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676 LETTERS TO THE EDITOR

F16, 1, End view of 0.50 caliber cylindrical steel projectile after it has
passed through a 0.005-in. lead tnrgec at 45 deg striking angle. The actual
diameter of zhw cylinder is 0.428 i

Figure 1 is a photograph of the end of a 0.50 caliber cylindrical
steel projectile after it has penetrated a 0.005-in. lead target
aligned at a 45 deg striking angle. Figure 2 is a photomicrograph
of a cross section of a cylinder that shows the wave structure of
the ridges. Although the mechanism responsible for production
of these waves is somewhat obscure, the critical angle 2¢ is
believed to be the same critical angle discussed by the Los Alamos
group! in a paper that deals with metal plates accelerated together
by high explosive charges. The Los Alamos group has discussed
the asymmetric collision of dissimilar solids, but has not yet re-
ported any experimental data. The specimens shown in Figs. 1 and
2 correspond to the asymmetric case.

The experiment was modified to obtain symmetric collision.
Steel projectiles with conical noses specified by the half-angle
/2~ were fired into steel targets aligned at the striking angle 6.
Plastic deformation occurs along one of the elements of the cone
provided that 20>>2¢. Negligible plastic deformation occurs if
20<Zw The critical angle 2¢ determined by this experiment is in

with the predicted* value for iron, Two
preliminary determinations indicate the value 2¢=7.7 deg for a
projectile velocity of 0.87 mm/usec. This velocity corresponds to
the plate velocity v,=0.43 mm/usec of Fig. 15 in reference 1.

The experiment discussed is believed to be equivalent to that
of the Los Alamos group. No theoretical or experimental difficulty
is expected if the technique is extended to higher velocities and
to solids other than steel. The experiment is expected to be of
value in checking and determining equation of state data of
solids in the megabar pressure regime. As a basis for comparison,
the compressibility of pure iron has been measured up to a maxi-

F16. 2. Photomicrograph of a cross section of a projectile which shows
the wave structure formed by 45 deg impact on a 0.010-in. lead target. The
average distance from crest to crest is 0.033 in.

mum pressure of only 0.03 megabar.? The pressure produced
at the critical angle 2¢ by the symmetric collision of steel is
0.47 megabar, a value calculated from the published! equation of
state of iron.

 Walsh, Shreffler, aud Wilig, J. Appl. Phys, 24, 349 (1953).
* P, W. Bridgman, Revs. Modarn Bhas 1 (19:

A New Silicon p-n Junction Photocell for Converting
Solar Radiation into Electrical Power
D. M. Cuariy, C. S, FuLier, axp G. L. PEARSON

Bell Telephone Laboratories, Inc., Murray Hill, New Jersey
(Received January 11, 1954)

L VHE direct conversion of solar radiation into electrical poggft

AXNhy means of a photocell appears more promising asgef€sult
of recent™mgrk on slhcon pn junctions. Becausge®¢ radiant
energy is used witiUWuing 0Ticat, the theoretical
efficiency is high.

Photons of 1.02 electron volts (\=1.2 microns) are able to
produce electron-hole pairs in silicon. In the presence of a p-n
barrier, these electron-hole pairs are separated and made to do
work in an external circuit. All of the light of wavelength shorter
than 1.2 microns is potentially useful for generating electron-hole
pairs but the efficiency of energy conversion decreases for short
wavelengths because the energy above the necessary 1.02 electron
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16, 1. Normalized spectral energy distribution. (A) Silicon photocell
cqai-enerey response. () Sofar energy at earth's surface. (C) Curve 4
times Curve

volts is wasted. Allowing for this loss and assuming a working
voltage of 0.5 volt, which is near the maximum measured, a
computation over the entire solar spectrum indicates a limiting
efficiency of approximately 22 percent for a cell of negligible
internal losses and for utilization of all possible electron-hole
pairs.

Several practical factors lower this figure. The untreated
silicon surface reflects about half of the incident radiation. Some
of this can be saved by proper surface treatment. The second
serious loss is recombination of electron-hole pairs before they
reach the p-n barrier. Penetration of radiation over most of the
useful spectrum is extremely shallow so that it becomes necessary
to place the p-n junction as near to the surface as possible except
for the third serious loss. This is the I*R loss caused by resistance
in the surface layer and by contact resistance. Extremely small
cells minimize the resistance loss and give useful data. For cells of
several square centimeters, special geometry of contacts will
minimize resistance losses.

Present work on silicon p-» photocells uses a thin layer of
p-type silicon formed over an #-type base. The surface layer is
Iess than 0.0001 inch thick. Figure 1 shows the spectral response
for one such cell. Curve 4 is the measured power output for equal
intensities of weak radiation as a function of wavelength. Maxi-

The first Si PV solar cell has
already turned 69 years old!

The first solar PV cell was
6% efficient in 1954

Solar cells are made of Si
Si is the second most abundant element on
9FNIK o0H wp: 2F 91

First Solar Cell
2000: First IGWpof cumulative production
2023: 300GWpannual production

> 1200GWpof cumulative production

1954:

Solar is about the same age as nuclear:

NI K Q

The Atomic Energy Commission authorized the construction

of Experimental Breeder Reactor | at a site in Idaho. The
reactor generated the first electricity from nuclear energy

on December 20, 195Enrico Fermi led a group of scientists

in initiating the first seksustaining nuclear chain reaction.

https://www.youtube.com/watch?v=0QJKzg0EcC5w
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https://www.youtube.com/watch?v=QJKzq0EcC5w

D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Siliceduymction Photocell for Converting
Solar Radiation into Electrical Power. Journal of Applied Physics, vol. 25, p6676
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Vanguard Ik First solarpowered satellite, March 17, 1958



How reliableis this technology?

D.M. Chapin, C.S. Fuller & G.L. Pearson, 1954. A New Silioedymction Pho ele!:
Solar Radiation into Electrical Power. Journal of Applied Phy5|cs 2
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- .... What is the PV potential?

It is much larger than that of hydropower

Italpu: Flooded area

> 10% of electricity suplylnBraz
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http:// techxplore.corVnews/ZO1504]apansoIar—power—hyogc—prefectua‘?mI

Hydropower installed capacity in Brazil: ~ 110 GW
Flooded area of all hydropower plants in Brazil combined0.000 kn? n
How much PV can we fit in this are8:000GWp(8 TWp) !!! (World 1.3TWp) Fotovoltaicaufsc



PHOTOVOLTAIEYERYWHERE
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A hybrid wind and solar power station near Zhangjakou in Hebei province, northwestern China. Credit:

Chen Xiaodong/VCG via Getty 1
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- - PHOTOVOLTAIEYERYWHERE

Simultaneous use of the land for
agriculture and solar PV generation
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Utity-scale PV only (does not include rooftop solar

@ Net additions in 2016
O Net additions in 2017
B Net additions in 2018
® Net additions in 2019
B Net additions in 2020

Net additions in 2021
® Net additions in 2022
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https:// ieeexplore.ieee.orfglocument/8836526

4
: & UNIVERSIDADE FEDE
% DE SANTA CATARIN.

200

180

=
[1]
o

=
Y
o

120
100
80
60

40

Annual global net new deployment (GW pa)

2

o

SOLARPVISTHE

ASTESHNERGY

GENERATIONECHNOLOGWNORLDWIDE

Utity-scale PV only (does not include rooftop solar

@ Net additions in 2016
O Net additions in 2017
B Net additions in 2018
® Net additions in 2019
| Net additions in 2020

Net additions in 2021
® Net additions in 2022

|' "|||'I|I|lIIIIhII Bl _ w e 0 .
qﬁ $\¢b e »

O O

o
G‘ﬁ

(,JCI

fotovoltaicauf sc



SOLARPVISTHE

ASTESHNERGY

GENERATIONECHNOLOGWNORLDWIDE

Coal+gas+hydro+nuclear

Coal

6
Global installed solar PV capacity (Terawatts)
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Evolucao da Fonte Solar
Fotovoltaica no Brasil
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PHOTOVOLTAIO$BRAZIL
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Evolucao da Fonte Solar
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- - - PHOTOVOLTAIOSBRAZIL

Estamos no TOP 10 mundial!

Isso mesmo: pela 1? vez na historia,
o Brasil aparece entre os 10 paises que mais
geram energia solar fotovoltaica!

1° B China 392 GW

2° ™= Estados Unidos 111 GW
3° @ Japdo 788 GW
4° ™® Alemanha 66,5 GW

5° - India 62,8 GW

6° B Austrdlia 26,7 GW
7° B B télia - 25 GW

8° BRASIL 24 GW
9° = Holanda 22,5GW
10° i@} Coréia do Sul 20,9 GW

FONTE: AGEMNCLA INTERRACIOMAL DE ENERGLA RENOVAVEL [IREMAJ 2021,

sale, unaveRsIoADE FeDERA 1
3(“1‘ DE SANTA CATARINA |
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UNIVERSIDADE FEDERAL DE SBATARINA UFSC
40,000STUDENTS3,000ACADEMIGTAFF

Aerial view of thdJniversidade Federal de Santa CataKridoriandpolis Main Campus.
Photo by Jair Quin&gecomUFSC FO"'OVOH'CIECQUFSC
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INSTALLED THE FIRST @RINNECTED PV SYST
IN BRAZI, SEPTEMBER 199

EDIFICIOS SOLARES
FOTOVOLTAICOS

Ricardo Rither
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O Potencial da Geraclo Solar Fotovoltaica Imu&ﬂm;
Ulﬁnﬂi[nﬂﬂlﬁrh & Rede Elétrica Publica no Brasil
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- - R&D GRANT FROM MINISTRY OF SCIENCE & TECHNOLC
BUILDING NEW SOLAR ENERGY

Ingleses do

- Ingleses
SL_403 Rio Vermelho

Moved to newFotovoltaicdUFSC
£ Solar Energy Research Laboratory in 2015
i
g 25 km North of UFSC main campus
W alicho 3

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

Cacupe 0

Pargue Florestal
do Rio Vermelho

ACOruo)

Florianopolis
Lagoa da I I
Conceigao
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FURTHER R&D GRANT FROM MINISTRY OF SCI
- - TECHNOLOGY FOR DESIGNING AND BUILE

de Santa Catarlna

Universidad_eFederal

| ,*-4- T "‘""'\
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OURELECTREUSHASALREADYRAVELLEI20
THOUSAND KM 10090 SOLAREELECTRICITY
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A Whichcanbe fully suppliedby solar PV

A 160 kWh/1000 km (6.25 km/kWh)

= 1.6kWpP/EV = 1000 knmhonth

in Sao Paulo

= 15 mi carport=monthlyenergyneeds

Electric vehicles bring new electricity demands

A Smart discharging / smart charging:
vehicleto-grid (V2G)

fotovoltaicaufsc



1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

B 53.900km

A Flexfuel car running on sugarcane ethanol will drive over 53 thousand
km per hectare of sugarcane !!!

=  UNIVERSIDADE FEDERAL III
3 DE SANTA CATARINA FO‘I'OVOU'QiCOUFSC
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1 hectare of sugarcane ethanol yield /year

X

1 hectare of solar PV electricity vyield /year

Flexfuel
Ethanol drive

Compact car

Electric vehicle

Driving on solar PV

produced electricity

3.000.000 km
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1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

6.000.000 km
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1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

9.000.000 km
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1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

12.000.000 km
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1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

14.000.000 km
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1 hectare of sugarcane ethanol yield /year
X
1 hectare of solar PV electricity vyield /year

The Flexfuel car driving on ethanol drove ~
1.5 times around the world

The solar PV -powered EV went

350 times around the globe'!

14.062.500km

‘== UNIVERSIDADE FEDERAL
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LI-ION SECONDUFEBATTERIES
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LI-ION SECONLFEBATTERIES

25 kWh NissaheaflLrion battery packbeingrepurposedor secondlife, stationaryapplicationsat the UFSC Solar Energgsearch
Laboratory



