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The today CAR ... technology at low cost
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FIAT BRAVO 1.9 FIAT BRAVO 1.6
Diesel 100bhp Diesel 105bhp D)
1999 2009

Fuel cons. combined cycle (1/100km) 6.3 4.5 - 28.5%
CO, emission (g/km) 167 119 -28.7%

CO emission (g/km) 0.407 0.248 - 39%
Particulate emission (g/km) 0.069 0.002 -97%
Weight 1155 1320 + 14 %
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Transport sector is responsible for Major source of pollution and
almost 70% of oil consumption in greenhouse gas emissions in urban

OECD countries
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Only 30% of the chemical energy
of the fuel is converted into
mechanical power , 70% is lost
as waste heat

Even lower is the conversion
efficiency from chemical to
electrical energy: 19%
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IMPROVE
PERFORMANCES OF LOOK AT FUTURE

EXISTING ICE ZERO EMISSION
VEHICLES MOBILITY

THERMOELECTRICS and PHOTOVOLTAICS both go in these directions

NANOTECHNOLOGY can represent a breakthrough for these technologies
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Direct thermal-to-electrical energy conversion (and vice versa)

Seebeck effect (thermal to electrical)  was discovered in 1821 by Sir Thomas Seebeck
by applying temperature gradients to various couples of materials

Dv=a Dr

Different kinetic energy of the charge carriers at the opposite sides of the couple: charge
carriers flux (electric current) that follows the heat flux

Peltier effect (heat pump) discovered in 1834 by J.C.A. Peltier is the opposite effect: an
electric current through a couple of different materials generates a temperature difference
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Cooling
fluid

Exhaust \

gases

» 30-40% of fuel energy is available as heat in the exhausted gases @ T » 350C (diesel)
or T » 800T (gasoline)
» TE conversion efficiency of 10% and TEG power of 1-1.5 kW, is enough to guarantee:
fuel consumption reduction (300 I/yr)
CO, emission reduction (5-8%)
fuel consumption reduction @ European level (millions tons/yr)
alternator size reduction
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TE applications: refrigeration on-board RICERCHE

Delocalized cooling

No need for pipelines, just electric wires
Absence of moving parts and noise

Absence of cooling fluids (solid state devices)
Easy integration

Optimized thermal management

This document contains information which is in proprietary to CRF. Neither this document 9

EURONANOFORUMZ2009 - Prague nor the information contained herein shall be used, duplicated nor communicated by any
means to any third part, in whole or in party, except with the prior written consent CRF




. . CENTRO
Nanotechnologies for Thermoelectrics e RICERCHE

'|; -

ot “cold

A T

o

EURONANOFORUMZ2009 - Prague

asT a: Seeb§ck coefﬁme.nF
T = s : electrical conductivity
kel + Kk oh  Ke el thermal cond.
Kon: Ph. thermal cond.

Materials engineering and nano-structuring to:
increase a
increase S
decrease K

Nanotechnology permits to uncouple parameters

For more than 35 years ZT has not overcome 1
(conversion efficiency 5+8%, COP 1-1.5)

Rapid progress of ZT value in the last 10 years
mainly due to materials nanostructuring:
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Short Period/Quantum dot Superlattice

ZT ~2.4 @ 300K R.
Venkatasubramanian, 2001

Layers grown by MBE
(expensive method)

Enhanced ZT in PbSe,Te,_ ,/PbTe Quantum Dot
Superlattices - Harman et al. J. El. Materials 2005

Charges partially confined in PbSeTe dots
Strong phonon scattering at interfaces

Present gold standard for TE materials: ZT = 1.6
at 300 Kand 3.5at570K

Grown by Molecular Beam Epitaxy
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Bi2Te3/Sb2Te3 Bulk | SPSL
Power Factor &S 50.9 40
(MW/cmK 2) '

Thermal Conductivity

(W/mK) 1.26 0.5
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Complex calcogenides: LAST and LASTT Bulk materials which incorporate superlattice
structures

Pseudo-binary compounds of AgSbTe, and PbTe
!

# $ !

Thermal treatment to induce spinodal
decomposition segregation of two composites in
separated nanometric layers

Drastic reduction in thermal conductivity
ZT =2.2 @ 750K

Nanocomposites

Nanopowder of thermoelectric materials
synthesized by chemical or mechanical methods

Pressing or sintering in bulk samples

Good thermoelectric properties (1<ZT<2) at low
cost
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Electrical consumption of 3, 4 kW
Expected to grow rapidly in the next years

Possibility for the reduction of electrical wires on
board

Possibility for consumptions and emissions reduction

Flexible and thin solar cells offer new opportunities
for the integration of PV in the transportation sector
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Micro and Nanotechnologies for Il generation PV RICERCHE

Dye-Sensitized PV amorphous-Si PV CIS/CIGS PV

Electrodei
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Solid-state

Nanostructured p-type conductor
n-type conductor
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Intermediate band solar cells Multiple Exciton Generation (MEG)

Up/down conversion solar cells
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An example: PHYLLA a RicERcHe
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Integrated Solar Si and TF solar panels

Batteries

And Supercaps Light weight composites

Fuel based Range TE heating and cooling
extenders

Lightweight and flexible
lighting systems
Electrical motors

Power electronics
All other sensors

Green low rolling and electronics

resistance tyres
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