Magnetic Cooling and Net Zero

Camfridge

Neil Wilson, CEO and co-founder Camfridge

Camfridge began as spin-out from the University of Cambridge.
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EXTREME Mission to develop and sell sustainable magnetic cooling systems.
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Camfridge

Cooling
equipment is now but the basic
a $400 billion per technology hasn’t .
vear industry, changed in over a Cooling devours

e)fp.ensiveo and needs to
electricity (50% of avoid 250Gt of

California’s)

century.

CO,e emissions by
2050 for net zero.

Sustainable cooling innovation is a huge opportunity to
transform an industry, and build a billion £ company.



Challenges of compressor-based cooling technology Camfridge

Refrigerants

They leak (driving maintenance, lowering efficiency)
* HFO: Degrade into “forever” chemicals (likely to be banned)
* HFC: High-GWP (being phased out)

* Hydrocarbon: Flammable (useable in small quantities)
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b1 Efficiency Refrigerant leakage reduces efficiency with use

., Evaporator Condenser
* Operating temperatures are not optimal

e ——— * Evaporator and condenser not ideal for exchanging heat

Compressor

* Efficiency optimisation has peaked

Circularity « Hard to disassemble compressor
* Refrigerants and lubricant oil need to be removed

* Oil Contamination of cooling circuit hampers recycling



o111 1ig[¢[:[5] Delivering Cooling Innovation

Our modular magnetic
cooling technology is a
completely new way to cool.

Solid zero-GWP refrigerants, that don’t leak.

Low-cost iron-based refrigerant alloy
(NOT gadolinium!)

gt Energy Efficient, uses less electricity.

O Compact cooling system, circularly recyclable.

Low pressure water transports
heat and cold



Sustainable cooling for Net Zero

Recyclable/Recycled Designed for
Plastic Heat exchangers circular recyclability.
No oil contamination Easy maintenance

enables easy recycling (by design)

Longer lifetime; our Natural heat transport
magnets are permanent fluid (water)

No critical raw Low carbon initial
materials production

Camfridge

energy
saving

£
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Camfridge

Our most recently developed compact appliance

Which one is magnetic ? A uniquely compact solution !

\——————

Easy Integration

Our solution does not require appliance redesigns or retooling of appliance
production lines, removing a key barrier to adoption of our technology.



Benefits for users Camfridge

wre (s (I 1kW Cooler
Mogsn, 107 [ For new technologies, retailers look for
S |G, (| a 3-year pay-back-period (PBP).

Direct Benefits of Camfridge Technology This makes a great opportunity to sell

Efficiency ~25-30% more efficient higher margin sustainable appliances.

Longevity X2
Reduced maintenance

f Saved £540 pa *
CO, avoided >230kg pa *

Users save money and cut carbon by using appliances based on Camfridge technology.




Why magnetic cooling ?

The driving magnetic field can be made with standard mass-
produced permanent magnets (no input energy), unlike other
caloric cooling technologies.

The AMR cooling cycle does not require large adiabatic
temperature changes to be efficient.

Cyclic work recovery is easy to implement (unlike with other
caloric cooling technologies)

There is a “built-in” low-pressure, natural exchange
fluid to transport “heat” and “cold”.

Camfridge

Energy Efficiency
Low Cost

Energy Efficiency

Energy Efficiency

Ease of integration



Camfridge Approach: Low-cost alloys

Camfridge

Our solution is based around Iron alloys, not Gadolinium.
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15t Generation — Good AT, small AS, critical material
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Every other developer of magnetic cooling uses Gadolinium in their cooling
systems. This critical raw material is uneconomic.



Camfridge Approach: High-quality micro-channel regenerators

Layered

Camfridge

Extruded layers

Binder jetting

3D Laser
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The size of the magnetocaloric has been
halved through these processing methods



Camfridge Approach: Proving Longevity Camfridge

This apparatus enables thermal stable cycling
under two operating modes:

* Adiabatic (field only) up to 12Hz

* Full cycle (field and thermal) in
operandi, up to 3Hz.

After cycling, impact on mechanical strength
can be assessed with 3 or 4-point bend test.

Dr. Ed. Lovell, Camfridge
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Camfridge Approach: Maximizing Power Density Camfridge

Comparison of part strength with
different processing methods

Te 15.6 °C as-received A .
5 samples for each set _:“,r’ This test apparatus

. ' 4 enables optimisation of
processing routes to
maximise plate strength
o | B (or ensure the use of
Route 1 thinnest possible parts).

3-point
bend test

Load (N)

4-point
bend test

0 0.05 0.1 0.15 0.2
Displacement (mm)

Burdett, Camfridge.

Guiliani, Imperial College

Conceptual Drawing Apparatus Typical results

By optimising the refrigerant processing route, Camfridge can achieve uniquely small length scales

(i.e. thinnest materials maximizing heat exchange rate and delivering highest-power density) while
ensuring mechanical strength.



Camfridge Approach: Maximizing Longevity

Comparison of Corrosion Inhibitors
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Camfridge

Comparison of electro-
potential measurements
against a range of
developed inhibitors.

This result translates to >12
years of longevity with the
best inhibitor.

With the correct inhibitor
corrosion is not an issue.

Camfridge avoids the need to coat materials, simplifying processing and reducing costs



Camfridge

Thank-you for listening.

Neil Wilson ' As seen on “The Secret
CEO and co-founder Camfridge Genius of Modern Life” with

nwilson@camfridge.com Hannah Fry, The Fridge




