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What is more important in reducing Emissions?

Reducing
emissions from
refrigerant leaks

Electrification

& VS.

Energy Efficiency

The answer is: Both are important, but make sure decisions consider overall lifetime emissions
impact, and not just impacts from one potential source (such as refrigerants)

Refrigerant choice can have major impacts on overall HVAC system efficiency, their ability to heat,
complexity, and resulting emissions



Looking at refrigerant emissions in isolation

Emissions (GtCO2-eq yr™1)
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Important to address!

https://www.ccacoalition.org/en/blog/global-agreement-addressing-ozone-depletion-will-also-bring-large-climate-benefits#&gid=1&pid=1
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Life Cycle Climate Performance All Electric Building Grid Phasedown Comparison

*  Building LCCP Study using 3" party
energy model

6
* 8 Story multi-rez building (Boston)
* All-Electric HVAC systems
*  VRF vs ASHP Chiller

« ASHP DHW i
* VRF driven ERVs
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*  Deep analysis of grid emissions 3 Ventilation Elec.
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- Correlations to weather :;‘i:’;id
*  Overlaid onto TMY3
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Life Cycle Climate Performance

|

Building LCCP Study using 3" party
energy model

8 Story multi-rez building (Boston)
All-Electric HVAC systems

*  VRF vs ASHP Chiller

*  ASHP DHW

*  VRF driven ERVs

Deep analysis of grid emissions

* Correlations to time-of-day & year

* Correlations to weather
*  Qverlaid onto TMY3

*  Multiple Grid phasedown scenarios

Multiple refrigerant leak rates and
emission scenarios
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VRF with Varying Refrigerant Leak Rates
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Why can’t we just find or create lower GWP refrigerants for heat pumps?

Flammability Classification
A2L A2

2500

2000 * Flammability and GWP are
essentially inversely
proportional

1500

GWP vs

1000

700
[EPA]
500

 More Fluorine results in more
stables chemicals. Great to
reduce flammability, bad for
GWP as it doesn’t breakdown

Warming impact if leaked
GWP;40 (AR4)

R-22
R-410A
R-452A
R-4478B
R-452B

R-32
R-447A
R-454B
R-446A
R-459A
R-152a

R-290
R-600a
R-1270

High Pressure Refrigerants (for heat
pumps)

=
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https://www.achrnews.com/ext/resources/2019/08-2019/08-12-2019/Refrigerant-GWP-100-versus-flammability-classification.jpg


https://www.achrnews.com/ext/resources/2019/08-2019/08-12-2019/Refrigerant-GWP-100-versus-flammability-classification.jpg
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ASHRAE Standard 34 - Designation and Safety Classification of Refrigerants (2022)

Flammable A2

Lower R-32
Flammability

Lower Toxicity Higher Toxicity

Most refrigerants can and will combust when put into a high-energy situation such as a fire (ie. R-410a)
There are (4) flammability classes, and no class called “non-flammable”

1: Flame propagation Test (at testing standard of 140F)
* No flame propagation = Class 1

2: How much (needed to ignite), how hot, how fast
« Concentration needed to ignite (LFL) < 0.10 kg/m2 = Class 3
* Heat of Combustion HOC > 19 kJ/g = Class 3
* Otherwise, high LFL and low HOC = Class 2
* If burn velocity <10 cm/sec ~ 20ft/minute = Class 2L




Al vs A2L Flammability comparison

https://www.ahrinet.org/system/files/2023-06/AHRI_SRTTF_Low_GWP_Refrigerants_ FAQs_0.pdf



R-410a Alternatives
(high pressure, low GWP refrigerants for heat pumps)

R-410a R-32 R-4548B

(non-proprietary) (non-proprietary) (proprietary)

Class: Al Class: A2L Class: A2L
Most efficient & highest High fluorine content R-32 is simply the removal' of R-32 mixed with HFO R-1234yf
capacity high-pressure refrigerant with low R-125 from R-410a, resulting feduces the G wp byt resc'llts
refrigerant? performance but high in a pure refrigerant with the in a blend with a slight glide,
stability resulting in the A1 best performance across and a slight reduction in
classification high pressure refrigerants? capacity and efficiency

1. https://www.nature.com/articles/ncomms14476/figures/3



https://www.nature.com/articles/ncomms14476/figures/3

Water-Cooled Chillers:

Low / Medium pressure refrigerants 85F R-123 (GWP 79)
Condenser ------3----- l
Water
R- 1233zd (GWP 1)*
41F
R-134A (GWP 1430)
A44F Supply « @@~ 2 === oo l
Water R- 513A (GWP 573)
Air-Cooled Chillers: l
Medium / High pressure refrigerants 95F Ambient ==~ """ §---- R-515B (GWP 292)
R-1234ze (GWP 1)
53F R-410A (GWP 2088)
------ Yoo R-454B
42F Supply

(GWP 466)

Water/Glycol



Air-Source Heat Pump Chillers:
High pressure refrigerants

120F Supply
Water

Air-Source Heat Pump VRV / Splits:

High pressure refrigerants

113F
Refrigerant
(condensing temp)

-22F
Ambient

124F

135F

R-410A (GWP 2088)

N

R-454B R-32
(GWP 466)  (GWP 675)

R-410A (GWP 2088)

N

R-454B R-32
(GWP 466)  (GWP 675)
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Application / Design / Installation rules

Who? Who makes the rules on which refrigerants can be used, how much can be used,
where they can be run, and any other safety requirements?

EPA? Yes, via phase out rules & SNAP rules

UL? Yes, as the equipment safety certification body

ASHRAE? Yes, with standards that classify and apply refrigerants

ICC / IMC? Yes, as the model building code, deciding standards language

State Building Code? Yes, deciding which model code and amendments

AHJ? Yes, often referred to in codes, enforcement
Manufacturers? Yes, new UL often refers to manufacturer instruction and data
Project Team? Yes, code & standard interpretation, overall advice

7 D\S #FZuce
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Application / Design / Installation rules

What? What are the rules on what refrigerant can be used, how much of it, any extra
safety requirements or rules etc.

Which language / rules is the project bound by?

Which version of IMC? Which version of ASHRAE? UL 60335-2-40.
* Building Code Dependent *

What is the exposure of the refrigerant?

Where is the refrigerant in the building, and where can it leak.
Outside? Machinery room? Occupied space?
Dictates allowable refrigerant quantities and other requirements.

d D \\\\s rmms




Refrigerant location & exposure

—)
1] | .-=—.
« EEHE
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= m I m = Efficiency
Refrigerant contained outdoors Refrigerant.in r.nac.:hin.e room Refrigerant con.tained.in Emissions
Hydronic distribution Hydronic distribution packaged terminal units Cost
Tenant Metering
I M N —
Refrigerant contained outdoors Refrigerant contained in small Direct distribution of heat

Ductwork distribution distributed units through building with refrigerant



Flammability & ASHRAE &%~

ASHRAE 34.: Classification standard for refrigerant

ASHRAE 15 : Application standard for refrigerant systems with a focus on health & safety
3-year cycles, latest edition: 2022 (ASHRAE edition # building code!)
Increased adoption of low flammability refrigerants over the last decade

Increased alignment with IEC standards (i.e., Europe) that are much further along
2016: No allowance for A2Ls in direct systems

2019: Some allowances for A2Ls in direct systems, up to ~4lbs due to unclear detection

requirements. Fire-rated shaft requirements, pipe shield requirements.

2022: Clear allowances for A2Ls in direct systems, with some mandatory and optional

safety mitigation measures that limits leakage (major environment side affect). Removal

of fire-rated shaft requirements (if RCL is met), removal of pipe shields, RCL increase etc.

<

ICC Adoption

_____________________________________

| IMC 2018: Yes
| IMC 2021: Yes

IMC 2024: Some,

missing key sections.

____________________________________



ASHRAE Standard 15 - 2022 & A2L's

https://www.ashrae.org/technical-resources/bookstore/ashrae-refrigeration-resources

The ASHRAE Standard 15 committee did a fantastic job!
Released Fall 2022

The standard has multiple long-awaited clarifications and
definitions, especially for the distributed DX systems (VRF)

Results in increased safety for VRF systems

Results in a reduction in refrigerant leakage and associated

emissions due to the added safety mitigation measures
UL 60335-2-40 2022 has adopted most provisions

IMC 2024 missing most key A2L related sections



https://www.ashrae.org/technical-resources/bookstore/ashrae-refrigeration-resources

ASHRAE Standard 15 - 2022 & A2L's

Refrigerant Concentration Limit (RCL) still applies
Ensures safety in case of a refrigerant leak

Toxicity, oxygen deprivation and flammability are analyzed to determine RCL

RCL comparison: R-410a (A1) vs R-32 / R-454b (A2Ls)
1. Toxicity: All refrigerants are Class A, Low toxicity.
2. Flammability:

R-410a: RCL not limited by flammability as it is Class 1

R-32 / R-454b: RCL of 25% of LFL as they are class 2L refrigerants

R-32 = 4.8 Ibs / mcf
R-454b = 3.1 1bs / mcf*

3. Oxygen deprivation (26 Ibs / mcf for refrigerants denser than air)

R-410a = 26 |Ibs / mcf
R-32 = 26 lbs / mcf
R-454b = 26 |Ibs / mcf

As per IMC 2024: https://codes.iccsafe.org/content/IMC2024P1/chapter-11-refrigeration

D\S
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ASHRAE Standard 15 - 2022 & A2L's

Refrigerant Concentration Limit (RCL) still applies
Ensures safety in case of a refrigerant leak
Toxicity, oxygen deprivation and flammability are analyzed to determine RCL

RCL comparison: R-410a (A1) vs R-32 / R-454b (A2Ls)

1. Toxicity: All refrigerants are Class A, Low toxicity. Refrigerant contained outdoors
Ductwork distribution
2. Flammability:
R-410a: RCL not limited by flammability as it is Class 1 —

R-32 / R-454b: RCL of 25% of LFL as they are class 2L refrigerants

R-32 = 4.8 Ibs / mcf
R-454b = 3.1 Ibs / mcf*

3. Oxygen deprivation (26 Ibs / mcf for refrigerants denser than air) Direct distribution of heat

through building with refrigerant

R-410a = 26 |Ibs / mcf
R-32 = 26 Ibs / mcf —
R-454b = 26 Ibs / mcf el DXS ks

As per IMC 2024: https://codes.iccsafe.org/content/IMC2024P1/chapter-11-refrigeration



ASHRAE Standard 15 - 2022 & A2l's - VRV/VRF

All A2L VRV/VRF will need refrigerant detection in all spaces
Daikin: factory mounted detectors in fan coils
Result:
Increased safety (R410a had no detection)
Increased RCL from 4.8 (R-32) to 9.6 lbs / mcf
R-32 also has ~30% less charge than R-410a

Safety Shut Off Valves (SSOVs) can be used to reduce the
“releasable charge” of the system
Daikin: factory mounted safety shut off valves
Result:
Reduced safety risks (upon a leakage event)
Reduced emissions (upon a leakage event)
Simplification of R410a to R32 VRV retrofits

d D \\\\s rmms
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https://www.ashrae.org/technical-resources/bookstore/ashrae-refrigeration-resources

ASHRAE Standard 15 - 2022 & A2l's - VRV/VRF

Definitions and calculations for connected spaces

Potential need for fired rated and naturally ventilated
refrigerant pipe chases for buildings over 2 stories

Review pipe and branch selector box locations
Proper use of VRV/VRF software for RCL compliance

No ignition sources in the airstream (listed electric heat okay)

R-32 VRV under ASHRAE 15 2022

Overall result for VRV/VRF systems under ASHRAE 15 2022 with R-32:

Applicability to smaller spaces

Major reduction in refrigerant leakage & emissions during a leak event

30% less refrigerant, 68% lower GWP, SSOVs to limit leakage

Ability to identify and locate leaks early (via detectors) Combined with VRV IOT monitoring!

Increased safety

https://www.ashrae.org/technical-resources/bookstore/ashrae-refrigeration-resources

|| ssovs
1. Smallest room: 15" x 15" x & = 1,800 cubic feet
2. Allowable charge (wi culation) = valume x RCL = 1,800 x 9,6 / 1000 = 17128 Ibs or R32
3. Releasable charge {M,, beyond SSOV) « BEHEE 0o s o "
E—
IECHNOLOGIES
4 DS #=



https://www.ashrae.org/technical-resources/bookstore/ashrae-refrigeration-resources

Code Adoption for A2L refrigerants

Some States making this change legislatively, others through codes (amendments to IMC 2021)
What does “acceptance” and “allowance” of A2Ls actually mean?
Depends on which language is adopted by each State / AHJ
Based on language, allowance and concentration depends on the location, exposure and quantity of refrigerant



Code Adoption for A2L refrigerants - MA & 10t Edition Code

Not expected to make this change legislatively, but through code changes & BBRS

10t Edition code carries 2021 |-Codes (IMC 2021) which does not have the latest language surrounding
A2Ls, nor the latest referenced standards (ASHRAE 15, UL)

BBRS recently had 10" edition code open hearings and accepted public comments through March 6t
HTS/DXS testified and submitted multiple proposed changes (as did Daikin and AHRI)
Attempting to bring the latest language into MA, putting us ahead of other States

d D \\\\s rmms
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EPA History

EPA phased out ozone-depleting substances, phasing out CFCs & HCFCs
l.e., going from R-22 to R-410a in high pressure systems
Pretty tricky... different pressures, different volumes and pipe sizes, oils.

Solved our ozone problem. But now we have a Global Warming Potential
problem (the “GWP” of a refrigerant, if it leaks).
EPA tried to address this...

N\

N\

https://www.epa.gov/sites/production/files/2016-12/documents/snap_action_scr2_factsheet.pdf
https://www.sciencedirect.com/science/article/pii/S1631071318301147#fig0015



https://www.epa.gov/sites/production/files/2016-12/documents/snap_action_scr2_factsheet.pdf
https://www.sciencedirect.com/science/article/pii/S1631071318301147#fig0015

The Kigali Amendment

Amendment to the Montreal Protocol to globally phase down HFC’s (85% reduction
in CO, tons equivalent) due to their Global Warming Potential (GWP)
U.S. has been in and out (Obama - Trump - Biden)

No direct legislative impact in the U.S. (until the AIM Act...)

2016 = Signed October 15t 2016 (28t
meeting of the Montreal Protocol)

2019 = Start of the phase down for developed
countries (including USA)

2036 = Phase down of developed countries
(including USA) by 85%
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State level activity

HI{ S

B SNAP + Additional GWP Limits SNAP 20/21 Signed Into Law B SNAP 20/21 Pending
US Climate Alliance Member

https://nasrc.org/hfc-policy

U.S. Climate Alliance states started taking
matters into their own hands

Many followed the SNAP 20/21 guidelines
Some States are still continuing with their
phase down / phase out plans in parallel to

the EPA

Both EPA rules and State rules can apply in
certain States!



https://nasrc.org/hfc-policy
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Massachusetts (310 CMR 7.76)

Phase-outs started Jan 1, 2024 for chillers
Heat pump chillers are included, since they generate chilled water for comfort cooling

Permitting date is key (old refrigerants still allowed on projects permitted before Jan 1, 2024)
Watch for EPA 2025 limit!

End-Use Category: Air Conditioning
Centrifugal chillers | FOR12A, FOR12B, HFC-134a, HFC-227ea, | January 1, 2024
(new) HFC-236fa, HFC245fa, R-125/ 134a/ 600a
(28.1/70/1.9), R-125/ 290/ 134a/ 600a Tal i
(55.0/1.0/42.5/1.5), R-404A, R-407C, R- VR_V/VRF an(_j mini/multi
410A, R-410B, R-417A, R-421A, R-422B, R- splits are not included
422C, R-422D, R-423A, R-424A, R-434A,
R438A, R-507A, RS-44 (2003 composition), _
THR-03 Heating only heat pumps
Positive FOR12A, FOR12B, HFC-134a, HFC-227ea, | January 1, 2024 are not included
displacement KDD6, R125/ 134a/ 600a (28.1/70/1.9), R- —

chillers (new) 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, R438A, R-507A, RS-44 (2003
composition), SP34E, THR-03

https://www.mass.gov/service-details/prohibitions-on-the-use-of-certain-hydrofluorocarbons-310-cmr-776



https://www.mass.gov/service-details/prohibitions-on-the-use-of-certain-hydrofluorocarbons-310-cmr-776
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Main EPA Ruling

\n"lEPA Technology Transitions Program

FACT SHEET
Final Rule - Phasedown of Hydrofluorocarbons: Restrictions
on the Use of Certain Hydrofluorocarbons under Subsection
(i) of the American Innovation and Manufacturing Act of 2020

Overview of this Final Rule

This final rule, signed on Oct 5, 2023, restricts the use of higher-GWP HFCs in new aerosol,
foam, and refrigeration, air conditioning, and heat pump (RACHP) products and equipment.

i D\S #FZom

https:/mww.epa.gov/system/files/documents/2023-10/technology-transitions-final-rule-fact-sheet-2023. pdf



Main EPA Ruling

wEPA Technology Transitions Program

Refrigeration, Air Conditioning, and Heat Pump Systems*

Global Warming Installation
Subsector Systems Potential Limit or Compliance
Prohibited Substances Date®

) } Residential and light commercial
Stationary air air conditioning and heat pump 700 January 1, 2025¢
conditioning and systems
heat pumps : :
Variable refrigerant flow systems 700 January 1, 2026
Industrial process refrigeration with
exiting fluid below -50 °C (-58 °F) Not covered Not covered
Industrial process refrigeration with
exiting fluid from -50 °C (-58 °F) to 700 January 1, 2028
Chillers -30 °C (-22 °F)
Industrial process refrigeration with
exiting fluid above -30 °C (-22 °F) 700 January 1, 2020
Comfort cooling 700 January 1, 2025

https:/mww.epa.gov/system/files/documents/2023-10/technology-transitions-final-rule-fact-sheet-2023. pdf
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Main EPA Ruling

\n"IEPA Technology Transitions Program

FACT SHEET
Final Rule - Phasedown of Hydrofluorocarbons: Restrictions
on the Use of Certain Hydrofluorocarbons under Subsection
(i) of the American Innovation and Manufacturing Act of 2020

®New systems with a GWP above 700 can be installed until January 1, 2026, so long as all
components are manufactured or imported prior to January 1, 2025 (refer to the Interim Final
Rule for additional details).

https://www.epa.gov/climate-hfcs-reduction/regulatory-actions-technology-transitions ﬁ D‘\S @ oNTROL
\
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https:/mww.epa.gov/system/files/documents/2023-10/technology-transitions-final-rule-fact-sheet-2023. pdf
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Mini / Multi
Split ASHPs

PTACs
PTHPs
RTUs

VRV / VRF

Manufacture with
R-410a

Sell / install
R-410a inventory

R-32 Availability

Manufacture with
R-410a

Sell / install
R-410a inventory

R-32 / R-454B
Availability
Manufacture with
R-410a
Sell / install

R-410a inventory

R-32 Availability

Only for replacement as “components”

Yes (1-year
On-going
releases es

Yes Yes (3-year sell-through)
cloases  YeS

Yes Only for replacement as “components”
S

On-going

Yes
releases

=
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Chillers

2024 PAVVAS 2026 2027 2028
GWP > 700 < 2024)
inventory < 2024)

On-going
releases

New Refrigerants




Agenda

« Part 1 — How refrigerants fit into decarbonization
« Part 2 — The science of refrigerants, and why it matters
« Part 3 — Codes, standards, and flammability

« Part 4 — Phase-outs of refrigerants in HVAC equipment

Part 5 — Where we are today with equipment




Are we ready for these new refrigerants?!

Depends where equipment/piping is located...

Refrigerant Contained Outdoor

 Need 10" edition code + minor amendments proposed*

Refrigerant Contained in Machine Room / Mechanical Space

 Need 10" edition code + minor amendments proposed*

Direct Air Systems - Low Concentration Risk

 Need 10" edition code + minor amendments proposed

Direct Air Systems - Higher Concentration Risk

* Need 10t edition code + major amendments proposed

* Primarily needs UL 60335-2-40 d D\ S rmms
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Refrigerant contained outdoors

Chillers / Air-Source Heat Pumps: R32 /454B / 513A
Already here! More coming in 2024

R410A /134A Deadline
1/1/24 [MA] — exception for permits before 1/2/24
1/1/25 [EPA] — no exception for permit date

Heating-Only Air-Source Heat Pumps R32 / 454B
Already here! More coming in 2024

R410A /134A Deadline
1/1/25 [EPA]

Refrigerant contained outdoors
Hydronic distribution

*Need MA 10t Edition Building Code
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Machine Room Equipment

Chillers / Heat Pumps: R32 / 454B / 513A / 1233zd / R-515B
Already here! More coming in 2024

R410A /134A Deadline
1/1/24 [MA] — exception for permits before 1/2/24
1/1/25 [EPA] — no exception for permit date

Refrigerant in machine room
Hydronic distribution

*Need MA 10" Edition Building Code

F’




Rooftop Air Handling Systems

Direct air system

Rooftop Units / Condensing Units: R32 & R454B
Already here! More coming in 2024

R410A Deadline

1/1/25 [EPA]

*Need amendments to MA 10t Edition Building Code




Decentralized Air Conditioning / Heat Pumps

Water-to-Air Heat Pumps: R32 & R454B
Already here! More coming in 2024

R410A Deadline
1/1/25 [EPA]

Direct air system

*Need amendments to MA 10t Edition Building Code D s
g d A rmms




Packaged Terminal Units (AC + Heat Pump)

Field Installed

Ductwork

|

Direct air system

PTHP’s: R32 - Already here!

R410A Deadline -
1/1/25 [EPA]

DANNNNNY

0|® All-In-One




Distributed Refrigerant Systems

Direct air system

Mini / Multi Splits / VRV-S: R32 — Already here! More coming in 2024

DAIKIN ATMOSPHERA

R410A Deadline single Zone Heating and

1/1/25 [EPA] Cooling System

North America’s 15t R-32 ASHP
Up to: 27.4 SEER2/ 11.2 HSPF2

! ==

*Need amendments to MA 10" Edition Building Code

VRV / VRF 3ph: R32 — Coming in 2025

—

RA410A Deadline -~ —
1/1/26 [EPA] Q v

QQ

'./' \ ¥ 8 ONTROL

*Need major amendments to MA 10t Edition Building Code
J g A 'rmms




Distributed Refrigerant Systems

P"DAIKIN

R-32 across the board for all major products, globally
Efficiency, capacity, single component, non-proprietary,
globally accepted
- — — Use global knowledge of Daikin Industries R-32 products &
released patents

Be first with direction and education on A2L splits & VRV/VRF in
North America

Adopt and integrate A2L safety mitigation measures for easiest

Direct air system : ‘ _ =
install, lowest leakage risks, highest safety and highest efficiency

d D \\\\s rmmms




Existing R-410a Distributed Refrigerant Systems

AIM act specifically protects existing systems, ensuring they can be operated, maintained,
repaired and even replaced (with some restrictions) without forcing a refrigerant change

EPA rules do not restrict manufacturing or import of R-410a equipment used for the replacement
iIndustry

R-410a condensing units can be replaced with R-410a condensing units (no end date)
R-410a indoor units can be replaced with R-410a indoor units (no end date)

EPA’s position on what constitutes a “new system”

Is there a point at which replacing components triggers the GWP limits for new
systems?

Yes. Replacing 75% or more of the evaporators (by number) and 100 percent of the compressor

racks, condensers, and connected evaporator loads of an existing system would trigger the
requirements of new systems.

We expect a big R-410A VRV market to continue feeding this replacement industry

https://lwww.epa.gov/climate-hfcs-reduction/frequent-questions-phasedown-hydrofluorocarbons#technology-transitions-program ﬁ D‘\\\\s rmm




Other ways of reducing refrigerant emissions

Chose the right refrigerant (available for the equipment)
Pay attention to refrigerant charge (reduce where possible)
Keep. Refrigerant. In. Systems. (reduce the risk of leaks)

Who is installing the systems? (Certifications, not just of the contractor, but of

who on site is physically doing the work) Also reduces

failures and
Who is (truly) witnessing the pressure test? Who is inspecting the install? down time,
and overall
Where is the equipment being procured from? (Engineering rep firms with project
success

training, experience, service instead of wholesalers)

Remote monitoring & fault detection systems

d D \\\\s rmms




__-El THANK YOU! —
o |2
Contact Form & m

Drone Draw at
DXS

‘m
ECHWI OG/ES
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Mark LaFrance JS Rancourt
Principal Principal
HTS New England DXS New England
Mark.lafrance (at) hts . com Js.rancourt (at) dxseng . com
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