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@‘A’{ Scale of Energy Systems

e The energy system is one of the largest infrastructure systems

 How will technology and societal views interact to shape it?

Gallon of gas Yearly Hoover Dam Total coal reserves Yearly Solar Energy
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7% transportation energy transition

* Transportation — major infrastructure transition given impetus
by environmental issues

Ty

7 A S _.: ap o _,'-‘ o
18247tHg TIMesOf fLestimatest thaglly 1950 every

-t g o 5 - <) .]I X il ¥ \ I w ';- . ., l:"lﬂl iy "":-.
. - Stifeet Inlthe CIty Waor ISOLgec 1 f1e roetagep 1N horse

FS3 ARZONASTATE  Nanoscience Webinar October 21, 2016

UNIVERSITY



% terawatt challenge

* Inthe two decades (famous paper 1995) since the TW challenge
paper, renewables have reached multiple milestones
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o Solar PV Installations Over Time
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% state of photovoltaic industry

Fraction of total
electricity from PV

Evolution of Installed PV
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=% state of photovoltaic industry

e Two dominant technologies; silicon and thin film
e Silicon ~ 90% of industry; thin film is CdTe and CIGS
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7% Pbhotovoltaic efficiency

® mono-5i, Cz n-type (144 cm?2 Cell)
mono-5i, FZ n-type (Module)

multi-Si, Block (243 cm? Cell)

Crystalline Silicon

multi-Si, Block (Module)
C(G)S (1 cm2 Cell) 21.0

CG)S (Module)

17.5
= CdTe/CdS (1 cm? Cell) _ 210
| | 13.6

hin film

m CdTe (Module)
70
a-Si, triple (1 cm? Cell)
65

e 10.9 Limit for
a-Si, triple (Module) . ‘ 620 632 |50% Efficiency|
One Sun

Efficiency n[%] 0 5 10 15 20
55

50

Efficiency (%)

45

Solar Spectrum is AM1.5 G

8

ES3] (20N STATE  Nanoscience Webinar October 21, 2016

UNIVERSITY



'QESST

photovoltaic at asu

Percentage of electricity offset (%)

PV capacity (MW)

e ASU -50% of peak electricity supplied by PV; 20% of total

electricity

Percentage of electricity demand offset (%)
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R but what about....

e Energy payback time

PV Energy Payback
— Less than 1 year to 2 years by Technology
depending amount of sun at a
location
 Land use

— Nuclear/Solar land use area ~ 1.8
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% but what about.....

* Duck curves - grid integration and stability

— Impacts the grid v —
only under
conditions where
utilities are
required to buy ‘.
solar electricity. . = 2— oo{i\w

— Places economic
pressure on
photovoltaics and
need for
advanced O S
technologies
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{’A‘ what to we need in photovoltaics
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7% Moore’s Law for photovoltaics

: : MOORE'S
e Rapid semiconductor development o

tied to “Moore’s Law"” - cost and '
performance related to a
technologically controlled parameter

enabled new experiences th
all aspects of our lives.
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e Solar cellsincrease efficiency as
thickness is decreased
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Q‘A‘ silicon single junction — path to 50%

e (an exceed efficiency limit using optical approaches

» Very few photovoltaic systems “see” sunlight for 180 acceptance
angle due to angle dependence of reflection, buildings, etc.

e Rejecting the horizon band allows smaller acceptance angle
without power loss over the year
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{‘f‘\" photonic control for solar cells

* New approaches for light trapping
for thin solar cells
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Q‘A’{ nanostructures in photovoltaics

e Control over electronic structure

* Quantum dots enable multi-color operation of photovoltaics
« Dramatically changes material properties

Conduction Band

Intermediate band
ormed by quantum dots
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three Fermi-levels
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@‘A’{ advanced approaches

* Nanostructures enable control over electrons, photons and
heat transfer

Photo-thermionic device
/I

Electrons
at elevated

temperature

—Hot carrier solar cell

_ \Limit for Intermediate band &
2> Mulitple exciton generation

Efficiency (eV)
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Heat Engine at 300 K
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Q‘A’{ thermodynamics & solar energy

Thermodynamics tells us we are
nowhere near the efficiency potential,
for ANY of the technologies
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@‘A’{ thermodynamics & technology

“we wanted flying cars and we got 140 characters”
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{’A‘ what can we do with the energy?

— Several TW installed capacity can extract and convert CO,
in atmosphere.

% of California’s water needs by
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{‘f‘\" future of photovoltaics

e Thermodynamics tells us
nearly anything is possible.

* The best options depend
on imagination and
involving society in
shaping the future

e The moonshot showed the
world that science can
change what society
believes is possible
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Thank you.

Christiana Honsberg, Director

QESST Engineering Research Center
Arizona State University, P.O. Box 875706,
Tempe, AZ 85287-5706

Engineering Research Center Building Suite 187
Christiana.Honsberg@asu.edu
(480) 965-8625
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Brought to you by the Nanotechnology Applications and Career Knowledge (NACK) Network

RAIN

Remotely Accessible Instruments
for Nanotechnology

Enabling instructors to engage the next
generation STEM workforce using
instruments of nanotechnology remotely
in real-time.

Schedule an appointment with one of our
national remote access locations.

For more information visit:
www.nano4me.org/remoteaccess
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To access this recording and slides
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Thank You!

Thank you for attending the
NACK Network & NCI-SW webinar

Please take a moment to complete our
survey
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