Progress of Alternative Refrigerants in
Transport Refrigeration Sector
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Selecting Refrigerants For The Future & 3
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Primary Issues With Low GWP Transition
i B BIARGWPH) £ £ 5 &
o Safety w4 M
- Many flammable refrigerant will likely be used
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- The total refrigerant lifecycle needs to be evaluated by product
and application to understand impacts.
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 Efficiency sz &
- Must be able to meet or exceed todays performance
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- Must be able to perform at high ambient conditions
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Primary Issues With Low GWP Transition
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« Cost & A&
- Cost of safety, equipment and refrigerant
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- IP barriers
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e Technical Transition # K445
- Cost and time to change technology
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- Changes should be as “future-proof” as possible
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Technical Issues with Low GWP
Refrigerant Selection
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Refrigerant selection is a complex process that involves the balancing of safety,
environmental, efficiency, reliability and economic impacts
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Alternatives in Transport

Refrigeration
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Transport Air Conditioning 4

(Bus, Truck & RailB.&, T %47 %)
Current Offering#L % /* &

Mostly R-134a, some R-407C for .
expanded capacity .

VAR134a”) £, 34 K% % : R407C
* Non Flammable 7T #
* Very high GWP to high GWP’s
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« Safetyis a priority %4 % — .
« Large capacity AC units,7-12+ tons
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Refrigerant blends %4 %% 7l

Non flammable, moderate GWP
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R-134a — non flammable solutions GWP
~600 near term available
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R-407C— non flammable solutions GWP
~1000 under development
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Lower GWP (~ <150 GWP) R-134a and
(~<675 GWP) R-407C options available
longer term but 2L flammable.
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Transport Refrigeration i&#r i %%
(Both low/moderate temp refrigeration ¥ &K% % %)

Current Offering3L A = &

R-404A & R-410A (low temp 1&:%),
R-134a (fresh #7% FB)

Non Flammable 7~ #4

Very high GWP (R-404A) and high GWP
(R-134a) & & F= 5 GWP

Safe to use EFRZZE

Transport refrigeration is a very
challenging application (high ambient and
low temp, with design space constraints)
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Refrigerant blends #4147

R-404A and R-134a: Non flammable
options near term developing with greatly
reduced, but still higher GWP (<2000)
R-404A and R-134a: 7~ 7T A AX s 48 27 7T
KA, 126GWPHS 2K 1R = (<2000)

R-404A Lower GWP (~<675) options:
available longer term but 2L flammable.
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Use of flammable refrigerants may pose
safety risk in cargo boxes, but lower
flammability options clearly possible
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Cryo Tech
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Cry oTech Systems COz2
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No cumulative global warming effect
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Second use of cryogen
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Minimal greenhouse gases created during liguefaction of R-744
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C0, COLLECTED CO, REFINEMENT INDUSTRIES
FROM WASTE
GASES AEROSOLS, MEDICAL, MANUFACTURING,
CHEMICALS, HOSPITALITY,
HORTICULTURE,
WATER TREATMENT, PAPER AND PULP,
DRY CLEANING AND

REFRIGERATION

The total carbon footprint for the use of a CryoTech system is 75% less than a conventional diesel system and 68% less

than a nitrogen cryogenic system.
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CryoTech Systems CO2:z #4114 £ 4

Some Learning's ...... 25 ¥

Highly rely on Gas Supply Availability
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Not economically viable in high ambient operation
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- Diesel cost vs. CO2 consumption/cost
Noise legislation is driving interest (PIEK)
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Significant impact of Applications + loading practices on consumption
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- Door openings + Curtains 137 %+1%
- Lanes vs. Compartments #8445 %

- Product pre-cooling 14
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