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Global Fuel Reserves

Qil Reserves
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Demografia 2000 — 2050

v'Do 2050 populacja ludzi wzrosnie o 47%

v'Wzrost liczby ludnosci w najblizszych 50 latach bedzie
odpowiadat podwojonej liczbie mieszkancéw Chin

v'"Wzrost w krajach mniej rozwinietych wyniesie 58%;
2% w krajach wysoko rozwinietych,

v'99% ogdlnego wzrostu populacji przypadnie na kraje mniej
rozwiniete

A. Majumdar Global Energy — Demand, Supply, Consequences, Opportuniteis.
Lawrence Berkeley National Laboratory






U.S. Refrigerator Energy Use vs. Time

United States Refrigerator Use v. Time
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Lodowki w USA pochtaniajg rocznie tyle energii ile produkuje 25 elektrowni
Odpowiada to 34% krajowego zuzycia energii w USA
15% energii w skali globalnej pozeraja chtodziarki

US Electricity Use of Refrigerators and
Freezers compared to sources of electricity
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A. Majumdar Global Energy — Demand, Supply, Consequences,
Opportunities. Lawrence Berkeley National Laboratory
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CHLODZENIE MAGNETYCZNE!!
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Camfridge

Materials Developers

Camfridge has built an extensive
pan-European netwark of materials
suppliers and researchers. We aim
to ensure that we utilise the best
refrigerants inside our technology.

By becoming a materials partner we
offer a rigorous five step refrigerant
evaluation process, advanced
modeling and optimization of heat

engine designs as well as a firm
route to market for new materials.

Some of our partners

=
Whirlpool

:, UNIVERSITY OF
P CAMBRIDGE

Imperial College
London

Packaged Cooling
Application Manufacturers

Camfridge is working with leading
manufacturers of packaged cooling
applications to embed Camfridge's
gas-free high-efficiency technology
in end-user applications.

By joining our rmanufacturer partner
framework we provide resources
and expertise in advanced cooling
for your application area as well as
privileged access to our intellectual

property.

Contacts

For partnership details please
contact us at;

partnersi@camfridge.com

o | VACUUMSCHMELZE

| SINTEF

Leibniz Institute
for Solid State and
Materials Research
Dresden
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‘Whirlpool

CONTACTS

Communications & Corporate Relations
Whirlpool Europe

Bracken Darrell, president, Whirlpool Europe, said: “Innovation is the lifeblood of Whirpoo
especially when it goes hand-in-hand with sustainability. Whirlpool is proud of being part of this
project as an industrial partner. We are also delighted with the support from the Carbon Trust. We
are still in an exploratory phase, but this technology looks very promising, and we are looking
forward to offering millions of consumers worldwide this major, unprecedented revolution in their

own kitchen_”

WHIRLPOOL TO EXPLORE REVOLUTIONARY MAGNETIC REFRIGERATION CONCEPT
Highly efficient, environmentally friendly with reduced noise and vibration level: this
ground-breaking, new technology might change cool industry forever

Comerio, Varese, October 10th, 2009. Whirlpool Europe is the principal pariner of Camifridge
Ltd. (British Company originally born as a spin-off of Cambridge University) for a project to deliver
a domestic refrigerator based on “magnetic refrigeration” technology. The project that recently
won funding from the UK government's agency the Carbon Trust, aims at validating a
revolutionary technology that might change the way we have thought about refrigeration for the
past 50 years. Magnetic refrigeration can free future refrigerators from heavy, noisy and heat-
producing compressors, offering a high-efficiency, cool and gas-free solution to the industry and
to millions of consumers.

Reduced-scale, laboratory testing conducted so far has proven successful and is looking very
promising. The project is now moving on fo a real-scale level to prove that this technology can
effectively be applied to commercial products in a not-so-distant future. The project officially
started in mid 2009, and is due for completion in 2012, when a prototype will be displayed during
London 2012 Olympic Games.

The scientific principle behind magnetic cooling is based on the discovery that certain materials,
when exposed to a magnetic field, exhibit a temperature change. When the magnetic field is
removed, the materials will cool below their original temperature. Compared with gas refrigeration
based on the use of compressors, this technology is more efficient and makes no use of
environmentally harmful gases.

Bracken Darmrell, president, Whirlpool Europe, said: “Innovation is the ifeblood of Whirlpool,
especially when it goes hand-in-hand with sustainability. Whirlpool is proud of being part of this
project as an industrial pariner. We are also delighted with the support from the Carbon Trust. We
are still in an exploratory phase, but this technology looks very promising, and we are looking
forward to offering milions of consumers worldwide this major, unprecedented revolution in their
own Kitchen.”



Caloric Effects in Ferroic Materials: New Concepts for Cooling

Cooling DFG Priority Programme 1599

A DG FRIDRITY PROGRAMME

Refrigeration is ane aof the main sinks of the German and European electricity consumption and accordingly contributes to warldwide £04 emissions. High

. . reduction potentials are envisaged if caloric effects in solid materials are utilized. The recent discovery of giant entropy changes associated with ferroelastic
Funding Period 1 phase transformations promises higher efficiency. Ferroic transitions enhance the entropy change of magneto-, elasto-, baro- and electro-caloric effects.
Furthermaore, because the refrigerant is in a solid state, the technology completely eliminates the need for high global-warming potential halofluorocarbon
refrigerants. The smaller footprint for operation and the scalable mechanism open up further applications such as cooling of microsysterms. While the principal
Conferences feasibility of magnetocaloric refrigeration is already ewvident, the requiremnent of a large magnetic field (= 2 T) hampers wide industrial and commercial

applications. It is expected that this obstacle can be overcame by materials with lower hysteresis and by using other types of fields (stress, electric).

Project

Organisation

Links

In order to accelerate research on ferroic caoling OFG decided to estahblish the priarity program SPP 1595 in April 2011, This SPP will address the following
major challenges for introducing ferroic materials in practical cooling applications: Understanding of the underlving mechanisms, energy efficiency, effect size,
Contact fatigue, and system integration.

Documents

About This Site Projects proposals are required to cover one of the following “ferroic-caloric” material classes or combinations thereof: ferroelastic, ferromagnetic and
ferroelectric materials. Proposals have to focus on hasic or applied aspects of solid-state coaling processes.

In detail, the research programme of the priarity programme will focus on four key problems related to ferroic cooling:

* VWhich scheme is most efficient for solid state refrigeration?
Giant caloric effects occur only in the vicinity of a first arder transformation. For comparison experiments should focus on the direct adiabatic temperature
change and coaling efficiency.

o Which lengih and lime scales are involved?

Diffusionless transfarmations change the structure at the atamic scale. However, in real materials, the hysteretic transformation process creates complex
microstructures spanning many length scales up to the macroscale. To understand hysteresis losses, collaborations should cover several length scales,
consider coupling effects (thermo-mechanic-magnetic-electric) and, in particular, use suitable in-situ methods.

+ Which are the best materials and microstructures?

Solid state cooling does not anly require a maximized entropy change but also heat capacity and conductivity contribute to the coaling power. Hysteresis
losses and fatigue, which are critical due to the high cycle numbers required for coaling demanstratars, should be addressed. Research should centre on
environmentally friendly materials.

* VWhich are competifive device concenis?
The development of novel solid state cooling demonstrators is essential for the adaption of ferroic-caloric materials. Proposal shaould work out the adwvantage of
the selected setup and caonsider the effart for the entire refrigeration system.

The complexity of ferroic cooling requires a close collaboration of materials scientists, engineers, physicists and mathematicians. The aim of this priority
programme is to bring groups from these disciplines together ta combine their complementary expertise fraom basic research to application. Therefaore joint
proposals or bundles of proposals are encouraged. The number of principal investigators should reflect the complementary scientific expertise needed for the
proposed research. These proposals should aim at a comprehensive assessment of efficiency of solid-state refrigeration, addressing the route from materials
fundamentals to demoanstrators. Proposals addressing methodological aspects relevant for understanding solid-state refrigeration must give detailed plans for
hilateral cooperation with particular partners.

Proposals considering liguid! gaseous or thermoelectric refrigerants ar focussing an actuation/sensor applications alone will not be funded. Also, concepts
which aim on electric power generation will not be considered.

Proposals considening liquidf gaseous or thermoelectric refrigerants or focussing on actuationfsensor applications alone will not be funded. Also, concepts
which aim on electric power generation will not be considered.
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Azotan cerowo magnezowy CeMgs (NO;z) 2 24H;0
Siarczan miedziowo potasowy CuK; (S0y) - 6H,O
Ahin chromowo potasowy KCr(SOy), - 12H,0
Siarczan gadolinu  Gdy(S0Oy); - 8H;0

liquid
helium

v proces ten nie wymaga czesci mechanicznych ani stosowama gazow szkodliwych dla
srodowiska.

v aparatura wykorzystujaca rozmagnesowanie adiabatyczne nie zuzywa sie,

v' jest wydajniejsza o 40% od tradyeyjnych metod 1 energooszezedna (stwarza nadzieje
na oszczednosé energu elektryczne) nawet do okolo 50%)

v" zajmuje takze mniej miejsca od sprezarek
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Magnetic Feds Magnetic Cooling - YouTube.flv

E. Bruck et al. J. Magn. Magn. Mater 310 (2007) 2793-2799.



Efficiency: & ™ 77 7 Environment:

“ i - . -~ 0 ( > 2 i i 4 . . . -
Solid-state: ~G0% Carnot eflicienc Reduces hydrocarbon emission (efficiency)

- - <400 . ' 3 S -
Comp. gas: <40% (for the best ones!) No Gaseous Refrigerants!

ir + ‘el ori : 2
Environment + Power grid... However, need to be careful with solid state

materials too!!
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ldealny materiat:

e [ntrinsic properties
- Huge latent heat
- High susceptibility to external fields (large AM, AV, Au, AD)
- T,, around room temperature (tunable)
e EXxtrinsic properties
— Low hysteresis
- Cycle stability
e Technological issues
~ Cost (Fe-based, FeRh )
— Environmentally friendly (Pb,-As)
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Materiaty:

1Gd.Ge,Si,

dLa(Fe,Si) 3
dMnAs

Stopy Heuslera




Stopy Heuslera”

(Stopy z pamiecia ksztattu
dintermetaliki
(dMagnetoopornos¢
(JExchange bias

JEfekt magnatokaloryczny

" Heusler, Verh. Dtsch. Phys. Ges. 5, 219 (1903)



Full-Heusler Alloys: X,MnY (L.2,structure)
Halt-Heusler Alloys: XMnY  (Cl1, structure)

X = Transition metals Y = Group IIIA, IVA, and VA elements
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X,YZ
NiMnX (X = Al, Ga, Sn, Sb, In)

Ausetnit L2,
Martenzyt 10M, 14M, L1,,...

H. Luo, G. Liu, F. Meng et al. Physica B 405 (2010) 3092-3095.
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Electronic Crystal Micro- Device
structure structure structure structure

S. Fahler IFW Dresden Ferroic Cooling a DFG Priority Programme



S. Fahler IFW Dresden Ferroic Cooling a DFG Priority Programme

Summing up entrony changes of lattice, spin...
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Elastocaloric
effect

Magnetocaloric
effect

Barocaloric
effect

Multicaloric
effects

Electrocaloric

effect Toroidalcaloric

effect?

S. Fahler IFW Dresden Ferroic Cooling a DFG Priority Programme
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Intensity (Arb. Units)
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S. Stadler et al. Magnetocaloric Effects in Mn Based Heusler Alloys.
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J. D. Santos et al. J. Appl. Phys. 103 07B326 (2008)
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J. Buh The Magnetocaloric Effect and Magnetocaloric Materials Univerza v Lubljani 2010.
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Modern society relies
on the possibility to
cool below ambient.

Ll. Manosa, ICOMAT 2011

—— Interdyscyplinarne studia doktoranckie z zakresu inzynierii materialowej z wykladowym jezykiem angielskim e———
Instytut Metalurgii i Inzynierii Materialowej im. A. Krupkowskiego Polskiej Akademii Nauk
UL Reymonta 25, 30-059 Krakéw, tel. +48 (12) 637 42 00, fax: +48 (12) 637 21 92
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