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Why? What’s in it for me?

Change is the only constant.
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1. A brief history
2. Where are we headed?

3. Decision









Ozone Depletion Potential
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Global Warming Potential
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“GLOBAL
WARMING ISN'T
REAL BECAUSE |
WAS COLD
TODAY! ALSO
GREAT NEWS:
WORLD
HUNGER IS

T OVER BECAUSE
v\ | JUST ATE.”

.\* BABK I" “Y‘ DAY. - STEPHEN COLBERT
WE.CALLED IT SUMMER!

GLOBAL WARMING?
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A Global Outiook
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Canada puts HFC phase-down plan in force

AMERICA POLICY

By Charlotte McLaughlin, May 07, 2018, 08:39 GMT-5 - 2 minute re

In line with Kigali, HFC imports will be reduced, and caps will be placed on GWPs in specific
end uses.

Product GWP of refrigerantin | Date
product

Stand-alone 1,400 Jan. 1, 2020

medium-temperature

refrigeration system

Stand-alone 1,500 Jan. 1, 2020

low-temperature

refrigeration system

Centralized 2,200 Jan. 1, 2020

refrigeration system

Condensing unit 2,200 Jan. 1, 2020

Mobile refrigeration 2,200 Jan. 1, 2025
system

Motor vehicle 150 Jan, 1, 2021 model
air-conditioning year of vehicles
(MVAC)

Domestic refrigeration | 150 Jan, 1, 2025




Chiller Total
Cost of
Ownership

Capital Cost, Refrigerant, 0.05%

Service, 5.00% 4.95% \ o

Electricity, 90.00%



Total Equivalent Warming Impact

0.

Electricity Production g

Refrigerant Leakage

DIRECT IMPACT INDIRECT IMPACT
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R-123 Timeline

Fact: R-123 is being phased out

Sept. 16, 1987 g4 January 1, 2020 January 1, 2030 g4 2030 & beyond

Montreal Protocol No more R-123 No more R-123 100% phaseout
new chillers production
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ODP 0.02
GWP 76
COP 3.95

Atm. Lifetime 1.3 years



ODP 0.02 0

GWP 76 1324

COP 8.95 8.47
Atm. Lifetime 1.3 years 14 years
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R-134a Timeline

Sept. 26, 2016 g4 January 1, 2024 2024 & beyond August 8, 2017

EPA SNAP No more R-134a R-134a BUT WAIT!
new chillers production will
continue
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INNOVATIVE CHEMISTRY

SIGNIFICANT » NEW * ALTERNATIVES - POLICY




R-134a Timeline
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. NoODP

. Low GWP

. Life cycle - Low TEWI
. Application specific

. Availability and Cost




The Future HFOs

Efficiency W 2%




The Future HFOs

HFC Replacement

ODP
GWP
COP
Flammability

Atmospheric Lifetime

HFO Alternatives

R-134a R-513a R-1234yf R-1234ze
O O O O
1324 513 1 1
3.47 8.28 8.17 8.45

None (1)  None (1) | Slight (2L) Slight (2L)&
14 years 5.9 years 11 days 18 days
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Another ARemative... WATER
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R-123 HFOs
R-134a

Water




Think |
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