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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 
9ŀǊǘƘ όҔ нр҈ ƻŦ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜύ

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 ς 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.

Howreliable 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 Brazilɀ 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 TRENDSIN PHOTOVOLTAICS



PHOTOVOLTAICSEVERYWHERE



PHOTOVOLTAICSEVERYWHERE

bŀǘǳǊŜ Ǿƻƭ слоΣ нпaŀǊнлннΣ {ǇƻǘƭƛƎƘǘΥ /ƘƛƴŀΩǎ ƴŜǘ-zero ambitions,



Simultaneous use of the land for 
agriculture and solar PV generation

PHOTOVOLTAICSEVERYWHERE

AgriPV



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

SOLAR PVISTHEFASTESTENERGY
GENERATION TECHNOLOGYWORLDWIDE

Utility-scale PV only (does not include rooftop solar)
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SOLAR PVISTHEFASTESTENERGY
GENERATION TECHNOLOGYWORLDWIDE



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

https://en.wikipedia.org/wiki/Cost_of_electricity_by_source
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UNIVERSIDADE FEDERAL DE SANTA CATARINAςUFSC

40,000 STUDENTS3,000 ACADEMICSTAFF

Aerial view of theUniversidade Federal de Santa CatarinaςFlorianópolis Main Campus. 
Photo by Jair Quint/Agecom/UFSC



INSTALLED THE FIRST GRID-CONNECTED PV SYSTEM

IN BRAZIL ςSEPTEMBER 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



OURELECTRICBUS HASALREADYTRAVELLED120 
THOUSAND KM 100% ONSOLAR ELECTRICITY



MOBILIDADE 
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ÁWhichcanbe fully suppliedby solar PV

Á160 kWh/1000 km (6.25 km/kWh) 
= 1.6 kWp/EV  = 1000 km/month
in São Paulo
= 15 m² carport= monthlyenergyneeds

ÁSmart 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
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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 usein stationaryapplications

LI-ION SECOND LIFE BATTERIES

Discard??



LI-ION SECOND LIFE BATTERIES

25 kWh Nissan LeafLi-ion batterypack beingrepurposedfor secondlife, stationaryapplicationsat the UFSC Solar Energy Research
Laboratory


