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INTEGRAL

- “"INitiative to bring the 2nd generation of
ThermoElectric Generators
into industrial ReALity”

CODPERATION, INNOURTION, COMPETITIVENESS

H2020 PILOTS _1_ 2016: Pilot lines for manufacturing of materials with customised thermal/elecctrical conductivity properties
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CONTEXT AND CONCEPT

* MARKET CONTEXT

Actual TE
Small size
o MARKET
§ E % Thermal Management Applications Energy harvesting Applications
=1 A Cost & HSE issues

Thermal limitations
Performances variability

Low cost,
Mass market

& HSE compatible
High T applications

Future TE
Medium-Large scale
MARKET
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GEN2 THERMOELECTRIC MATERIALS

COOPERATION, INNDURTION, COMPETITIJENESS
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Bi,Te, (Chalcogenides)

—
100 -

% - Regarding material cost Half-Heusler and Silicides
80 - TE Materials represent the best candidates for
2 mass production for future TE market

60 -

2 50 SKutterudites GEN2 INTEGRAL (automotive and Factory of the future) => GEN2
40 1 Oxides Materials i |
o > » . Meteriels R TE materials !
20 - | Half-Heusler I Processes applied to other
| | » _Silicides | materials for applications
10 : ‘-_’ | outside thermoelectrics
0
| S — 7 R

Material performances Earth-abundant materials Manufacturing SANGES  Thermoelectric materials
processes ready for mass markets

INTEGRAL is placed as the
logical continuity of the
previous cooperative projects
funded by Europe to increase
TE material production

maturity on existing pilot lines

INTEGRAL

2000 2005 2010 2015 2020
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What is a half-heusler Material?

 Dr. Fr. Heusler found the material class of Heusler-
Compounds in 1903 at Isabellenhutte

« Related with Heusler-Comp. are the Half-Heusler-Comp.

o@ [ L] L] [
=g+ Half-Heusler-Comp. are semi conducting intermetallic
=S  phases
=1
(% * The chemical composition of Heusler-Comp. is XYZ
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INTEGRAL CONCEPT

COOPERRTION, INNDURTION, COMPETITIJENESS

Lab-scale validation

Pilot lines

Mass markets

Available R&D on
GEN2 TE materials

- I\

3 existing pilot lines for GEN2 TE
materials with customized thermal

& electrical conductivities /

Transport,
process

industries y

4

State of the art
(2016)

Technology Readiness Level

INTEGRAL
(2017-2019)

7

Beyond INTEGRAL

(from 2020)

The aim of the INTEGRAL project is to upscale the GEN2 TE material technology using existing pilot lines, in order to
address mass markets (transport, process industries), and produce advanced functional materials with customized

electrical and thermal conductivities
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CODPERATION, INNOURTION, COMPETITIVENESS

MAIN OBJECTIVES

* Develop customized multifunctional GEN2 TE materials

« Upscale the GEN2 TE materials fabrication processes
on existing pilot lines, from TRL 4 to TRL7

* Develop in-line real-time characterization and process
control

« Demonstrate performance stability and efficiency
improvement of the functionalized GEN2 TE materials

« Perform a technology transfer on the upgraded pilot lines

* Prepare the commercial deployment of new generation of
advanced multifunctional materials with customized
electrical and thermal properties
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CONSORTIUM

 The INTEGRAL consortium is composed of 12
complementary partners from 8 European
countries with well-balanced with relevant
expertise

3 Major GEN2 TE material providers
4 Industrial end-users with defined markets

3 RTOs focused on TE materials customization
and characterization

1 TE powder provider
1 SME in innovation management
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MATERIAL Valeo /rmn [IRR
PROJ ECT STRU CTU RE FOR DEMONSTRATION % %

AND VALIDATION

 INTEGRAL covers the whole value MATERIAL S . mg
chain of thermoelectrics, from raw raeTovEITY € '&"c::s :,
materlals to thermoeleCtrIC generators Customlzatl:r:ofelectrlcaland In Ilne‘;::;;‘;l:ne
) |nteg rated by the end_users MATERIAL AND ghermalconductlvity characterization toolsets
8 .E e
sl ach material is dedicated to one wo % Fraunhoer
E g % _a.ppllmtlon qi?:ﬁaspe) TEwafers TEribbons
=& Automotive (VALEO-HBOB), h
'f Trucks (RICARDO-ISAB) G0
Q;?I Heavy industry (ELKEM- RGS) —
* Material customization, FABRICATION

functionalisation, off-line and in-line
characterization are transversal to the
materials/application : same strategies
and common tool sets

Raw materials
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EXPECTED IMPACT

» Upscale GEN 2 TE materials on existing pilot lines for massive
Froductlon and mass market exploitation — material with customized
hermal and electrical properties dedicated to targeted markets (transport,
process industries).

* Production processes and process control will be imgroved lowering
the loss and waste of materials at pilot lines of RGS, ISAB and HBOB -

==y Rise up the production capability of companies in Europe and meet the
8 p%tenttl_al r)narket needs in aimed mass markets (transport, process
> Industries).

Q—.:)} « Cost reduction, environmental and safety legislations - GEN2 TE
materials are based on abundant, eco-friendly and low-cost elements

» Target applications outside of the field of thermoelec_:tricit){ -
Permanent magnets, high-voltage insulators, photovoltaic, batteries,
spintronic, magneto calorie => Industrial workshops will held during the
project to determine new potential markets
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EXPECTED GENERAL IMPACT AT EU LEVEL

* Improving Innovation Capacities and Integration of new Knowledge

» Transport : limit the use of alternators and dedicated ancillary diesel generators or auxiliary sets =>
Expected Fuel consumption reduction 3%

» Process industry: TE is a reliable solution for Industrial process harvest wasted heat to improve

<1 energy and process efficiency
SR .
U=z « Autonomous sensors and loT: power sources for autonomous sensors and connected devices
=I=F (internet of things), for (metallurgy, process industry, power generation industry). TEG technology will
= ‘é‘é replace batteries and allow long lifetime wireless device networks.
& »‘} - Environmental and Social Impacts
0) » Address new mass market using green GEN2 TE material

* Applications contribute to reduce CO, emissions (Energy harvesting and improve process efficiency)

« Regulations and Standards Framework Conditions

» INTEGRAL will create a sustainable and green chain of TE material and process compliant with the
market, compliant with REACH and RoHS

» LCA of all processes and HSE study to ensure the correct working conditions of their employees
* INTEGRAL will significantly contribute to establish standards in the TE industry
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For more information:
Marina Urbina:

Dr. Jean-Yves Escabasse (
INTEGRAL Coordinator
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