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Overview

1#t Generation

2M Generation

3 Generation

“What Ever Worked” “Safety & Stability” “Ozone Protection”
1830's — 1930's 1930's — 1990°s 1990's — 2010’s
I i i
N T ™
* Limited applications * |nnovation enabled « Preserved 2nd gen.
mainly industrial exponential societal Innovations, safety,
= Poor safety & high cost Improvements stability and efficiency
N vy
+ Carbon Dioxide (CO-) “f- Sulfur Dioxide (50-) N « Sulfur Dioxide (S505)
« Water (H>O0) + CFCs & HCFCs « HCFCs & HFCs
« Ammonia (NH3) + R-11 + R-113 + R-123 + R-404A
* Various HCs + R-12 « R-114 + R-134a - Many more
« Sulfur Dioxide (SO5) + R-22 « Many more « R-407C blends. ...
+ Methyl Chloride (CH;CI) / | * R-502 blends.... /ISR

4th Generation

“Global Warming”

2010-7??
& EE——

Fewer optimal choices
Safety & design
challenges

-

Sulfur Dioxide (S05) \\

HFOs & HFC/HFO Blends
« R-1234yf » R-1233zd

+ R-1234ze+ Blends....
Renewed Interest “Natural”
. CDE + HCs /

Technology leadership providing Environmental solutions




Overview

I Past Discussions on balancing ozone depletion,
. R-12,R-11, R-113, R-22, & more... global warming, emissions, and energy
Low-ODP or no ODP efficiency as all being equally important.
- As stated in 1991 Trane Article
i for HPAC Magazine. Heating
Transitional Airconditioning

R-134a, R-410A, R407C, R-123, R-404A, & more...

Reduced GWP & ODP = GWP
R134a

oo Lower GWP Solutions

/ R-513A, R-32, R-452B, R-454B, R-466A, & more...
Ro13A Lowest GWP & ODP > Best Balance

GWP: 700 R11233zd

ey Ultra-Low GWP Solutions

GWP: <1
R-1234yf, R-1234ze, R-1233zd, R-514A, & more...

REFRIGERANT
Ther The Balance

Balanced approach minimizes overall environmental impact



Overview
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OZONE LAygp 23\/23_?12‘1 R1234 ZE
Lifetime: 29 days GWP: 1
R134a
GWP: 1300

Lifetime: 15 years

Atmospheric lifetime is key factor
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Montreal Protocol — Kigali Amendment
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\i/’\ "S/ The Kigali Amendment to the Montreal '\
~\ L2 g

s g5 Protocol: HFC Phase-down @

28th Meeting of the Parties to the Montreal Protocol
10 - 14 October 2016, Kigali, Rwanda

DUBAI PATHWAY
)N HFCs @

Photo by 11SD/ENB | Kiara Worth

http://ozone.unep.org/countries/ratifications

The Kigali Amendment provides a global template to phase down
the use of HFCs in an orderly fashion.



http://ozone.unep.org/countries/ratifications

Montreal Protocol — Kigali Amendment

0.5 1 v 75 v 51
= Phase down of HFCs, not phase B s
out 5 0.4 B Business as usual
. . . ¢ Velders et al. (2015)
= Avoids 80 Billion Metric Tons of =T S
] ] ] =2 - wemm= Kigali amendment
Carbon Dioxide equivalent a8 03r (2016) ”
cumulatively through 2050 S 3
: o < 0.2 :
= Expected to avoid 0.5 °C of Global 2 18
Temperature rise by year 2100 = 1
while continuing to protect Ozone | it
! 1<
|ayer 0.0 s . o i o
2000 2020 2040 2060 2080 2100

Year

Kigali Amendment avoids 80 Billion MT CO?



Montreal Protocol — Kigali Amendment

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

'. Developed Mations

P
3 e
Developing (Article 5) Countries:

@® Group 1 ® Group 2 MONTREAL
_____________________ PROTOCOL

caring for all ife vnder the sur

Globally ratified - begins 2019
As of Oct. 2019, ratified by &7
countries (Includes Australia,
Canada, Germany and UK)

~85% reduction by 2036 / 2047

LS. provides ~20% of funding

2020-2022 2024-2026 2011-2013
Average HFC Average HFC Average HFC
consumption consumption | consumption
65% baseline 655 baseline | 15% baseline*

2018 2020

2016

Key Dates oot S =
2024 — A2 40% ('Egufn in EU] and AD freeze [nnt ME.‘Indla] 2029 — 10% 2032 — 109% 2019 — 109%
2029 — A2 70% (76% in EU) and A5 10% (not ME/India) 2035 - 30% 2037—20% | 2024 — 40%
2035 — A2 80% and A5 30% (not ME/India) 2040 — 50% 2042 - 30% ﬁ- g
2045 — B0% 2047 — B5% 2036 — 85%

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




Montreal Protocol — Kigali Amendment
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1994 1996 Centrifugal Chillers
Actual developed country Actual global (Globally developed
phase out of CFCs phase out of CFCs Product)

2 years ahead 14 years ahead

Change in Developing Countries can be faster than expected!
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Regulatory Update
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o %&s

SNAP

SIGNIFICANT « NEW - ALTERNATIVES - POLICY
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FOR IMMEDIATE RELEASE: December 1, 2016 www.epa.gov/snap

FACT SHEET

Final Rule 21 - Protection of Stratospheric Ozone: Significant New
Alternatives Policy Program New and Changed Listings



Regulatory Update

CHANGE OF LISTING STATUS

End-Uses

Substitutes

Date of Change of Status

Air Conditioning

P

(new)

éntrifugal chillea

FOR12A, FDRlZEgHFC—l?,ﬂa. HF>—22?ea. HFC-236fa, HFC-

245fa, R-125/134 0/1.9), R-125/290/134a/600a
(55.0/1.0/42.5/1.5), R-404A, R-407C, R-410A, R-410B, R-417A,
R-421A, R-422B, R-422C, R-422D, R-423A, R-424A, R-434A, R-

4384, R-507A, R5-44 (2003 composition), and THR-03

Unacceptable, eycept as otherwise allowed
under a narrow#d use limit, as of January 1,

(new)

Centrifugal chillers

HFC-134a for military marine vessels

Acceptable, subject to narrowed use limits,
as of January 1, 2024

Qew]

Centrifugal chillers

J

HFC-134a and R-404A for human-rated spacecraft and related
support equipment

Acceptable, subject to narrowed use limits,

W 2024

ositive
displacement
chillers (new)

N

FOR12A, FOR12@ HFC-134a, HMC-227ea, KDD6, R-
125/134a/600a 70 -125/290/134a/600a
(55.0/1.0/42.5/1.5), R-404A, R-407C, R-410A, R-410B, R-417A,

R-421A, R-422B, R-422C, R-422D, R-424A, R-434A, R-437A, R-
4384, R-507A, R5-44 (2003 composition), SP34E, and THR-03

1

¢ Unacceptable, ekcept as otherwise allowed
ran ed use limit, as of January 1,

2024

Positive
displacement
chillers (new)

HFC-134a for military marine vessels

Acceptable, subject to narrowed use limits,
as of lanuary 1, 2024

Positive
displacement
Q:hillers (new)

HFC-134a and R-404A for human-rated spacecraft and related
support equipment

Acceptable, subject to narrowed use limits,
as of January 1, 2024




Regulatory Update

Member of the US Climate Alliance

Member of US Climate Alliance and adopted
HFC transition dates or announced actions to
regulate

* Pursuing restrictions on direct
HVAC systems

% Codes allow A2Ls in all products

Climate Alliance
- 25 states (55% U.S. population / 60% U.S. GDP)

- . - Short Lived Climate Pollutant Challenge includes
"” HFCs
® EPA SNAP 20/21
CA, CO, DE, MA, MD, NJ, NY, WA, VA and VT adopted HFC SNAP-sector - Commercial refrigeration
transition dates - Chillers (2024)
CT, Rl are developing regulations - Foams

HI, ME, OR have introduced legislation to adopt transition dates



Regulatory Update

= CARB adopted mandate to reduce HFC emissions 40% from 2013 -
baseline by year 2030 o E’ﬁ L—ELE 9'3 bNOli
= CA adopted U.S. EPA SNAP 20 and 21 rules
Chillers transition from R134a/R407A/R410A by January 1, 2024
= CARB analysis show that SNAP 20 and 21 rules phase out dates will
provide 24% of reductions needed
= CA proposing additional regulations:
= Proposed < 750 GWP limit for new chillers in 2024
= Proposed < 750 GWP limit for new unitary/VRF/residential in 2023
Refrigerant management regulations to align with EPA section 608

Will evaluate whether bulk HFC phase down is needed to meet 40%

reduction target



Regulatory Update

US American Innovation AND Manufacturing Act

= The AIM ACT mandates a 15-year phasedown of HFCs at a
national level for the first time, administered by EPA, and aligned
with the Kigali schedule.

" |t requires EPA to implement an 85 percent phasedown of the
production and consumption of HFCs, so they reach

approximately 15 percent of their 2011-2013 average annual
levels by 2036.

= |t also authorizes EPA to adopt sector-specific use restrictions.

= |t mostly does NOT preempt existing or developing state HFC
programs.

EPA Moves Forward with Phase Down of Climate-Damaging Hydrofluorocarbons | U.S.
EPA News Releases | US EPA



https://www.epa.gov/newsreleases/epa-moves-forward-phase-down-climate-damaging-hydrofluorocarbons

Regulatory Update

European
Union

‘\‘ ; \\‘
Canada I*I Japan \“'\\\

- \ -

= Few product bans in place
Phase-out of GWP > 750
by 2025 (mini-splits)

= |ndustrial Refrigeration: =  Mini-Splits:
Phase-out of GWP > 2200 by 2020 Phase-out of GWP >750 by

= Agoressive allocation = Transport Refrigeration: 2018
BETes: Phase-out of GWP > 2200 by 2025 = Commercial Split (not VRF):
restrictions for HFCs
- illers: Phase-out of GWP >750 by
= Refrigerant price drivin HVAC Chillers:
; " © Phase-out of GWP > 750 by 2025 2020

transition rather than

allocated)

= Centrifugal Chillers:
Phase-out of GWP >100 by
2025

Each country develops own regulations to meet HFC reductions




Regulatory Update

Higher Flammability
= ASHRE 34 standard
ANSI/ASHRAE Standard 34-2016 T
I ANSUMSHRAR s bnd i Appani D . t. f R f . t Z
. . [ | S
DeS|gnat|on and €s Ig nation o € rlge rants E Lower Flammability
Safety Classification of . c . g
0 . 5]
Refrigeranits Classification of
al
L] b
Refrlge ra ntS = No Flame Propagation
idacomessfbired iy ikl supemstiie il bvgutp oot siord * A2L & B2Lare new .
L e eyl designations for lower Lower Higher
ARG bt v mirncr) 1790 Tols Ok, N A, GA S8 28 flammability refrigerants Toxicity Toxicity
‘:;:n:cm FT';.:.:” wmesor. with a maximum burning
velocity of 10 cm fsec >
/@ Increasing Toxicity

ASHRAE standard 34 updated to accommodate new classes



Regulatory Update

= ASHRE 15: Application standard

= Gives basic rules of how and where ANDARE
refrigerant can be used based on safety T

ncdudes ANSI/ASHRAE addenda listed in Appendix F

classification developed by ASHREAE 34 Safety Standard for
standard Refrigeration Systems

= Building codes use the application
design guidelines developed by A S i s b
ASHRAE 15 S e

+ the xuu..@ sud.d; The l
&%UF-\H\ @ (wwew iol s 3 from ASHRAE

Tuite Crcle,
Esenait orcir v asbeam org. Fax 79- 179, Telegtone. 404668400 (worktwide), or toll Tres 18005274773 (o
ordes n Uswd(_amd 3. For rpni permascn. g0 16 wvwashras org permasmrs.

€ 2014 AS-RAF ISSN 10412736

Building Codes updated to include New Generation refrigerants
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Comparison of Alternatives

Refrigerant Efficiency

Operating Pressure

(COP)
AN variables held conztant for comparnzon

(psig)

325
275
225
175
125
75
25
-25

" Lower
OEnAEE

Low Pressure

Medium Pressure High Pressure

R-11

R-123 R-245fa R-1233zd R-514A

W Evap 42°F (5.5°C)
W Off Line 75°F (24°C)

m Cond 97°F (36°C)

BV 0.0 BV15 BV30 BV33 BV6T

R12 R-134a R-513A R-1234ze R-1234 R-22 R-410A R-466A R-452B R-454B R-32

JJJJJ\“““




Comparison of Alternatives

o Lower Ulralow
o [ v | |

High Pressure

Low Pressure Medium Pressure

BV 1.5

BY 0.0 BV 2.0

9.0

8.5

8.0

Refrigerant Efficiency
(COP)
Al variables held constant for comparizon

R-11 R-123  R-245fa R-1233zd R-514AJ R-12 R-134a R-513A R-1234ze R-1234yfj R-22 R-410A R-466A R-452B R-454B R-32

=

2500 | el

e Onn | 4,660

858

Global Warming Potential
(GWP: CO, =1.0)

79 1 1.75




Comparison of Alternatives

s
5
9a
o
[ 1
40 g
(=]
30 1233zd 123 "
o .11
@ 20
@ ® 245fa
sy 10 -
L-F
e .
E 10
[ o 1234ze
& 1234yf 513A e134a
- 30 * * 1% v
*NH3
E =40 - w
2 4528 22 E
=50 -
aloA 4548 "32 g
Nl (T
T.8 B 8.2 B.4 R.b 8.8 9 9.2 E
Energy Efficiency (COP) =
Higher Energy Efficiency >

Lower pressure refrigerants trend to be more efficient



Comparison of Alternatives

Large Tonnage Chillers

Low and medium
pressure refrigerants
Best possible
efficiencies

Globally designed
products

30+ year design life

/ Medium Tonnage
Chillers

= Medium and high
pressure refrigerants

= Medium efficiencies

= Globally and regionally
developed products

= 20 year design life

2

e (, hg

RAC and Unitary

High pressure

refrigerants

= Lower efficiency

= Locally developed
products

= 10-15 years design

life




Refrigerates and Applications

= Data Center
= Electrification of Heating




Refrigerants and Data Center

O
2. Changes in Data Center Environments

Changes to data center environmental conditions are being driven by the need to save energy and
reduce operational expenses. One of the largest operational expenses i delivering IT 1s the cost
of energy. In a traditional data center, cooling costs alone can easily represent 25% or more of
fotal energy costs [5]. Many data centers now run several degrees warmer compared to 10 or I3
years ago to save on cooling costs [6]. New energy saving technologies such as air-side
economization and water-side economization are growing in adoption, whose hours of beneficial
Use Increase s computer room temperatures increase,

L —




Refrigerants and Data Center

Design conditions Chiller Selection u
; Evap | Evap .. | Cooling Power
Option
EWT LWT Amb_|Capacity Capacity Input EER
]
°C °C °C KW KwW KW  KW/KW
Optionl 26 18 48 1,200 @ 1,088 391.8  2.78
]
Option2 28 18 48 1,200 | 1,099 1.0% 3925 2.8 @ 0.7%
Option3 30 | 22 48 1,200 | 1,205 10.7% 410.4 294 @ 538%
Option4 32 22 48 1,200 | 1,216 11.8% 410.8 2.96 @ 6.5%
Chiller Cooling Capacity Chiller EER
1,250 .89 3
2 10.7 % 11.8% 595 5.8%
5 1,200 ’
2 1150 -
< 1.0 % 285 0.7 %
.£ 1,100 w 28 :
o
o 2.7
1,000 2.65

Option 1 Option 2 Option 3 Option 4

Cooling Capacity and EER increase
with increasing LWT and AT
R1234ze enabled chiller selection
with higher Leaving Water Temp
Trends in DC design to increase WT
providing opportunity for Energy
saving

6.5%

Option 1 Option 2 Option 3 Option 4



Refrigerants and Heating IOmor Heating

= Building have simultaneous need for cooling
and heating (space heating, Domestic Hot
Water (DHW), ventilation reheat)
= Sources of hating:
= Fossil fuel (boilers)
Direct emissions, Efficiency < 100%
= Electric calorifiers A
1 KW Electric 2 1 KW thermal
= Heat Pumps | High Temperature
1 KW Electric 2 3 KW thermal > B — ’ Lo

production

——————————
- ———

Heating




Refrigerants and Heating

General Information

[Cooling capacity gross |
Cooling capacity net
Gross EER
Net EER
ETAsc
SEPR-MT
SEPR-HT
Refrigerant
Nr of circuit
Nr of compressors
Refrigerant charge
Oil charoe

Evaporator Information

Evaporator application

[ Evap entering temp

Evap leaving temp
Evap flow rate
Evap pressure drop

Condenser Information
Unit application

[Cond entering temp ]
Cond leaving temp
Cond fiow rate

Cond pressure drop

Electrical Information

lei

nit power supp Yy

168.66 kW
1.664 KW/kW
1.641 KW/kW
240.00 %
4.55

Comfort cooling

8.06 Us
15.8 kPa

Heat pump - >50C

700C
13.41Us
30.0 kPa

(Heating capacity gross | | 275.05 kW |
Heating capacity net 275.88 kW
Gross COP 2.707 KW/KW
Net COP 2.684 KW/kKW
SCOP-MT 194.00 %
SCOP-LT Not applicable
Sound power
Sound pressure
Topss version 225
Data generation date 7/10/2019
Aesthetic and sound attenuation Without
package

Evap fluid type Water
Evap fluid concentration 0%
Evap fouling factor 0.017600 m2-deg C/kW
Evaporator size Evaporator B
Min flow evap 480 Us
Max flow evap 38.60 Us
Cond fiuid type Water
Cond fluid concentration 0%
Cond fouling factor 0.044000 m2-deg C/kW
Condenser size Condenser A
Min flow cond 274 Us
Max flow cond 38.60 s
Cond number of plates 240
168.6+275

TEER =

= 4.39

1.6

Without HP:

Cooling: 50 TR X1.5 KW/TR = 75 KW

Heating: 275 KW
Total: 350 KW

With HP: 101 KW

Estimated Energy Saving:
350-100 = 250 KW

2 Nos X 250 KW X 4 hours
= 2,000 KWh/ day







Summary

HFCs are green house gases and are
being phased down as per Montreal
Protocol — Kigali Amendment

Each country ha its own regulations
to comply with the required
reductions

EU is leading HFCs phase down

HFOs such as R1233zd, R1234ze and
R514A provide excellent

Environmental solutions as it has O
ODP and ultra low GWP ~ 1

R1233zd refrigerant provided
excellent opportunity for bigger
chillers capacity, less footprint, more
energy efficiency, lower leakage rates
and lower emission

Change in developing countries is
expected to be faster than expected

New refrigerants such as R1234ze
provided opportunities for Energy
saving in applications such as higher
supply water temp in Data Centers

New refrigerants such as R1234ze
provided opportunities for
decarbonization of buildings and
electrification of heating. Technology of
Heat Pumps provide hot water for DHW

“What we do to our planet comes back
to us”



