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Photovoltaics: new technology?
The first Si PV solar cell has 
already turned 69 years old!

https://www.youtube.com/watch?v=QJKzq0EcC5w

The first solar PV cell was
6% efficient in 1954

1954: First Solar Cell
2000: First  1 GWp of cumulative production
2023:  300 GWp annual production 
         > 1200 GWp of cumulative production

Solar cells are made of Si
Si is the second most abundant element on 
Earth (> 25% of Earth’s surface)

Solar is about the same age as nuclear:
The Atomic Energy Commission authorized the construction 
of Experimental Breeder Reactor I at a site in Idaho. The 
reactor generated the first electricity from nuclear energy 
on December 20, 1951. Enrico Fermi led a group of scientists 
in initiating the first self-sustaining nuclear chain reaction.

https://www.youtube.com/watch?v=QJKzq0EcC5w


D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Silicon p-n- Junction Photocell for Converting
Solar Radiation into Electrical Power. Journal of Applied Physics, vol. 25, p. 676-677.

Vanguard I – First solar-powered satellite, March 17, 1958



D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Silicon p-n- Junction Photocell for Converting
Solar Radiation into Electrical Power. Journal of Applied Physics, vol. 25, p. 676-677.

How reliable is this technology?



FV: 1350 km² = 270 GWp

> 70% of electricity supply in Brazil

Itaipu:  Flooded area 1350 km² = 14 GWp 

< 15% of electricity supply in Brazil

It is much larger than that of hydropower

Annual electricity consumption in Brazil˜ 570 TWh

Florianópolis area = 424 km2

What is the PV potential?



Floating PV

Hydropower installed capacity in Brazil: ~ 110 GW
Flooded area of all hydropower plants in Brazil combined:   40.000 km2

How much PV can we fit in this area: 8.000 GWp (8 TWp) !!!  (World  1.3 TWp)

http://techxplore.com/news/2015-04-japan-solar-power-hyogo-prefecture.html

THE TRENDS IN PHOTOVOLTAICS



PHOTOVOLTAICS EVERYWHERE



PHOTOVOLTAICS EVERYWHERE

Nature vol 603, 24Mar2022, Spotlight: China’s net-zero ambitions,



Simultaneous use of the land for 
agriculture and solar PV generation

PHOTOVOLTAICS EVERYWHERE

Agri PV



https://ieeexplore.ieee.org/document/8836526

SOLAR PV IS THE FASTEST ENERGY
GENERATION TECHNOLOGY WORLDWIDE

Utility-scale PV only (does not include rooftop solar)
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SOLAR PV IS THE FASTEST ENERGY
GENERATION TECHNOLOGY WORLDWIDE

Utility-scale PV only (does not include rooftop solar)



https://ieeexplore.ieee.org/document/8836526

SOLAR PV IS THE FASTEST ENERGY
GENERATION TECHNOLOGY WORLDWIDE



https://en.wikipedia.org/wiki/Cost_of_electricity_by_source

            

    

    

    

                         
    

  

        
             

            

       

             

    

          

           

    
            

COST REDUCTION IS KEY

https://en.wikipedia.org/wiki/Cost_of_electricity_by_source


PHOTOVOLTAICS IN BRAZIL
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PHOTOVOLTAICS IN BRAZIL



UNIVERSIDADE FEDERAL DE SANTA CATARINA – UFSC

40,000 STUDENTS 3,000 ACADEMIC STAFF

Aerial view of the Universidade Federal de Santa Catarina – Florianópolis Main Campus. 
Photo by Jair Quint/Agecom/UFSC



INSTALLED THE FIRST GRID-CONNECTED PV SYSTEM

IN BRAZIL – SEPTEMBER 1997



R&D GRANT FROM MINISTRY OF SCIENCE & TECHNOLOGY FOR 
BUILDING NEW SOLAR ENERGY LAB

Moved to new Fotovoltaica/UFSC
Solar Energy Research Laboratory in 2015

25 km North of UFSC main campus

Daily routine of staff and students includes 
commuting back and forth between Main Campus 
and Solar Energy Research Laboratory



FURTHER R&D GRANT FROM MINISTRY OF SCIENCE & 
TECHNOLOGY FOR DESIGNING AND BUILDING E-BUS



OUR ELECTRIC BUS HAS ALREADY TRAVELLED 120 
THOUSAND KM 100% ON SOLAR ELECTRICITY



MOBILIDADE 
ELÉTRICA

&
ARMAZENAMENTO 

DE ENERGIA



▪ Which can be fully supplied by solar PV

▪ 160 kWh/1000 km (6.25 km/kWh) 
= 1.6 kWp/EV  = 1000 km/month
in São Paulo
= 15 m² carport = monthly energy needs

▪ Smart discharging / smart charging: 
vehicle-to-grid (V2G)

Electric vehicles bring new electricity demands



53.900 km

A Flexfuel car running on sugarcane ethanol will drive over 53 thousand

km per hectare of sugarcane !!!

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



53.900 km

3.000.000 km

Flexfuel

Ethanol drive

Compact car

Electric vehicle

Driving on solar PV

produced electricity

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



6.000.000 km

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



9.000.000 km

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



12.000.000 km

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



14.000.000 km

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



Assumes a PV annual energy yiield of 1500kWh/kWp/year, 1,5 MWp/ha and EV using 6,25km/kWh 14.062.500 km

The solar PV-powered EV went

350 times around the globe!

The Flexfuel car driving on ethanol drove ~ 

1.5 times around the world

1 hectare of sugarcane ethanol yield/year

x

1 hectare of solar PV electricity yield/year



Electromobility

Second life use in stationary applications

LI-ION SECOND LIFE BATTERIES

Discard ??



LI-ION SECOND LIFE BATTERIES

25 kWh Nissan Leaf Li-ion battery pack being repurposed for second life, stationary applications at the UFSC Solar Energy Research
Laboratory



25 kWh Nissan Leaf Li-ion battery pack being repurposed for second life, stationary applications at the UFSC Solar Energy Research
Laboratory

LI-ION SECOND LIFE BATTERIES



Second-life Li-ion batteries, recycled from electric vehicles, being repurposed for stationary applicatons 
at the UFSC Solar Energy Research Laboratory

LI-ION SECOND LIFE BATTERIES



Notícias UFSC

LI-ION SECOND LIFE BATTERIES



FOTOVOLTAICA-UFSC

SOLAR ENERGY RESEARCH LABORATORY
UNIVERSIDADE FEDERAL DE SANTA CATARINA



FOTOVOLTAICA-UFSC
BIFACIAL PILOT PV PLANT

Ground Albedo 
Characterization

Energy Yield Bifacial c-Si
Different Soil Types

CdTe

38

I N D U S T R Y  PA R T N E R S



FOTOVOLTAICA/UFSC EXPANSION

AgriPV 
Power Plant

Green Hydrogen 
Laboratory



FOTOVOLTAICA-UFSC
AGRIPV PILOT PV PLANT

40

AgriPV 
Power Plant



H2: ANY COLOUR YOU LIKE

*  Reforma de vapor/Reforma autotérmica

E: energia; 
RE: energia renovável
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GREEN HYDROGEN: HOW EXPENSIVE?

• O       ê    já         “    ”      í                                  çã  energointensiva

•           çã                   çã           ó     + q    õ     b       ,                  

• H     ê                                      ó        á                             ó    

Rumo à eletrificação de vários setores do consumo de energia

O H2 somente vai ser utilizado quando a necessidade energética 

não puder ser atendida com eletricidade



GREEN H2: HOW MUCH WILL IT COST?

• Energia solar e eólica abundante e de baixo custo
• Mercado de energia: ambiente organizado e competitivo
• Logística de transporte para Europa 



GREEN H2: HOW MUCH WILL IT COST?



*Números baseados na eficiência do eletrolisador de 69% (LHV), taxa de desconto de 8% e durabilidade da bateria de 95.000 horas.

Se o FLH for alto, o custo de capital  
do eletrolisador não importa tanto
Se o FLH for alto, o custo de capital  
do eletrolisador não importa tanto

Fonte: IEA, The Future of Hydrogen –              ‘               ,    9,  . 7/   .  .

Os custos relativos à eletricidade 
importam sempre e muito 
Os custos relativos à eletricidade 
importam sempre e muito 

CUSTO DE PRODUÇÃO DO H2 VERDE

IMPACTO DO CAPEX, FULL LOAD HOURS E 
CUSTO DA ENERGIA ELÉTRICA

Uso da “constrained off”  de solar e eólica é questionável!



Fonte: Agora Energiewende, Making renewable hydrogen cost-competitive, 2021, p.12/fig.2.

CUSTOS DE PRODUÇÃO DO H2 VERDE EM FUNÇÃO DAS HORAS DE OPERAÇÃO 

CUSTO DE PRODUÇÃO DO H2 VERDE

IMPACTO DO CAPEX, FULL LOAD HOURS E 
CUSTO DA ENERGIA ELÉTRICA
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NEW BUILDING TO HOST ENERGY STORAGE LABORATORY 

(LI-ION BATTERIES AND GREEN H2)



NEW BUILDING TO HOST ENERGY STORAGE LABORATORY

 (LI-ION BATTERIES AND GREEN H2)



FOTOVOLTAICA-UFSC
GREEN H2 LABORATORY

50



FOTOVOLTAICA-UFSC
GREEN H2 LABORATORY

51



PV CAMPER
PHOTOVOLTAIC COLLABORATIVE TO ADVANCE MULTI-CLIMATE AND ENERGY PERFORMANCE

52

    

          

11 Founding Members with 16 test sites worldwide

Mission: 

To create a global technical 

platform that enables 

pioneering photovoltaic 

research, validates the 

performance of emerging 

technologies in specific 

climates and helps accelerate 

the world’s transition to a 

solar-intensive economy

Expected sponsoring  
R&D partner



PV CAMPER
PHOTOVOLTAIC COLLABORATIVE TO ADVANCE MULTI-CLIMATE AND ENERGY PERFORMANCE

53

New Mexico, USA Loughborough, UK Florianópolis, Brazil

Nevada, USA Köthen, Germany Kjeller, Norway



• Tauá – CE: 40 MWp
• Rancharia – SP: 23,52 MWp
• Condado – PB: 29,4 MWp
• Assu V – RN: 36,7 MWp
• João Dourado – BA: 375,6 MWp
• Carnaúbas – RN: 64,85 MWp

•Várzea de Palma – MG: 64,36 MWp

•Paranaíba – MS: 83,14 MWp

•Bom Jesus da Lapa – BA: 290 MWp

•Nova Olinda – RN: 150 MWp

•Serra do Mel – RN: 1297 MWp

•Rovema – SISOL: 33,9MWp / 81MWh

• Assu V – RN: 36,7  MWp
• Coremas I - PB: 31,12 MWp
• Coremas II – PB: 31,12 MWp
• Angico e Malta – PB: 63,12 MWp
• Assuruá – BA: 37,51 MWp

• Verde Vale  - BA: 16,99MWp
• Apodi – CE: 162 MWp
• Anta – MG: 3,5 MWp

• UFV Campos – RJ: 510 kWp

• ANEEL – BSB: 500 kWp:

• UFV Marabá  - PB: 6 MWp

CAPABILITY STATEMENT

54

PV power plant
commissioning, field
performance 
evaluation

389 MWp

PV power plant
monitoring
Contractual energy
output, performance 
assessment

710 MWp

• Assu V – RN: 36,7 MWp

• Coremas I - PB: 31,12 MWp

• Coremas II – PB: 31,12 MWp

• Bom Jesus da Lapa – BA: 290 MWp

• Nova Olinda – RN: 150 MWp

• Angico e Malta – PB: 63,12 MWp

• Fazenda Esmeralda – PE: 34,64 MWp

• Assuruá – BA: 37,51 MWp

•Verde Vale – BA: 16,99 MWp

•Anta – MG: 3,5 MWp

•UFV Campos – RJ: 510kWp

•ANEEL – BSB: 500kWp:

•Canas - SP: 3,17 MWp

•Lapa – BA: 1,24 MWp

•Presidente Alves – SP: 3,9MWp

•Marabá  - PB: 6 MWp

PV project output 
certification, PV 
power plant due
diligence

2488 MWp

81MWh



CAPABILITY STATEMENT – PV PROJECT CLIENTS
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CAPABILITY STATEMENT – DISTRIBUTED GENERATION AND 
SOLAR RESOURCE ASSESSMENT COOPERATION WITH INPE

Available at www.fotovoltaica.ufsc.br Available at http://labren.ccst.inpe.br/atlas_2017.html 

http://www.fotovoltaica.ufsc.br
http://sonda.ccst.inpe.br/publicacoes/atlas_solar.html


CAPABILITY STATEMENT – INTERNATIONAL COOPERATION 
(PVCAMPER)

57



CAPABILITY STATEMENT – CUTTING EDGE APPLIED R&D ON 
UTILITY-SCALE PV POWER PLANTS
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CAPABILITY STATEMENT – CUTTING EDGE APPLIED R&D ON 
UTILITY-SCALE PV POWER PLANTS
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CAPABILITY STATEMENT – CUTTING EDGE APPLIED R&D ON 
UTILITY-SCALE PV POWER PLANTS
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Oral paper presented at the 47th IEEE Photovoltaic Specialists Conference PVSC 47, 2020 
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Abstract— This paper presents a methodology and 
preliminary results from a global study of solar over-irradiance 
events, which happen more often than previously believed and 
can harm utility-scale PV operations by interfering with a site’s 
power electronics. Data from five test sites in Florianópolis and 
Brotas de Macaúbas in Brazil, Bernburg in Germany, 
Albuquerque, in the USA and Loughborough, in the United 
Kingdom are presented and analyzed. 

Keywords— Over-irradiance; Irradiance enhancement; Solar 
irradiation; PV system performance. 

I. INTRODUCTION  

Over-irradiance, defined as a magnification of irradiance 
reaching the earth’s surface, occurs all over the world and has 
been reported in the literature for many decades ([1] and 
references therein), but more as a scientific curiosity than as 
an issue of economic or technical importance for photovoltaic 
(PV) systems. A recent study, however, [1] showed that over-
irradiance events impact the performance of utility-scale PV 
power plants, especially when the events last longer than 1 
min and occur when ambient temperatures exceed 30°C. 
Under those conditions, a sudden burst of over-irradiance can 
blow string fuses and overload inverters, leading to energy 
losses. In other words, it is the extended high magnitude 
events that are most concerning to plant operations. 

Yet the occurrence of over-irradiance events and their 
effects on PV power plants are not well quantified, largely 
because over-irradiance is so brief in duration (generally less 
than 5 seconds per episode) and therefore requires high-
frequency (~1 s) irradiance data to be detected. In addition, the 
impact of over-irradiance on a PV system’s power electronics 
depends on location and climate, which in turn determine the 
fuse operating temperature, and on the PV system overall 
design employed. 

   

This study, aims to identify solar over-irradiance events, 
their prevalence and duration at PV CAMPER’s 
(“PhotoVoltaic Collaborative to Advance Multiclimate 
Energy Research”) [2] member sites and evaluate their impact 
on utility-scale PV performance across different 
sites/climates. The purpose of this paper is to present the 
methodology implemented in the study and its preliminary 
results for five different locations: Florianópolis and Brotas de 
Macaúbas in Brazil, Bernburg in Germany, Albuquerque in 
the USA, and Loughborough in the United Kingdom. 

II. BACKGROUND 

Worldwide measurements to further PV research in 
multiple areas, including over-irradiance, that affect the 
performance of power plants, are badly needed.  To address 
that need and to ensure that data generated globally is similar 
in quality, multiple research organizations decided to form 
PV CAMPER. This collaborative represents a global research 
platform with common infrastructure and protocols to address 
persistent PV performance challenges (uncertainty drivers, 
degradation rates, soiling losses, component failures), increase 
the accuracy of performance models, and to generate a set of 
best practices for data monitoring and collection [2][3]. To 
that end, PV CAMPER membership requires participating 
institutions to have well-maintained field sites with 
comparable meteorological and irradiance instrumentation 
and to commit to a common set of data-quality standards. 
PV CAMPER’s 12 founding members collectively represent 
a total of 15 field sites spread across the world’s main climatic 
zones (see Fig. 1 and [2]). To support the work being 
undertaken and benefit the PV industry, PV CAMPER has 
established a global data repository for meteorological and 
performance data that is accessible to its members [4].



CAPABILITY STATEMENT – CUTTING EDGE APPLIED R&D ON 
UTILITY-SCALE PV POWER PLANTS
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CAPABILITY STATEMENT – CUTTING EDGE APPLIED R&D ON 
UTILITY-SCALE PV POWER PLANTS
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CAPABILITY STATEMENT – FUNDAMENTAL R&D ON PV SOLAR 
CELL MATERIALS AND SPECTRAL EFFECTS
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OFF-GRID HYBRID PROJECTS: FORTRESS SANTO 
ANTÔNIO DE RATONES

65

PV+ Lead-Acid battery replacing diesel 
generator

PV: 4,7 kWp
Lead-Acid Battery: 32x150 Ah

2000



OFF-GRID HYBRID PROJECTS: ARARAS VILAGE 
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Hybrid PV+Diesel
PV: 20,5 kWp

2001



OFF-GRID HYBRID PROJECTS: XAPURI PILOT PROJECT 
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Development of sustainable models of rural 
electrification with renewable energy 

(103 Sytems)

The pilot project Xapuri-AC was a project 

promoted by Eletrobras in the scope of the 

technical cooperation "Renewable Energies for 

Rural Electrification" with GIZ (GTZ at the time). 

The project had as action lines: the development 

of sustainable models of rural electrification with 

renewable energy; the elaboration of proposals for 

public policies and regulations for the use of 

renewable energy; and the training of the 

executing agents to expand and disseminate the 

use of renewable energy in their concession 

areas.

2001



OFF-GRID HYBRID PROJECTS: SOLAR PV APPLIED TO 
TRANSPORTATION AND PRODUCTIVE ACTIVITIES IN THE 

AMAZON

68

Electrical engine: 2x9,5HP
PV: 4,4 kWp

Battery: 46x66 Ah

Passenger capacity: 20

2015



OFF-GRID HYBRID PROJECTS: FIRST LIFE (100KWH) AND 
SECOND LIFE BATTERY (100KWH)

 

69

2022
PCS

100 kW

First Life
136 kWh

Rack 1
68 kWh

Rack 2
68 kWh

Second Life 
105 kWh

Rack 3
52,5 kWh

105 modules

Rack 4
52,5 kWh

105 modules



OFF-GRID HYBRID PROJECTS SUNNY ISLAND + B-BOX
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2022



OFF-GRID HYBRID PROJECTS: MAIS LUZ PARA A 
AMAZÔNIA (MORE LIGHT TO THE AMAZON)
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2022

PV: 1,1kWp

3 types of storage

• Lead-Acid
• Lithium
• Lithium second-life



OFF-GRID HYBRID PROJECTS: CONSULTING FOR 
IDENTIFICATION OF TECHNICAL AND ECONOMIC 

MODELS OF RENEWABLE INTEGRATION IN ISOLATED 
SYSTEMS
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20210,22 MW 0,44 MW 0,66 MW 0,88 MW 1,32 MW 1,76 MW 2,2 MW 4,4 MW 8,8 MW 13,2 MW 17,6 MW 22 MW 44 MW

0,9 MWh 2% 3% 5% 6% 9% 13% 16% 28% 37% 40% 42% 43% 45%

1,8 MWh 2% 3% 5% 6% 9% 13% 16% 29% 38% 41% 43% 44% 46%

3,6 MWh 2% 3% 5% 6% 9% 13% 16% 30% 40% 43% 45% 46% 48%

7,2 MWh 2% 3% 5% 6% 9% 13% 16% 31% 43% 47% 49% 49% 52%

10,8 MWh 2% 3% 5% 6% 9% 13% 16% 31% 46% 50% 52% 53% 55%

14,4 MWh 2% 3% 5% 6% 9% 13% 16% 31% 49% 54% 56% 57% 59%

18 MWh 2% 3% 5% 6% 10% 13% 16% 31% 51% 57% 60% 61% 63%

21,6 MWh 2% 3% 5% 6% 10% 13% 16% 31% 53% 60% 63% 64% 67%

43,2 MWh 2% 3% 5% 6% 10% 13% 16% 31% 59% 76% 82% 85% 89%

64,8 MWh 2% 3% 5% 6% 10% 13% 16% 31% 60% 83% 93% 96% 99%

86,4 MWh 2% 3% 5% 6% 10% 13% 16% 31% 60% 86% 95% 98% 100%

108 MWh 2% 3% 5% 6% 10% 13% 16% 31% 60% 87% 96% 99% 100%

129,6 MWh 2% 3% 5% 6% 10% 13% 16% 31% 60% 88% 97% 99% 100%

151,2 MWh 2% 3% 5% 7% 10% 13% 16% 31% 60% 88% 98% 99% 100%

172,8 MWh 2% 4% 5% 7% 10% 13% 16% 31% 60% 89% 99% 100% 100%

194,4 MWh 2% 4% 5% 7% 10% 13% 16% 31% 60% 89% 99% 100% 100%

216 MWh 2% 4% 5% 7% 10% 13% 16% 31% 60% 89% 99% 100% 100%

237,6 MWh 2% 4% 5% 7% 10% 13% 16% 31% 60% 89% 100% 100% 100%

259,2 MWh 2% 4% 5% 7% 10% 13% 16% 32% 60% 89% 100% 100% 100%

Nível de Penetração de Potência de energia renovável intermitente
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Feasibility Analysis for the Amazon 
Decarbonization

PV + Battery + Diesel



COST REDUCTION IS KEY
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