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What Is Lower-GWP Refrigeration and Air-Gonditioning Innovation Award?
The award promotes innovative design, research and practice by recognizing people

who have developed or implemented innovative technological concepts applied in
developing countries to minimize global warming potential (GWP) through

and air-conditioning

To be eligible, work must have taken place in a developing country. Developing

countries are as listed in Article 5, Paragraph 1 of the Montreal Protocol fund.
Who Are the Awarding Organizations? E
Award recipients will be recognized by ASHRAE and UN Environment.

How Often Is the Award Issued/Awarded?

Annually 2019 1 8

Source: https://www.ashrae.org/technical-resources/lower-gwp-refrigeration-air-conditioning-innovation-award

The Future of Cooling
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Trane first with 1233zd chiller

FRANCE: A new non-
flammable, low GWP
efrigerant HFO1233zd(E) is
pbeing used for the first time in
b new Trane chiller.

The Series E CenTraVac water-
fooled centrifugal chiller is one
bf five new chillers launched by
Trane and is the first chiller in
he world to use the new HFO developed as an alternative to R123.

A single component refrigerant, 1233zd(E) is described as both low toxicity and non-flammab]
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COOLING EFFICIENCY PROGRAM

Share of cooling in electricity system peak loads

Source: http://www.iea.org/cooling/

Share in peak electricity load
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@ 2016 ® 2050 Baseline Scenario @ 2050 Efficient Cooling Scenario

Cooling is essential to health
& prosperity

TheKigali-Cooling Efficiency Program envisions a world in which
environmentally friendly, energy efficient cooling is accessible to all:

UN INEWS reawun e riouuce

MHI announces 1233zd(E) chiller

© 10JUN 2015 ® 0

JAPAN: Mitsubishi Heavy Industries (MHI) has adopted
the new low GWP refrigerant 1233zd(E) in a smaller
centrifugal chiller.

The ETI-Z series marks the world's first small-size
centrifugal chillers to adopt the new refrigerant, with
models being progressively introduced from
September.

The new EHI-Z chiller joins MHI's

US manufacturer Trane became the first to use established EHI centrifugal chiller range

1233zd(E) in a chiller when it announced the launch of

its Series E CenTraVac last year. While the Trane

chiller covers the range of 2,600kW to 14,000kW, MHI's new ETI-Z Series comes in sizes from
280kW to 2,460kW.

Also being used for foam-blowing applications, 1233zd(E) has a zero ODP and a GWP of just 1.
In that respect it is seen as a [ for R134a in centrifugal chillers.

MHI s 3 compe



Carrier launches R1233zd(E) chiller

© 5FEB2017 ™0

York chiller heralds adoption of R1233zd

© 3JAN 2018 W0

YORK® YZ CENTRIFU

USA: Johnson Controls’ new York YZ centrifugal chiller is said to be the first such machine
designed specifically for use with low GWP refrigerant R1233zd and using magnetic bearing
technology.

USA: Last week’s AHR Expo in Las Vegas provided the platform for the official US launch of
Carrier's new AquaEdge 19DV centrlfugal chiller using low GWP refrlgerant R1233zd(E).

York/JGI is a competitor of Ingersoll Rand, Trane and Themmo King. JGI published position is presented without their consent.
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Our industry_is investing...
Next Gene/ration Refrigerant Development
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NTERNATY,
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Spent US$2 billion since 2009
Invest US$5 billion in the next
10 years
e Phase I: 2011-2013
— Tested 30+ Refrigerants
e Phase Il: from 2014

— Testing 20+ More Refrigerants
- High Ambient Testing
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Kigali Amendment

Developed (non-Article 5) Countries:
@ European Union (EU)

Pathway for a global phase down of HFCs

October 15, 2016

@ Developed Nations

Developing (Article 5) Countries:
@ Group 1 Group 2
Established Baseline Quantity -

oO——

% of baseline
g 3
= X

a
5
S

Note:
Plateau
included
HFC component
in HFO blends

2016 2018 2020

2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048

Cap and phase down of HFCs started in 2019 for developed nations
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Alternative refrigerants

available for next gen
chillers
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TRANE

The New “HFOs”

New, Low Giobal Warming Potential Refrigerants

e Unsaturated fluorinated =
fluid:

— Performance characteristics
similar to HFC/HCFC =

— Very short atmospheric life
— GWP and flammability trade-off
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= Commercially available:

R1234yf, GWP <1

« Automotive “drop-in” for R-134a

« Atmospheric life = 14 days

« Slightly flammable (A2L)
R1234ze(E), GWP <1

« Refrigeration, not a “drop-in”

« Atmospheric life = 14 days

« Slightly flammable (A2L)
R1233zd(E), GWP ~1

« Foam blowing

« Atmospheric life = 36 days

« Non-flammable (A1)
R1336mzz(Z), GWP 8.9

* Foam expansion

« Atmospheric life = 24 days

+Non-flammable (A1)
R1224yd(Z)=GWP <1

< R245fa replacement

« Atmospheric life = 21 days

+ Non-flammable (A1)

New “HFO” Refrigerants

ASHRAE Standard 34

e 000 Series Methane Based, e.g. R-11, -12, -22, -32

* 100 Series Ethane Based, e.g. R-123, -125, -134a,

* 200 Series Propane Based, e.g. R-227ea, -245fa, -290
* 300 Series Cyclic Organic Compounds

* 400 Series Zeotrope, e.g. R-404A, -410A, -452A, -452B
e 500 Series Azeotrope, e.g. R-513A, -514A, -515A

* 600 Series Organic Compounds, e.g. R-600

* 700 Series Inorganic Compounds, e.g. R-717, -744

* 1000 Series Unsaturated Organic Compounds, e.g. R-
1234yf, -1234ze(E), -1233zd(E), -1336mzz(Z), -1130(E),
-1224yd(Z)...

41 | Next Gen CHILLERS — for Low GWP Refrigerants

Application Considerations

Major Product Categories

* Screw compressors

* Centrifugal Compressors
— Large equipment, 300+ tons
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¢ Scroll and reciprocating compressQrs, ]
— Smaller equipment, 100 tons and below i

— Medium size equipment, 100-450 tons
— Used on medium and large commercial appllcatlon .

— Used on large commercial/industrial propertne? !

Next-gen Chillers for Low-GWP Refrigerants

Application Considerations

Scroll and Recip Compressors

Current Offering Next Generation
* R-22 & R-452B (HFO blend)

- GWP 1810 - GWP 676

— ODP 0.055 - R410A “drop-in”

— Non-flammable — 2L, BV 3.0 cm/s, MIE 200 mJ
* R-410A & R-32

- GWP 2100 - GWP 675

— Non-flammable — New design

- 2L, BV 6.7 cm/s, MIE 29 mJ
Comments: m‘ﬁk -290

Cost sensitive segment . - GWP-3
No non-flammable - New design

— Highly flammable

alternative, safety concerns
GWP level consensus
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TRANE

Refrigerant Flammability

ANSVAS!

— “Difficult to Ignite & Sustain” L
— Key for many new refrigerants

e Current 2L Refrigerants:

refrigerant safety
groups

e
e ASHRAE 2L Flammability Class e s

I - Classification
Created in 2010 Safe%{ Refrigerants

=

x| o3
— R-1234ze(E)
ez
- R-717 (Ammonia)
= 2L Definition Being Evaluated | omeiees | A0 | HUE |
— Not all 2L fluids are equally safe | Tonite & S
— Burning Velocities <5 cm/s under { N?:Iifn:. Al B
consideration | [Propsgation
lower
— Not yet covered by ASHRAE Std.15 toxicity
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Application Considerations
Centrifugal Compressors
Current Offering Next Generation
¢ R-123 * R-514A (low pressure HFO
- GWP 77 blend)
- ODP 0.02 - GWP <2, non-flammable
— Non-flammable - Performance similar to R123
¢ R-134a * R-1233zd (low pressure HFO)
- GWP 1430 — GWP 1, non-flammable

- 10% more efficient than R134a
[\ R-1234ze
- GWP <1, 2L flammability
- Efficiency same as R134a
segment — Capacity loss 10~20%
- Widespread options by 2020

— Non-flammable

Comments:
- Most efficient market

N —
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Application Considerations

Screw Compressors

Current Offering Next Generation
* R-22 ¢ R-513A (HFO blend)

- GWP 1810 - GWP 573, non-flammable

— ODP 0.055 — Performance similar to R134a

- Non-flammable & R-1234ze (medium pressure HFO)
¢ R-134a - GWP <1, 2L flammability

- GWP 1430 — Efficiency same as R134a

— Non-flammable — Capacity loss 10~20%

& R-1234yf (medium pressure HFO)
Comments: - GWP <1, 2L flammability

- Low GWP option with - Efficiency loss 4%

— Same capacity as R134a

flammability concerns
- Higher GWP easy transition
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Performance Studies

s | | Reduce 11.6%
§ o [ Reduce 1329
— H| ——
‘ OD Direct Emission (Annual Leakage)
v | Reduce 13.8 % o

& RI3aSSORT

I ]
ososors |- | Reduce 13.9%

R134a 800RT

a1
vt |- | Reduce 13.1%

- 10,000,000.00 20,000,000.00 30,000,000.00 40,000,000.00
TEWI (kg CO2)

Total Equivalent Warming Impact
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Next Generation Products

Low Pressure Medium Pressure

High Pressure
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Efficiency (cop)
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*R-1234ze is not flammable at room temperature but
becomes flammable at temperatures above 30 C.
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BV30 BVET

More choices emerging
More choices emerging..

GWP Values are per ARS of the 2013 UN climate report
BV rapresents "Burning Velocity” of 2L refrigerants

range from 0-10 cm/sec.

EEmET

Takeaway

o R-123, R-134a, R-410A... ELIRB LR ZBEE F—
R-1233zd, R-514A, R-513A

. GWP HFO o

« BEAMUT-HLER

Lifetime Investment

58 | Next Gen CHILLERS - for Low GWP Refrigerants

Next-gen Chillers for Low-GWP Refrigerants




