recent years, tariff variations have been mainly due to changes
in the costs of energy purchase, energy transmission and sector charges.

In 2013 and 2014, tariff reductions due to a Revisdo Tarifaria
Extraordindria (RTE) reflected in generation and transmission
concessions renewals and in the direct contribution from Tesouro
Nacional resources to the Conta de Desenvolvimento Energético (CDE).
At the same time, due to the unfavorable hydrological scenario and to the
involuntary exposure of the distributors to the short-term market,
extraordinary measures were instituted, what allowed the anticipation of
resources to the distributors and the postponement of energy costs
transference to the tariffs.

In 2015, in addition to a new RTE for tariff increase, tariff flags
were created with the objective of covering the generation costs
associated with unfavorable hydrology. In the same year, the Tesouro
Nacional no longer contributed with resources to the CDE and the tariffs
began to count with part of the energy costs from 2013 and 2014
(ANEEL, 2016a).

Thus, an average electricity bill in Brazil, which was of $68.45
(R$253.52) in 2012, decreased to $57.16 (R$211.71) in early 2013 after
the RTE. With the increase in the energy production cost in 2013 and
2014, it increased to $69.00 (R$255.56). In 2015, after the new RTE, it
increased to $85.19 (R$315.53) (ANEEL, 2016a). Figure 14 shows the
evolution of the average electricity tariff in Brazil from 2012 to 2015,
without taxes.

The costs with energy purchase and transmission plus sector
charges (part A) represent 53.5% of the tariff costs, followed by tax costs
(29.5%) and costs of energy distribution (part B), which represent 17%.
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Figure 14 — Evolution of the average electricity bill in Brazil from 2012 to
2015, without taxes.
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2.7 TAXES IN THE ELECTRICITY BILL

The Federal, State and Municipal Governments charge the
PIS/COFINS, the ICMS and the COSIP, respectively, in the electricity
bill.

The Programa de Integracéo Social (PIS) and the Contribuicéo
para o Financiamento da Seguridade Social (COFINS) are taxes charged
by the Federal Government, towards the worker, to attend social programs
(ANEEL, 2016a).

The Imposto sobre Circulagdo de Mercadorias e Prestacdo de
Servigos (ICMS) is a state tax applied over operations related to the
movement of goods and services. The amount of this tax is charged with
a greater weight than its nominal rate, since it is applied not only over the
energy consumption, but also over other taxes.

With the aim of encouraging distributed generation, in 2015 was
created the Convénio ICMS 16/2015 from Conselho Nacional de Politica
Fazendaria (CONFAZ). It exempts the tax payment on the surplus
electricity generated by distributed generation systems. Thus, the tax is
applied only on the energy that the consumer receives from the electricity
grid, being discounted the part that it returns to it.

Lastly, the Contribuicdo para Custeio do Servico de lluminacéo
Publica (COSIP) establishes as responsibility of the municipalities the
design, implementation, expansion, operation and maintenance of public
lighting installations.
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2.8 TARIFF FLAGS

In Brazil, the Tariff Flags System was implemented in 2015 and
counts with four modalities that indicate whether there will be an increase
in the value of the energy, depending on the conditions of electricity
generation. With the lack of rain and empty reservoirs, for example,
hydroelectric plants lose their generation capacity and it is necessary to
take energy from another place, in this case, thermoelectric plants, whose
energy generation is much more expensive.

The system is divided into four categories. The first one is the
green flag, which indicates favorable conditions of energy generation,
that is, no extra charges on the electricity bill. The yellow flag indicates
less favorable generation conditions, or an addition of $0.0027 (R$0.010)
per consumed kWh in the energy bill. Red flag 1 represents more costly
generation conditions, that is, an addition of $0.0081 (R$0.030) per
consumed kWh in the energy bill. Finally, red flag 2 represents even more
costly generation conditions, or an addition of $0.014 (R$0.050) per
consumed kWh in the energy bill (ANEEL, 2017a).

This shows one more advantage of PV decentralized generation,
because since it occurs close to its place of consumption and is possessed
by the CU’s owner, it does not suffer impact from the Tariff Flags System.

2.9 PHOTOVOLTAIC MODULES’ GLOBAL MARKET

Energy generator systems that use fossil fuels produce large
amounts of carbon dioxide (CO.), a major greenhouse gas. Moreover,
they have a great influence on international geopolitical issues, what
causes several conflicts, since the availability of each source does not
correspond to the demand of each place. Thus, from the popularity that
global warming, caused by the greenhouse effect, has gained in recent
decades, and from the need to diversify the energy mix of each country,
the search for renewable energy sources has been growing.

The world market for PV energy has grown quite rapidly: the
average annual growth rate from 2010 to 2017 was 24%. The largest
producers of PV modules are China and Taiwan (70%), followed by
Central and East Asia (14.8%). The United States and Canada contribute
with 3.7% of the world production and Europe with 3.1% (ISE, 2018).

The most commercialized technologies are crystalline silicon (c-
Si), which correspond to 95% of the world production of PV modules,
with multicrystalline silicon (mc-Si) technology representing 62% of c-
Si’s total production. Thin films represent only 5% of the total world
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production (ISE, 2018). This is due to the great availability of the raw
material for the manufacture of silicon modules, since the material is
abundantly found in many regions of the planet.

Regarding the efficiency of the PV modules, laboratory records are
of 26.7% for monocrystalline silicon (mono-Si), 22.3% for
multicrystalline silicon (mc-Si), 22.9% for copper indium gallium
diselenide (CIGS) and 21% for cadmium telluride (CdTe). Inverters
already have a minimum efficiency of 98%, on average (ISE, 2018).

About the prices for purchase and installation of PV systems, in
Germany a system of 10 to 100 kWp integrated to the rooftop of a
building in the year of 2016 cost on average 1.27 €/Wp. In 1990, this
value was of 14.00 €/Wp, that is, in 16 years the price of a PV system
decreased on about 91%. The PV modules have had a cost reduction of
approximately 10 times in the last 10 years (ISE, 2018).

2.10 COST OF PHOTOVOLTAIC SYSTEMS IN BRAZIL

Prices for acquisition and installation of PV systems in Brazil are
constantly falling. These prices have a common characteristic, which is
their reduction with the increase of the installed capacity.

Figure 15 shows the average price of PV systems by power range,
for the years of 2013 to 2017, obtained from price quotes made with
companies offering turn-key PV installations, and Figure 16 shows the
average price by power range, for the year of 2017, obtained from price
guotes made with manufacturers/resellers of PV modules and/or
inverters.

From 2013 to 2017, the price of a small system of up to 5 kWp
dropped by approximately 28%. The other power ranges’ prices have also
dropped. This was mainly due to the decrease in the price of imported
components, annual inflation and changes in the exchange rate
(INSTITUTO IDEAL, 2018).

It is important to mention that these annual studies are rapidly
outdated because the cost reduction is as intense as the one currently seen
in PV solar generation. A quick prices survey in the Brazilian market
reveals that currently a small residential generator (installed capacity of
less than 5 kWp) already costs about $1.35/Wp (R$5.00/Wp).

It is possible to notice that the average price of the installers is
around 12% higher than that of the manufacturers/resellers of modules
and/or inverters. This happens because those who sell the material to the
installers are the manufacturers/resellers.
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Figure 15 — Average price of PV systems by power range, from the years of
2013 to 2017, obtained from turn-key PV installation companies.
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Source: Adapted from O Mercado Brasileiro de Geragdo Distribuida
Fotovoltaica (INSTITUTO IDEAL, 2018).

Figure 16 — Average price of PV systems by power range, for the year of 2017,
obtained with manufacturers/resellers of PV modules and/or inverters.
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Fotovoltaica (INSTITUTO IDEAL, 2018).

The composition of these prices in relation to the required
components for the installation of PV systems can be seen in Figure 17.
PV modules represent the most expensive component (38%). Next are
inverters (21%), project and installation (14%), metal support structures
(10%), costs and administrative expenses (10%) and, finally, other
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components such as installations and electrical projections (7%)

(INSTITUTO IDEAL, 2018).

Figure 17 — Composition of the total cost of a PV system.
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2.11 CHAPTER’S CLOSURE

This chapter has discussed some relevant subjects for the
understanding of this work.

It has shown the importance of diversifying the energy matrix and
how decentralized PV systems can contribute to that. Important to
understand were the possibilities of integrating PV to buildings and what
affects the performance of a system.

Also, the chapter has shown Brazil’s advantages in relation to solar
radiation values, the country’s PV generation regulation and
characteristics of the electricity tariffs.

When referring to PV market, it has shown global and Brazilian
data, demonstrating that the price of PV systems are decreasing not only
in the world, but also in the country where this study was done.

All these topics are important to better understand and justify
characteristics and decisions of the technical proposes and economic
analysis made in this study.
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3 METHODOLOGY
3.1 UFSC’S ELECTRICAL CONTEXT

From August 2017 to July 2018, UFSC had 85 Consumer Units
(CUs), of which 25 belonged to the A4 subgroup (supply voltage from
2.3 kV to 25 kV; UFSC’s being 13.8 kV), with contracts for the supply of
electric energy with the local energy distributor (Centrais Elétricas de
Santa Catarina - CELESC) in the green horosazonal tariff modality,
where a single demand rate (kW) is established and consumption tariffs
(kWh) vary according to the time of day (peak or off-peak time).

Of these 25 CUs, those located in Floriandpolis accounted for 95%
of the total consumption, of which 60% was represented only by CU
Cidade Universitaria.

CU Cidade Universitaria, object of this study, occupies 58% of the
total area of Campus Reitor Jodo David Ferreira Lima, main campus of
the university, located in the city of Florian6polis (27° S, 48° W). Figure
18 shows the area covered by this CU, which is approximately 490,000
m2, and Figure 19 shows its built area (in blue), composed by 255
different rooftops, that is, approximately 96,400 m2 (20% of its total area).
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P

Source: Adapted from Localizagé das faturas de nergia elétrica (DPAE,
2017).
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Figure 19 — CU Cidade Universitaria’s built area (in blue).

3.1.1 Electric energy bills

From August 2017 to July 2018, CU Cidade Universitaria had
different contracted monthly demands with CELESC, and in some
months it was also charged for exceeded demand. Figure 20 shows the
contracted and billed monthly demands.
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Figure 20 — CU Cidade Universitaria’s contracted and billed monthly demands.
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Source: Monthly electricity bills from CU Cidade Universitaria (CELESC 2017;
2018).

The CU had an annual electricity consumption of approximately
15.43 GWh and electric energy expenses of approximately $2.59 million
(R$9.61 million), as shown in Table 1.

In the energy bills, in addition to peak and off-peak consumption,
expenses with contracted demand, ICMS and COSIP are recorded.
During the analyzed period, the value of ICMS charged from UFSC was
of 25% per month and of COSIP, $53.57 (R$198.41) per month. Since
UFSC is a federal institution, it is exempted from federal taxes on the
electricity bill.

Depending on the situation, UFSC may also be charged for
exceeded peak and off-peak reactive energy, exceeded demand,
additional in months of yellow or red tariff flags and penalties for late
payment of previous bills.
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Table 1 — Consumption and expenses with electric energy of the CU Cidade
Universitéria from August 2017 to July 2018.

Month Consumption (kwWh) Expenses ($)
Peak Off-peak
Aug/2017 122,735 1,080,185 185,926.57
Sep/2017 119,674 1,151,513 212,492.09
Oct/2017 118,353 1,138,697 216,006.60
Nov/2017 114,914 1,278,702 251,585.22
Dec/2017 98,520 1,216,241 212,171.44
Jan/2018 81,069 949,750 160,949.55
Feb/2018 84,599 1,022,466 170,791.62
Mar/2018 153,340 1,518,052 274,086.27
Apr/2018 153,896 1,460,578 256,797.11
May/2018 134,286 1,238,967 240,144.97
Jun/2018 103,700 1,015,482 208,242.98
Jul/2018 105,706 970,811 204,901.83
1,390,792 14,041,444
Total 2,594,096.24
15,432,236

Source: Monthly electricity bills from CU Cidade Universitaria (CELESC 2017;
2018).

3.1.2 Increase in the electricity tariff

CELESC’s annual tariff adjustment takes place in August of each
year. Table 2 shows, for the period of August 2013 to August 2018, the
respective tariffs of distribution (TUSD) and energy (TE) systems, which
compose the demand (TUSD) and energy tariffs at peak and off-peak
hours (TUSD + TE), without taxes, for the A4 subgroup of the green
horosazonal tariff modality.

In the state of Santa Catarina (SC), where the city of Floriandpolis
is located, the peak period starts at 6:30 p.m. and goes until 9:30 p.m, that
is, PV systems generate energy mainly during off-peak hours. Therefore,
in this work, three rates of off-peak hours’ tariff variations were used: 4%,
6% and 8% per year.
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Table 2 — A4 subgroup’s tariffs of the green horosazonal tariff modality,
without taxes.

Energy ($/kwh)
Period Demand ($/kW)
Peak Off-peak
Aug/2013 — Aug/2014 2.15 0.22624 0.04965
Aug/2014 — Aug/2015 2.14 0.22696 0.05312
Aug/2015 — Aug/2016 2.46 0.29260 0.08692
Aug/2016 — Aug/2017 2.45 0.28142 0.08134
Aug/2017 — Aug/2018 3.42 0.31220 0.08388

Source: Resolugbes homologatérias de Revisdo Tarifaria Periddica (ANEEL,
2013; 2014; 2015a; 2016b; 2017b).

Interesting to notice is that the PV systems will be generating
energy during the hours of highest energy demand in the university (since
the buildings are mostly used during the day). This will contribute to
reduce the peak of energy demand.

On the other hand, demand peak hours do not coincide with the
electricity tariff peak hours. Something to think about, then, are the
disadvantages of installing a distributed energy generation system that
will not contribute to the hours where the electricity tariff is higher.

3.2 PHOTOVOLTAIC SYSTEMS’ TECHNICAL PROPOSAL
3.2.1 Technical proposals’ acceptance criterion

The role of building designers is to use PV to enrich an existing or
new architecture. The harmonization of PV technology and buildings can
give more quality a rooftop or fagade aesthetically, and even improve the
building’s internal environmental comfort by the creation of, for example,
PV brise soleil or double-skin fagades.

For their approval, then, the facades and rooftops PV integration
technical proposals should show a commitment between the architectural
space, the building’s and the PV installation shape, and the function of
generating energy.

3.2.2 Selection of buildings

The selection of buildings for this study was mainly based on
shading analyses. First, CU Cidade Universitaria’s land and buildings
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were 3D modeled in the software SketchUp. Next, buildings with facades
that have a maximum of 5° azimuthal deviation were selected. Finally,
the software Ecotect Analysis was used to generate shading masks for the
rooftops and for the North, East and West facades of these buildings and
to quantify the shading caused by surrounding constructed elements,
according to Zomer (2014). Buildings with that azimuthal characteristic
that were shorter than neighboring buildings located on their northern,
eastern and western directions were discarded from the study before the
software shading analysis, because their rooftops and fagades are
obviously shaded during the entire day.

SketchUp is a well known software from Google. It is a 3D
modeling computer program that can be used for architectural, interior
design, landscape architecture, civil and mechanical engineering, film and
video game design drawing applications (GOOGLE, 2017).

Ecotect Analysis is a sustainable building design tool from
Autodesk. It offers a wide range of simulation and building energy
analysis to help improve the performance of buildings. It contains tools
such as Solar Analysis, Sun and Shadow Studies, Daylighting and
Lighting, Thermal performance, Whole building energy analysis,
Weather data visualization, and others. Although Autodesk discontinued
it in 2015, it is still the only one that generates shading masks and
simultaneously quantifies monthly and annual surface shading
percentages that correspond to the energy losses of shaded PV systems
(AUTODESK, 2015; ZOMER, 2014).

According to Autodesk, the software was discontinued with the
objective of maximizing development efforts on Building Information
Modelling (BIM) and cloud-based solutions for building performance
analysis and visualization, by integrating Ecotect’s functions in the
software Revit, through the plug-ins Solar Analysis, and Sun and Shadow
Studies (AUTODESK, 2015).

However, Solar Analysis only allows visualization and
quantification of the distribution of solar radiation for specific individual
days, and Sun and Shadow Studies only allows the visualization of a
surface’s shadow, but not its quantification.

Two SketchUp plug-ins were also tested: Shadow Analysis and
Solar Energy Analysis. The first one shows the amount of shading hours
on a surface only on a particular day of the year. The second one shows
the amount of solar radiation incident on a surface only on a particular
day of the year.

Besides that, the tools Shading Analysis and Dynamic
Overshadowing, available on Dr. Andrew Marsh’s website, which is



60

Ecotect’s creator, were also tested. They create shading masks and
quantify annual shading, but for a specific point only, not for an entire
surface (MARSH, 2018).

Therefore, since the objective was to generate shading masks to
see in which months and times of day the surfaces are most shaded, and,
at the same time, quantify the surface’s annual shading, Ecotect was still
used in this work.

An acceptance criterion was established to choose the buildings’
surfaces that would be part of this work, based on the amount of annual
average of incident radiation on each surface and on the fact that 10% of
annual shading on ideal positioned PV systems, calculated by Ecotect,
correspond to 10% of energy losses at this latitude (ZOMER, 2014).

In order to be accepted, it was decided that rooftop PV systems
could have a maximum of 10% annual shading. Since North facades
receive 63% of the annual average of incident radiation of what an ideal
PV rooftop system receives at this latitude, East and West facades receive
59%, a proportion calculation was made to establish the maximum
acceptable annual shading percentage on the fagades. The results showed
that it would be allowed a maximum shading of 17.4%/year and
18.2%/year for North and for East/West fagades, respectively.

The selection of buildings was also based on PV integration
diversity. To make a richer study, buildings that accepted different kinds
of PV integration were chosen:

a) A building that, because of the shading analysis, would allow
only rooftop PV integration;

b) Another one that would allow only North fagcade and rooftop
integration;

¢) One that would allow only East fagade, West fagade and rooftop
integration;

d) Another one that would allow North facade, one of the lateral
(E or W) fagades and rooftop integration;

e) One that allowed North, East and West facades plus rooftop
integration;

f) Also, buildings that would ask for brise soleil, and ones that
would enable the creation of double-skin facades by substituting its
original coating material.

The different possibilities are enough to represent all kinds of PV
integration that could be created at the university’s buildings. PV layouts
were made until an installed capacity of 1 MWp was reached and accepted
in technical and economic aspects.
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Finally, vegetation elements were included and a new shading
analysis was done for the chosen surfaces, this time using PVsyst’s tool
“Detailed, according to Module Layout”, which considers the shading
according to the electrical strings of the system. The same acceptance
criterion was used.

3.2.3 Photovoltaic modules

Double-glass multicrystalline silicon (mc-Si) PV modules were
chosen for many reasons. First, the double-glass configuration is very
aesthetically pleasing for facades. Also, this technology has the second
highest laboratory record efficiency rate (22.3%), falling behind only
mono-Si technology (26.7%). However, mc-Si is easier to be
manufactured and results in a lower cost PV module.

Interesting to notice is that this is an opaque module, so when
integrated to buildings in the shape of brise soleil, the need for air
conditioning can be decreased, but the need for artificial lighting will
automatically increase.

The modules used in the proposed systems are 72-cells, mc-Si
double-glass PV modules of 320 Wp (Figure 21). Chart 1 shows their
technical specifications and their datasheet can be found in Attachment 1
(BYD, 2017).

Figure 21 — Adopted PV module: BYD Series P6D-36 4BB, 320 Wp.

Source: BYD Series P6D-36 4BB datasheet (BYD, 2017).
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Chart 1- Technical specifications of the PV modules.

General characteristics

Technology Multicrystalline silicon (mc-Si)
Dimensions 1961 x 985 mm
Thickness 29 mm
Weight 32.9 kg
Number of cells 72
Front cover 3.2 mm tempered glass with anti-glare coating
Encapsulating Ethylene Vinyl Acetate (EVA)
Frame No frame

Electrical parameters (STC)
Pmax 320 W
Eficiency 18.3%
Vvipp 36.78 V
Ivep 8.70 A
Voc 46.39 V
Isc 9.15A
Temperature o
coeﬁPicient of Voc -0.30 %/°C
Temperature +0.066 %/°C
coefficient of Isc
Cable length 2 x 400 mm

Source: BYD Series P6D-36 4BB datasheet (BYD, 2017).
3.2.4 Photovoltaic modules layout

The PV modules were all portrait-oriented because of their cells’
and bypass diodes’ (a series of connected cells) configurations. Figure 22
shows the module’s 3 bypass diodes.

Because of the layout of the bypass diodes and of the way shading
will act on the PV systems, it is better if the PV modules are portrait-
oriented so that if one bypass diode is shaded, the module is still going to
be generating energy through the other two substrings within the module.
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Figure 22 - PV module’s bypass diodes.
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Source: Adapted from BYD Series P6D-36 4BB datasheet (BYD, 2017).
3.3 PHOTOVOLTAIC SYSTEMS’ ECONOMIC ANALYSIS

Engineering economics helps professionals in making decisions. It
is a discipline that applies methods for the economic evaluation of
technically feasible alternatives for engineering projects. It includes four
stages: recognition and definition of a problem, identification of viable
alternatives, analysis of the alternatives and choice of the best alternative
(CORTES, 2012).

The purchase and installation of a PV system is very capital
intensive, since much of the investment is made at the beginning of the
project. Thus, the question that remains is whether, throughout the years,
it financially compensates more the purchase of energy from the utility
only, or the installation of a grid-connected PV system.

The economic analysis begins from this question, that can be
answered by the establishment of a cash flow and the calculation of some
economic indicators, such as Net Present Value (NPV), Internal Rate of
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Return (IRR), Discounted Payback Time (DPBT) and Levelized Cost of
Energy (LCOE). In this work, all these four indicators were used.

The Minimum Acceptable Rate of Return (MARR), which
represents the interest rate, was used in the calculation of the economic
indicators; thus changes in the value of money over time were considered.

Two values of MARR were used: 4.48%/year, which is the current
savings income rate in Brazil, and 3.00%/year, which is the interest rate
established by a financing program for renewable energies created by
Banco Nacional do Desenvolvimento (BNDES) (BCB, 2017; BNDES,
2017).

3.3.1 Cash flow

The cash flow is a necessary tool for financial management and
analysis of an investment. It shows the cash balance (incomings less
outgoings) of the investment during its entire lifetime. In this work, a PV
systems’ lifetime of 30 years was considered, since this is the warranty
period stipulated by the manufacturer of the PV modules used (BYD,
2017).

The outgoings are the capital expenditure (CAPEX), the
equipment replacements and the operating and maintenance expenditures
(OPEX), such as routine cleaning of the modules’ surfaces, connector
status check, replacement of damaged cables, vandalism recovery and
restoration of support structures affected by extreme weather conditions.
In this work, all the outgoings were calculated according to each PV
systems’ installed power, as follows:

a) CAPEX: $0.81/Wp (R$3.00/Wp), $1.08/Wp (R$4.00/Wp), and
$1.35/Wp (R$5.00/Wp), considering the intense reduction of costs in
solar PV hardware;

b) Equipment replacements: inverters’ replacements every 10
years, each replacement having a cost of 21% of the initial investment
(INSTITUTO IDEAL, 2018);

¢) OPEX: 1% of the initial investment every year (LACCHINI;
RUTHER, 2015).

Since metal support structures represent 10% of the total cost of a
PV system, 10% of the CAPEX was subtracted when an economic
analysis of a fagade was being done. Then, $36.45/m2 (R$135/m?), what
represents the cost of fagades’ metal support structures was added to the
CAPEX. This value came from a prices survey in the local market, where
there is a company that is recently specializing in fagades’ metal support
structures to PV modules.
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It is important to notice that PV systems integrated to buildings are
usually located close to the point of energy consumption, thus, costs with
transmission and distribution, very common in centralized generator
systems, are also reduced.

The only income of the PV systems is the annual energy generation
multiplied by the energy tariff, that is, how much will be saved in the
electric energy bill, already considering the variations of the tariff over
the years and the rate of degradation of the PV systems’ generation.

Since solar energy generation occurs during daylight, the current
electric off-peak time tariff of $0.08388/kwWh (R$0.31068/kWh),
established by the local electric power company, was used (ANEEL,
2017b).

A 1.0%/year degradation rate was used, according to results
obtained in the studies conducted by Limmaneeet al. (2017) for mc-Si PV
modules.

18 economic scenarios were studied, with changes on the MARR,
on the CAPEX and on the annual energy tariff variation, as shown in
Table 3.

Table 3 — Economic scenarios.

Case MARR CAPEX Energy tariff variations
(Yolyear) ($/Wp) (Yolyear)
1 4.48 0.81 4
2 4.48 0.81 6
3 4.48 0.81 8
4 4.48 1.08 4
5 4.48 1.08 6
6 4.48 1.08 8
7 4.48 1.35 4
8 4.48 1.35 6
9 4.48 1.35 8
10 3.00 0.81 4
11 3.00 0.81 6
12 3.00 0.81 8
13 3.00 1.08 4
14 3.00 1.08 6
15 3.00 1.08 8
16 3.00 1.35 4
17 3.00 1.35 6
18 3.00 1.35 8
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The way annual energy generations were estimated is described in
item 3.3.2 of this work.

3.3.2 Energy generation estimation

There are several ways of calculating PV systems’ estimated
energy generation. In this work, the latest version of the most widely
adopted software PVsyst was used.

PVsyst was designed by physicist André Mermoud to enable
architects, engineers and researchers to manage grid-connected PV
systems projects, as well as to enable the definition of the systems'
installed power, its PV modules and inverters (MERMOUD, 2018).

The system location and global horizontal solar irradiance data are
specified (the software itself calculates the inclined solar irradiance data
from a chosen transposition model and available solar radiation
databases). The system’s installed capacity, PV modules, inverters and
strings are defined. From these data and a 3D modeling of the system and
its surroundings (which can be done in the software itself or imported
from SketchUp), its energy generation, Performance Ratio (PR) and
annual energy yield are calculated.

In addition, the software specifies the system’s performance losses,
that can be caused by shading, irradiation incidence angle, dirt (soiling),
incident irradiance levels, temperature, PV module quality, PV
arrangement incompatibility, ohmic losses in cabling, efficiency, nominal
power, maximum power, nominal and maximum inverter voltage, and
system unavailability.

The climate database for Florian6polis, measured by the Brazilian
Atlas of Solar Energy, which was calculated using 17 years of satellite
irradiance data, was used (PEREIRA et al., 2017).

Losses due to shading caused by nearby vegetation and
neighboring buildings, due to the amount of incident irradiation on the
PV array plane, temperature, and PV module and inverter conversion
efficiencies were estimated. Shading percentages were calculated using
PVsyst’s tool “Detailed, according to Module Layout”, which considers
the shading according to the electrical strings of the system.

A degradation of 1.0% was considered in the energy generation for
each of the 30 years of the systems’ lifetime (LIMMANEE et al., 2017,
BYD, 2017).

The Perez-Ineichen transposition model was used (PEREZ et al.,
1987; PEREZ et al., 1990) for the calculation of the inclined plane
incident radiation, since this is the model that gives closer results to the
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values of tilted solar irradiance measured for the city of Floriandpolis
(SANTOS; RUTHER, 2014).

The PV systems were modeled according to the electrical
configuration of their modules and inverters, respecting the arrangement
of the modules in the facades and rooftops. Each building’s surroundings
(other buildings and vegetation) were also modeled with the purpose of
calculating the losses in energy generation caused by shadowing.

As losses data, some standard values from the software itself were
used, as shown in Table 4.

Table 4 — PVsyst’s standard losses data.

Ohmic loss 1.5%
PV module’s efficiency loss 0.8%
System unavailability 2.0%

Source: PVsyst (MERMOUD, 2018).

For mismatch losses, a value of 2.0% was used (HICKEL et al.,
2014), for soiling, 3.0% (HICKEL et al., 2016), and for LID (Light
Induced Degradation), 3.0% (MUNOZ; CHENLO; ALONSO-GARCIA,
2011).

3.3.3 Net Present Value (NPV)

The Net Present Value (NPV) brings to the initial moment all the
investment’s cash flow and adds it to the value of the initial investment.
It considers the value of money in time, as it uses the MARR. Equation 1
shows how to obtain the NPV.

If the NPV is positive, it means that the investment will have been
profitable at the end of its lifetime. Otherwise, if it is negative, it means
that it will result in a financial loss.

NPV = —Co+Shoiy i (Equation 1)

MARR)™
Where:
NPV = Net Present Value, in $;
C, = initial cost, in $;
T = total duration, in years;
n = concerned period, in years;
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V E, = values referring to the cash flow for the total duration of the system,
in$;
MARR = Minimum Acceptable Rate of Return, in %.

3.3.4 Internal Rate of Return (IRR)

The Internal Rate of Return (IRR) is the discount rate that makes
NPV zero. It shows the productivity of an investment project, considering
the same periodicity of the cash flow, that is, it represents the annual
profitability percentage of the project. It is calculated using Equation 2.

VE, .
Zflzlm—co = NPV =0 (Equation 2)

Where:

T = total duration, in years;

n = concerned period, in years;

VE, = values referring to the cash flow for the total duration of the system,
in$;

IRR = Internal Rate of Return, in %;

C, =initial cost, in $;

NPV = Net Present Value, in $.

3.3.5 Discounted Payback Time (DPBT)

The Discounted Payback Time (DPBT) is the period (n) that zeroes
the NPV, or the time that an investment takes to be paid, considering the
value of money over time, that is, including the MARR on the calculation.
It is represented by Equation 3.

_ T VFE, _ .
NPV = —Cy + Zn:l—(1+MARR)" =0 (Equation 3)
Where:

NPV = Net Present Value, in $;

C, = initial cost, in $;

T = total duration, in years;

n = concerned period, in years;

VE, = values referring to the cash flow for the total duration of the system,
in$;

MARR = Minimum Acceptable Rate of Return, in %.
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3.3.6 Levelized Cost of Electricity (LCOE)

The Levelized Cost of Electricity (LCOE) is calculated in order to
be compared to the utility's energy tariff. As LCOE considers all the
expected costs over the lifetime of a PV system, if its value is lower than
the local utility energy tariff, there will be a profit at the end of the
system's lifetime. Otherwise, if it is higher than the energy tariff, there
will be losses.

Equation 4 presents the formula for calculating the LCOE. Briefly,
it can be defined as the system’s total lifetime costs divided by the energy
generated during that lifetime.

Cp.(14+0)™ 1
(C0+ £=1 n) .
LCOE = QHMARRYY [ s ein-ia—ayn  (EQuation 4)
n=1 (1+MARR)™

Where:

LCOE = Levelized Cost of Electricity, in $/kWh;

C, = initial cost, in $;

T = total duration, in years;

n = concerned period, in years;

C,, = annual costs for system maintenance, in $;
MARR = Minimum Acceptable Rate of Return, in %;
Epy=annual PV power generation, in KWh;

i = annual variation of energy tariff, in %;

d = degradation rate of annual energy generation, in %.

3.3.7 Economic analysis’ acceptance criteria

In order to be considered economically feasible, the PV systems
should have a positive NPV, an IRR higher than the MARR (4.48% or
3%), a DPBT lower than the PV systems’ lifetime (30 years) and a LCOE
lower than the current electric off-peak time tariff of $0.08388/kWh
(R$0.31068/kwh).

If a complete PV system (facades + rooftops) did not satisfy the
acceptance criterion, the building was discarded from the study.

This procedure was done until a generator of ~1 MWop that met the
technical and economic acceptance criteria was obtained.
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3.4 MINI GENERATOR CONTRIBUTIONS TO THE UNIVERSITY

Finally, the estimated 1 MWp mini generator’s annual energy
generation was compared to the CU’s energy consumption registered in
the local utility electricity tariffs (CELESC), to see what would have been
the reduction in the consumption of that year (August 2017 to July 2018)
if the PV systems had been in operation over the corresponding period.
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4 RESULTS
4.1 PHOTOVOLTAIC SYSTEMS’ TECHNICAL PROPOSAL

This work aims at selecting suitable facades and rooftops of
buildings that participate of the CU Cidade Universitaria for the
integration of a 1 MWp PV minigerator. Rooftop PV integration is a very
common idea. Fagades PV integration, not so much. In this work, some
facts have influenced the idea of integrating PV to the buildings’ facades.

Due to the university’s location, surfaces facing North with a slope
of 27° are the ideal ones to optimize a PV system’s annual energy
generation. PV systems with these characteristics are often installed on
rooftops.

Looking at facades at Floriandpolis’ latitude, then, the ones that
are North oriented are the best ones to generate energy. The annual
average of incident radiation on these fagades corresponds to 63% of the
one of an ideal surface.

East and West facades were also considered, because they receive
what corresponds to 94% of the annual average of incident radiation on
north facades.

Facades facing South receive only 74% of the annual average of
incident radiation on North facades, and that is the reason they have been
discarded from this study.

PV systems were also suggested on the rooftops of each building
as a strategy to improve the economic results. On rooftops it is possible
to integrate PV modules at slopes that vary from 10° N (minimum
inclination to keep the PV modules’ warranty) to 27° N (ideal inclination
to optimize energy generation), which, besides having higher daily
average of incident radiation than on facades during a year, also
contribute to a lower impact on the buildings’ architecture.

Figure 23 shows the daily average of incident radiation for each
month of a year, at the city of Florianépolis, Brazil, at an ideal surface
(27° N), at facades facing North (90° N), East or West (90° E/W) and
South (90° S), and at a low tilted North surface (10° N).

It is possible to see that during the warmest months (November,
December, January and February) East and West facades receive more
radiation than North fagades. This way, the facades would be contributing
with more energy during the months in which the energy demand is
higher. Besides that, the PV modules could work as brise soleil by helping
to block the heat and the direct sunlight that enter the rooms, and improve
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the buildings’ thermal comfort at the same time as reducing the use of air
conditioners.

Figure 23 — Daily average of incident radiation on different surfaces, for each
month of a year, at the city of Floriandpolis, Brazil.
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Also, it is possible to conclude that by adding PV modules to
rooftops, the PV systems as a whole (fagades plus rooftops) will not only
generate more energy because it will raise the system’s yield
(productivity), but also improve the economic feasibility of the systems.

These averages of incident radiation were obtained using the
software RADIASOL Radiacdo Solar, which was designed to assist
engineers, architects, and other professionals in calculating incident solar
radiation on different orientated and inclined surfaces. The software was
developed in Laboratério de Energia Solar (LABSOL) of the Grupo de
Estudos Térmicos e Energéticos (GESTE) from Universidade Federal do
Rio Grande do Sul (UFRGS) (LABSOL/UFRGS, 2001).

The Perez-Ineichen transposition model (PEREZ et al., 1987,
PEREZ et al., 1990) was used for the calculation of incident radiation on
tilted planes, since this is the model that generates the closest results to
the measured values of inclined solar irradiance for the city of
Florianopolis (low latitude site) (SANTOS; RUTHER, 2014).

Also interesting to show is a comparison of the annual irradiation
means for PV systems located at different sites of the world, at their ideal
orientation and inclination to optimize solar energy generation (a tilted
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surface with a slope equal to the local latitude and North oriented for
Southern Hemisphere surfaces or South oriented for Northern
Hemisphere surfaces), on facades facing North (for Southern Hemisphere
surfaces) or South (for Northern Hemisphere surfaces), and on East or
West facades. Figure 24 shows the location of the cities that were chosen
for this comparative study.

Figure 24 — Location of the chosen cities.
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Table 5 shows the global horizontal annual radiation means for
each city and annual radiation means for an ideal PV system and for a N/S
facade PV system (that is, a surface with a slope of 90°), located at each
city. Table 6 shows the global horizontal annual radiation means for each
city and the annual radiation means for an ideal PV system and for an
E/W facade PV system (that is, a surface with a slope of 90°), located in
each of the chosen cities.

The tables also have color scales that go from the highest absolute
numbers (darkest yellow, blue and red) to the lowest absolute ones (in
white), and the percentages of the fagades’ annual radiation means in
relation to the ideal surfaces’ annual radiation means.

It is possible to notice that in some countries such as Canada,
Germany, Iceland and Japan, the percentages of the facades’ annual
radiation means in relation to the ideal surfaces’ annual radiation means
are high, but the absolute radiation values are low. Other countries such
as Angola, Argentina, Bolivia, Brazil, Cuba, New Zealand, Singapore,
Thailand and Venezuela have the opposite behavior: while the
percentages of the fagades’ annual radiation means in relation to the ideal
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surfaces’ annual radiation means are low, the absolute radiation values

are high.

Table 5 — Global horizontal annual radiation means and annual radiation means
for an ideal PV system and a N/S facade PV system.

Location Annual (Rk{a/s:f}gg;‘ Means o
Country/ Latitude Global Ideal N/S | facade/ideal
City Longitude | Horizontal | surface | facade
f\ﬂgﬁc'ﬁf 1%%% 5008 5054 53.78%
Buenos Aies | sgagw | 427 | 4652 66.19%
Bgtljic\/r;a/ 615? 2072:\/8\/ 5489 5815 59.72%
ralia | arozw | ‘98 | 518 251%
Flolr?)i;iz()l:)/olis 412537()5($°\ISV 4270 4461 63.15%
((:)at?:v?/il ?E?gg\',\lv 3864 2259 1232 54.54%
Ca(r:nuat;i/ey 7271;1g:vl\\l/ 4508 3996 | 1579 39.51%
Eé%?;’ 2222'; 5589 4091 | 1394 34.07%
GHZ'KSS,%/ igg%:lg 2646 1558 1031 66.17%
g TIN5 |10 | s [ABIO
:]r%pl?;é 133?96787"!\:5 2976 2283 1219 53.39%
Mg;%(;?/ %48%2:/'\\/1 5088 3538 1378 38.95%
va“éﬁ?ﬂ?ﬁﬁ’ 14714..2786°SE 3793 4059 -E
Ssii?]%aa%%rri/ 1%;202’:]'5 4420 4414 1837 41.62%
Elléaié?(r;dk/ 5'30735!\& 4811 4482 1668 37.22%
Vér;(?;g:;a/ éggff\',\'v 5552 5327 1838 34.50%
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Table 6 — Global horizontal annual radiation means and annual radiation means

for an ideal PV system and an E/W facade PV system.

Location Annual (Rkss:sgg? Means %
Country/ Latitude Global Ideal | E/W | facade/ideal
City Longitude | Horizontal | surface | facade
f\ﬂgﬁﬂ 183;?2220"SE 5008 5054 58.51%
Suemos Ares | spagw | 4327 | 4652 57.59%
Bgll,icvf 6159 '2072:\,8\/ 5489 5815 53.86%
railin | arozw | %8 | SIS 56.33%
Fuoﬁﬁzc:gons fggc?vsv 4270 4461 59.22%
C(?)el?:vc\jlzl ;15533:\?'\/ 3864 2259 2003 88.67%
Ca%uaZaL{ey 72;'35?:\',\]\/ 4508 3996 2134 53.40%
AR IR  ECE
ﬁzr,m%/ ‘zg'_gg?; 2646 1558 | 1367 87.74%
RN
:]r%pf;é 5596787"!\& 2976 2283 1451 63.56%
Rabat | osrw | %8 | 3598 7L40%
Wellington | irarecE | 3798 | 4089 50.65%
Ssiir:]%z%c())rree/ 1%;;;5; 4420 4414 2079 47.10%
g;iiéir:ﬁ(/ 35’07535!\; 4811 4482 2272 50.69%
VCanaces | osozw | 57 | 5927 48.51%

By the comparison of the values shown for the city of
Floriandpolis/Brazil, where this study was carried out, with the values for
Germany, country that has one of the highest PV net installed capacities
in the world, it is possible to see that in Floriandpolis, the fagades’ annual
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radiation means are at least the double of Germany’s fagades’ annual
radiation means, even if the percentages of the facades’ annual radiation
means in relation to the ideal surfaces’ annual radiation means are higher
in Germany. This fact supports and encourages the idea of integrating PV
modules in facades at the city of Floriandpolis.

The constant reduction in the cost of PV solar generation combined
with the increasing costs of civil construction materials also motivated the
PV integration on facades, where traditional coating materials can be
replaced by PV modules.

4.1.1 Selection of buildings

Figure 25 shows the 3D model made of UFSC’s main campus, with
CU Cidade Universitaria’s buildings (in blue).

Figure 25 — UFSC’s main campus, with CU Cidade Universitaria’s buildings
(in blue).

Figure 26 shows the buildings that were considered on the first
shading analysis (in green), that is, buildings that have a maximum of 5°
azimuthal deviation, and that do not have higher neighboring buildings.
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Figure 26 — Buildings considered on the first shading analysis (in green).

For the Ecotect shading analysis, building 01 was divided in 13
surfaces: 3 rooftops, 3 North surfaces, 3 East surfaces and 4 West
surfaces. Only the rooftops (annual shading percentages of 7.7%, 0.1%
and 9.2%) and one of the North surfaces (annual shading percentage of
15.6%) were accepted by the shading acceptance criterion.

Building 02 was divided in 4 surfaces for its shading analysis: 1
rooftop, 1 North surface, 1 East surface and 1 West surface. All of the
surfaces were accepted by the shading acceptance criterion. The rooftop
had an annual shading percentage of 2.3%, the North surface of 4.2%, the
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East surface of 5.4% and the West surface of 6.6%. Figure 27 shows the
rooftop’s shading mask, Figure 28, North surface’s shading mask, Figure
29, East surface’s shading mask, and Figure 30, West surface’s shading
mask. It is possible to see that the rooftop is shaded only before 6:00 a.m.
and after 6:30 p.m. during the whole year; the North surface is shaded in
the morning until 9:00 a.m. and in the afternoon from 3:00 p.m., in the
months of October, November, December, January, February and March;
the East surface is shaded in the afternoon (starting at 12:00 p.m.) during
the whole year; and the West surface is shaded in the morning (until 12:00
p.m.) during all year. Some of the most notable shadings are shown in
Figures Figure 31, Figure 32, Figure 33 and Figure 34.

Figure 27 — Building 02’s rooftop shadlng mask.
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Figure 28 — Building 02’s North surface shading mask.
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Figure 29 — Building 02’s East surface shading mask.
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Figure 30 — Building 02’s West surface shading mask.
Slergn:gzr?f-h_lfslgllagram N

Obj 4683 Orientation: 94.7°, 0.0°
Sun Position: 93.0°, 0.5

HSA -1 7°
VSA:05°

=< EEEEEEN

V o
e II e
2&5= g‘ sthay
| e -

ime: 06:00 Jos Jase BRE VSC:40.0%
Date: 1st Oct (274) 1807 Overcast Sky Factor: 747%
‘Shading: 34% Uniform Sky Factor: 91.9%

Figure 31 — Building 02’s rooftop and N surface shadings at 6:00 a.m. in
December.
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Figure 32 — Building 02’s rooftop and N surface shadings at 6:30 p.m. in
December.

Figure 34 — Building

02’s W surface shadings at 10:00 a.m. in December.

Building 03 was divided in 9 surfaces: 2 rooftops, 3 North surfaces,
2 East surfaces and 2 West surfaces. According to the analysis, both
rooftops (annual shading percentages of 0.3% and 5.8%) and one of the
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North surfaces (annual shading percentage of 14.2%) were accepted by
the shading acceptance criterion.

Building 04 was divided in 4 surfaces: 1 rooftop, 1 North surface,
1 East surface and 1 West surface. The rooftop (annual shading
percentage of 1.2%) and the North surface (annual shading percentage of
12.9%) were accepted by the shading acceptance criterion. Figure 35
shows the rooftop’s shading mask and Figure 36, North surface’s shading
mask. It is possible to see that the rooftop is shaded only before 6:00 a.m.
and after 6:30 p.m. during almost the entire year; and the North surface is
shaded in the morning until 9 a.m. and in the afternoon from 3:00 p.m.,
in the months of October, November, December, January, February and
March, and in the morning until 7:00 a.m. during the months of April,
May, June, July, August and September. Some of the most notable
shadings are shown in Figures Figure 37 and Figure 38.

Figure 35 — Building 04’s rooftop shading mask.
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Figure 36 — Building 04’s North surface shading mask.
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Figure 37 - Building 04’s rooftop and N surface shadings at 6:00 a.m. in
October.
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Figure 38 - Building 04’s rooftop and N surface shadings at 6:30 p.m. in
October.

Building 05 was divided in 6 surfaces: 1 rooftop, 2 North surfaces,
1 East surface and 2 West surfaces. According to the analysis, the rooftop
(annual shading percentage of 9.5%), one of the North surfaces (annual
shading percentage of 10.9%), the East surface (annual shading
percentage of 17.3%) and both West surfaces (annual shading percentages
of 18.2% and 17.6%) were accepted by the shading acceptance criterion.

Building 06 was divided in 4 surfaces: 1 rooftop, 1 North surface,
1 East surface and 1 West surface. According to the analysis, the rooftop
(annual shading percentage of 7.2%), the North surface (annual shading
percentage of 8.4%) and the East surface (annual shading percentage of
13.7%) were accepted by the shading acceptance criterion.

Building 07 was divided in 12 surfaces for its shading analysis: 1
rooftop, 5 North surfaces, 3 East surfaces and 3 West surfaces. Only the
rooftop (annual shading percentage of 3.8%) was accepted by the shading
acceptance criterion. Figure 39 shows the rooftop’s shading mask. It is
possible to see that the rooftop is shaded only until 7:00 a.m. in the months
of April, May, June, July, August and September. Some of the most
notable shadings are shown in Figures Figure 40 and Figure 41.
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Figure 39 — Building 07’s rooftop shading mask.
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Figure 40 - Building 07’s rooftop shadings at 7:00 a.m. in April.
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Figure 41 - Building 07’s rooftop shadings at 7:00 a.m. in September.

Building 08 was divided in 11 surfaces: 2 rooftops, 3 North
surfaces, 3 East surfaces and 3 West surfaces. Both rooftops (annual
shading percentages of 2.3% and 6.1%), one of the East surfaces (annual
shading percentage of 13.3%) and one of the West surfaces (annual
shading percentage of 15%) were accepted by the shading acceptance
criterion. Figure 42 shows the rooftops’ shading masks, Figure 43, East
surface’s shading mask, and Figure 44, West surface’s shading mask. It
is possible to see that the rooftop is shaded a little bit in the mornings
(until approximately 9:00 a.m.) and then only after 6:30 p.m., during the
months of April, May, June, July, August and September; the East surface
is shaded in the afternoon (starting at 12:00 p.m.) during the whole year;
and the West surface is shaded in the morning (until 12:00 p.m.) during
all year and from 6:30 p.m. in the months of April, May, June, July,
August and September. Some of the most notable shadings are shown in
Figures Figure 45 and Figure 46.



Figure 42 — Building 08’s rooftops shading masks.
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Figure 43 — Building 08’s East surface shading mask.
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Figure 44 — Building 08’s West surface shading mask.
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Figure 45 — Building 08’s rooftop and W surface shadings at 9:00 a.m. in May.

Figure 46 - Building 08’s E surface shadings at 6:30 p.m. in September.

Building 09 was divided in 8 surfaces: 2 rooftops, 2 North surfaces,
2 East surfaces and 2 West surfaces. According to the analysis, one of the
rooftops (annual shading percentage of 0.3%) and one of the North
surfaces (annual shading percentage of 14.7%) were accepted by the
shading acceptance criterion.

Building 10 was divided in 9 surfaces: 1 rooftop, 1 North surface,
1 East surface and 6 West surfaces. The rooftop (annual shading
percentage of 7.1%), the North surface (annual shading percentage of
8.1%), the East surface (annual shading percentage of 12.4%) and one of
the West surfaces (annual shading percentage of 13.7%) were accepted
by the shading acceptance criterion.

Building 11 was divided in 8 surfaces: 2 rooftops, 2 North surfaces,
2 East surfaces and 2 West surfaces. According to the analysis, one of the
rooftops (annual shading percentage of 2.4%), both North surfaces
(annual shading percentages of 6.3% and 11.3%), the East surface (annual
shading percentage of 10.6%) and both West surfaces (annual shading
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percentage of 11.3% and 9.8%) were accepted by the shading acceptance
criterion.

Building 12 was divided in 5 surfaces: 1 rooftop, 2 North surfaces,
1 East surface and 1 West surface. The rooftop (annual shading
percentage of 5.8%), one of the North surfaces (annual shading
percentage of 9.7%), the East surface (annual shading percentage of
15.9%) and the West surface (annual shading percentage of 12.8%) were
accepted by the shading acceptance criterion.

Building 13 was divided in 5 surfaces for its shading analysis: 1
rooftop, 1 North surface, 1 East surface and 2 West surfaces. The rooftop
(annual shading percentage of 1.4%), the North surface (annual shading
percentage of 5.3%), the East surface (annual shading percentage of
12.8%) and one of the West surfaces (annual shading percentage of
13.2%) were accepted by the shading acceptance criterion.

Building 14 was divided in 11 surfaces: 3 rooftops, 3 North
surfaces, 2 East surfaces and 3 West surfaces. According to the analysis,
one of the rooftops (annual shading percentage of 0%), one of the North
surfaces (annual shading percentage of 10.1%) and one of the West
surfaces (annual shading percentage of 11.6%) were accepted by the
shading acceptance criterion. Figure 47 shows the rooftop’s shading
mask, Figure 48, North surface’s shading mask, and Figure 49, West
surface’s shading mask. It is possible to see that the rooftop is never
shaded; the North surface is shaded until 8 a.m. during the months of
November, December, January, February and March, from 6:30 a.m. to
7:30 a.m. in the months of April, May, June, July, August and September,
from 10:30 a.m. to 12:00 p.m. during the whole year, and in the afternoon
(from 5:00 p.m.) during the months of April, May, June, July, August,
Septermber and October; and the west surface is shaded in the morning
(until 12:00 p.m.) during all year. Some of the most notable shadings are
shown in Figure 50.



Figure 47 — Building 14’s rooftop sh
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Figure 48 — Building 14’s North surface shading mask.
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Figure 49 — Building 14’s West surface shading mask.
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Figure 50 - Building 14’s N and W surfaces shadings at 7:00 a.m. in June.

Building 15 was divided in 8 surfaces: 1 rooftop, 2 North surfaces,
2 East surfaces and 3 West surfaces. According to the analysis, the rooftop
(annual shading percentage of 2.5%), one of the North surfaces (annual
shading percentage of 13.9%) and one of the West surfaces (annual
shading percentage of 16.3%) were accepted by the shading acceptance
criterion.

Building 16 was divided in 13 surfaces: 1 rooftop, 4 North
surfaces, 3 East surfaces and 5 West surfaces. The rooftop (annual
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shading percentage of 0%), 2 of the North surfaces (annual shading
percentages of 15.7% and 15.6%), one of the East surfaces (annual
shading percentage of 16.1%) and one of the West surfaces (annual
shading percentage of 14.7%) were accepted by the shading acceptance
criterion.

Building 17 was divided in 4 surfaces: 1 rooftop, 1 North surface,
1 East surface and 1 West surface. All of the surfaces were accepted by
the shading acceptance criterion. The rooftop had an annual shading
percentage of 4.1%, the North surface of 8.1%, the East surface of 11.4%
and the West surface of 12%.

Building 18 was divided in 15 surfaces for its shading analysis: 3
rooftops, 2 North surfaces, 5 East surfaces and 5 West surfaces. One of
the rooftops (annual shading percentage of 1.1%), both North surfaces
(annual shading percentages of 7.9% and 15.1%), 2 East surfaces (annual
shading percentages of 13.4% and 9.7%) and one of the West surfaces
(annual shading percentage of 12.9%) were accepted by the shading
acceptance criterion.

Building 19 was divided in 11 surfaces: 3 rooftops, 3 North
surfaces, 3 East surfaces and 2 West surfaces. According to the analysis,
one of the rooftops (annual shading percentage of 8.2%) and one of the
North surfaces (annual shading percentage of 15.3%) were accepted by
the shading acceptance criterion.

Building 20 was divided in 4 surfaces: 1 rooftop, 1 North surface,
1 East surface and 1 West surface. According to the analysis, all the
surfaces were accepted by the shading acceptance criterion. The rooftop
had an annual shading percentage of 3.8%, the North surface of 9.8%, the
East surface of 9.6% and the West surface of 11.2%. Figure 51 shows the
rooftop’s shading mask, Figure 52, North surface’s shading mask, Figure
53, East surface’s shading mask, and Figure 54, West surface’s shading
mask. It is possible to see that the rooftop is shaded only before 6:00 a.m.
and after 6:00 p.m. during the whole year; the North surface is shaded in
the morning until 9 a.m. and in the afternoon from 3:00 p.m., in the
months of September, October, November, December, January, February
and March; the East surface is shaded in the afternoon (starting at 12:00
p.m.) during the whole year; and the West surface is shaded in the
morning (until 12:00 p.m.) and in the afternoon (starting at 5:30 p.m.)
during all year. Some of the most notable shadings are shown in Figures
Figure 55, Figure 56 and Figure 57.



94

Figure 51 — Building 20’s rooftop shading mask.
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Figure 52 — Building 20’s North surface shading mask.
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Figure 53 — Building 20’s East surface shading mask.
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Figure 54 — Building 20’s West surface shading mask.
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Figure 55 - Building 20’s rooftop shadings at 6:00 p.m. in June.

" .,

Figure 56 - Building 20’s N and E surfaces shadings at 5:00 p.m. in Seitember.
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Building 21 was divided in 6 surfaces: 1 rooftop, 1 North surface,
2 East surfaces and 2 West surfaces. According to the analysis, all the
surfaces were accepted by the shading acceptance criterion. The rooftop
had an annual shading percentage of 6.4%, the North surface of 11.6%,
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the East surfaces of 13.2% and 12.9%, and the West surfaces of 16.9%
and 11.9%.

Building 22 was divided in 4 surfaces for its shading analysis: 1
rooftop, 1 North surface, 1 East surface and 1 West surface. According to
the analysis, all the surfaces were accepted by the shading acceptance
criterion. The rooftop had an annual shading percentage of 4.5%, the
North surface of 7.1%, the East surface of 10.9%, and the West surface
of 9%.

Building 23 was divided in 11 surfaces: 1 rooftop, 4 North
surfaces, 2 East surfaces and 4 West surfaces. The rooftop (annual
shading percentage of 3.7%), 2 of the North surfaces (annual shading
percentages of 14.3% and 16%), both East surfaces (annual shading
percentages of 9% and 11.7%) and 3 of the West surfaces (annual shading
percentages of 17.6%, 13.4% and 15.7%) were accepted by the shading
acceptance criterion.

Building 24 was divided in 14 surfaces for its shading analysis: 1
rooftop, 3 North surfaces, 4 East surfaces and 6 West surfaces. The
rooftop (annual shading percentage of 1.8%), one of the North surfaces
(annual shading percentage of 14.8%), one of the East surfaces (annual
shading percentage of 16%) and 2 of the West surfaces (annual shading
percentages of 4.9% and 7%) were accepted by the shading acceptance
criterion.

Building 25 was divided in 17 surfaces: 2 rooftops, 3 North
surfaces, 6 East surfaces and 6 West surfaces. According to the analysis,
both rooftops (annual shading percentages of 2.9% and 0%), 2 of the
North surfaces (annual shading percentages of 12.2% and 8.4%), one of
the East surfaces (annual shading percentage of 15.1%) and 2 of the West
surfaces (annual shading percentages of 15% and 15.5%) were accepted
by the shading acceptance criterion.

Six buildings were chosen to continue the study, according to the
different PV integration possibilities and to the availability of the
buildings’ projects on the university’s Architectural and Engineering
Project Department. Table 7 shows the chosen building surfaces and their
areas.
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Table 7 — Chosen buildings and surfaces.

Building Surface Area (m?)
Rooftop 5,843
02 N facade 601
E facade 759
W facade 759
04 Rooftop 319
N facade 456
07 Rooftop 1,018
Rooftop 1,123
08 E facade 1,248
W facade 1,248
Rooftop 631
14 N facade 927
W facade 803
20 Rooftop 2,086
N facade 133
Total 17,954

Building 20’s East and West fagades were discarded (even being
accepted by the shading criterion) because of the building’s architecture.
The installation of PV systems on those fagcades would change and impact
too much their original design.

Since the chosen PV module has an area of 1.93 m? and a nominal
capacity of 320 Wp, the total area of 17,954 m2 should be more than
enough to reach an installed capacity of 1 MWp.

To simplify the comprehension of the technical proposals and
economic analysis, the buildings were renamed as shown in Table 8.
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Table 8 — Buildings’ new name and description.

Building

New name

Description

Picture

02

Building A

University’s
main library

04

Building B

Sanitary and
Environmental
Engineering
Department’s
building

07

Building C

Classroom
building

08

Building D

Communication
and
Expression
Center’s
building
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Building | New name | Description Picture

Mechanical

- Engineering

14 Building E Department’s

building
o University’s
20 Building F | o taurant
4.2 BUILDING A

Building A is the university’s main library, which is located at Rua
Eng. Agronomico Andrei Cristian Ferreira. It was built in 1976 with
characteristics of the Brazilian modernist architecture. Since it is a
historic building, it is important to remember that any interference
proposal must be discussed with its author or analyzed according to its
architectural concept. Figure 58 shows the building’s site (in orange).

The building’s North, East and West fagcades are composed mainly
by large windows with transparent glass. The rooftop is composed of
sloped metallic roof tiles. The fagades’ area corresponds to about 0.36
times the rooftop area.

The PV system was suggested in the shape of brise soleil on the
three fagades, and on the rooftop the PV system followed the roof tile’s
tilt and orientation.
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Figure 58 — Building A’s site (in orange). »

Sorce: Adapted from Google Earth.

4.2.1 Technical feasibility

Brise soleil composed by 190 mc-Si PV modules were proposed to
building A’s facades, as shown in Figure 59, in order to improve the
building’s internal thermal and visual comfort. Since the building is a
library where students spend time reading and doing their work, direct
sunlight is not welcome. The suggested PV brise soleil will contribute to
decrease the direct sunlight that enters the building, which will also result
in reducing the use of air conditioners, besides generating solar electricity.

Figure 59 — Building A’s North, East and West fagades, respectively, with PV
integration.

8.80m
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The rooftop integration is composed of 1,628 PV modules and is
shown in Figure 60. The system follows the roof tile’s tilt and orientation.

Figure 60 — Building A’s rooftop with PV integration.

# % # :

The simulation results for North, East and West fagades, and for
the rooftop, generated by PVsyst, can be found in Appendix A.

Shading losses calculated using PVsyst on the North facade were
of 13.9%l/year, on the East facade of 9.6%/year, on the West facade of
17.3%l/year and on the rooftop of 1.1%/year. All systems have, therefore,
acceptable shading losses.
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The most significant losses on the fagades’ systems were due to the
incidence of irradiation on the modules in relation to the global horizontal
irradiation (40.0%/year, 45.9%/year and 43.4%/year for North, East and
West fagades, respectively). These losses occurred because the systems
are being installed on facades, that is, with PV modules tilted at 90°. The
most significant loss of the rooftop system was due to the temperature of
the modules, since they are installed very close to the roof tiles, which
results in a loss of 7.8% per year.

The complete PV system’s (fagades plus rooftop) characteristics
are shown in Table 9.

Table 9 — Characteristics of building A’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity Generation | (KWh/kWp/

(kWp) (MWh/year) year)
N facade 5°E 90° 19.20 11.85 617
E facade 95°E 90° 22.40 11.84 529
W facade 85°W 90° 19.20 9.33 486

95°E + R
Rooftop 85°W 5 521 615.04 1,181
Total - - 581.80 648.06 -

Since the PV systems have a positive impact on the architecture of
the building (by improving its thermal and visual comforts and by
following the building’s shape on the rooftop), they were accepted in
technical terms.

4.2.2 Economic analysis

The building’s North facade PV system’s economic analysis had
zero viable cases. 7 out of the 18 cases would be viable if we only looked
at their NPVs, IRRs and DPBTS, therefore they had positive NPVs, IRRs
higher than the MARRs established and DPBTs lower than 30 years.
However, the LCOEs of all 18 cases were higher than $0.08388/kWh
(R$0.31068/kWh). Case 12 had the best results, with a NPV of
$21,108.18 (R$78,178.46), an IRR of 7.44%, a DPBT of 21 years and a
LCOE of $0.08746/kWh (R$0.32391/kWh).

With the addition of East and West facades, there are still zero
economic viable cases, with worst results than if only north facade was
considered. Again, case 12 had the best results, with a NPV of $47,162.74
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(R$174,676.81), an IRR of 6.32%, a DPBT of 23 years and a LCOE of
$0.09936/kWh (R$0.36801/kWh).

With the addition of a PV system to the building’s rooftop, the
economic analysis has improved. All of the 18 economic cases have
become viable, so the PV systems were also accepted in economic terms.
The best one, case 12, has a NPV of $2,083,603.19 (R$7,717,048.86), an
IRR of 15.93%, a DPBT of 9 years and a LCOE of $0.03917/kWh
(R$0.14509/kWh).

For the 18 economic cases, Figure 61 shows the values of NPV,
Figure 62 values of IRR, Figure 63 values of DPBT and Figure 64, values
of LCOE, for building A’s North facade, all facades (North, East and
West), and all fagades plus rooftops. When, for a certain case, the NPV
bars are not appearing on the graphs, it is because their values are very
close to zero (according to the graphs’ scale).
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Figure 61 — NPV for building A’s 18 economic cases.
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Figure 62 — IRR for building A’s 18 economic cases.
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Figure 64 — LCOE for building A’s 18 economic cases.
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4.3 BUILDING B

Building B is one of the Sanitary and Environmental Engineering
Department’s buildings, which is located close to Rua Delfino Conti.
Figure 65 shows the building’s site (in orange).

The building’s North fagade is composed mainly of brick walls and
by windows with transparent glass, horizontally distributed through the
facade. The rooftop is composed of inclined metallic roof tiles. The
fagade’s area corresponds to about 1.43 times the rooftop area.

The PV system was suggested in the shape of brise soleil on the
North fagade, and on the rooftop the PV system followed the roof tile’s
tilt and orientation.
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Figure 65 — Builing B’s site (in orange).

Source: Adapted from Google Earth.
4.3.1 Technical feasibility

Brise soleil composed by 114 mc-Si PV modules were proposed to
building B’s North fagade, as shown in Figure 66, in order to improve the
building’s internal thermal and visual comforts.

Figure 66 — Building B’s North fagade with PV integration.

o

14.79 m

The rooftop integration is composed by 56 PV modules and is
shown in Figure 67. The system follows the roof tile’s tilt and orientation.
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Figure 67 — Building B’s rooftop with PV integration.

Simulation results for the North fagade and for the rooftop,
generated by PVsyst, can be found in Appendix B.

Shading losses, calculated by PVsyst, were of 15.5%/year on the
North facade and of 0.2%/year on the rooftop. All systems, then, have
acceptable shading losses.

The most significant loss of the facade’s system was due to the
incidence of irradiation on the modules in relation to the global horizontal
irradiation (40.0%/year). This loss occurred because the system is being
installed on a facade, that is, with PV modules tilted at 90°. The most
significant loss of the rooftop system was due to the temperature of the
modules, since they are installed very close to the roof tiles, which results
in a loss of 7.9% per year.

The complete PV system’s (fagade plus rooftop) characteristics are
shown in Table 10.

Table 10 — Characteristics of building B’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity | Generation | (KWh/kKWp/
(kWp) (MWh/year) year)
N facade 5°E 90° 36.50 20.84 571
Rooftop 5°E 5° 17.92 21.96 1,225
Total - - 54.42 42.80 -

Since the PV systems have a positive impact on the architecture of
the building (by improving its thermal and visual comforts and by
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following the building’s shape on the rooftop), they were accepted in
technical terms.

4.3.2 Economic analysis

The building’s North fagade PV system’s economic analysis had
zero viable cases. 6 out of the 18 cases would be viable if we only looked
at their NPVs, IRRs and DPBTSs, therefore they had positive NPVs, IRRs
higher than the MARRs established and DPBTSs lower than 30 years.
However, the LCOEs of all 18 cases were higher than $0.08388/kWh
(R$0.31068/kWh). Case 12 had the best results, with a NPV of
$32,823.66 (R$121,569.10), an IRR of 6.76%, a DPBT of 22 years and a
LCOE of $0.09444/kWh (R$0.34976/kWh).

With the addition of a PV system to the building’s rooftop, the
economic analysis has improved. There are now 8 viable economic cases,
so the PV systems were also accepted in economic terms. The best one,
case 12, has a NPV of $106,387.88 (R$394,029.18), an IRR of 10.41%, a
DPBT of 15 years and a LCOE of $0.06375/kWh (R$0.23612/kWh).

For the 18 economic cases, Figure 68 shows the values of NPV,
Figure 69 values of IRR, Figure 70 values of DPBT and Figure 71 values
of LCOE, for building B’s North fagade, and North facade plus rooftop.
When, for a certain case, the NPV bar is not appearing on the graph, it is
because it has a value very close to zero (according to the graph’s scale).

Figure 68 — NPV for building B’s 18 economic cases.
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Figure 71 — LCOE for building B’s 18 economic cases.
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4.4 BUILDING C

Building C is a classroom building that is located close to Rua Eng.
Agrondmico Andrei Cristian Ferreira. Figure 72 shows the building’s site
(in orange).

The building’s rooftop is composed of inclined metallic roof tiles
and a glass cover that allows the building to use sunlight for illumination.
The PV modules were integrated only to the metallic roof tiles area.

The PV system was suggested only on the rooftop, following the
roof tiles’ tilt and orientation.
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Figure 72 — Building C’s site (in orange).
> | af

e

Source: Adapted from Google Earth.

4.4.1 Technical feasibility

The rooftop integration is composed of 176 PV modules and is
shown in Figure 73. The system follows the roof tiles’ tilt and orientation.

Figure 73 — Building C’s rooftop with PV integration.
i 56.60 m

N
*

The simulation report for the rooftop, generated by PVsyst, can be
found in Appendix C.
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Shading losses were of 3.9%/year. The system, then, has
acceptable shading losses.

The most significant loss was due to the temperature of the
modules, since they are installed very close to the roof tiles, resulting in
a loss of 8.0% per year.

The PV system’s (rooftop) characteristics are shown in Table 11.

Table 11 — Characteristics of building C’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity Generation | (KWh/KWp/
(kWp) (MWh/year) year)
Rooftop 6°E 10° 56.30 67.90 1,206
Total - - 56.30 67.90 -

Since the PV system has a positive impact on the architecture of
the building (by following the building’s shape), it was accepted in
technical terms.

4.4.2 Economic analysis

The building’s rooftop PV system economic analysis showed that
all 18 economic cases were viable. Case 12 had the best results, with a
NPV of $226,307.64 (R$838,176.45), an IRR of 17.38%, a DPBT of 8
years and a LCOE of $0.03519/kWh (R$0.13036/kWh).

For the 18 economic cases, Figure 74 shows the values of NPV,
Figure 75 values of IRR, Figure 76 values of DPBT and Figure 77 values
of LCOE, for building C’s rooftop.
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Figure 74 — NPV for building C’s 18 economic cases.
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Figure 75 — IRR for building C’s 18 economic cases.
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Figure 76 — DPBT for building C’s 18 economic cases.
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Figure 77 — LCOE for building C’s 18 economic cases.
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4.5 BUILDING D

Building D is one of the Communication and Expression Center’s
buildings, which is located close to Rua Roberto Sampaio Gonzaga.
Figure 78 shows the building’s site (in orange).

The building’s East and West facades are composed mainly of
brick walls and windows with transparent glass. The rooftop is composed
of inclined metallic roof tiles. The fagades’ area correspond to about 2.22
times the rooftop area.
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The PV system was suggested in the shape of double-skin fagades
on the East and West facades, and on the rooftop the PV system followed
the roof tile’s tilt and orientation.

Figure 78 — Bundlng D’ s site (in orange).
Jie

Source: Adapted from Google Earth,

4.5.1 Technical feasibility

Double-skin fagades composed by 36 mc-Si PV modules each,
were proposed to building D’s East and West fagades, as shown in Figure
79. The objective was to create a contrast between the fagades’ parts and
give more quality to its architecture.
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Figure 79 — Building D’s East and West facades, respectively, with PV
integration.
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The rooftop integration is composed by 290 PV modules and is
shown in Figure 80. The system follows the roof tile’s tilt and orientation.
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Figure 80 — Building D’s rooftop with PV integration.
3290 m #

The simulation reports for East and West facades and for the
rooftop, generated by PVsyst, can be found in Appendix D.

Shading losses on East facade were of 0.4%/year, on West facade
of 3.6%/year and on the rooftop of 2.9%/year. All systems, then, have
acceptable shading losses.

The most significant loss of the facades’ systems was due to the
incidence of irradiation on the modules in relation to the global horizontal
irradiation (45.8%/year and 43.5%/year for east and west fagades,
respectively). This loss occurred because the systems are being installed
on fagades, that is, with PV modules tilted at 90°. The most significant
loss of the rooftop system was due to the temperature of the modules,
since they are installed very close to the roof tiles, resulting in a loss of
7.7% per year.

The complete PV system’s (fagades plus rooftop) characteristics
are shown in Table 12.



120

Table 12 — Characteristics of building D’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity Generation | (kWh/kWp/
(kWp) (MWh/year) year)
E facade 94°E 90° 11.52 7.53 653
W facade 86°W 90° 11.52 7.51 652
94°E +
Rooftop 4°E + 5° 92.80 110.89 1,195
86°W
Total - - 115.84 125.93

Since the PV systems have a positive influence on the architecture
of the building (by improving its thermal comfort and its fagcades’ design,
and by following the building’s shape on the rooftop), the PV systems
were accepted in technical terms.

4.5.2 Economic analysis

The building’s East and West facades PV systems’ economic
analysis, together, had 2 viable cases. 8 out of the 18 cases would be
viable if we only looked at their NPVs, IRRs and DPBTS, therefore they
had positive NPVs, IRRs higher than the MARRSs established and DPBTs
lower than 30 years. However, the LCOEs of 16 cases were higher than
$0.08388/kWh (R$0.31068/kWh). Case 12 had the best results, with a
NPV of $28,923.82 (R$107,125.25), an IRR of 7.95%, a DPBT of 19
years and a LCOE of $0.08268/kWh (R$0.30623/kWh).

With the addition of a PV system to the building’s rooftop, the
economic analysis has improved. Now, all 18 economic cases are viable,
so the PV systems were accepted in economic terms. The best one, case
12, has a NPV of $397,506.92 (R$1,472,247.86), an IRR of 15.31%, a
DPBT of 11 years and a LCOE of $0.04114/kWh (R$0.15238/kWh).

For the 18 economic cases, Figure 81 shows the values of NPV,
Figure 82 values of IRR,

Figure 83 values of DPBT and Figure 84 values of LCOE, for
building D’s East and West facades, and for both facades plus rooftop.
When, for a certain case, the NPV and/or IRR bars are not appearing on
the graphs, it is because their values are very close to zero (according to
the graphs’ scale).
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Figure 81 — NPV for building D’s 18 economic cases.
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Figure 82 — IRR for building D’s 18 economic cases.
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Figure 83 — DPBT for building D’s 18 economic cases.
100
80
60
40
20
0

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18

DPBT/Lifetime (years)

Cases

N 90° E +90°W mmmm Rooftop + E and W fagades e |ifetime

Figure 84 — LCOE for building D’s 18 economic cases.
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4.6 BUILDING E

Building E is a non-finished construction that belongs to the
Mechanical Engineering Department, located at Rua Eng. Agrénomico
Andrei Cristian Ferreira, next to one of the university accesses. Figure
85 shows the building’s site (in orange).

Aluminum shutters for air circulation, windows with transparent
glass and a big tiled blind wall compose building E’s North facade. The
West fagade is composed of a big tiled blind wall and windows with
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transparent glass. Tiles were considered on the blind walls for this study
because many of the university’s building have tiled fagades, but the blind
walls are not installed yet, so it is not known what the walls’ coating
material will actually be. The rooftop is a plain concrete slab. The areas
of the 2 facades represent about 2.74 times the rooftop area.

The PV system was suggested on the shape of double-skin fagades
on the blind wall areas of the North and West fagades, and on the rooftop
the PV system didn’t follow the building’s tilt, only its orientation.

Figure 85 — Building E’s implantation (in orange).
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Source: Adapted from Gogle Earth,
4.6.1 Technical feasibility

The PV integration suggested for building E’s North and West
facades is composed of 240 mc-Si PV modules, as the layouts shown in
Figure 86. Its purpose, besides generating energy, was to improve the
building’s thermal comfort and to eliminate the expenditure with the
ceramic tiles that would otherwise cover the facades, by the creation of a
double-skin fagade that substitutes this coating material with PV modules.
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Figure 86 — Building E’s North and West fagades, respectively, with PV
integration.
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The rooftop integration is composed of 52 PV modules and is
shown in Figure 87. The system follows the building’s orientation, but
not it’s tilt, since the building has a plain horizontal rooftop, what is not
recommended for the installation of PV systems. The rooftop area was
not entirely used due to the existence of terraces and equipment.

Figure 87 — Building E’s rooftop with PV integration.

The simulation reports for North and West facades, and for the
rooftop, generated by PVsyst, can be found in Appendix E.

Shading losses on North facade were of 1.3%/year, on West fagade
of 1.5%/year and on the rooftop of 9.9%/year. All systems, then, have
acceptable shading losses.



125

The most significant losses of the fagades’ systems were due to the
incidence of irradiation on the modules in relation to the global horizontal
irradiation (40.0%/year and 43.3%/year for North and West facades,
respectively). These losses occurred because the systems are being
installed on fagades, that is, with PV modules tilted at 90°. The most
significant loss of the rooftop system was due to shading, since elements
of the building itself, such as the platband and the water tank tower,
caused shading over the PV modules.

The complete PV system’s (fagades plus rooftop) characteristics
are shown in Table 13.

Table 13 — Characteristics of building E’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity Generation | (KWh/kWp/
(kWp) (MWh/year) year)
N facade 5°E 90° 41.00 28.85 704
W facade 85°W 90° 35.80 23.66 660
Rooftop 5°E 27° 16.64 19.11 1,149
Total - - 93.44 71.62 -

Since the PV systems have a positive impact on the architecture of
the building (by improving its thermal comfort and by having a PV system
on its rooftop that causes zero impact on its architecture shape), the PV
systems were accepted in technical terms.

4.6.2 Economic analysis

Since the fagades’ coating material was replaced by the PV
modules, the cost of the tiles, considered as $40.5/m? (R$150/m?) (this
was the average value found at a prices survey in the Brazilian market),
was subtracted from the initial investment. This brought a significant
improvement to the economic viability of the project.

The building’s North facade PV system’s economic analysis had 8
viable cases. 14 out of the 18 cases would be viable if we only looked at
their NPVs, IRRs and DPBTSs, therefore they had positive NPVs, IRRs
higher than the MARRs established and DPBTs lower than 30 years.
However, the LCOEs of 6 of these 14 cases were higher than
$0.08388/kWh (R$0.31068/kWh). Case 12 had the best results, with a
NPV of $76,282.29 (R$282,527.45), an IRR of 11.30%, a DPBT of 14
years and a LCOE of $0.05842/kWh (R$0.21637/kWh).
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With the addition of the West fagade, there are still 8 economic
viable cases, with worst results than if only north facade was considered.
Again, case 12 had the best results, with a NPV of $136,066.80
(R$503,951.10), an IRR of 10.99%, a DPBT of 15 years and a LCOE of
$0.06019/kWh (R$0.22292/kWh).

With the addition of a PV system to building E’s rooftop, the
economic analysis has improved. There are now 10 economic viable
cases. Then, the PV systems were also accepted in economic terms. The
best one, case 12, has a NPV of $199,416.11 (R$738,578.18), an IRR of
12.20%, a DPBT of 13 years and a LCOE of $0.05369/kWh
(R$0.19885/kWh).

For the 18 economic cases, Figure 88 shows the values of NPV,
Figure 89 values of IRR, Figure 90 values of DPBT and Figure 91 values
of LCOE, for building E’s North fagade, North and East fagades, and both
facades plus rooftops. When, for a certain case, the NPV bar is not
appearing on the graph, it is because it has a value very close to zero
(according to the graph’s scale).

Figure 88 — NPV for building E’s 18 economic cases.
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Figure 89 — IRR for building E’s 18 economic cases.
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Figure 90 — DPBT for building E’s 18 economic cases.

80
v
« 60
g
= 10
Qé I
5 | | I III
=
2, Hn | Hin 1
—
E 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
& Cases
. 90° N B 90° N +90° W

s Rooftop + N and W fagades e ifetime



128

0.15

Figure 91 — LCOE for building E’s 18 economic cases.
0.10

S VLU TR
0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Cases

LCOE/Energy tariff (5/kWh)

I 90° N 90° N +90° W

m Rooftop + N and W fagades === Current energy tariff

4.7 BUILDING F

Building F is the university’s restaurant. Figure 92 shows the
building’s site (in orange).

The building’s North fagade is composed mainly of brick walls and
by windows with transparent glass. The rooftop is composed of tilted
metallic roof tiles. The fagade’s area corresponds to about 0.06 times the
rooftop area.

The PV system was suggested in the shape of brise soleil on the
North fagade, and on the rooftop the PV system followed the roof tile’s
tilt and orientation.
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Source: Adapted from Google Earth.

4.7.1 Technical feasibility

A Brise soleil composed of 30 mc-Si PV modules was proposed to
building F’s North fagade, as shown in Figure 93, in order to improve the
building’s internal thermal and visual comforts.

Figure 93 — Building F’s North fagade with PV integration.
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The rooftop integration is composed by 450 PV modules and is
shown in Figure 94. The system follows the roof tile’s tilt and orientation.
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Figure 94 — Building F’s rooftop with PV integration.
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The simulation reports for the North facade and for the rooftop,
generated by PVsyst, can be found in Appendix F.

Shading losses on the north fagade were of 17.1%/year and on the
rooftop of 0.5%/year. All systems, then, have acceptable shading losses.

The most significant loss of the facade’s system was due to the
incidence of irradiation on the modules in relation to the global horizontal
irradiation (40.1%/year). This loss occurred because the system is being
installed on a facade, that is, with PV modules tilted at 90°. The most
significant loss of the rooftop system was due to the temperature of the
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modules, since they are installed very close to the roof tiles, resulting in
a loss of 8.2% per year.

The complete PV system’s (fagade plus rooftop) characteristics are
shown in Table 14.

Table 14 — Characteristics of building F’s PV integration.

Installed Energy Yield
Azimuth | Tilt | Capacity Generation | (KWh/kWp/
(kWp) (MWh/year) year)
N facade 4°E 90° 9.60 5.72 596
Rooftop 4°E 10° 144 182.63 1,268
Total - - 153.60 188.35 -

Since the PV systems proposed have a positive impact on the
architecture of the building (by improving its thermal and visual comforts
and by following the building’s shape on the rooftop), the PV systems
were accepted in technical terms.

4.7.2 Economic analysis

The building’s North fagade PV system’s economic analysis had
zero viable cases. 7 out of the 18 cases would be viable if we only looked
at their NPVs, IRRs and DPBTSs, therefore they had positive NPVs, IRRs
higher than the MARRs established and DPBTs lower than 30 years.
However, the LCOEs of all 18 cases were higher than $0.08388/kWh
(R$0.31068/kWh). Case 12 had the best results, with a NPV of $9,682.93
(R$35,862.72), an IRR of 7.14%, a DPBT of 21 years and a LCOE of
$0.09050/kWh (R$0.33517/kWh).

With the addition of a PV system to the building’s rooftop, the
economic analysis has improved. Now, all the 18 economic cases are
viable. Then, the PV systems were also accepted in economic terms. The
best one, case 12, has a NPV of $627,853.49 (R$2,325,383.29), an IRR
of 17.39%, a DPBT of 8 years and a LCOE of $0.03519/kWh
(R$0.13034/kWh).

For the 18 economic cases, Figure 95 shows the values of NPV,
Figure 96 values of IRR, Figure 97 values of DPBT and Figure 98 values
of LCOE, for building F’s North facade, and North facade plus rooftop.
When, for a certain case, the NPV bar is not appearing on the graph, it is
because it has a value very close to zero (according to the graph’s scale).
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Figure 95 — NPV for building F’s 18 economic cases.
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Figure 96 — IRR for building F’s 18 economic cases.
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Figure 97 — DPBT for building F’s 18 economic cases.
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Figure 98 — LCOE for building F’s 18 economic cases.
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4.8 ANALYSIS’ SUMMARY

Table 15 shows the total PV installed capacity and energy
generation of the buildings that were accepted by the technical and
economical acceptance criteria. The mini generator total installed
capacity is of approximately 1.06 MWp, so the objective to propose a 1
MWp mini generator to the university was reached.

Table 15 — Selected buildings’ PV installed capacity and energy generation.

Building Instaléic\i/vcs)pacity Entzlr;%v gr:e/r;ee;egion

A 581.80 648.06

54.42 42.80

C 56.30 67.90

D 115.84 125.93

E 93.44 71.62

F 153.60 188.35
Total 1,055.40 1,144.66

All of the proposed PV systems played a role in the architecture of
the building, either by improving the buildings’ thermal and visual
comforts, or just by not having an impact in the architecture of the
building at all (which is a positive aspect in this case, because the PV
systems followed the buildings’ shapes).
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The economic analysis of the facades was not very attractive, but
with the incorporation of rooftop systems, the PV integrations had better
economic results.

On the buildings’ economic analysis, it could be observed that the
NPVs, with the addition of installed power, gets higher when positive and
lower when negative, and that the PV systems’ yields have a big influence
on the IRRs, PBTs and LCOEs of the PV systems.

Figure 99 shows a summary of the complete PV systems’ (rooftops
plus considered buildings’ facades) NPVs, Figure 100 the MARRS,
Figure 101 the DPBTSs and Figure 102 the LCOEs.

It is possible to conclude that building A had the best NPV results,
followed by building F, building D, building C, building E and building
B, respectively. Building F had the best IRR results, followed by building
C, then building A, building D, building E and building B. Buildings’ C
and F DPBTs were the best ones, followed by building A, building D,
building E and building B. The best LCOEs results are from building F,
then building C, building A, building D, building E and building B,
respectively.

In general, then, buildings A and F were the most viable ones in
economic terms, and buildings B and E, the least economic feasible ones.

Figure 99 — Summary of the complete PV systems’ NPVs.
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Figure 100 - Summary of the complete PV systems’ IRRs.
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Figure 101 - Summary of the complete PV systems’ DPBTs.
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Figure 102 - Summary of the complete PV systems’ LCOEs.
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4.9 MINIGERATOR CONTRIBUTIONS TO THE UNIVERSITY

Table 16 shows the monthly and annual generation of the 1 MWp
mini generator detailed in this work and Figure 103 shows the mini
generator’s energy production compared to the CU’s Cidade
Universitaria energy consumption from August 2017 to July 2018.

The total annual energy generation is of 1,144.66 MWh, while the
total energy consumption was of 15,432.24 MWh and the off-peak hours
consumption was of 14,041.44 MWh.

The 1 MWp mini generator would reduce the annual CU’s energy
consumption in up to 7.42%, with the highest contribution taking place in
January (12.10%) and the lowest one in April (5.38%). If only off-peak
hours were considered, the energy consumption would be reduced in up
to 8.15%.
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Table 16 — Monthly and annual energy generation of the 1 MWp generator.

Building A B | ¢ | o | E | F
Month Energy generation (MWh)
Jan 7325 | 3.36 743 | 1456 | 616 | 19.98
Feb 6236 | 3.35 642 | 1225 | 590 | 17.43
Mar 6111 | 4.04 645 | 11.88 | 681 | 17.70
Apr 4785 | 3.85 5.16 9.19 632 | 1452
May 4105 | 404 451 7.75 629 | 13.20
Jun 3387 | 351 3.73 6.34 550 | 11.05
Jul 36.73 | 3.68 4.02 6.88 568 | 11.84
Aug 4538 | 3.96 4.92 8.63 6.27 | 14.05
Sep 4559 | 3.0 4.80 8.90 536 | 1331
Oct 56.24 | 3.21 581 | 11.08 | 555 | 1588
Nov 6851 | 3.29 698 | 1348 | 573 | 1880
Dec 7612 | 3.42 767 | 1498 | 606 | 2062
L‘l’fi";‘éi‘;‘zr 64806 | 42.80 | 67.90 | 12593 | 7162 | 18835
Total 1,144.66
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Figure 103 — Comparison of the 1 MWp mini generator energy production with
the CU’s consumption.
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5 FINAL CONSIDERATIONS

Analyses of the technical and economic viability of PV systems
integrated to facades and rooftops were carried out for the existing
buildings of a Brazilian university located at a low latitude site. The
objective was to create a viable 1 MWp mini generator and analyze its
impact in the university’s energy consumption.

The study showed that the installation of a 1 MWp mini generator
on the facades (by the creation of brise soleil and double-skin fagades)
and rooftops could contribute to the architectural design and to the
thermal and visual comforts of the buildings, besides reducing in up to
7.42% the university’s annual energy consumption.

6 buildings were analyzed: buildings A, B, C, D, E and F. Figure
104 shows the energy contribution of each of the buildings. It can be seen
that building A, where the integration was made on the rooftop and on
North, East and West fagades, was the building that most contributed to
the reduction of the university’s energy consumption.

Figure 104 — Energy generation per building.
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The economic analysis was made through the calculation of the
NPVs, IRRs, DPBTs and LCOEs. 18 economic scenarios were studied
for each building, with variances on the TMAs, CAPEXs and annual
energy tariff variations.
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The research showed viable technical studies for the fagades, but
the economic analysis was not very attractive. However, with the addition
of rooftop systems, more cases have become economically feasible and
therefore attractive and valuable to be built.

Considering the worst CAPEX scenario of $1.35/Wp
(R$5.00/Wp), the university would have to spend $854,874.00
(R$3,166,200.00) to install the 1 MWp mini generator. A way to
encourage the institution to make this investment would be its visibility
all over the country because of such a technological investment, besides
the savings of about $189.000/year (R$700,000.00/year) on the energy
bills.

This study has demonstrated that it is important for building
designers to be aware of the possibilities, functionality and integration of
PV systems and their opportunity to be economically viable.

With the declining cost of PV systems (INSTITUTO IDEAL,
2018) and the increasing cost of electric tariff in Brazil (ANEEL 2013,
2014, 2015a, 2016h, 2017b), PV facades should start to be economic
feasible in more flexible ways. Consequently, PV technology could offer
attractive solutions of high-tech integration and aesthetic appeal, as well
as renewable and pollution-free energy generation.

5.1 SUGGESTIONS FOR FUTURE WORKS

Based on the studies and results presented in this thesis, some ideas
for future works can be thought:

e The creation of a more visual method, with abacuses and
schemes, to simplify the study of technical and economic
viability of PV systems;

e The calculation of the impact fagade PV installations (brise soleil
and double-skin fagades) have in the buildings’ energy
consumption, due to its alterations on thermal and visual
comforts;
oA sensitivity analysis on the economic evaluation, to see how
the PV systems could be more attractive in economic terms.
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APPENDIX A — Building A’s PVsyst reports: rooftop, north fagade,
east facade and west facade, respectively.

Meteo data:

PVSYST VE.T74 | Isadora Pauli Custodio (Brazil) |22|’1 018 | Page 1/6
Grid-Connected System: Simulation parameters
Project : Building A’s rooftop
Geographical Site Floriandpolis_Atlas2017 Country Brazil
Situation Latitude -27.58° 5 Longitude -45.55"W
Time defined as Legal Time Time zone UT-3 Altitude 3m
Albedo  0.20

Floriandpolis_Atlas2017

AtlasBrasileirodeEnergiaSclar2017 - Synthefic

Simulation variant :

MNew simulation variant

Simulation date

2018 11h25

Simulation parameters
2 orientations

Models used

Horizon

Mear Shadings

PV module
Custom parameters: definition
Sub-array "Sub-array 21"
MNumber of PV modules
Total number of PV modules
Array global power
Array operating characteristics (50°C)

Sub-array "Sub-array £2"

Mumber of P modules

Total number of P modules

Array global power

Array operating characteristics (50°C)

Sub-array "Sub-array 23"

MNumber of P modules

Total number of PV modules

Array global power

Array operating characteristics (50°C)

Sub-array "Sub-array £4"

MNumber of PV modules

Total number of PV modules

Array global power

Array operating characteristics (50°C)

Sub-array "Sub-array #5"

Mumber of P/ modules

Total number of PV modules

Array global power

Array operating characteristics (50°C)

Sub-array "Sub-array 26"

MNumber of PV modules

Total number of PV modules

Array global power

Array operating characteristics (50°C)

System type
tilts/azimuths
Transposition

Free Horizon

Detailed electrical calculation

PV Arrays Characteristics (8 kinds of array defined)
Si-poly Model

Manufacturer
Orientation

In series

Nb. modules
Mominal (STC)
U mpp

Crientation

In series

Mb. modules
Mominal (STC)
U mpp

Qrientation

In series

Nb. modules
Mominal (STC)
U mpp

Orientation

In series

Nb. modules
Mominal (STC)
U mpp

Crientation

In series

Nb. modules
Mominal (STC)
U mpp

Qrientation

In series

Nb. modules
Mominal (STC)
U mpp

Sheds on a building
5%-85% and 5%/85°
Perez Diffuse  Perez, Meteonomn

(acc. to module layout)

BYD-320-P6C-36-DG

BYD

# TilttAzimuth  5%/-95°

10 modules In paraliel 32 strings

320 Unit Nom. Power 320 Wp

102 kWp At operating cond.  87.7 KWp (60°C)
TV Impp 277 A

#1 TilttAzimuth  5%-85°

10 meodules In paraliel 32 strings

320 Unit Nom. Power 320 Wp

102 kWp At operating cond.  87.7 kWp (60°C)
3TV Impp 27T A

#2 TiltlAzimuth  5%/83°

10 modules In paraliel 32 strings

320 Unit Nom. Power 320 Wp

102 kWp At operating cond.  87.7 kWp (60°C)
3TV Impp 27T A

#2 TiltiAzimuth  57/85°

10 modules Inparallel 32 strings

320 Unit Nom. Power 320 Wp

102 kWp At operating cond.  87.7 KWp (60°C)
M7V Impp 277 A

#1 TilttAzimuth  5%-85°

12 modules In paraliel 11 strings

132 Unit Nom. Power 320 Wp

42.2 KWp At operating cond.  36.2 kWp (60°C)
380V Impp 95A

#2 TiltAzimuth  5%/83°

12 modules In paraliel 11 strings

132 Unit Nom. Power 320 Wp

42.2 KWp At operating cond.  36.2 kWp (60°C)
380V Impp 95 A
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Sub-armray "Sub-array £
Mumber of PV modules:
Total number of PV modules
Array global power

Sub-amray "Sub-array 3"
Mumber of PV modules:
Total number of PV modules
Array global power

Total  Arrays global power

Sub-amray "Sub-array #1" :
Original P\Ysyst database

Characteristics

Inverter pack

Sub-array "Sub-array 22" @
Original P'Vayst database

Characteristics

Inverter pack

Sub-array "Sub-array £3" :
Original P\/eyst database

Characteristics

Inverter pack

Sub-array "Sub-array 24" :
Original PVsyst database

Characteristics

Inverter pack

Sub-amray "Sub-array 5" @
Original P'veyst database

Characteristics

Inverter pack

Sub-armray "Sub-array 6" :
Original P\Ysyst database

Characteristics

Inverter pack

Sub-array "Sub-array 7" @
Original P'Vayst databass

Characteristics

Inverter pack

Sub-armray "Sub-array 8" :
Original P\/eyst database

Characteristics

Inverter pack

Total

Array operating charactenstics (50°C)

Array operating characteristies (50°C)

Inverter

Inverter

Inverter

Inverter

Inverter

Inverter

Inverter

Inverter

Grid-Connected System: Simulation parameters

QOrientation  #1 Tilt/Azimuth
Inseres 14 modules In paraliel
MNb. modules 42 Unit Nom. Power
Mominal (STC)  13.44 kWp At operating cond.
Umpp 444V | mpp
Qrientation  #2 Tilt'Azimuth
Inseres 14 modules In parallel
MNb. modules 42 Unit Nom. Power
Neminal (STC)  13.44 kWp At operating cond.
Umpp 444V | mpp
MNominal (STC) 521 kWp Total
Module area 3225 m® Cell area
Model SKN 411
Manufacturer Solar Konzept
Operating \Voltage 300450V Unit Nom. Power
Nb._of inverters 1 units Total Power
Pnom ratio
Model SKN 411
Manufacturer Solar Konzept
Operating Voltage 300450V Unit Nom. Power
Nb. ofinveriers 1 units Total Power
Pnom ratio
Model SKN 411
Manufacturer  Solar Konzept
Operating Voltage 300450V Unit Nom. Power
Nb.of inverters 1 units Total Power
Pniom ratio
Model SKN 411
Manufacturer Solar Konzept
Operating Voltage 300450V Unit Nom. Power
Nb._of inverters 1 units Total Power
Pnom ratio
Model Solargate PVTLOSZMNM
Manufacturer Midee ASI SpA.
Operating \oltage 320-530V Unit Nom. Power
Nb. of inverters 1 units Total Power
Pnom ratio
Model Solargate PVTLOSZNN
Manufacturer Midec ASI Sp.A.
Operating \Joltage 320630V Unit Nom. Power
Nb.of inverters 1 units Total Power
Pnom ratio
Model  Platinum 13000 TLD 749842
Manufacturer  Platinum GmbH (Diehl)
Operating Voltage 351-T10V Unit Nom. Power
Nb. ofinverters 3 *MPPT 33 % Total Power
Pnom ratio
Model Platinum 13000 TLD T49842
Manufacturer Platinum GmbH (Diehl)
Operating Voltage 351-T10V Unit Nom. Power
Nb.ofinverters 3*MPPT33 % Total Power
Pniom ratio
Nb. ofinveriers & Total Power

5°/-95°

3 strings

320 Wp

11.52 KWip (60°C)
26 A

5°/85°

3 strings

320 Wp

11.52 KWp (60°C)
26 A

1628 modules
2853 m*

100 kWac
100 kWac
1.02

100 kWac
100 kWac
1.02

100 KWae
100 kWae
1.02

100 kWac
100 kWac
1.02

420 kWac
42 kWac
1.01

420 kWac
42 kWac
1.01

124 kWac
124 kWac
1.08

124 kWae
124 kWae
1.08

509 kWac
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Grid-Connected System: Simulation parameters

PV Array loss factors
Amay Soiling Losses

Thermal Loss factor Uc (const)

Wiring Ohmic Loss Array#i
Aray#?
Aray#3
Arayid
Aray#s
ArrayRe
Array#ET
Array#d

Global

LI - Light Induced Degradation

Module Quality Loss

Module Mismatch Losses

Strings Mismatch loss

Incidence effect, ASHRAE parametrization LaM =

User's needs

Unlimited load (grid)

20.0 Winn“K

20 mChm
20 mOhm
20 mOhm
20 mOhm
71 mOhm
71 mOhm
304 mOhm
304 mOChm

1-bo (Veosi-1)

Loss Fraction
Uv {wind)
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
bo Param.

30 %
0.0 WimK [ mis

1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
30%

0.0 %

2.0 % at MPP
0.10 %
0.05
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Simulation variant :

MNew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) |22.’1 ux1a| Page 46
Grid-Connected System: Near shading definition
Project : Building A’s rooftop

Main system parameters System type Sheds on a building
MNear Shadings Detailed electrical calculation  (acc. to module layout)
P Field Orientation 2 orientations  TiltfAzimuith = 5°/-95° and 5°/85°
PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp
PV Amray Nb. of modules 1628 Fnom total 521 kWp
Imverter Model SKM 411 Pnom 100 kW ac
Inverter Model Solangate PYTLOS2NN Pnom 420 kW ac
Inverter Model  Platinum 13000 TLD 749842Pnom 1240 KW ac
Inverter pack Mb. of unitz 8.0 Prom total 509 kKW ac
Usar's needs Unlimited load (grid)
Perspective of the PV-field and surrounding shading scene
Ea
ol
Izo-shadings diagram
Mecirado_BU_Cobertura
- Beam chading f3cicr Jinear odloulation) | Ko£sadinge ourves
o
&
a
-
18
Hlatins
tm gl
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Simulation variant :

PVSYST V6 74 Isadora Pauli Custodio (Brazil) | 22110118 | Page 5/6
Grid-Connected System: Main results
Project : Building A’s rooftop

Mew simulation variant

Mear Shadings
P Field Crientation
PY modules

PY Array

Inverter

Inverter

Inverter

Inverter pack

User's needs

Main system parameters System fype Sheds on a building

Detailed electrical caleulation  (acc. to module layout)
2 orientations  TiltlAzimuth = 5°/-95° and 5°/85°

Model BYD-320-P6C-36-DG Pnom 320 'Wp
Nb. of modules 1628 Pnom total 521 KWp
Model SKM 411 Pnom 100 kW ac
Model Solargate PVTLOS2ZNN Pnom 420 kW ac
Model Platinum 13000 TLD 749842Pnom  12.40 kW ac
Nb. ofunits &0 Prnom total 509 kW ac

Unlimited load (grid)

Main simulation results
System Production

Produced Energy 615.0 MWhiyear  Specificpred. 1181 kWhikWpiyear
Performance Ratio PR 75.97 %

Normallzsd productions (per Incialled KWp): Mominal power 621 kKW Parformance Ratlo PR
y T T T T T T T T T T T 18 T T T T T T T T T T
e : Colecior Lom (Fi-amay koume) frrprrre— i - FIL : Purforrmance Rarss (74 e} | 078D
5 La : Sywinm Lows firwerier, ) 13 N ity
P st g, e ] 323 Aty
i
{ .
] E
2 P
a
. 4
£ :
=5 -
i
' H
-
£

fan Fe M Az My An i Aug Sen O hev Omc fn Fax Mw A My Am i A Sep O hev Omc

New simulation wariant
Balances and main results

SlobHor T amb @lobing SlohEM EAmay PR
EWhim? < EWhimE Minh
danuary 1838 2470 170.3 TIE4 oris
Fabiruary 529 30 1415 5180 [:R1:]
March 1458 o 1355 A orEs
April 1970 1041 4573 orss
May w2 BE.E 3382 arTs
June 1550 707 285 oresn
duty 1870 TEE EEE) oresn
August 10s8 7. 562 4435 o
Zaptember 1080 18.80 982 4435 oTEs
Dotober 1382 mr 145 s5E5 o
Hovermnbar 158.3 =m 1550 5815 arst
Decomber 1865 2130 1732 75.58 s
Year 18868 TE7.40 maz 14346 §38.51 o7en
Legends:  GiobHor Horzontal giobai rradiabion GloDET Effactive Fiobal, com. for [AM and shadngs
DETHor Horzontal duse Imadiaton EAmay Effective mnergy at Me cufput of e amay
TAmE Amibent Temperature E_Gnd Energy Injected into grid
GEoninG Gigtal mckient In coil. pane FR Ferformance Rt
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Simulation variant :

MNew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 221018 | Page 6/6
Grid-Connected System: Loss diagram
Project : Building A’s rooftop

Main system parameters

Hear Shadings
PV Field Orientation
PV modules

PY Array

Inverter

Imverter

Inverter

Inverter pack

User's needs

Deetailed electrical calculation

System fype  Sheds on a building

(acc. to module layout)

2 orientations  Tilt/Azimuth = 5°/-95° and 5°/85°
Model BYD-320-PEC-36-DG Prnom 320Wp
Mb. of modules 1628 Prom total 521 kWp
Model SKM 411 Pnom 100 kW ac
Model Solargate PVTLOS2ZNN Pnom 420 kW ac
Model Platinum 13000 TLD 749842Pnom 1240 kW ac
Mb. of units &0 Pnom total 509 kW ac

Unlimited load (grid)

. 1558 kWhim* —‘___'___PE
\.>

1435 kWhim® * 3223 m coll.

Loss diagram over the whole year

Horizontal global irradiation

02%
0.1%
-1.1%

-3.7%
-30%

Global incident in coll. plane
Global incident below threshold
Mear Shadings: imadiance less
1AM factor on giobal

Soiling loss factor

Effective imadiance on collectors

efficiency at STC = 16.19%

PV conversion

630 MWh

742 MWh

Array nominal energy {at STC effic.)
FW loss due to imadiance level

PV loss due to temperature

LID - Light induced degradation
Mismatch loss, modules and strings
Clhmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss ower nominal inv. power
Imverter Loss due o max. input current
Inverter Loss over nomingl inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to woltage threshold
Available Energy at Inwerter Output

Energy injected into grid

Shadings: Electrical Loss detailed module cale.
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PVSYST VE.T74 Isadora Pauli Custodio (Brazil) | 30018 | Page 1/5
Grid-Connected System: Simulation parameters
Project : Building A’s north fagade
Geographical Site Floriandpolis_Atlas2017 Country Brazil
Situation Latitude -27.58° 5 Longitude -45.55"W
Time defined as Legal Time Time zone UT-3 Altitude 3m
Albedo  0.20

Meteo data: Floriandpolis_Atlas2017

AﬂasﬁrasileirodeEneﬂjaSDIarzm 7 - Synthetic

Simulation variant : New simulation variant

301018 13h32

Simulation date
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transposition
Horizon Free Horizon
Mear Shadings Detailed electrical calculation

PV Arrays Characteristics (3 kinds of array defined)

PV module Si-poly Model
Custom parameters: definiticn Manufacturer
Sub-array "Sub-array #1"
MNumber of PV modules In series
Total number of PV modules Nb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) U mpp
Sub-array "Sub-array £2"
Mumber of P modules In series
Total number of P modules Nb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) U mpp
Sub-array "Sub-array #3"
MNumber of P modules In series
Total number of PV modules Nb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) U mpp
Total  Arrays global power Mominal (STC)
Module area
Inverter Maoded
Original P\Ysyst database Manufacturer
Characteristics Operating Voltage
Sub-array "Sub-array #1" Nb. of inverters
Sub-array "Sub-array 22" Mb. of inveriers
Sub-array "Sub-array 23" Nb. of inverters
Total Nb. of inverters
PV Array loss factors
Amray Soiling Losses
Thermal Loss factor Uc {const)

Sheds on a building
30°
Perez

Azimuth  -5°
Diffuse  Perez, Meteonomn

(acc. to module layout)

BYD-320-P6C-36-DG

BYD

5 modules In paraliel 4 strings

20 Unit Nom. Power 320 Wp

6.40 kWp At operating cond. 5,48 KWp (60°C)
159V Impp 354

5 modules In paraliel 4 strings

20 Unit Nom. Power 320 Wp

6.40 KWp At operating cond.  5.48 kWp (60°C)
159V Impp 35A

5 modules In parallel 4 strings

20 Unit Nom. Power 320 Wp

6.40 KWp At operating cond.  5.48 kWp (60°C)
159V Impp 35A
19 EWp Tetal 60 modules
119 m* Cellarea 105m*
APV 1700-2M-TL
Gefran S.pA
120450V Unit Hom. Power  1.60 kKWac
4 units Total Power 6.4 kWac
Pnomratic  1.00
4 units Total Power 6.4 kWac
Pnom ratio  1.00
4 units Total Power 6.4 kWac
Pnom ratio  1.00
12 Total Power 19 kWac
Loss Fraction 3.0 %
20,0 WinrK Uv (wind) 0.0 Wim?K / ms
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 30M10M18 | Page 25

Grid-Connected System: Simulation parameters

Wiring Chmic Loss Aray#! 82 mChm Loss Fraction 1.5 % at STC
Aray#2 82 mChm Loss Fraction 1.5 % at STC
Amay#3 82 mChm Loss Fraction 1.5% at STC
Global Loss Fraction 1.5% at STC
LID - Light Induced Degradation Loss Fraction 3.0 %
Module Quality Loss Loss Fraction 00 %
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(1/co=i-1) bo Param. 0.05
User's needs : Unlimited load (grid)
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 301018 | Page 3/5
Grid-Connected System: Near shading definition
Project : Building A’s north fagade

Simulation variant :

Mew simulation variant

HNear Shadings

PV modules
PY Amray
Inverter
Inverter pack
User's needs

Main system parameters

PV Field Orientation

System type

Detailed elecrical calculation  (ace. to module layout)
filt 90°

Sheds on a building

azimuth -5°

Model BYD-320-PEC-36-DG Pnom 320 Wp
Mb. of modules 60 Pnom total  19.20 kWp
Model APV 1700-2M-TL Pnom 1600W ac
Mb. of units  12.0 Pnom total  19.20 kW ac

Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Wectrade_BU_N_VE
Saam chasing taedsr (insar oalvalafion) : leo-saadinge ourvas
T T T

Eun g 1R
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 301018 | Page 4/5

Grid-Connected System: Main results
Project : Building A’s north fagade
Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

Hear Shadings Deetailed electrical calculaion  (acc. to module layout)

PV Field Orientation filt 90° azimuth -5°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 60 Pnom total  19.20 kWp
Inverter Model APV 1700-2M-TL Pnom 1600 W ac
Inverter pack MNb. of units  12.0 Prnom total  19.20 kW ac
User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 11.85 MWh/year  Specific prod. 617 KWhikWpiyear
Perfomance Ratio PR 66.12 %

Wormadzed produstions (per Inctallsd KWpk:  Mominal powsr 1820 KWp Partarmancs Fatio PR

[ rr—
Pabirmn ok P

e Pax e Mo May  dum Sd Aug Sep O hev  Oec

New simulation variant

Balances and main results

DifHOr Tamb Globing Giohefr Edmay E_Gnd R
R “c KW KWRInTF M Mwh

Jamusry 8215 470 519 M2 =] [:E31

Fabruary 7873 130 §15 435 orse oTie

Warsh TEST 200 28.8 E2.13 1158 1113

April = 1270 935 763 1297 12850

Wy a1 17 1051 0 1521 1470

June WEE 1580 5332 TEEE 1371 1328

duly aiEz 1670 96.7 a2s7 1415 1388

Auguet =418 1740 384 181 1404 1358

Eapismber E263 1550 70.2 5434 [:L:R] LEL:]

Datober 7963 o7 54.3 471z ;1] 07ss

Hovembar EEI BIE1 27 543 £ oE1L

Dsoember 1855 S0.05 2130 s1.0 3347 0558

vear 1556.5 787.41 o1z =332 71364 12384 11845 oest

Legends:  GiobHor Hortzontal giobal imadiation GlabEm Efective Global, Com. for LAM and shadings
DiffHor Horzontal difuse Imadiason EAmay Efective energy at the output of the amy
T Am Ambient Tempemiure E_Gng Energy injected imo grid
Globing Glabal Incident In col. piane FR Ferformance Ratk

Frisyst Bindent Lirense for



157

PVSYST VE.T74 Isadora Pauli Custodio (Brazil) |3Df1 018 | Page 5/5
Grid-Connected System: Loss diagram
Project : Building A’s north facade

Simulation variant :

MNew simulation variant

Main system parameters

Mear Shadings

P Field Orientation
PV modules

PV Array

Inverter

Inverter pack

User's needs

System type  Sheds on a building

Detailed electrical calculation (acc. to module layout)
tilt 90° azimuth
Model BYD-320-PEC-36-DG Pnom
MNb. of modules G0 Fnom total
Model APV 1700-2M-TL Pnom
Nix. of units 120 Pnom total

Unlimited load (grid)

5
320 Wp
19.20 kWp
1600 W ac
19.20 kW ac

Loss diagram over the whole year

1557 Whim® Horizontal global irradiation
-40.0@kobal incident in coll. plane

0.2% Global incident bedow threshold
N\-m.’m Near Shadings: imadiance loss.

1AM factor on global
Soiling loss factor

T30 KWhim= " 110 m cblll. Effective imadiance on collectors
efficiency at STC = 16.18% PV conversion
14.04 MWh Array nominal energy (at 5TC effic)

1233 MWh

1%
0.0%
0.0%
0.0%
2%
0.0%
L_11.85 Mtk -

11.85 Mith

PV loss due fo iradiance level

PV loss due to tempersture

Shadings: Electrical Loss detailed medule cale.
LID - Light induced degradation

Mismatch loss, modules and strings.

Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (eficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input curment
Inwerter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshokd
Available Energy at Inverter Output

Energy injected into grid

Pisyst Biusent | ieense for
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Meteo data: Floriandpolis_Atlas2017

PVSYST VET4 Isadora Pauli Custodio (Brazil) | 2011218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building A’s east fagcade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude -48.55° W
Time defined as Legal Time Time zone UT-3 Alitude 3m
Albedo 020

AﬂasBrasileirodeEnergiaSDlan? - Synthefic

Simulation variant : New simulation variant

2012118 13h25

Simulation date:
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transposition
Horizon Free Harizon
HNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poty Model
Customn parameters definiion Manufacturer
Mumber of P modules In series
Total number of P modules M. modules
Array global power Nominal (STC)
Array operating characteristics (50°C) U mpp
Total area Module area
Inverter Model
Original P'Vayst databass Manufacturer
Characteristics Operating \Voltage

Inverter pack Nb. of inveriers

PV Array loss factors

Armray Soiling Losses

Thermal Loss factor

Wiring Chmic Loss

LID - Light Induced Degradation

Module Cuality Loss

Module Mismatch Losses

Strings Mismateh loss

Incidence effect, ASHRAE parametrization

Uc {const)
Global array res.

LAM =

User's needs : Unlimited load (grid)

Sheds on a building
a0°
Perez

Azimuth  -85°

Diffuse Perez, Meteonorm

(acc. to module layout)

BYD-320-P6C-36-DG
BYD
10 modules In parallel T strings
70 Unit Nom. Power 320 Wp
22.40 KWp At operating cond.  19.19 KWp (60°C)
3TV Impp 61A
139 m* Cellarea 123 m*
SKN 404
Solar Konzept
300450V Unit Mom. Power  22.0 kWac
1 units Total Power 22 kWac

Pnom ratio  1.02

Loss Fraction 3.0 %

20.0 WinrK Uv (wind) 0.0 WimK / mis
93 mOhm Loss Fraction 1.5 % at STC

Loss Fraction 3.0 %

Loss Fraction -0.4%

Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %

1-bo(leosi-1) bo Param.  0.05
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PVSYST VE.T74 Isadora Pauli Custodio (Brazil) |2[L’1 2;1a| Page 24

Grid-Connected System: Near shading definition

Project : Building A’s east fagade

Simulation variant : New simulation variant

Main system parameters System type  Sheds on a building

Mear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation tilt 90° azimuth  -85°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amay MNb. of modules 70 Fnom total 22.40 kWp
Inverter Model SKM 404 Pnom 2200 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

East

Iso-shadings diagram

Eulidingdl_Efacade
- Beam shading tacdcr fnaar oslculabon) : ko<tadings ourves

S gl (1)

Zenhz
e pane
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 2011218 | Page 34
Grid-Connected System: Main results
Project : Building A’s east facade

Simulation variant : New simulation variant

Main system parameters
Mear Shadings

System fype

Sheds on a building

Deetailed electrical calculation

(acc. to module layout)

PV Field Orientation tilt 90" azimuth  -35°

PY modules Model BYD-320-P6C-36-DG Pnom 320 'Wp

PY Armray Mb. of modules 70 Pnom total 22,40 kWp
Inverter Model SKM 404 Pnom 2200 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production

Perfomance Ratio FR

Produced Energy 11.84 MWh/year

G279 %

Specificprod. 529 kWh/kWpiyear

Wormalzsd produstione (par Inctalsd KWpl:

Mominsl powsr 2240 KW Partarmancs Fatio PR

. T T T T T T T
Lo Collacton Lomm (F-armey i)

La : Sywiem Lows. firweriwr,

1 Prociocn) ussdol srmgy Srverir s}

s:.

Frg BBy )

T L— T
ot Ay
021 Ay
1 48 kA

[

e far M A May am Aug Bep O hev Oms e Per M A Mmp am e Aup Bep O hew
New simulation variant
Balances and main results
GlobHor | DiffHor T Amb Globlne GlobEff EArray E_Grid FR
KWhim kihim® °C kWhim* KWhim* MWh Mitih
January 183.8 8215 2470 D558 8168 1532 1.364 0631
February 1520 7873 2380 B228 Ge4g 1329 1.188 0543
March 1460 TEET 2200 BO.43 67.06 1302 1154 0.540
April 1131 5388 1270 5055 4273 oe4 0807 0.805
May 240 404 1720 5243 4308 0.825 0708 0.sm
June T 3080 16.60 3810 33 i Tl 0510 0.5a7
July 84.3 4382 1870 4450 3BT 072 0200 0.500
August 4.8 .8 1740 56.01 4713 0821 0.7e7 087
September 108.0 G260 1880 57.58 4813 0840 E: 1) 0521
October 1352 To.Ee 2070 B0.B4 6776 1320 1.165 0543
November 168.3 8261 227 8437 TREZ 151 1.350 0.3
December 186.6 00.05 21.30 o7o2 8270 1571 1400 0.638
Year 1556.5 TET A0 20.12 841.89 T05.56 12.551 11832 0.528
Legends: GiobHor Horizontal global iradiation GlobEfF Effective Global, corr. for IAM and shadings
DiffHor Horizontal diffuse radiation EAmray Effective energy at the output of the armay
T Amb Ambient Temperature E_Gnid Energy injected into grid
Globlne Global incident in coll. plane PR Performance Ratio

Psyst Sindent License for
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PVSYST VE.T4 Isadora Pauli Custodio (Brazil) |20f12.|'18| Page 4/4
Grid-Connected System: Loss diagram
Project : Building A’s east facade

Simulation variant :

Mew simulation variant

Main system parameters

Mear Shadings

PV Field Orientation
PY modules

PY Amray
Inverter

User's needs

System type Sheds on a building

Detailed electrical caleulation  (acc. to module layout)

it 90" azimuth

Model BYD-320-PEC-36-DG Pnom

Nb. of modules 70 Pnom total
Model SKM 404 Pnom

Unlimited load (grid)

-95°

320 Wp
22.40 kWp
22.00 kW ac

Loss diagram over the whole year

[ 1556 kiWhim* ______—— Horizontal global imadiation

\ j 5.083obal incident in coll. plane

Global incident below threshold

-2.8% Mear Shadings: imadiance loss
4.2% 1AM factor on global
-30% Soiling loss factor
70§ kWWhim® * 129 m* goll. Effective imadiance on collectors
efficiency at STC =16.19% PV conversion
15,64 MWh ’ Array nominal energy (at STC effic)
-28% PV loss due fo iradiance level
44% PV loss due fo temperature
=4-20% Shadings: Electrical Loss detailed module cale.
=04% Module quality loss
-30% LID - Light induced degradation
-2.1% Mismatch loss, modules and strings
05% Othmic: wiring loss
13.55 Mi%h Array virtual energy at MPP
\:}-12.6% Inverter Loss during operation (efficiency)
0.0% Inverter Loss over nominal inv. power
0.0% Inverter Loss due to max. input current
0.0% Inverter Loss over nominal inv. voltage
0.0% Inverter Loss due to power threshald
0.0% Inverter Loss due to voltage threshold
11.84 MiWh Available Energy at Inverter Output
-84 MW Energy injected into grid

Primyst Biutent | irense dor
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Meteo data: Floriandpolis_Atlas2017

PVSYST VET4 Isadora Pauli Custodio (Brazil) | 2011218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building A’s west facade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude -48.55° W
Time defined as Legal Time Time zone UT-3 Alitude 3m
Albedo 020

AﬂasBrasileirodeEnergiaSDlan? - Synthefic

Simulation variant : New simulation variant

201218 13n27

Simulation date:
Simulation parameters System fype
Collector Plane Orientation Tilt
Models used Transposition
Horizon Free Harizon
HNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poty Model
Customn parameters definiion Manufacturer
Mumber of P modules In series
Total number of P modules M. modules
Array global power Nominal (STC)
Array operating characteristics (50°C) U mpp
Total area Module area
Inverter Model
Original P'Vayst databass Manufacturer
Characteristics Operating \Voltage

Inverter pack Nb. of inveriers

PV Array loss factors

Ammay Soiling Losses

Thermal Loss factor

Wiring Chmic Loss

LID - Light Induced Degradation

Module Cuality Loss

Module Mismatch Losses

Strings Mismateh loss

Incidence effect, ASHRAE parametrization

Uc {const)
Global aray res.

LAM =

User's needs : Unlimited load (grid)

Sheds on a building
30°
Perez

Azimuth  85°
Diffuse  Perez, Meteonom

(acc. to module layout)

BYD-320-P6C-36-DG
BYD
10 modules In parallel 6 strings
60 Unit Nom. Power 320 Wp
19.20 kWp At operating cond.  16.45 KWp (60°C)
3TV Impp 52A
119 m* Cellarea 105m*
G-503, single
Leonics
270-550 W Unit Nom. Power 200 kWac
1 units Total Power 20 kWac

Pnom ratio  0.96

Loss Fraction 3.0 %

20.0 WinrK Uv (wind) 0.0 WimK / mis
109 mOChm Loss Fraction 1.5 % at STC

Loss Fraction 3.0 %

Loss Fraction -0.4%

Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %

1-bo(leosi-1) bo Param.  0.05

Prisyst Bssent License for
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PVSYST VE.T4 Isadora Pauli Custodio (Brazil) | 20M11218 | Page 2/4
Grid-Connected System: Near shading definition
Project : Building A’s west facade
Simulation variant : New simulation variant
Main system parameters System fype Sheds on a building
Mear Shadings Detailed electrical caleulation  (acc. to module layout)
PV Field Orientation tilt 90" azimuth  B5°
PY modules Model BYD-320-P6C-36-DG Pnom 320 'Wp
PY Array Mb. of modules 60 Pnom total  19.20 kWp
Inverter Model G-503, single Pnom 20.00 kW ac
User's needs Unlimited load (grid)
Perspective of the PV-field and surrounding shading scene
Ea
Iso-shadings diagram
Bullding01_Weacade
- Seam shading facicr (inear ozlguladion) | ko-sradinge ourvas
g ez 1% atte ! " :
= 10, :una.-f:c.er
n .:_*

[

= 4

15| =

Sahing
the pine
1z 1 & E a -H 8 -=a -1
Azmun I
Pésyst Sludent License for
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 2011218 | Page 34

Grid-Connected System: Main results

Project : Building A’s west fagade

Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

Mear Shadings Detailed electrical calculation  (ace. to module layout)

PV Field Orientation tilt 90" azimuth  B5°

PY modules Model BYD-320-P6C-36-DG Pnom 320 'Wp

PY Armray Mb. of modules 60 Pnom total  19.20 kWp
Inverter Model G-503, single Pnom 20.00 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 9.33 MWhiyear Specific prod. 486 KWh/kWpiyear
Perfomance Ratio PR 5518 %

Mormadized produstions [per Inctallsd KWpl:  Nominal power 1820 KWp Partarmancs Fatio PR

4 T T T L— T L T
Ls : Gaactzn Loam [PV-array i) CuBE Ay

La : Sywtum Lows. jrwartar, ) 02 ity
1 Prodeca] usmil sy freecrcciod] 15 KN ARny

T e Me Ax Mep Am S Aug Sep O hev Ome . Pas M g ey dm oS4 Aug Bwp Ot hov Omo

New simulation variant

Balances and main results

GlobHor | DiffHor T Amb Globlnc GlobEff EArray E_Grid FR
kWhim® kihim® °C kWhim* KWhim* MWh Mitih
January 183.8 8215 2470 1026 TI56 1218 1071 0.544
February 1520 7873 2380 36 G184 1035 021z 0.588
March 1460 TEET 2200 815 6322 0.7 0854 0.530
April 1131 5388 1270 704 EED4 0879 0789 0.580
May 240 404 1720 580 4588 070z 0803 0533
June T 3080 16.60 518 3p43 0812 0525 0527
July 243 4302 1870 518 3nET i Tl 0532 0534
August 4.8 .8 1740 - 4807 0786 0200 0.582
September 108.0 G260 1880 673 5113 0510 07 0.543
October 1352 To.60 2070 726 5447 0.868 0747 0.536
November 168.3 8261 227 834 8437 1018 0290 0.555
December 186.6 90.05 21.30 982 7170 1.180 1.038 0.574
Year 1586.5 TET A0 2012 BEOD ar4.47 0712 9332 0.552
Legends: GiobHor Horizontal global iradiation GlobEfF Effective Global, cor. for IAM and shadings
DiffHor Horizontal diffuse radiation EAmray Effective energy at the output of the armay
T Amb Ambient Temperature E_Grid Energy injected into grid
Globlne Global incident in coll. plane PR Performance Ratio

Primyst Btusent |ieense for
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| 2011218 | Page 4/4

PVSYST VE.74 Isadora Pauli Custodio (Brazil)
Grid-Connected System: Loss diagram
Project : Building A’s west fagade

Simulation variant :

Mew simulation variant

Main system parameters

HNear Shadings

PV Field Orientation
PY modules

PY Array

Inverter

User's needs

Detailed elecirical calculation

Sheds on a building

(acc. to module layout)
filt 90° azimuth
Model BYD-320-PEC-36-DG Pnom
Mb. of modules 60 Pnom total
Model G-503, single Pnom
Unlimited load (grid)

System fype

Bs

320 Wp
19.20 kWp
20.00 kW ac

G674 kWhinr

1556 k'.'lh'rn’

Loss diagram over the whole year

_—— Horizontal global imadiation

\ -43 483obal incident in coll. plane

-CII»

44%
-10%

7" 118 m® poll.

efficiency at STC = 16.18%

1071 MWh

12.98 Mh

-2.8%

Globsl incident bedow threshold

-17.3% Mear Shadings: imadiance loss

1AM factor on global

Soiling loss factor

Effective imadiance on collectors
FV conversion

Array nominal energy {at STC effic)
FV loss due to iradiance level

PV loss due io temperature

Shadings: Electrical Loss detailed module cale.
Moduie quality loss

LIDi - Light induced degradation
Mismatch loss, medules and strings
Cthmic: wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss ower nominal inv. power
Inverter Loss due to max. input current
Inwerter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

Frisyst isdent |irense for
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APPENDIX B - Building B’s PVsyst reports: rooftop and north

facade, respectively.

Meteo data: Florianopolis_Atlas2017

PVSYST VB.74 | Isadora Pauli Custodio (Brazil) | 2011218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building B’s rooftop
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55° W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

AtlasBrasileirodeEnergiaSolar2017 - Synthefic

Simulation variant : New simulation variant

2012118 13h42

Simuiation date:
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transposition
Horizon Free Horizon
Hear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poly Model
Custom parameters definiion Manufacturer
Mumber of PV modules: In series
Total number of P'Y modules M. modules
Array global power Nominal (STC)
Array operating characteristics (50°C) Umpp
Total area Module area
Inverter Model
Original P\/eyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nb. of inveriers
PV Array loss factors
Amray Soiling Losses
Thermal Loss factor Uc {const)
Wiring Ohmic Loss Global amay res.
LIC - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization LAM =

User's needs ! Unlimited load (grid)

Building system
a° Azimuth  -5°
Perez Diffuse Perez, Meteonomm

(acc. to module layout)

BYD-320-P6C-36-DG
BYD
8 modules In parallel 7 strings
56 Unit Nom. Power 320 Wp
17.92 kWp At operating cond.  15.35 KWp (60°C)
254V Impp 61A
111 m* Cellarea 98.1m*
Ingecon Sun 18 TL-Sm
Ingeteam
189450V Unit Nom. Power 180 kWace
I*MPPT33 % Total Power 18.0 kWac
Pnom ratioc  1.00
Loss Fraction 3.0 %
20.0 WinrK Uv (wind) 0.0 WimK / més
75 mChm Loss Fraction 1.5 % at STC
Loss Fraction 3.0 %
Loss Fraction -0.4%
Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %
1-bo(lcosi-1) boParam. 003

Frisyst Btwent |irense for
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PVSYST VE.T74 Isadora Pauli Custodio (Brazil) |2[L’1 2;1a| Page 24

Grid-Connected System: Near shading definition

Project : Building B’s rooftop

Simulation variant : New simulation variant

Main system parameters System type  Building system

Mear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation tilt 3° azimuth  -5°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amay MNb. of modules 56 Fnom total 17.92 kWp
Inverter Model Ingecon Sun 18 TL-Sm Pnom  18.00 KW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Euliding0?_Rocfop
i, Seam shading facdor insar palcsladion) | koshadings ourves
Srdtnglosz 1% | : ol I w
Shsting lezz 5 % Tazpne
[E——y - T may-23 My
- 30 amr-23
. Zradng BN Sl el
pr— e mar - 23 s
- 5 it e
an - 22
al * ]
| \
L \
= e \
< r — =
5 \ J
s |
L =
o 7
i m
1311 i
L - e v
are Loy il ane
zn B s 120
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 3/4
Grid-Connected System: Main results
Project : Building B’s rooftop

Simulation variant : MNew simulation variant

Main system parameters
Hear Shadings

System type

Detailed electrical calculation

Building system

(ace. to module layout)

Performance Ratio PR 77.54 %

PV Field Orientation filt  3° azimuth -5°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 56 Pnom total 1792 kWp

Inverter Model Ingecon Sun 18 TL-Sm Pnom 18.00 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 21.96 MWh/year Specificprod. 1225 KWhkWpiyear

Wormadzed produstions (per Incfallsd KWpk  Nominal powsr 1752 KWp

Ferformanoes Ratio PR

T T T L— T L T
DUt Ay

La : Symtem Lows. jwartar, ) 013 ey
#1: Proctorad Lsmtal sy fresrer o]

138 bty

2

: :

) 3
i

e far M A ey dm Aug Ben O hev Oms . Pwz M dpr Mmy an Sd Mg Bep On ey Oms
New simulation variant
Balances and main results
GlobHor DiffHor T Amb Globlne GlobER EArmray E_Grid PR
KWhim kWhim* °C kWhim® kWhim® MWh MW
January 1636 8215 2470 1835 7.5 2563 2473 0752
February 1528 TBT3 2380 1538 143.8 2183 2102 0782
March 14608 T5.57 200 1493 1281 2148 207 0774
April 1131 53.88 1270 1183 108.1 1684 1628 0.781
May 240 4404 1720 Qa0 a1.5 1487 1.408 0.793
June I 3080 16.60 a2 T4 1215 1.184 079
July 243 4302 1870 830 a1z 1312 1258 0.797
August 1048 54.18 1740 1083 100.5 1.609 1548 0.796
September 108.0 G2.80 18.80 1098 102.0 161 1.545 0.785
Dotober 1352 T80 2070 1383 128.8 1878 1.200 0778
November 1668.3 8261 27 1835 157.5 2389 2308 0.754
December 166.6 20.05 21.30 1881 174.1 2655 2557 0.787
Year 1558.5 TET 40 212 1580.3 14711 22835 21050 0.775
Legends: GiobHor Horizontal global iradiation GlobEfF Effective Global, cor. for IAM and shadings
DiffHor Horizontal difuse radiation EAmay Effective energy at the output of the armay
T Amb Ambient Temperature E_Gnd Energy injected into grid
Globlne Global incident in coll. plane PR Performance Ratio

Prisyst Btutent Lirense for
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Simulation variant :

Mew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4
Grid-Connected System: Loss diagram
Project : Building B’s rooftop

HNear Shadings
PV Field Orientation
PV modules

PY Array

Inverter

User's needs

Main system parameters

System type

Detailed electrical calculation
filt

Maodel

Nb. of medules

Model

Unlimited load (grid)

Building system
(acc. to module layout)
30

azimuth
BYD-320-PBC-36-DG Pnom
56 Pnom total

Ingecon Sun 18 TL-Sm Pnom

g0
320 Wp
17.92 kWp
18.00 kW ac

1471 KWhini™ * 111 m* call.

Loss diagram over the whole year

I Horizontal global imadiation

+1.5% Global incident in coll. plane

0.1% Global incident below threshold
02% MNear Shadings: imadiance loss

1-3.7% 1AM factor on global
-3.0%  Soiling loss factor
Effective imadiance on collectors

efficiency at STC = 16.18%

FV conversion

2642 MWh

2284 MWh

2185 MWh

-1 —

Array nominal energy {at STC effic.)
FV loss due to imadiance level

PV loss due fo temperature

Shadings: Electrical Loss detailed module cale.
Moduie quality loss

LIDi - Light induced degradation

Mismatch loss, modules and strings

Othmic: wiring loss
Array virtual energy at MPP

Inverter Loss during operation (eficiency)
Inverter Loss ower nominal inv. power

00% Inverter Loss due to max. input current
00% Inverter Loss over nominal inv. voltage
00% Inverter Loss due to power threshold
00% Inverter Loss due to voltage threshold

Available Energy at Inwerter Output
Energy injected into grid

Primyst Biutent | irense dor
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Meteo data: Floriandpolis_Atlas2017

PVSYST VET4 Isadora Pauli Custodio (Brazil) | 201218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building B’s north facade
Geographical Site Florianopolis_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude -48.55°W
Time defined as Legal Time Time zone UT-3 Altitude 3m
Albedo 020

AﬂasBrasileideeEnergiaSDIarzm 7 - Synthetic

Simulation variant : Mew simulation variant

20/12/18 13h53

Simulation date
Simulation parameters System type
Collector Plane Orientation Tilk
Models used Transposition
Horizon Free Horizon
HNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Siqpoly Model
Custom parameters: definiticn Manufacturer
MNumber of PV modules In series
Total number of PV modules Nb. modules
Array global power Mominal {STC)
Array operating characteristics (50°C) U mpp
Total area Module area
Inverter Model
COriginal P\syst database Manufacturer
Characteristics COperating Voltage
Inverter pack Nb. of inveriers
PV Array loss factors
Amay Soiling Losses
Thermal Loss factor Uc {const)
Wiring Chmic Loss Global amray res.
LI - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization 1AM =

User's needs : Unlimited load (grid)

Sheds on a building
30°
Perez

Azimuth  -5°
Diffuse Perez, Meteonomn

(acc. to module layout)

BYD-320-P6C-36-DG

BYD

19 modules In paraliel & strings

114 Unit Nom. Power 320 Wp

36.5 KWp At operating cond.  31.3 KWp (B0°C)
602V Impp 52 A

226 m* Cellarea 200 m?

Powador 40.0 TL3 XL
Kaco new energy

200-600V Unit Hom. Power  36.0 kWac
I*MPPT33 % Total Power 36 kWac
Pnomratio  1.01
Loss Fraction 3.0 %
20.0 WinrK Uw (wind) 0.0 Wim?K / mis
207 mChm Loss Fraction 1.5 % at STC
Loss Fraction 3.0 %

Loss Fraction -0.4 %
Loss Fraction 2.0 % at MPP
Loss Fraction 0.10 %

1-bo(lcosi-1) boParam. 0.05

Presyst Student License for
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PVSYST VE.T4 Isadora Pauli Custodio (Brazil) |2[Jf1 2.|'1B| Page 2/4

Grid-Connected System: Near shading definition

Project : Building B’s north facade
Simulation variant : Mew simulation variant

Main system parameters System fype Sheds on a building

Mear Shadings Detailed electrical caleulation  (acc. to module layout)

PV Field Orientation tilt 90" azimuth  -5°

PY modules Model BYD-320-P6C-36-DG Pnom 320 'Wp

PY Array Mb. of modules 114 Pnom total  36.5 KWp
Inverter Model Powador 40.0 TL3 XL Pnom 36.0 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

BulldingoZ_Nfacads
Seam shading facice finear oalouladion) : kosadings ourves
T T

g 15

2t (1]
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 201218 | Page 34

Grid-Connected System: Main results

Project : Building B’s north facade

Simulation variant : New simulation variant

Main system parameters System type  Sheds on a building

MNear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation filt 90° azinuth  -5°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amray Nix. of modules 114 Frnom total  36.5 KWp
Imverter Model Powador 40.0 TL3 XL Pnom 36.0 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 20.84 MWhiyear  Specific prod. 571 KWhik\Wpiyear
Peromance Ratio PR 61.23%

Normallzed produstiont [per Inctallsd SWEl= Nominal powsr 385 KW Pertormanos Ratio PR
ST T T T T T T T 12 e e — T T
Le : Collacion Loam (Pitsarray fommm] 084 WAy ; i P Puartorrmarce Rilc (¥91 V4] 12
a2 La: Syvtem Lomn e ) PIrpe—
e h—"

[

v
&

[ ——

Jn fe Mw  Ax May an Jd Aug Sep 02 hov Omc

New simulation variant

Balances and main results

GlobHor DiffHor T Amb Globlnc GlobEfF EArTay E_Grid FR
EWhim® kWhim® c KWhim® KWhim* MWih MW
January 1838 8215 2470 518 338 1.089 0.saz 0.485
February 1520 TBTI 23.00 835 4432 1412 1232 0.540
March 460 7557 200 88E 6704 AL 1.2688 0.607
April 1131 5388 1870 935 T481 2388 2224 0.652
May 848 404 1720 108.1 8838 2782 2829 0.678
June Ty 3880 16.60 93z TeIzz 2480 2348 0.690
July 243 4382 16.70 987 064 2567 2419 0.636
August 104.8 54.18 1740 984 00z 2575 241 0.671
September 108.0 G260 18.80 702 5320 1713 1553 0.607
October 1362 ToE0 2070 Ba 4526 1483 131 0.554
November 168.3 2261 270 540 3628 1154 0:a3 0.491
December 186.6 00.05 21.30 51.0 3305 1.050 0.887 0.466
Year 1558.5 TET40 2012 g3z T16.M 22823 20844 0612
Legends: GiobHor Herizontal global iradiation GlobERF Effective Global, corr. for IAM and shadings
DiffHor Horzontal diffese imadiation EAmay Effective energy at the output of the amay
T Amb Ambient Temperature E_Gnd Energy injected into grid
Globlne: Giobal incident in coll. plane PR Performance Ratio

Frisyst Bisdent Lirense for
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Simulation variant :

MNew simulation variant

PVSYST VE.T74 Isadora Pauli Custodio (Brazil) |2[Jf12.|'18| Page 4/4
Grid-Connected System: Loss diagram
Project : Building B’s north facade

Mear Shadings

Main system parameters

System type
Detailed electrical calculation

Sheds on a building
(acc. to module layout)

P Field Orientation
PV modules

P\ Ammay

Inverter

User's needs

tilt 90° azimuth

Model BYD-320-PEC-36-DG Pnom

MNb. of modules 114 Fnom total
Model Powador 40.0 TL3 XL FPnom

Unlimited load (grid)

5

320 Wp
36.5 KWp
36.0 kW ac

[ 1556 KWhim®

D.0%
D.0%
D.0%
D.0%
D.0%
2054 MWh
-l 54 Milh~

Loss diagram over the whole year

R Horizontal global irradiation

-40.0@kobal incident in coll. plane

Global incident bedow threshold
Near Shadings: imadiance loss

1AM factor on global
Soiling loss factor
Effective imadiance on collectors

PV conversion

Array nominal energy {at STC effic)

PV loss due to irradiance level

PV loss due to temperature

Shadings: Electrical Loss detailed module calc.
Moduie quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic wiring loss

Aurray virtual energy at MPF

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input current
Inwerter Loss over nominal inv_ voltags
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Output

Energy injected into grid

Pisyst Bisdent |irense for
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APPENDIX C - Building C’s PVsyst report: rooftop.

Meteo data: Floriandpoliz_Atlas2017

PVSYST VE.74 | Isadora Pauli Custodio (Brazil) | 2011218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building C’s rooftop
Geographical Site Floriandpolis_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude -48.55°W
Time defined as Legal Time Time zone UT-3 Altitude 3m
Albedo 020

AﬂasﬁrﬁsileirodeEnergiaSDlarzm? - Synthetic

Simulation variant : New simulation variant

User's needs : Unlimited load (grid)

Simulation date  20/1218 14h22
Simulation parameters System fype  Building system
Collector Plane Orientation Tt 10° Azimuth  -6°
Models used Transposition Perez Diffuse Perez, Meteonorm
Horizon Free Horizon
Hear Shadings Detailed electrical calculation  (acc. to module layout)
PV Array Characteristics
PV module Si-poly Model BYD-320-PGC-36-DG
Cusiom parameters definition Manufacturer BYD
Mumber of PV modules In series 16 modules In parallel 11 strings
Total number of P\ modules Mb. modules 176 Unit Nom. Power 320 Wp
Array global power MNominal (STC) 56.3 kWp At operating cond.  48.3 kWp (60°C)
Array operating characterstics (S0°C) Umpp 507V Impp 95 A
Total area Module area 349 m? Cell area 308 m?
Inverter Model Solargate PVBLOTONM
Original P\/syst database Manufacturer Midec ASI Sp.A.

Characteristics Operating \Joltage 430-T60V Unit Nom. Power 57.0 kWac
Inverter pack Nb.of inverters 1 units Total Power 57 kWac

Pnom ratio  0.99
PV Array loss factors
Array Soiling Losses Loss Fraction 3.0 %
Thermal Loss factor Uc {const)  20.0 Win?K Uv (wind} 0.0 WimK / mis
Wiring Ohmic Loss Global amray res. 95 mOhm Loss Fraction 1.5% at STC
LIy - Light Induced Degradation Loss Fraction 3.0 %
Maodule Cuality Loss Loss Fraction -0.4%
Meodule Mismatch Losses Loss Fraction 2.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effect, ASHRAE parametrization 1AM = 1-bo(1/cosi-1) bo Param. 0.05
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PVSYST VE.T74 Isadora Pauli Custodio (Brazil) |2[L’1 2;1a| Page 24

Grid-Connected System: Near shading definition

Project : Building C’s rooftop

Simulation variant : New simulation variant

Main system parameters System type  Building system

Mear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation tilt 10° azimuth  -6°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp
PV Amay MNb. of modules 176 Fnom total  56.3 KWp
Inverter Model Sclargate PVELOTONN Pnom 57.0 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Bulliding02_rocfop
- Beam shading tacder near oslcslabion) : koStadings ourves

T T T T T T
=1% thenGation for difugs: § B b

2 gt |1
i
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 201218 | Page 34

Grid-Connected System: Main results

Project : Building C’s rooftop

Simulation variant : New simulation variant

Main system parameters System type  Building system

MNear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation filt  10° azinuth  -6°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amray Nb. of modules 176 Frnom total  56.3 KWp
Inverter Model Solangate PVELOTONN Pnom 57.0 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 67.90 MWhiyear  Specific prod. 1206 kWhkWpiyear
Peromance Ratio PR 74.27 %

Mommalized productionc (per Inctallsd kWpl:  Nominal powsr 58.3 EWD Partormancs Ratlo PR

T T T L— T T T
s Gaactzn Lomm [PV-array i) 038 Wiy

La: Sywtem Lows jrwmrier, ) 18 ey
¥ Proctrad et sray frvermr oot 33 WA

[T T r—

New simulation variant

Balances and main results

GlobHor DiffHor T Amb Globlnc GlobEff EArray E_Grid FR
EWhim® KWhim® C KWhim® KWhim* MWih
January 183.8 1812 185.5 7T 0728
February 1528 148 43 [ 0.735
March 460 1537 1295 [ 0.745
April 1131 128 1105 5418 0.745
May 240 078 944 4738 0.742
June Ty 881 773 et 0.743
July 243 952 4733 0744
August 104.8 156 5168 0.755
September 108.0 132 5050 0.753
October 1362 1370 6103 0740
November 168.3 1676 7an 5.0a3 0.740
December 186.6 1834 20 7673 0.743
Year 1558.5 1623.2 71.266 67.606 0.743
Legends: GiobHor Herizontal global imadiation GlobERF Effective Global, corr. for 1AM and shadings
DiffHor Horizontal diffese imadiation EAmray Effective energy at the output of the amay
T Amb Ambient Temperature E_Gnid Energy injected into grid
Globlne Global incident in coll. plane PR Performance Raie
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Simulation variant :

Mew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4
Grid-Connected System: Loss diagram
Project : Building C’s rooftop

HNear Shadings

User's needs

Main system parameters

System type
Detailed electrical calculation

PV Field Orientation filt
PV modules Maodel
PY Array Mb. of modules
Inverter Model

Unlimited load (grid)

Building system
(acc. to module layout)

10° azimuth -6°
BYD-320-PEC-36-DG Pnom 320 Wp
1786 Pnom total  56.3 kWp
Solargate PVELOTONN Pnom 57.0 kW ac

Loss diagram over the whole year

Horizontal global imadiation

e B +1.3% Global incident in coll. plane

1463 KWhim® * 248 m* coll.

efficiency at STC = 18.18%

—_ OTOMWh

Global incident below threshold

% MNear Shadings: imadiance loss

1AM factor on giobal

Soiling loss factor

Effective imadiance on collectors

PV conversion

B28 MWh Array nominal energy (at STC effic)
A7% PV loss due fo iradiance level
J -B.0% PV loss due fo temperature
0.0% Shadings: Electrical Loss detailed module cale.
4% Moduie quality loss
-30% LID - Light induced degradation
2% Mismatch loss, modules and strings
-0.9% Othmic: wiring loss
71.3 Mi%h Array virtual energy at MPP
48% Inverter Loss during operation (eficiency)
00% Inverter Loss ower nominal inv. power
00% Inverter Loss due to max. input current
00% Inwerter Loss over nominal inv. voltage
4.1% Inverter Loss due to power threshold
00% Inverter Loss due to voltage threshold
678 Mwh Available Energy at Inwerter Output
Energy injected into grid
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APPENDIX D - Building D’s PVsyst reports: rooftop, east facade
and west facade, respectively.

PVSYST VE.T74 | Isadora Pauli Custodio (Brazil) | 211218 | Page 1/5

Grid-Connected System: Simulation parameters

Project : Building D’s rooftop
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude -48.55° W
Time defined as Legal Time Time zone UT-3 Alitude 3m
Albedo 020
Meteo data: Floriandpolis_Atlas2017  AflasBrasileirodeEnergiaSolar2017 - Synthetic
Simulation variant : New simulation variant

Simulation date  21/1218 15h46

Simulation parameters System ftype  Building system

3 orientations tilts/azimuths  5°/56°, 5°-94°, 5%/-4°

Models used Transposition Perez Diffuse  Perez, Meteonom

Horizon Free Horizon

HNear Shadings Detailed electrical calculation (acc. to module layout)

PV Arrays Characteristice (5 kinds of array defined)

PV module Si-poty Model BYD-320-P6C-36-DG

Customn parameters definition Manufacturer BYD

Sub-armray "Sub-array #1" Orientation  #1 Tilt'Azimuth ~ 5%/86"°

Mumber of PV modules Inseries 17 modules In parallel 4 strings

Total number of PY modules Mb.modules 68 Unit Nom. Power 320 Wp

Array global power Neominal (STC) 21.76 kWp At operating cond. 18.64 kWp (60°C)

Array operating characteristics (50°C) Umpp 539V Impp 35A

Sub-armray "Sub-array £2" Orientation  #1 Tilt'Azimuth  5%/86°

Mumber of PV modules Inseres 17 modules In parallel 4 strings

Total number of P modules Mb. modules 68 Unit Nom. Power 320 Wp

Array global power Mominal (STC)  21.76 kWp At operating cond.  18.64 kWp (80°C)

Array operating characteristics (50°C) Umpp 539V Impp 354

Sub-array "Sub-array #3" QOrientation #2 Tilt'Azimuth  5%-84°

Mumber of PV modules Inseres 17 modules In parallel 4 strings

Total number of PV modules Mb. modules 68 Unit Nom. Power 320 Wp

Array global power Nominal (STC) 21.76 kWp At operating cond. 18.64 kWp (60°C)

Array operating characteristies (S0°C) Umpp 539V Impp 35A

Sub-array "Sub-array 24" Orientation  #2 Tilt'Azimuth  57/-84°

Mumber of P modules Inseries 17 modules In parallel 4 strings

Total number of P'Y modules Mb. modules 68 Unit Nom. Power 320 Wi

Array global power Nominal (STC) 21.76 kWp At operating cond.  18.64 kKWp (80°C)

Array operating characteristics (50°C) Umpp 539V Impp 35A

Sub-amray "Sub-array #5" Orientation #3 TilAzimuth  5°%-4*

Mumber of PV modules: Inseres 9 modules In parallel 2 strings

Total number of PV modules Mb. modules 18 Unit Nom. Power 320 Wp

Array global power Moeminal (STC)  5.76 KkWp At operating cond. 4935 Wp (60°C)

Array operating characteristics (50°C) Umpp 285V Impp 1TA

Total  Armays global power Nominal (STC) 93 KWp Total 290 modules
Module area 575 m* Cellarea 508 m*

Sub-array "Sub-array #1" : Inverter Model TRIO-20.0-TL-OUTD-400

Original P\/eyst database Manufacturer ABB
Characteristics Operating oltage 200-950 v Unit Nom. Power 220 kWac
Inverter pack Nb. of inverters 2 *MPPT 50 % Total Power 22 kWac

Pnom ratio 099

Prisyst Bssent License for
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PVSYST V6.74

Isadora Pauli Custodio (Brazil)

| 211218 | Page 2/5

Grid-Connected System: Simulation parameters

Sub-array "Sub-array #2" : Inverter Model
Original P\/eyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nz, of inverters
Sub-array "Sub-array #3" : Inverter Model
Original P\/syst database Manufacturer
Characteristics Operating Voltage
Inverter pack Nb. of inverters
Sub-array "Sub-array 4" : Inverter Maodel
Original PVayst databass Manufacturer
Characteristics Operating \Voltage
Inverter pack Nl of inverters
Sub-array "Sub-array #5" @ Inverter Model
Original P\/eyst database Manufacturer
Characteristics Operating Voltage
Inverter pack Nix. of inverters
Total Nb. of inverters
PV Array loss factors
Array Soiling Losses
Thermal Loss factor Uc {const)
Wiring Ohmic Loss Array#
Array#2
Array#d
Arrayid
Amay#s
Global
LID - Light Induced Degradation
Module Quality Loss
Maodule Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization 1AM =

User's needs : Unlimited load (grid)

TRIO-20.0-TL-OUTD-400

ABB
200950V
2*MPPT 50 %

Unit Mom. Power

Total Power
Prniom ratio

TRIC-20.0-TL-QUTD-400

ABB
200-950V
2*MPPT 50 %

Unit Mom. Power

Total Power
Pnom ratio

TRIO-20.0-TL-OUTD-400

ABB
200950V
2*MPPT S0 %

Unit Mom. Power

Total Power
Pnom ratio

SolarRiver 6000TL-D

Samil Power
210-500 W
2*MPPT 50 %

20.0 WimK
277 mChm
277 mChm
277 mChm
277 mChm
234 mChm

1-bo (Veosi-1)

Unit Mom. Power

Total Power
Prniom ratio

Total Power

Loss Fraction
U (wind}
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
Loss Fraction
bo Param.

22.0 KWac
22 kWac
0.99

22.0 KWac
22 kWac
D499

22.0 KWac
22 kWac
0.99

5.75 KWac
5.8 kWac
1.00

94 kWac

3.0 %
0.0 WineK | mis

1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
1.5% at STC
30 %
04%

2.0 % at MPP
0.10 %
0.05
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 211218 | Page 3/5

Grid-Connected System: Near shading definition

Project : Building D’s rooftop

Simulation variant : New simulation variant

Main system parameters System fype Building system

Hear Shadings Deetailed electrical calculaion  (acc. to module layout)

PV Field Orientation 3 orentations  Til/Azimuth = 5°/86°, 5°/-94° 5°/.4°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 290 Pnom total 92,8 KWp
Inverter Model TRIO-20.0-TL-OUTD-400 Pnom 2200 kW ac
Imverter Model  SolarRiver 6000TL-D Pnom 575 kW ac
Inverter pack Nb. of units 5.0 Pnom total 93.8 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

EasT

Izo-shadings diagram

Buliding0s_Rooficp
Bsam shasing tacéze finear oalculation) : Ko£Radnge oUrvac
T T T
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) |21f12."18| Page 4/5
Grid-Connected System: Main results
Project : Building D’s rooftop

Simulation variant :

Mew simulation variant

Main system parameters

HNear Shadings
PV Field Orientation

System type

Detailed electrical calculation

3 orientations

Building system

(ace. to module layout)

Tilt/Azimuth = 5°/86°,

S°i-04° 5T40

Perfomance Ratio FR.

TET4%

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 290 Pnom total  92.8 KWp

Inverter Model TRIO-20.0-TL-OUTD-400 Pnom 22.00 kW ac
Inverter Model  SolarRiver 6000TL-D Pnom 575 kW ac

Inverter pack Nb. of units 5.0 Pnom total 93.58 KW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 110.9 MWhiyear  Specificprod. 1195 kWhkWpiyear

Momallzed productions [per Installed EWi:

Hominal powsr 828 kWp

T T T L—
L : Cobacton Lowm [PV-armmy o)

Lu : Sywtem Lowm frwertar, )
W Prodecn) usmdal sy fremcier scbt]

trag (e

T T T
31 Ay
L Ay
AT ey

Parformanoe Ratio PR

Pk b P

—
B 9 s Rt prir vy 0267

. Fae M Ax My An Aug Eep Oz Moy O
New simulation variant
Balances and main results
SiobHor DitfHor T amb EAmay E_crid PR
EhimE KWhie © MW MWh
Jamuary 1838 BL1S 2470 1318 1285
February 1523 TETE 2330 1107 1051
Wareh 1453 TEET 200 0T A4S
april RIER] EEH) 1270 B3 508
Way ] 4404 720 693 67T
June wT 3389 1850 =70 555
Juty 243 2182 17 EEH) 5o
August 1048 ERH] 7.0 L& Ts8
september 1080 A 1280 a0 -
Dutober 1352 T 070 z57 ERE)
Hovembar 1883 B1e1 =0 1223 134
December 1858 .08 2130 1351 1130
Tear 15565 TETAD F.RH 11258 110.82
Legands:  GlobHer Hertzontal global imadlation GiohEN Effectve Gicbal, com. for LAM and zhadings
DHTHor Horizontsl diffuse rradation EAmay Effective snemy at the oumet of T amay
T Amb Ambient Temperature E_Grd Energy Injected it grid
Giobine Gighal Incident in coil. plsne PR Pertormance Rato
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 211218 | Page 55

Grid-Connected System: Loss diagram

Project : Building D’s rooftop

Simulation variant : New simulation variant

Main system parameters System fype  Building system

Mear Shadings Detailed electrical calculation  (ace. to module layout)

PV Field Orientation 3 orentations  TillAzimuth = 5°786°, 5°/-94°, 5°/4°

PY modules Model BYD-320-P6C-36-DG Pnom 320 Wp
PY Armray Mb. of modules 290 Pnom total  92.8 kWp
Inverter Model TRIO-20.0-TL-OUTD-400 Pnom 2200 kW ac
Inverter Model  SolarRiver 6000TL-D Pnom 575 kW ac
Inverter pack Nb. of units 5.0 Pnom fotal 93.8 kW ac
User's needs Unlimited load (grid)

Loss diagram over the whole year

—___ 1BEEEWRmT Horizontal global imadiation

T +#1.0% Global incident in coll. plane

i

0.1% Global incident below threshold
-2.8% Mear Shadings: imadiance koss

3-37%  |AM factor on global

-20% Soiling loss factor

1411 KWhim® * 575 m* coll. Effective imradiance on collectors
efficiency at STC = 18.10% PV conversion
131.2 Mith Array nominal energy (at STC effic)
DT% PV loss due fo imadiance level
J TT% PV loss due to temperature
0.0% Shadings: Electrical Loss detailed module cale.
+0.4% Moduie quality loss
-3.0% LID - Light induced degradation
21% Mismatch loss, modules and strings
-0.8% Chmic wiring loss
113.8 MWh Array virtual energy at MPP
% -24% Inverter Loss during operation (eficiency)
0.0% Inverter Loss over nominal inv. power
0.0% Inwerter Loss due to max. input current
+0.0% Inverter Loss over nomingl inv. voltage
+0.0% Inverter Loss due to power threshold
0.0% Inverter Loss due to woltage threshold
110.2 MWh Available Energy at Inverter Ouwtput
L L1 J— Energy injected into grid
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Meteo data: Floriandpolis_Atlas2017

PVSYST VE.T74 Isadora Pauli Custodio (Brazil) | 2011218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building D’s east fagcade
Geographical Site Floriandpolis_Atlas2017 Country Brazil
Situation Latitude -27.58° 5 Longitude -45.55"W
Time defined as Legal Time Time zone UT-3 Altitude 3m
Albedo  0.20

AﬂasﬁrasileirodeEneﬂjaSDIarzm 7 - Synthetic

Simulation variant : New simulation variant

201218 17h59

Simulation date
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transposition
Horizon Free Horizon
Hear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poly Moded
Custom parameters definition Manufacturer
MNumber of PV modules In series
Total number of PV modules Nb. modules
Array glokal power Mominal (STC)
Array operating charactenistics (50°C) U mpp
Total area Maodule area
Inverter Model
Original P'Ysyst database Manufacturer
Characteristics Operating Voltage
Inverter pack Nb. of inverters
PV Array loss factors
Amray Soiling Losses
Thermal Loss factor Uc {const)
Wiring Chmic Loss Global amay res.
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization 1AM =

User's needs : Unlimited load (grid)

Sheds on a building
30°
Perez

Azimuth  -34°
Diffuse  Perez, Meteonomn

(acc. to module layout)

BYD-320-P6C-36-DG

BYD

9 modules In paraliel 4 strings
36 Unit Nom. Power 320 Wp

1152 kWp At operating cond.  9.87 KW (60°C)
285V Impp 354
71.3m¢ Cellarea 63.1m7
IG Plus 150 V-3
Fronius Intemational
230-500V Unit Hom. Power  12.0 KWac
1 units Total Power 12.0 kWac
Pnom ratio  0.96
Loss Fraction 3.0 %
20,0 WinrK Uv (wind) 0.0 Wim?K / mfs
147 mChm Loss Fraction 1.5 % at STC

Loss Fraction 3.0 %

Loss Fraction -0.4 %

Loss Fraction 2.0 % at MPP
Loss Fraction 0.10 %

1-bo(lcosi-1) bo Param. 0.05
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Simulation variant

MNew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) |2[JI1 2."18| Page 2/4
Grid-Connected System: Near shading definition
Project : Building D’s east facade

Main system parameters System fype  Sheds on a building
Hear Shadings Deetailed electrical calculaion  (acc. to module layout)
PV Field Orientation filt 90° azimuth 947
PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp
PY Array Nb. of modules 36 Prnom tofal  11.52 kWp
Inverter Model |G Plus 150 V-3 Pnom 1200 kW ac
User's needs Unlimited load (grid)
Perspective of the PV-field and surrounding shading scene
East
Iso-shadings diagram
Buliding04_Efacade
0y Seam chadinp facdcr dinear oziculabion) | koStadngs ourvas
T T T
hading loss: 1% 1 =
[ ammm Ztsding ozzs s Atengylion apae e smmms e DA e
[— g::’ém = 3 20 aer-23 g
i . S ek 20 e 23 2]
o 521 - 230
14n 1380 - 22 nov.
L \ d ¥ 4
- H & 4
L | |
= Fe \
=z [ ™ |3
§ o 1 i
ER
L ) =
o i -
[ wd
151 o
I / se \S o
! il 1 1 ?!HISM P | n 1 VI 1 mepane
1z 1 -] E o -H : = -120
Azmun I

Prisyst Btutent Lirense for




185

PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 3/4

Grid-Connected System: Main results

Project : Building D’s east facade

Simulation variant : New simulation variant

Main system parameters System fype Sheds on a building

HNear Shadings Detailed elecrical calculation  (ace. to module layout)

PV Field Orientation filt 90° azimuth  -94°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 36 Pnom total  11.52 kWp
Inverter Model |G Plus 150 V-3 Pnom 12.00 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 7.53 MWhiyear Specific prod. 653 kWh/kWpiyear
Performance Ratio PR 77.48%

Wormaized productions (per Inctallsd KWp):  Nominal power 11.62 kKWp Farformanos Fatio PR

La : Syutam Lows frwertar, )
W Proctored st sy (rermroctnt] 170 kWA

e Pre

e Faz Me A= May dm a4 Aug Sep O hev  Omc Jan Fax  Mm A May Am e Aug Sep O hev Ome

New simulation variant

Balances and main results

GlobHor DiffHor T Amb Globlne GlobER EArray E_Grid PR
kWhim* KWhim* °C kWhim® kWhim® MWh MWh
January 1838 az1s 2470 BG.oe 20.00 0823 0.850 0.754
February 1528 TBT3 2380 B237 TE5 0763 0729 0.788
March 14608 7557 20 BO.G1 T48T 0757 omg 0774
April 131 53.88 1270 5ATE 5535 0565 0.535 07T
May 40 4404 1720 272 4842 0504 0.478 0.734
Jung 7T 3080 16.60 3242 3502 0354 0.343 0778
July 843 4382 16.70 4485 4101 0429 0.402 o77e
August 1048 54.18 1740 5715 5268 0540 0.520 0.780
September 108.0 G280 18.80 5772 5345 0.549 0519 07
October 1352 TR.60 2070 BD.B4 75T 0764 0725 07T
November 1663 aze1 2270 B440 772 0BT 0.838 0.788
December 186.6 80.05 21.30 ar.an 2028 0820 0.874 0.775
Year 1558.5 TET 40 20.12 34348 TB1.30 Te42 7.523 0.775
Legends: GlobHor Horizontal global iradiation GlobEF Effective Global, com. for IAM and shadings
DiffHor Horizontal difiuse imadiation EAmay Effactive energy at the output of the armay
T Amb Ambient Temperature E_Gnd Energy injected into grid
Globlne Gilobal incident in coll. plans PR Performance Ratio
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| 201218 | Page 4/4

Simulation variant :

PVSYST VE.74 Isadora Pauli Custodio (Brazil)
Grid-Connected System: Loss diagram
Project : Building D’s east facade

New simulation variant

Main system parameters
Mear Shadings

System type
Detailed electrical calculation

Sheds on a building
(acc. to module layout)

PV Field Orientation filt 90" azimuth  -34°

PV modules Model BYD-320-PGC-36-DG Pnom 320 Wp

PV Amray MNb. of modules 36 Pnom total  11.52 kWp
Inverter Model 1G Plus 150 V-3 Pnom 1200 kW ac
Usar's needs Unlimited load (grid)

[ 1555 ki’ ________L\

1%
-0.4%

l‘\'iu.um

-30%
TE1 KWhim™* 71 mi* el

efficency at STC = 16.18%
2.02 M
-24%
4.8%
0.0%
+04%
-30%
21%
D&%
724 MWh

52%
0.0%
0.0%
0.0%
0.0%
0.0%
7.53 Mh

L_z53 M

Loss diagram over the whole year

Horizontal global imadiation

-45_&3%obal incident in coll. plane

Global incident bedow threshold

Mear Shadings: imadiance boss

1AM factor on giobal

Soiling loss factor

Effective imadiance on collectors
PV conversion

Armray nominal energy (at STC effic.)
FW loss due to imadiance level

PV loss due to temperature

Shadings: Electrical Loss detailed module cale.
Modue quality loss

LID - Light mduced degradation
Mismatch loss, modules and strings
Chmic wiring loss

Array virtual energy at MFP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due to max. input curment
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to voltage threshold
Available Energy at Inverter Cutput

Energy injected into grid
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Meteo data: Floriandpolis_Atlas2017

PVSYST VE.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building D’s west facade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55%W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

AtlasBrasileirodeEnergiaSolar2017 - Synthetic

Simulation variant : Mew simulation variant

202118 18h02

Simuiation date
Simulation parameters System type
Collector Plane Orientation Tilk
Models used Transpositicn
Horizon Free Horizon
MNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poly Maodel
Custom parameters definition Manufacturer
Mumber of P\ modules In series
Total number of P\ modules HNb. modules
Array global power Mominal {(STC)
Array operating characteristics (50°C) Umpp
Total area Module area
Inverter Model
Original PVeyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nb. of inverters
PV Array loss factors
Armray Soiling Losses
Thermal Loss factor Uc {const)
Wiring Ohmic Loss Global amay res.
LI - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization LaM =

User's needs @ Unlimited load (grid)

Sheds on a building

90° Azimuth  86%
Perez Diffuse  Perez, Meteonom
(acc. to module layout)
BYD-320-P6C-36-DG
BYD
9 modules In paraliel 4 stings
36 Unit Nom. Power 320 Wp
11.52 kWp At operating cond.  9.87 kWp (60°C)
285V Impp 35A
71.3m* Cellarea 63.1m7°
IG Plus 150 V-3
Fronius Intemational
Z30-500W Unit Mom. Power  12.0 kKWac
1 units Total Power 12.0 kWac
Pnom ratic  0.96
Loss Fraction 3.0 %
20.0 WinK Uv (wind) 0.0 WinK / més
147 mChm Loss Fraction 1.5 % at STC
Loss Fraction 3.0 %
Loss Fraction -0.4 %
Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %
1-bo(leosi-1) bo Param. 0.05
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PVSYST VET4 Isadora Pauli Custodio (Brazil) | 201218 | Page 2/4

Grid-Connected System: Near shading definition

Project : Building D’s west fagade

Simulation variant : New simulation variant

Main system parameters System type  Sheds on a building

MNear Shadings Detailed electrical calculation  (acc. to module layout)

P Field Orientation filt 90° azinuth  B&°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amray Mi. of modules 36 Pnom total  11.52 kWp
Imverter Model 1G Plus 150 V-3 Pnom 12.00 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

East

Iso-shadings diagram

Seam shading facier

St (1]

Zeinz
e cine
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 3/4
Grid-Connected System: Main results
Project : Building D’s west fagade

Simulation variant :

Mew simulation variant

Main system parameters
HNear Shadings

System type

Detailed electrical calculation

Sheds on a building

(ace. to module layout)

PV Field Orientation filt 90° azimuth 86

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 36 Pnom total  11.52 kWp

Inverter Model |G Plus 150 V-3 Pnom 12.00 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 7.51 MWhi/year Specific prod. 652 kKWh/kWpiyear
Perfomance Ratio PR 74.12%

Wormaized produstions. (per Inctalisd KWp):

Mominal power 11.62 KWp

e Mmy an

La : Syutam Lows frwertar, )
W Proctora usmtal sy jresrr o]

170 kshAagtay

Aug Bep Oz

Farformanoes Ratio PR

e Pre

New simulation variant

Balances and main results

Bpr May Am du Mg Bep O hov Do

GlobHor DiffHor T Amb Globlne GlobER EArray E_Grid PR
KWhim KWhim* °C kWhim® kWhim® MWh MWh
January 1838 az1s 2470 1027 0220 02038 0.842
February 1528 TBT3 2380 838 T4.88 0745 0.708
March 14608 7557 20 823 L 0733 0702
April 131 53.88 1270 701 6208 g3t 0.503
May 40 4404 1720 5886 5253 0535 0.508
Jung 7T 3080 16.60 815 45.06 0474 0.443
July 843 4382 16.70 518 45492 0472 0.448
August 1048 54.18 1740 s TT 0560 0.530
September 108.0 G280 18.80 ari 6033 0811 0573
October 1352 TR.60 2070 725 6482 0857 0622
November 1663 aze1 2270 334 T460 0744 0.708
December 186.6 80.05 21.30 243 8403 0.843 0.803
Year 1558.5 TET 40 20.12 BT33 TBE.TD TEH 7.508
Legends: GlobHor Horizontal global iradiation GlobEF Effective Global, com. for IAM and shadings
DiffHor Horizontal difiuse imadiation EAmay Effactive energy at the output of the armay
T Amb Ambient Temperature E_Gnd Energy injected into grid
Globlne Gilobal incident in coll. plans PR Performance Ratio
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4

Grid-Connected System: Loss diagram

Project : Building D’s west fagade

Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

Hear Shadings Detailed electrical caleulation  (ace. to module layout)

PV Field Orientation filt 90° azimuth  BE°

PV modules Model BYD-320-PEC-36-DG Prnom 320Wp

PY Array Mb. of modules 36 Pnom total 11,52 kWp
Inverter Model |G Plus 150 V-3 Pnom 1200 kW ac
User's needs Unlimited load (grid)

Loss diagram ower the whole year

i 1556 kKWhim* ___ Horizontal global irmadiation
\>4amn incident in coll. plane
41% Global incident befow threshold
-3.&‘.\‘5 Mear Shadings: imadiance loss
4 2% 1AM factor on ghobal
-30% Soiling loss factor
TET kWhirm™ " 71 m™ Effective imadiance on collectors
efficiency at STC = 16.18% PV conwversion
9.08 Mh Array nominal energy {at STC effic)
-24% FV loss due to iradiance level
BT PV loss due io temperature
0.0% Shadings: Electrical Loss detailed module cale.
+04% Modue quality loss
-30% LID - Light induced degradation
-21% Mismatch loss, modules and strings
0.8% Chmic wiring loss
T.82 MWh Array virtual energy at MPP
-52% Inverter Loss during operation (eficiency)
0.0% Inverter Loss ower nominal inv. power
0.0% Inverter Loss due to max. input current
0.0% Inverter Loss over nominal inv. voltage
0.0% Inverter Loss due to power threshold
0.0% Inverter Loss due to voltage threshold
7.51 Mi%h Available Energy at Inverter Ouwtput
——L51 Midh— Energy injected into grid
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APPENDIX E - Building E’s PVsyst reports: rooftop, north facade
and west facade, respectively.

Meteo data:

PVSYST VE.74 | Isadora Pauli Custodio (Brazil) | 21112118 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building E’s rooftop
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55°W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

Floriandpolis_Atlas2017

AtlasBrasileirodeEnergiaSclar2017 - Synthetic

Simulation variant :

New simulation variant

211218 14h07

User's needs :

Simuiation date
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transpositicn
Horizon Free Horizon
MNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Sipoly Model
Custom parameters definition Manufacturer
Mumber of P\ modules In series
Total number of P\ modules Nb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) Umpp
Total area Module area
Inverter Model
Original P\/eyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nz, of inverters
PV Array loss factors
Armray Soiling Losses
Thermal Loss factor Uc {const)
Wiring Ohmic Loss Global amay res.
LI - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization LaM =

Unlimited load (grid)

Sheds on a building
2

Persz

Azimuth  -5°
Diffuse Perez, Meteonom

(acc. to module layout)

BYD-320-P6C-36-DG

BYD

13 modules In paraliel 4 stings

52 Unit Nom. Power 320 Wp

16.64 kWp At operating cond.  14.26 kWip (60°C)
412V Impp 35A

103 m* Cellarea 91.1nm7°

ASIC01-15000-2 (15kw,three-phase with 2 MPPT)
AEG Industrial Solar GmbH

180-800 W Unit Mom. Power  15.0 kWac
2*MPPT 50 % Total Power  15.0 kWac
Prnom ratic  1.11
Loss Fraction 3.0 %
29.0 WineK Uv (wind) 0.0 WimK / myfs
212 mChm Loss Fraction 1.5 % at STC
Loss Fraction 3.0 %
Loss Fraction 0.0 %
Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %
1-bo(leosi-1) bo Param. 0.05
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PVSYST VE.74 Isadora Pauli Custodio (Brazil) |21I1 2."18| Page 2/4

Grid-Connected System: Near shading definition

Project : Building E’s rooftop

Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

HNear Shadings Detailed electrical calculation  (acc. to module layout)

PV Field Orientation filt 27 azimuth  -5°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amray Nb. of modules 52 Prom total  16.64 KWp
Inverter AS-IC01-15000-2 (15kw,three-phase with 2 MPPT) Prnom 1500 KW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

East
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PVSYST VE.74 Isadora Pauli Custodio (Brazil) | 211218 | Page 3/4
Grid-Connected System: Main results

Project : Building E’s rooftop

Simulation variant : New simulation variant

Main system parameters System fype Sheds on a building

HNear Shadings Detailed elecrical calculation  (ace. to module layout)

PV Field Orientation filt 27 azimuth -5°

PY modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 52 Pnom total  16.64 kWp

Inverter AS-IC01-15000-2 (15kw three-phase with 2 MPPT) Pnom 15.00 kW ac

User's needs Unlimited load (grid)

Systemn Production

Main simulation results

Produced Energy 1911 MWhiyear  Specificprod. 1149 EWhkWpiyear
Perfomance Ratio PR 69.46 %

Wormalzed produstions (per Inctalisd KWp):  Nominal power 18.84 KWp Farformanos Fatio PR

Eg W)

T T T T T 1. L— T T T T L— T
L : Gobacion Losm [PV-armmy o) 131 ALy i P - Packorrmarca R (971 4] : DLEEES

W= s
ham ., Sk

e Faz Me A= May dm a4 Aug Sep O hev  Omc Jan Fax  Mm A May Am e Aug Sep O hev Ome

[ —————

New simulation variant

Balances and main results

GlebHor DiffHor T Amb Globine GlobER EArmay E_Grid PR
kWhim* KWhim* °C kWhim® kWhim® MWh MWh
January 1838 4215 247 1872 1457 2082 2007 o07ie
February 1528 TBT3 2380 1505 1209 1833 1787 0718
March 14608 7557 20 1574 1351 1208 1.888 0712
April 1131 5388 1870 1330 1122 1543 1514 0634
May 40 4404 1720 1240 1022 1325 1204 087
June T 3080 16.60 108.7 239 102 1.083 0618
July 843 43082 16.70 1106 a0e 1175 1.145 o822
August 1048 54.18 1740 1278 107.1 1484 1440 0881
September 1080 B2.60 18.80 1185 034 1403 1.289 0.708
October 1362 To.g 20.7 1358 1181 1674 1638 0725
November 1663 aze1 2270 1576 1384 1851 1.809 0728
December 186.6 280.05 21.30 15638 148.3 2110 2,004 0.735
Year 15585 TET 40 2.12 18538 14041 10.556 10112 0.805
Legends: (GobHor Horizontal global imadiation GlobEf Effective Global, com. for lAM and shadings
DiffHor Horizontal difiese imadiation EAmray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Enengy injected into grid
Globlne Giobal incident in coll. plane PR Performance Rabio
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 211218 | Page 4/4

Grid-Connected System: Loss diagram

Project : Building E’s rooftop
Simulation variant :  New simulation variant
Main system parameters System fype  Sheds on a building
Hear Shadings Detailed electrical caleulation  (ace. to module layout)
PV Field Orientation fitt 27 azimuth  -5°
PV modules Model BYD-320-PBC-36-DG Pnom 320 Wp
PY Array Nb. of modules 52 Pnom total  16.64 kWp
Inverter AS-IC01-15000-2 (15kw three-phase with 2 MPPT) Pnom 1500 kW ac
User's needs Unlimited load (grid)
Loss diagram ower the whole year
— Horizontal global imadiation
+1.2% Global incident in coll. plane
40.1% Global incident below threshold
-B.8% Near Shadings: imadiance koss
-2E% |AM factor on global
3-3.0% Soiling loss factor
1404 kivhine™ * 103 me coll. Effective imadiance on collectors
efficiency at 5TC = 16.18% PV conversion
23.42 MR Array nominal energy (at STC effic)
07% PV less due to iradiance level
-50% PV loss due to temperature
i\\J -5.7% Shadings: Electrical Loss detailed module calc.
Ma.cﬁe LID - Light induced degradation
\"#-2.1% Mismateh loss, modules and strings
0.0% Ohmic: wiring less
18.56 Mh Array virtual energy at MPP
3-22% Inverter Loss during operation (efficiency)
o Inverter Loss over nominal inv. power
0 Imverter Loss due o max. input current
0% Inverter Loss over nomingl inv. voltage
Inverter Loss due to power threshold
By Inverter Loss due to woltage threshold
18.11 MWh Available Energy at Inwerter Output
S R — Energy injected into grid
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Meteo data: Floriandpolis_Atlas2017

PVSYST VE.74 Isadora Pauli Custodio (Brazil) | 231018 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building E’s north fagade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55%W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

AtlasBrasileirodeEnergiaSclar2017 - Synthetic

Simulation variant : Mew simulation variant

Z3MD18 14h5T

Simuiation date
Simulation parameters System type
Collector Plane Orientation Tilk
Models used Transposition
Horizon Free Horizon
HNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poly Maodel
Custom parameters definition Manufacturer
Mumber of P modules In series
Total number of P\ modules HNb. modules
Array global power Mominal {(STC)
Array operating characteristics (50°C) Umpp
Total area Module area
Inverter Model
Original PVeyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nb. of inverters
PV Array loss factors
Ammay Soiling Losses
Thermal Loss factor Uc {const)
Wiring Ohmic Loss Global amay res.
LID - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effzct, ASHRAE parametrization laM =

User's needs @ Unlimited load (grid)

Sheds on a building

90° Azimuth  -5°
Perez Diffuse  Perez, Meteonomn
(acc. to module layout)
BYD-320-P6C-36-DG
BYD
16 modules In parallel 8 strings
128 Unit Nom. Power 320 Wp
41.0 kWp At operating cond.  35.1 kKWp (60°C)
507V Impp 69A
254 m* Cellarea 224 m?®
FreeSun FS0040 LVT
Power Electronics
450820V Unit Mom. Power  40.0 kWac
1 units Total Power 40 kWac
Pnom ratio  1.02
Loss Fraction 3.0 %
20.0 WinK Uv (wind) 0.0 WinK / més
130 mChm Loss Fraction 1.5 % at STC
Loss Fraction 3.0 %
Loss Fraction 0.0 %
Loss Fracion 2.0 % at MPP
Loss Fracion 0.10 %
1-bo(leozi-1) bo Param. 0.05

Prisyst Bssent License for



196

PVSYST V6.74

Isadora Pauli Custodio (Brazil)

| 231018 | Page 24

Project :

Simulation variant :

Grid-Connected System: Near shading definition

Building E’s north fagade

MNew simulation variant

Hear Shadings

PV modules
PY Amray
Inverter
User's needs

Main system parameters

PV Field Orientation

System fype  Sheds on a building
Deetailed electrical calculaion  (acc. to module layout)
filt 90° azimuth -5°
Model BYD-320-PEC-36-DG Pnom 320 Wp
Mb. of modules 128 Prnom total  41.0 kWp
Model FreeSun FS0040 LVT Pnom 40.0 kW ac

Unlimited load (grid)

East

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Mocirac_MEC_FachadaN
Ssam shading tacize finear oalculadion) : koStadings ourves
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Simulation variant :

Mew simulation variant

PVSYST V6 74 Isadora Pauli Custodio (Brazil) | 23110118 | Page 34
Grid-Connected System: Main results
Project : Building E’s north facade

Main system parameters System type Sheds on a building

Mear Shadings Detailed electrical caleulation  (acc. to module layout)

PV Field Orientation tilt 90" azimuth  -5°

PY modules Model BYD-320-PEC-36-DG Pnom 320 'Wp

PY Array Nb. of modules 128 Pnom total  41.0 KWp

Inverter Model FreeSun FS0040 LVT Pnom 40.0 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 28.85 MWhiyear  Specificprod. 704 kWhikWpiyear

11 ey
1071 ey

[

Perfomance Ratio PR 75.47 %
Mommallzed productionc (per Inctallsd EWD):  Nominal power 41.0 EWD Parformance Fatio PR
4z T T T T T T T T T T = T T T T T T T T T T
i e ey [~ TSI P Fo

mn  Pex M Ax  Mey  am Aug Sep Oz  Nov Dmc o Fat Mm A My A Jd Mg Sep O  Rov Om
New simulation variant
Balances and main results
GlobHor | DiffHor T Amb Globlnc GlobEff EArmay E_Grid FR
kWi kWhim* °C KWhim® KiWhim* MUtih Mitin
January 1838 8215 518 4473 1501 1460 0.586
February 1528 TBT3 636 5562 20 1878 0.720
March 1460 TEET a8e TR 2865 722 0748
April 131 5388 935 BEQE 3081 1m3 0.781
May 240 404 108.1 QBED 3584 3402 0.783
June 7T 3080 Q31 BETD el v 3mg 0.7z
July 843 4302 BRET 3375 3127 0.780
August 1048 5418 2048 3355 3941 0.77e
September 108.0 G280 6297 2229 2189 0.755
Cctober 1352 To.6e 5740 2083 1858 0735
November 166.3 3261 4750 171 1.505 o.7o7
December 186.6 90.05 E 4424 1.588 1473 0.704
Year 1588.5 TET 40 20.12 M2 .54 28853 0.755
Legends: GlobHor Horizontal global iradiation GlobEF Effective Global, com. for IAM and shadings
DiffHor Horizontal difiuse imadiation EAmay Effective energy at the output of the armay
T Amb Ambient Temperature E_Gnd Energy injected into grid
Globlne Gilobal incident in coll. plans PR Performance Ratio
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| 231018 | Page 4i4

PVSYST VE.74 Isadora Pauli Custodio (Brazil)
Grid-Connected System: Loss diagram
Project : Building E’s north fagade

Simulation variant :

MNew simulation variant

Main system parameters System fype  Sheds on a building
Hear Shadings Detailed electrical caleulation  (ace. to module layout)
P Figld Orientation filt 90° azimuth  -5°
PY modules Model BYD-320-PEC-38-DG Pnom 320 Wp
PY Array Nb. of modules 123 Prom total  41.0 kWp
Inverter Model FreeSun FS0040 LVT Pnom 40.0 kW ac
User's needs Unlimited load (grid)
Loss diagram ower the whole year
i 1555 kiWhim® _ Horizontal global irmadiation
-40.0Gdobal incident in coll. plane
Global incident below threshold
Mear Shadings: imadiance boss
1AM factor on ghobal
Soiling loss factor
2 KWhim™ * 264 m* Effective imadiance on collectors

3051 Milh

2B.85 MWh
L 25.65 M

efficiency at 5TC = 18.18%

34.58 MWh
21%
4 4.4%

FW conversion

Array nominal energy {at STC effic)
PV less due to iradiance level
PV loss due io temperature

01% Shadings: Electrical Loss detailed maodule cale.
=30 LID - Light induced degradation
1-2.1% Mismatch loss, modules and strings
-0.8% Chmic wiring loss
Array virtual energy at MPP
53 Inverter Loss during operation (eficiency)
0% Inverter Loss over nominal inv. power
0% Inverter Loss due to max. input current
+0.0% Inverter Loss over nominal inv. voltage
1% Inverter Loss due to power threshold
0.0% Inverter Loss due to voltage threshold

Available Energy at Inwerter Output
Energy injected into grid
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Meteo data: Floriandpolis_Atlas2017

PVSYST VE.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building E’s west facade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55%W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

AtlasBrasileirodeEnergiaSclar2017 - Synthetic

Simulation variant : Mew simulation variant

User's needs @ Unlimited load (grid)

Simulation date  20/12M18 14h48
Simulation parameters System type  Sheds on a building
Collector Plane Orientation Tilk  80° Azimuth  85%
Models used Transposition Perez Diffuse  Perez, Meteonomn
Horizon Free Horizon
MNear Shadings Detailed electrical calculation  (acc. to module layout)
PV Array Characteristics
PV module Si-poly Model BYD-320-P6C-36-DG
Custom parameters definition Manufacturer BYD
Number of P modules Inseries 16 modules In parallel 7 stings
Total number of PV modules Nb. modules 112 Unit Mom. Power 320 Wp
Array global power Mominal (STC) 35.8 kWp At operating cond.  30.7 kWp (60°C)
Array operating characteristics (50°C) Umpp 507V Impp 61A
Total area Module area 222 m* Cellarea 196 m®
Inverter Model  FreeSun FS0035 LVT
Original PVeyst database Manufacturer Power Electronics

Characteristics Operating \oltage 450-820V Unit Mom. Power  35.0 kWac
Inverter pack Mb. of inveriers 1 units Total Power 35 kWac

Pnom ratio  1.02
PV Array loss factors
Amay Soiling Losses Loss Fraction 3.0 %
Thermal Loss factor Uc {const) 20,0 WinK Uv (wind) 0.0 WinK / més
Wiring Ohmic Loss Global amay res. 149 mChm Loss Fraction 1.5% at STC
LI - Light Induced Degradation Loss Fraction 3.0 %
Module Quality Loss Loss Fracion -0.4%
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effzct, ASHRAE parametrization laM = 1-bo(lfeosi-1) bo Param. 0.05
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) |2[Jf1 2."18| Page 2/4

Grid-Connected System: Near shading definition

Project : Building E’s west facade

Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

Hear Shadings Deetailed electrical calculaion  (acc. to module layout)

PV Field Orientation filt 90° azimuth 85

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp
PY Array Mb. of modules 112 Pnom total 35,8 KWp
Inverter Model FreeSun FS0035 L\VT Pnom 35.0 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

East

Iso-shadings diagram
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PVSYST VE.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 3/4
Grid-Connected System: Main results
Project : Building E’s west facade

Simulation variant : Mew simulation variant

Main system parameters System fype Sheds on a building

HNear Shadings Detailed electrical calculation  (acc. to module layout)

PV Field Orientation filt 90" azimuth  85°

PY modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PV Amray Nb. of modules 112 Prom total  35.8 KWp

Inverter Model FreeSun FS0035LVT Pnom 35.0 kW ac

User's needs Unlimited load (grid)

Main simulation results

Systemn Production Produced Energy  23.66 MWhiyear  Specificprod. 660 KWh'kWpfyear

Performance Ratio PR

T484%

Momalized productions (per installed EWp):

Hominal power 365 KWD

T T T T
L : Gobacion Losm [PV-armmy o)

T T T
4B WALy

Porformanoe Fatio PR

L— T T T T L— T
i FI - Parforrmance Madz (9777 0748

T Procuced st sy

La: Sywtaem Lown frwartmr, )
roerar ]

012 Ay
(R

[ e———

a fa M A My an Aug Ben 02 hew Omc s Fes o M A M An e Mg Sen 0= Rev
New simulation variant
Balances and main results
GlebHor DiffHor T Amb Globine GlobER EArmay E_Grid PR
KWhim KWhim* °C sWhim® EWhim® MWh MW
January 1838 4215 247 1028 12 2883 2804 0733
February 1528 TBT3 2380 837 T8TT 23m 2223 0.743
March 1468 TH.AT 20 a2e 7568 2383 2 0730
April 1131 5388 1870 705 4T 2019 1839 0.747
May 40 4404 1720 501 414 1717 1.508 0.753
June T 3080 16.60 520 4751 1521 1418 0.760
July 843 43082 16.70 521 4741 1517 1411 0.756
August 1048 54.18 1740 aMa 5551 1.800 1678 0.7568
September 1080 B2.60 18.80 873 a2 1.850 1.820 0754
October 1362 To.g 20.7 28 6850 2084 1.857 0782
November 1683 aze 27 834 7645 2373 2235 0.744
December 186.6 280.05 21.30 842 86501 2685 2523 0.747
Year 15585 TET 40 2.12 BE2 O a07.35 25281 23656 0.748
Legends: (GobHor Horizontal global imadiation GlobEf Effective Global, com. for lAM and shadings
DiffHor Horizontal difiese imadiation EAmray Effective energy at the output of the array
T Amb Ambient Temperature E_Grid Enengy injected into grid
Globlne Giobal incident in coll. plane PR Performance Rabio
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Simulation variant :

MNew simulation variant

PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4
Grid-Connected System: Loss diagram
Project : Building E’s west facade

Hear Shadings
PV Field Orientation
PV modules

PY Array

Inverter

User's needs

Main system parameters

System fype  Sheds on a building
Detailed electrical caleulation  (ace. to module layout)
filt 90° azimuth  B5°
Model BYD-320-PEC-36-DG Prnom 320Wp
Mb. of modules 112 Pnom total 358 kKWp
Model FreeSun FS0035 LVT Pnom 350 kW ac

Unlimited load (grid)

-1

efficiency at STC = 16.18%

20,02 MWh

Loss diagram ower the whole year

Horizontal global imadiation

\

-42 3Global incident in coll. plane

Global incident below threshold

Mear Shadings: imadiance boss

1AM factor on ghobal

Soiling loss factor

Effective imadiance on collectors

PV conversion

Array nominal energy (at STC effic)

-23% PV loss due to irmadiance level
A% PV loss due to temperature
#-0.1% Shadings: Electrical Loss detailed module cale.
+0.4% Modube quality loss
-30% LID - Light nduced degradation
21% Mismatch loss, modules and strings
-08% Ohmic wiring loss
2528 MWh Array virtual energy at MPP
43% Inverter Loss during operation (efficiency)
0% Inverter Loss ower nominal inv. power
0.0% Inverter Loss due o max. input current
0% Inverter Loss over nomingl inv. voltage
01% Inverter Loss due to power threshold
0.0% Inverter Loss due to woltage threshold
23.68 Mivh Available Energy at Inwerter Output
—Z3,50 Myl — Energy injected into grid
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APPENDIX F - Building F’s PVsyst reports: rooftop and north

facade, respectively.

Meteo data: Floriandpolis_Atlas2017

PVSYST VE.74 | Isadora Pauli Custodio (Brazil) | 201218 | Page 1/4
Grid-Connected System: Simulation parameters
Project : Building F’s rooftop
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55°W
Time defined as Legal Time Time zone UT-3 Alfitude  3m
Albedo 020

AtlasBrasileirodeEnergiaSclar2017 - Synthetic

Simulation variant : MNew simulation variant

201218 17n33

Simuiation date
Simulation parameters System type
Collector Plane Orientation Tilt
Models used Transpositicn
Horizon Free Horizon
MNear Shadings Detailed electrical calculation
PV Array Characteristics
PV module Si-poly Maodel
Custom parameters definition Manufacturer
Mumber of P\ modules In series
Total number of P\ modules HNb. modules
Array global power Mominal (STC)
Array operating characteristics (50°C) Umpp
Total area Module area
Inverter Model
Original PVeyst database Manufacturer
Characteristics Operating \Voltage
Inverter pack Nl of inverters
PV Array loss factors
Armray Soiling Losses
Thermal Loss factor Uc (const)
Wiring Ohmic Loss Global amay res.
LI - Light Induced Degradation
Module Quality Loss
Module Mismatch Losses
Strings Mismatch loss
Incidence effect, ASHRAE parametrization LaM =

User's needs @ Unlimited load (grid)

Building system

100 Azimuth  4°
Persz Diffuse Perez, Meteonom
(acc. to module layout)
BYD-320-P6C-36-DG
BYD
15 modules In paraliel 30 stings
450 Unit Nom. Power 320 Wp
144 kWp At operating cond. 123 kWp (60°C)
476 Impp 259A
91 m* Cellarea 789 m*
SUNSYS PG6
Socomec
350850V Unit Mom. Power 66.0 KWac
4*MPPT 20 % Total Power 132 kWac
Pnom ratioc  1.09
Loss Fraction 3.0 %
20.0 WinK Uv (wind) 0.0 WinK / més
33 mChm Loss Fraction 1.5% at STC
Loss Fraction 3.0 %
Loss Fraction -0.4 %
Loss Fracion 2.0 % at MPP
Loss Fraction 0.10 %
1-bo(leezi-1) bo Param. 0.05
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) |2[Jf1 2."18| Page 2/4
Grid-Connected System: Near shading definition
Project : Building F’s rooftop

Simulation variant :

MNew simulation variant

Main system parameters

System type

Building system

Hear Shadings Deetailed electrical calculaion  (acc. to module layout)

PV Field Orientation filt o azimuth 4°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 450 Pnom total 144 KWp
Inverter Model SUNSYS P86 Pnom 66.0 kW ac
Inverter pack Nb. of units 2.0 Pnom total 132 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram

Bulldings_rocfiop
Ssam chading Sacdzr (inear oaloaladion) : lo-chadings ourvas
T

Zun ke 1R
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 3/4

Grid-Connected System: Main results

Project : Building F’s rooftop
Simulation variant : Mew simulation variant

Main system parameters System fype Building system

HNear Shadings Detailed elecrical calculation  (ace. to module layout)

PV Field Orientation filt 10° azimuth 4°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp

PY Array Mb. of modules 450 Prnom total 144 KWp
Inverter Model SUNSYS P86 Pnom 66.0 kW ac
Inverter pack Nb. of units 2.0 Pnom total 132 kW ac
User's needs Unlimited load (grid)

Main simulation results
System Production Produced Energy 182.6 MWhiyear Specificprod. 1268 kWhkWpiyear
Perfomance Ratio PR 78.12%

Normalized productione (per Incialled KWp): Nominal power 144 kWp Parformance Fatio PR
y 12
T T L AP S S [ "SR S L
&l La : Sywimm Lows jrwerer, ) Oy
otk s et 347 g
Z uf
i £
A 3
= L3
3 £
X i,
¥ H
[
H

Jan Pae Mar Az Mey Am 4 Aug Bap O hew Ome . Paz Me A ey hm dd Aug Bep O hov Dmc

New simulation variant

Balances and main results

GlobHor DiftHor Tamb Globing Gichem EAmay E_Gnd PR
RS KWITE c RWIVITE BT MW Mwh

Jamary 1832 B215 2470 181z 1882 mas 1=7E ors?
Fabruary 1529 130 1549 1445 1762 1710 0TS
Warsh 20 1537 1420 1767 1715 oris
April 1978 129 1145 1433 133 oTes
Wy 17 s L=k 1284 1245 oEn2
June L) 1550 CER] 827 073 1040 oo
duly a1z2 1670 %60 Bg.1 151 1.5 B
Auguet 5418 1740 158 o7 s 1379 13.38 DED3
Sapismber E2E3 1220 133 1051 1328 1288 orsa
Dotober 7968 o7 1378 1281 1593 1582 ore:
Hovembar B8 27 1ETE 1564 1510 1552 oTEE
Dsgamber 50.05 2130 1834 1714 2101 2033 o2
ear TE7.40 maz 15238 15128 18822 1263 orst
Legends:  GiobHor Hortzontal global imadiation Eactive Giobal, com. for 1AM and shadings

DiffHor Horzontal difuse Imadation Efective energy at the oulput of the amay

T Amb Ambient Tempembure Energy injected ino grid

Globing Global Incident In coll. piane Ferformance Ratio
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4

Grid-Connected System: Loss diagram

Project : Building F’s rooftop

Simulation variant : New simulation variant

Main system parameters System fype Building system

Hear Shadings Detailed electrical caleulation  (ace. to module layout)

PV Field Orientation filt  10° azimuth 4°

PV modules Model BYD-320-PEC-36-DG Prnom 320Wp
PY Array Mb. of modules 450 Prom total 144 kWp
Inverter Model SUNSYS P86 Pnom 66.0 kW ac
Inverter pack Nb. of units 2.0 Prnom total 132 kW ac
User's needs Unlimited load (grid)

Loss diagram ower the whole year

F—— 1558 kWhim® Horizontal global iradiation
— +1.3% Global incident in coll. plane

B

0.1% Global incident below threshold
4-0.5% Mear Shadings: imadiance loss
-34% |AM factor on ghobal

-3.0%  Soiling loss factor

1512 KWhint® * 521 m” coll. Effective imadiance on collectors
efficiency at 5TC = 16.19% PV conwversion
2183 MWh Array nominal energy (at STC effic.)

FW loss due to imadiance level

PV loss due to temperature

Shadings: Electrical Loss detailed maodule cale.
Modue quality loss

LID - Light induced degradation

Mismatch loss, modules and strings

Ohmic: wiring loss

1822 MWh Array virtual energy at MPP
-30% Inverter Loss during operation (eficiency)
0.0% Inverter Loss ower nominal inv. power
0.0% Inverter Loss due o max. input current
0.0% Inverter Loss over nominal inv._ voltage
0.0% Inverter Loss due to power threshold
00% Inverter Loss due to voltage threshold
1526 MWh Available Energy at Inwerter Output
S 11— Energy injected into grid
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PVSYST V674 Isadora Pauli Custodio (Brazil) | 201218 | Page 1/4
Grid-Connected System: Simulation parameters

Project : Building F’s north fagade
Geographical Site Floriandpoliz_Atlas2017 Country Brazil
Situation Latitude -27.59° 5 Longitude 48.55%W

Time defined as Legal Time Time zone UT-3 Alfitude  3m

Albedo 020
Meteo data: Floriandpolis_Atlas2017  AflasBrasileirodeEnergiaSolar2017 - Synthetic
Simulation variant : New simulation variant
Simulation date  20M12M18 17h48
Simulation parameters System type  Sheds on a building
Collector Plane Orientation Tilk  90° Azimuth  4°
Models used Transpesition Perez Diffuse Perez, Meteonom
Horizon Free Horizon
MNear Shadings Detailed electrical calculation  (acc. to module layout)
PV Array Characteristics
PV module Si-poly Model BYD-320-P6C-36-DG
Custom parameters definition Manufacturer BYD
Number of P modules Inseries 15 modules In parallel 2 strings
Total number of PV modules Nk modules 30 Unit Mom. Power 320 Wp
Array global power Mominal (STC) 9.60 kWp At operating cond.  8.23 kWp (60°C)
Array operating characteristics (50°C) Umpp 476 Impp 17T A
Total area Module area  59.4 m* Cellarea 52.6m°
Inverter Model FLX Pro 9
Original PVeyst database Manufacturer Danfoss
Characteristics Operating \Voltage 220-800V Unit Mom. Power  9.00 kWac
Inverter pack Mb. ofinverters  2* MPPT 50 % Total Power 5.0 kWac
Pnom ratio  1.07

PV Array loss factors
Amay Soiling Losses Loss Fraction 3.0 %
Thermal Loss factor Uc {const) 20,0 WinK Uv (wind) 0.0 WinK / més
Wiring Ohmic Loss Global amay res. 489 mChm Loss Fraction 1.5 % at STC
LI - Light Induced Degradation Loss Fraction 3.0 %
Module Quality Loss Loss Fracion -0.4%
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Strings Mismatch loss Loss Fraction 0.10 %
Incidence effzct, ASHRAE parametrization laM = 1-bo(lfeosi-1) bo Param. 0.05

User's needs

Unlimited load (grid)

Presyst Budent License for
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PVSYST VE.74 Isadora Pauli Custodio (Brazil) |2[Lf1 2.I'1B| Page 24

Grid-Connected System: Near shading definition

Project : Building F’s north facade

Simulation variant : New simulation variant

Main system parameters System fype  Sheds on a building

HNear Shadings Detailed electrical calculation  (acc. to module layout)

PV Field Orientation filt 90° azimuth  4°

PV modules Model BYD-320-PEC-36-DG Pnom 320 Wp
PV Amray NEb. of modules 30 Prom total 960 kWp
Inverter Model FLXPro9 Pnom 9.00 kW ac
User's needs Unlimited load (grid)

Perspective of the PV-field and surrounding shading scene

Iso-shadings diagram
Bullding0é_Nfacade

2un bt 11
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Simulation variant :

PVSYST VE.T4 Isadora Pauli Custodio (Brazil) | 20M11218 | Page 34
Grid-Connected System: Main results
Project : Building F’s north fagade

Mew simulation variant

Main system parameters System fype Sheds on a building

Mear Shadings Detailed electrical caleulation  (acc. to module layout)

PV Field Orientation tilt 90" azimuth  4°

PY modules Model BYD-320-P6C-36-DG Pnom 320 'Wp

PY Array Mb. of modules 30 Pnom total  9.60 KWp

Inverter Model FLX Pro 9 Pnom S5.00 kW ac

User's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 5.72 MWhiyear Specificprod. 596 kWh/kWpiyear
Perfomance Ratio PR 63.93 %

Momallzed procustione (per inctalisd EWn):

Hominsl powsr 888 BWD Partaormancs Fatie PR

[T

(o,

P S S S S

P M A My an Aug Bep 02 hew Omc B Par M A Map Am e Aug Bap O= e
New simulation variant
Balances and main results
GlobHor | DiffHor T Amb Globlnc GlobEff EArmay E_Grid FR
kWi kWhim* °C KWhim® KiWhim* MWih Mitin
January 1838 8215 518 30 0255 0234 0.473
February 1528 TBT3 633 4121 0353 0333 0.548
March 1460 TEET 888 6520 0557 0.535 0627
April 131 5388 @7 7410 0534 0812 0.680
May 240 404 1082 BEED 0759 0738 0722
June T 3080 934 TBE2 0880 0843 0723
July 843 4302 98E 8108 050 0878 0728
August 4.8 .8 988 TR8D 0,520 0887 0.708
September 1080 8260 703 5240 0451 0430 0.538
Cctober 1352 To.6e 847 4435 0377 0258 0.574
November 166.3 az261 5458 3367 0281 0.2 0.500
December 186.6 90.05 50.8 3052 0254 0233 0.478
Year 1588.5 TET 40 e 701 5078 5724 0.530
Legends: GlobHor Horizontal global iradiation GlobEF Effective Global, com. for IAM and shadings
DiffHor Horizontal difiuse imadiation EAmay Effective energy at the output of the armay
T Amb Ambient Temperature E_Grid Energy injected into grid
Globlne Gilobal incident in coll. plans PR Performance Ratio
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PVSYST V6.74 Isadora Pauli Custodio (Brazil) | 201218 | Page 4/4

Grid-Connected System: Loss diagram

Project : Building F’s north fagade
Simulation variant : New simulation variant
Main system parameters System fype  Sheds on a building
Hear Shadings Detailed electrical caleulation  (ace. to module layout)
PV Field Orientation filt 90° azimuth 4°
PV modules Model BYD-320-PEC-36-DG Prnom 320Wp
PY Array Nb. of modules 30 Prom total  9.60 kWp
Inverter Model FLXPro3 Pnom 9.00 kW ac
User's needs Unlimited load (grid)
Loss diagram ower the whole year
i 1555 kiWhim® _ Horizontal global irmadiation
-40.1@dobal incident in coll. plane
{ 0.2% Global incident befow threshold
N TR Mear Shadings: imadiance boss
t‘i*a £3% 1AM factor on giobal
-3.0% Soiling loss factor
TO2 KWhim® * 58 m® cpll. Effective imradiance on collectors
efficiency at STC = 16.19% PV conversion

Array nominal energy {at STC effic.)

PV loss due fo imadiance level

PV loss due to temperature

Shadings: Electrical Loss detailed module cale.
Modue quality loss

LID - Light induced degradation
Mismatch loss, modules and strings
Ohmic: wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss ower nominal inv. power
Inverter Loss due to max. input current
Inverter Loss over nominal inv. voltage
Inverter Loss due to power threshold
Inverter Loss due to woltage threshold
Might consumption

Available Energy at Inwerter Output

Energy injected into grid
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ATTACHMENT 1 — Adopted PV module’s datasheet: BYD Series

P6D-36 4BB, 320 Wp.

Série BYD P6D-36 4BB

A virada de jogo: BYD 430

4 -\da Utf de 32 40 anos.
3 - Degradagdo anual minima de 0,3%
0 - Uwe de PID e microfissuras

2 Gerag3o dos modulos BYD Double Glass

Malor rentabliidacs

- Degradag3o anual minima de 0.3%
- Malor retomo de Investimento

- Facll Instatagdo

- Malor tensdo maxima na “String”

- Baixo custo para o sisema

Malor durabllidade
- Dasign exciusivo de vidro duplo que
elimina as microfissuras no matenal
- Ale 40 anos de vida 03l

Malor eficiéncia
- Sem parda de UV
- Maior poisncia ot

T Malor confiabliidads
@ - Livre g2 FID & microfssuras

- Sem uso d2 EVA

Eficiéncia celular média de 18.3% Tolerdncia positiva (+5W) Garantia do produto: 12 anos
Excelents desempenho optico Confiabilidade na poténcia de saida Garantia inear: 30 anos
Sistemas residenciais Teste de peso TUV 5400Pa

Sistemas comerciais On/Off-grid Teste de resistencia mecanica CSA 5400 Pa

Usinas solares

ﬁ IEC 61215 (Ed. 2015), IEC 81730, UL1703
15020012008, 1SO14001:2004

Potéecis garantida

Garantia linear dos médulos BYD P6D-36 488

Anstze dus couses

Processo de produgido

BYD Energy do Brasil
A BYD Energy do Brasd, inaugurada na cidade de Campinas em fevereiro de 2017,
traz 3o mercado brasileiro a (iltima tecnologia em matéria de modulos fotovoltaicos:
o painel Double Glass. A fabrica & mais um passo da empresa chinesa em diregio
30s seus 3 Sonhos Verdes: gerac3o de energia renovavel, armazenamento de
energia e mobilidade elétrica. Junto com 3 unidade de chassis de onibus elétricos,
a BYD concretizou mais de RS 600 milhdes em nvestimentos no Brasd.

BYD ENERGY DO BRASIL LTDA

Av. Antonio Buscato, 230, 2° sndar,
Terminal Intermodal de Cargaz, Campinas - SP.
CEP 12083118

Tek +55 13 3594-2650

Email: vendas @oyd.com

w7y comDr
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Série BYD P6D-36 4BB Build Your Dreams

icha tecnica

Silicio polcristaling
Céua 155 mm x 155 mm
D\ N® 02 caiulas T2 (6 x 12) unidades
It — — ﬁ Dimensdes do maduio 1951 mm x 585 mm x 29 mm
My it & :
[ | Peso 325K
fl | Vigro temperado de 3,2 mm com revestimentn
J | | LR aniHreflexo
e | EI Cala ge jungio ZH-O11E-5, TS03-13, TS03-138
Caonactor P67
l | Diodos Bypass 3 unidades
Tipo de conexdo PV-FHI02, TL-CABLED1S, TS01
Area de s2¢d0 do cabo 4 mm*
2 x 400 mm

T de Cperagio Nomal (NOCT) 43°C + 20C
de dacc 0,066%,/°C
de daCA -0,30%/°C

Coeficients de femperatura do pico de patencia -0,37%/°C

Corteiner 40 HC

Niogulos | Palets 31

Palite | Contelner 22

Mitdulos | Conteiner 6E2

————_ Mbdulo BYD BYD EYD BYD BYD BYD BYD
ftem T 30PED-36 315PED-36 320PE0-36 IESPED-36 IAFED-36 II5PED-36 J40PED-36
Tensdo de circuto abero (VOC) 457V 26,09V 4639V 4559V 4638V 47,28V 4758V
Tensdo no pico de pobancia (Vmax) 3638V 3658V IETEV 36,98V 3TN I3V 315
Comente de curto-aroulto (isc) B55A 3,074 9,154 9,234 5314 5,334 9474
Coments no pico de poténcia (Imax) 8524 3514 704 5754 B.8EA BATA 9,054
Potencia maxima (Pmx) 30w 315 Wp 320 Wp 325 Wp 330 Wp 335 Wp 340 Wp
Efciencia do modulo 16.0% 16.3% 16.5% 16.5% 17.0% 17.3% 17.6%
Te peragh -40T-35T
Limite da comesnte Iversa 154
Tensdo maxima do sistema 1D0OVDCHSIOVDC
Tolerancia da poencla 0-5W
Classe de apicagio A
S —— Pr=n

T Méduo BW BYD BYD BYD BYD EYD BYD
Item T——__ 310PED36 31SPED-36 320PE0-36 32SPED-35 330PED-36 335PE0-36 MOPED-35
Tensdo de circuito aberto (VOC) 428 e a3V 435V 438V 441V 4w
Tensdo no pico de pobSncla (VMax)  3s 4y MV 3a9v 354V 3B 356V 38,7V
Cormente de curto-aroulto (isc) 7284 7,348 TADA TATA 7548 TEOA T.5TA
Coreniz no pico de potencia (Imax)  §74a 504 6.B6A 6334 5,09 T.O8A 7044
Potencia masma [P 231.8Wp 235,3Wp 230,3Wp 283,20 247, 1Wp 251.1Wp 2545Wp
: : Y ——

Vearaie 112007



