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Kigali Amendment to the Montreal Protocol

October 15, 2016
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Refrigerant price [%]

European Refrigerant Pricing as a Result of F-Gas Regulation
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US Impact of HFC Refrigerant Phase Down due to Regulations

((ED 574
o )a;i‘.

UNITED STATES b o :

CLIMATE ALLIANCE
C ! R B STATES UNITED FOR CLIMATE ACTION
Jan.1 2022 States Going at it Alone Aims Act (Dec. 2020) A3 & A2L Approvals
» >50lbs <150 GWP . * HFC Phase Down * UL/CSA 60335 2-40 &
. 2-89 Product Safety
- <50lbs <1400 GWP £y - 201210; 22011;/'333:"":_9 Standards
. I ' . : 10% reduction
AC 750 GWP Limit R | @ | » 2024: 40% reduction * ASHRAE 15 Application
- 2023, 24, 25, 26 n 2029: 70% reduction Standards for A3/A2L
Retailer 2026/2030 Targets e * Sector Based Rules * SNAP to Approve A3/A2L
« HFC Management by Application

* GWP or GHGp Reduction

Emerson Confidential



GWP Limits for Commercial Refrigeration
Food Retail/Foodservice & Cold Storage

Quebec New Equipment Canada Quebec New Equipment Canada
GWP < 150 >50kW < 1,400 (2020) <1,500 (2021) <50kW < 2,200 (2020)
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Disclaimer:

“estimates and may vary Refrigerant Regulations Driving Low-GWP & Smaller Charge Systems

depending on the product and
operating conditions”.




Way of Helping End Users
Reduce their GHG
Emissions

R404A = 3922 GWP x 1000lbs = 3,922,000lbs CO2e (1,778MT CO2)
R448A/449A = 1390 GWP x 1000lbs = 1,390,000lbs CO2e (630 MT CO2) 65% Reduction in CO2e

Refrigerant Manufactures can import 2.8 times more R448/449A for the same weighted GWP

&
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Direct (Leaks); Scope 1 Emissions, Indirect (Energy); Scope 2 Emission

Remodel: Use Lower GWP Refrigerants, Reduce Leaks, Reduce Charge, Optimize Performance

Condensing Unit + Variable Capacity

BEFORE DIGITAL ‘ AFTER DIGITAL

<= Floating Head

Pressure with
!l 80°F min SCT

I - | condensertp=30°F

Temperature

<= Ambient

0118 oirs 01720 | o1z

oo o Excessive Operating Costs
Time (hours)
~11% increase EER (btu/W)/10°F drop SCT

. . Toronto 39% Annualized Savings $ . .
Annualized Energy Reduction 105F down to 70F SCT Annualize Energy Reduction

Typically, 15 to 17%

Typically, 10% ~70+% reduction in load



Distributed
Low Charge
Systems
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Efficiency, Sustainability and Cost of Ownership Goals - Driving
Transition to Low GWP Refrigerants — Natural & Synthetic

Regulations Boosting R-290 Adoption

Drivers
* Regulations driving to refrigerants < 150 GWP U.S. DEPARTMENT OF
Pressure @ ENERGY
. CO, Relative Efficiency 7
rooo ALl Al reonl . : |
|| | B | | | | | [ 3009 500g | | ( 150g
NH; = . \charge charge/ | \ charge
. A2L A2L . A1 . GIobaIlWarming R-404A R-448A R-290 i Closed Open i TOday
. . ! __ Potential (GWP) | Future ;]
0 5 150 1,500 4,00 - -
0

» Codes and Standards pacing implementation

2021 2022 2023 2024
v v v v
CO, R-290, A2L Building Phase Down
NH, ready legislation codes A2L Trials

* Energy Efficiency Regulations

* Architecture Total Cost of Ownership Commercial stand-alone factory charged/sealed appliances — beverage and bottle

coolers, vending machines, water coolers, ice machines, slushy and frozen beverage
machines, ice-cream freezers 0




Full Store Integration

Enterprise Services
& Aftermarket

Indoor Modular Solution or Integral Display Case Module

L Lzl

Distributed Water Loop Cooling

Facility Controls

: o
% ﬂ & Project Services

Dimensions
2 .5in 204 n
o S
n r
Ly
TN —

3 x R290 Units @ 150g / unit per 12 ft case
1 x R448A Unit @ 5 to 7 pounds per 12 ft case

Typically, Available as an End-to-end Solution with Hardware, Software, and Services




Plug-in Refrigeration Modules

[ Variable speed drive ]

[ Poka-yoke connections, ]

EEV & All
Sensors

Programmable
controller for

High pressure capable
electronic water valve

P
Quick Connects, [ Coaxial condenser ]
N
P
Low Profile Scroll, Variable Speed Liquid line filter drier

Sight Glass




Distributed
Low Pressure
Systems
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Scroll Booster Architecture

Basic Design:
Distributed Scroll Booster System

« R-513A (631 GWP) for Both MT & LT — — .

. Low Pressure, Low Leak Rates pre=—n TR
* Future Potential; Low Pressure A2L <150 GWP ]

« Multiple Configurations Creates Flexibility é _|_|_|I_| -t 8] |

«  Grocery, C-Stores, Restaurants, Etc EE| || || || || | DD DD —E

* High Ambient-Friendly, Low Discharge Temps T =1 | ™ —— D]

«  Low Compression Ratios 0l ] o] e

* Low-Temp. Loads; Dual-Temp. Capable ===

- High Reliability i
- Simple Layout m e

* No Specialized Training —




Application of Scroll Booster
Configuration In Supermarket Applications

| | BB _BL 0
L
Remote I MT Distributed Scroll Booster Unit(s)
Condenser for With Remote Condensers
both MT & LT
System

Located Close to LT Loads

MT I LT Distributed Scroll Booster Unit(s)
Indoor or Outdoor

:

|
1 LT Remote Booster Unit
ey B Located on Top or near

_® ::::: LT Remote Load
@ lllIILT
Y LI
|
— O+ LT
® ———— - O

One LT Scroll Unit per Case



Scroll Booster System Comparison
Annual Energy, Peak Power, & Annual CO2 Emissions

Annual Energy & Peak Power Consumption Annual CO2 Emmission
25.6%
160000 T Annual S MT Annual s Peak ] 250
g CO2 Transcritical Booster -45.2%
4.2% 4. 6% =i
140,000
—_103%_~ 11 5% _—~ "‘9{& 200 CO2 Transcritical Booster - Paralle! [ -51.7%
= 120,000 _
g 3
3, 100000 150 = * R513A Distributed Booster [N -57.0%
= L
2 80,000 3 “LT Direct"
L a R134a/c02 Cascade | NNENEEGEGE -41.1% |
s 100 & m LT Indirect
2 60,000 3
Z m "MT Direct"
R407A Secondary, Glycol MT, cO2 LT [ -43.6%
40,000 "MT Indirect"
5.0
20,000 R407A Distributed e -36.6%
RA04A RA07A RAO7A  RI134a/CO2  R513A R404A Centralized I
Centralized Distributed Secondary, Cascade Distributed Transcntlcal Tra nscrltlcal T T T T T T T T 1
Glycol MT, Booster Booster - Booster - 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000

co2LT * Parallel 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000

Performance Analysis for Los Angeles

100,000 Btu/hr. (+20 °F SST) Medium-Temperature and 33,000 Btu/hr. (-25 °F SST) Low-Temperature — Los Angeles Climate




Scroll Booster - Lab Testing & Field Trials

Norwich Market (April 2018)
* R134a 32MBH +20F

* 1 Remote -10F LT

100ft away from MT Rack

45,303kWh used for total refrigeration system in past 20 months of operation |
At $0.15/kWh blended rate = $6,795 / 20 months = $340/ month Energy costs

Vanessa Meats - 1st phase (April 2019)

- R-513A
+ 135 MBH Rack ran through summer
months
- Ave $23/day energy spend in ON
- 200 MBH Rack to be installed in
Jan 2020

——

38,880kWh used for total refrigeration system in past 9 months of operation
At $0.15/kWh blended rate = $5,832 / 8 months = $729/ month Energy costs g

Gem City Market — March 2021

- R513A - First Mid
Size Market Pilot
location in USA.

+ 2 x 100MBH Units
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Emerson CO2 Made Easy with Integrated Solutions

Gas Cooler/Condenser

"‘L—a HP Valve

High Pressure (CV Valve)

Controller "
_/—

*

FT T -

MT Compressors(Copeland™ 4MTLS)

Bypass Valve

Flash Tank (CV orEX Valve)

XM678/9
Case Controller

MT Expansion

Medum Temperature
Valve (EX EEV)

Evaporators

OR

LT Compressors (Copeland™ ZO Scroll
and Copeland Digital ZOD Scroll)

LT Expansion
Valve (EX EEV)

Low Temperature L At

Evaporators

€C200 0))) D
Case Controller

XM678/9 Case Controller

E3 CO, Controller

19



Centralized CO,
Transcritical Booster

NR System Solutions for Commercial Refrigeration

Distributed CO, CO, Condensing Unit R-290 Vilter
Transcritical Booster CO, Heat Pumps Integral Single
Display Unit Screw
ads
EL

T

T
P

e




A2L
Mildly Flammable Refrigerants

&
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GWP Limits for Commercial Refrigeration
Food Retail/Foodservice & Cold Storage

Implementation to start in Quebec (2021) California (2022) and expected to expand US Nationally (after 2025)

Quebec New Equipment Canada Quebec New Equipment Canada

< 1,400 (2020) <1,500 (2021) <50kW <2,200 (2020)

GWP < 150 >50kW
(2021)

Stand Alone MT CND Stand Alone LT (2020) Rack + CDU

B cO21 GWP (notto scale)
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- S— R-4494 (xpac)| ™ R-407C e, B R-404A
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X 140% & 87% R
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2 120% 4% 2
o o
£ =
'S R-134a =
8. iR A—_— M R-513A (XP10) - . 5
2 R-1234yf ©
= B R-450A (N13) 2
R e NEiE 49% B A1- Non-Flammable
= M R-515A :
A2L- Mildly Flammable
m| R471A
oo e B A3- Flammable
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Disclaimer:

“estimates and may vary Refrigerant Regulations Driving Low-GWP & Smaller Charge Systems

depending on the product and
operating conditions”.




A2L Basics

* Move to lower GWP requires use of flammable

refrigerants for many applications

* A2L refrigerants

* Minimize level of system redesign
* Similarities to incumbent refrigerants

* Minimize risks associated with flammability
* Favorable flammability parameters

<

Increasing Flammability

Higher
Flammability

rammanity | A2L | B2L

No Flame
Propagation

Lower Higher
Toxicity | Toxicity

Increasing Toxicity .

AIR-CONDITIONING, HEATING,
& REFRIGERATION INSTITUTE

we make life better*®



A2L Replacements vs. Incumbent A1s

* Replacement A2Ls have many similarities to Al refrigerants
e Similar Pressure-Temperature profiles

Similar thermodynamic properties

350

Similar material compatibility

300

250

Similar oil types / compatibility

sure (psia)

200

Saturation Pres:

Similar system architectures available

150

——R-454C Liquid

100 ~——R-454C Vapor

* How are A2Ls different? .
© Als - NO flame propagation u-50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Saturation Temperature (°F)

—R-22

e Can combust and burn

 A2Ls - Lower flammability AHRI

AIR-CONDITIONING, HEATING,
& REFRIGERATION INSTITUTE

we make life better*®



HVAC A2L Transition Timing

HVAC standards for A2L are in place. The 3rd edition of UL 60335-2-40/ CAN/CSA-C22.2 No. 60335-2-40 and modifications to ASHRAE 15-
2019 both allow for specified charges of A2Ls given mitigation requirements are met. EPA has also approved several A2L options for AC/HP
although we are still waiting for chiller options to be approved through the SNAP program. Model and Building codes are the last piece in
this process. Several states have legislated or adopted standards directly into their building codes (blue and green states below), but we still
have a lot of work to do here to get all 50 states complete (yellow and orange states are targets this year). OEMs have communicated A2L
products could hit the market as early as 2023.

AC/HP R410A Phase Down Timing

AZ2L Standards, Codes and Regulations Timeline
2020 2021 2022 2023 2024 2025 2026 2027

UL 60335240 3rd Ed

g

il ASHRAE 15 15-2019 el

=

\ Wl ASHRAE 15.2 st
2] 31 i Public b
ASHRAE (New | Residential Baviar Edition

only)
Model Codes* 2021 (No 2(%4

5 3 year cycle A2L) A2L)

(=

o OR, SC, NC, | " | N |
State and Local
Building Codes** Guirra it RS I ™ ! CA l g |
EPA SNAP |

g Rulemaking I

3 CARBLOW GWP & &

o

&
AIM Act

*UMC, IMC, IRC, IFC States directly adopt States adopt
UUASHRAE into Maodel Codes into

==States adoption varies
Bulding Cades Building Codes

25



Adoption Process in Canada for A2L

ASHRAE 34 - Assigns refrigerant name, flammability & toxicity classification
ASHRAE 15 - Establishes procedures for operating equipment & systems when using
refrigerant

ASHRAE 15.2 - Establishes procedures for operating equipment & systems when using
refrigerant in residential AC (& some light commercial)

UL/CSA 2-40 - Household electrical appliances including AC, HP, & dehumidifiers
UL/CSA 2-89 - Refrigerating appliances with incorporated or remote refrigerant unit or
compressor

UL 2182 - All major components of AC system (including refrigerant) must be listed
under this standard
CSA B52 Mechanical Refrigeration Code Canada

USA
- Some states already adopted STD 15, 60335 2-40
- North America Harmonization

Chemours-

26



A2l Rack Room & Condensing Units — Releasable Charge — Mitigation

m, =13m3 X LFL m, =52m3 X LFL m, =52m3 X LFL m4=260m3 X LFL m3=260m3 X LFL
8.3lbs R-454C 33lbs R-454C 33lbs R-454C 166lbs R-454C 166lbs R-454C
= ' R S 5 = o 200lbs
o s <02 22 @& AT 2R B= L
Minimum room area = 125-500ft2 Minimum room area = 250-1,000ft2 Minimum room area = 500-2 500t 1 80|bS
m, |
1661bs 160Ibs

140lIbs

120Ibs

Non-Compliant 100lbs

Ventilation
80lbs

60lbs

40lbs

Room Volume 20Ibs

Olbs
0sqg-ft 500sqg-ft 1,000sq-ft 1,500sg-ft  2,000sg-ft  2,500sqg-ft  3,000sqg-ft  3,500sqg-ft  4,000sqg-ft  4,500sqg-ft  5,000sq-ft

Room Area [@ max height of 7.2ft]

Emerson Confidential

Releasable Refrigerant Charge [454C]

27



R404A Alternatives for Lower GWP Refrigerants
Values At The Following Condition: 20SST/120SCT/65RG /0sC (F) (W) i ssime) - & snap

GWP

Flammability

Compressor
Capacity (Midpoint)

Compressor
Efficiency (Midpoint)

Discharge
Temperature

Evaporator
Glide (°F)

Sub- Atmospherlc
Temperature (°

R404A R448A R455A R454A R454C ‘ R457A R459B R516A R468A R1234ze R1234yf R444A R445A

o - 1 -

o e
. 1 I3 I I N S S A ES S
- 10% 7% 1% 4% 5% 4% 6% 3% 5%
B -E - - - - B
e L

Scroll & Discus Will Lead With R455A, R454C, & R454A A2L Approval Across The Board

Specific Adjustments To Be Made Should Need Arise




A2L Compressor Approval Program Status By Platform

A2L Compressor to be Reverse Compatible with HFC



Components for

A2l Refrigerants

Product Line

Product Series

100RB v v v v v v v
150RB (New) v v v v v v v v v
200RB (sizes 2-6) v v v v v v v v v
Sglageldyvaies 250RA v v v v v v v v v
500RB (sizes 2-6) v L v v v v v v v
540RA v v v v v v v L4 4
d el el v
v = = v
Thermostatic Expansion Valves v | C"z:;ll | | Wz: v
2022 | 202 02 2022
X7 v v v
Pulse-Width Modulating Expansion Valve | PM v v v v v v v v v
EK v v v v v v v v v
ADK v v v v v v v v v
BFK v v v v v v v v v
ADKX v v v v v v v v v
Filter Driers
BTAS v v v v v v v v v
ASD v v v v v v v v v
SFD -1 v -_I -/ v v -_/ 4 4
ASF v v v v v v v v v
Muffler APD v v v v v v v v v
Accumulator A-AS v v
Oil Reservoir AOR v
0il Separator A-FL v v v v v v v v
0il Management Control OMB/OMC v v v v v v v v
Oil Level Control - Mechanical W-0LC v v v v v v v v v
Ball Valve BVE/S v v v v v v v v v
Check Valve ACK v v v v v v v v v
Pressure Switch PS4 v v v v v v v v v
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