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History of HVAC/R Refrigerants

1st Generation
“What Ever Worked”

2nd Generation

“Safety & Stability”

1830’s —1930’s

1930’s — 1990’s

3'd Generation

“Ozone Protection”

1990’s — 2010’s

4th Generation

“Global Warming”

2010 - NOW

4 )
» Limited applications
mainly industrial

S
* Innovation enabled
exponential societal

+ Poor safety & High cost improvements
A AN J
(e Carbon Dioxide (CO,) AYS Sulfur Dioxide (SO,) )

» Water (H,0) * CFCs & HCFCs

* Ammonia (NH3) « R11 + R-113

» Various HCs + R-12 - R-114

* Sulfur Dioxide (SO,) + R22 - Manymore
\_* Methyl Chloride (CH5Cl)/ \ _ * R-502 blends..... ]

» Preserved 2nd gen.
innovations, safety,
stability and efficiency

+ Sulfur Dioxide (SO,)
* HCFCs & HFCs

R-123 « R-404A
R-134a *© Many more
R-407C blends....
R-410A

4 N
« Fewer optimal choices
» Safety & design
challenges
\§ J

(- Sulfur Dioxide (SO,) )
¢ HFOs & HFC/HFO Blends
+ R-1234yf - R-1233zd
* R-1234ze - Blends....

* Renewed Interest “Natural”

\_ * €O, + HCs )

Societal Demands Continue to Drive Refrigerant Innovations




Refrigerant Transitions

Past

Stratospy, ar
e

CFCs

R-12, R-11, R-113, R-500, R-502 more...

ODP

Transitional
HFCs & HCFCs

R-22, R-134a, R-410A, R-123 more...

GWP

Next-Generation
HFOs & Blends

R-1234ze, R-1233zd, R- 513A, R-514A...

Atmospheric Life

Half-life in
DAYS

What is Driving Action?

Dramatic global growth of high-GWP HFCs

Recent HFC Growth Dramatic HFCs: Potential Growth

and Increasing I f Unmitigated
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« HFC growth directly

linked to Montreal
Protocol’s ODS
phaseout and
expanding
availability of
refrigeration & air
conditioning

» HFC emissions

could reach 19% of
projected global
CO, emissions by
2050 if left
unchecked

Alignment with Support to Sign Montreal Protocol Amendment




Global Consumption of HFCs
Source: UNEP Ozone Secretariat Fact Sheet 2 12%
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Global HFC use of Refrigerants in RACHP

Refrigeration, Air-Conditioning, Heat Pump

Refrigeration

4%
eat only HP

Source: UNEP Ozone Secretariat Fact Sheet 2
“Overview of HFC Market Sectors” (Oct 2015)
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Air-Conditioning
2% 5%
Domestic ~ Transport
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Chillers
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Actions Taken in Mobile Air Conditioning

European Environment
Agency

European Union F-Gas Requlations

1-1-2013 de facto ban on R-134a in newly type-
approved vehicles per Directive 2006/40/EC on
mobile air conditioning

Coaling Post:

R-1234yf in 7 million cars by 2016

g | Em United States
. Environmental Protection
\’ Agency
Corporate Average Fuel Economy (CAFE)

The 2012-2016 Standards offer credits for using low-GWP
refrigerants other than R-134a:

«  ~ 3-4 MPG for changing refrigerant

«  ~ 5 MPG for overall system changes

Vehicles using R-1234yf refrigerant (North America)
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Auto Industry, shipping cars with R-1234yf starting in 2011

Need for Refrigerant Choice

Government Action on Setting Phase-Outs on HFCs
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More to come...
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Montreal Protocol HFC Amendment Agreement

Kigali Amendment — Dubai Pathway on HFCs — Global Transitions Based on GWP
October 15, 2016

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

p @l]c New ork Eimes

7 — Y
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Nations, Fighting Powerful Refrigerant That Warms Planet, Reach Landmark Deal

KIGALI, Rwanda — Negotiators from more than 170 countries on Saturday reached
a legally binding accord to counter climate change by cutting the worldwide use of a
powerful planet-warming chemical used in air-conditioners and refrigerators.

The World has Spoken... Phase Down HFCs

Montreal Protocol HFC Amendment Agreement

Kigali Amendment - Global Transitions Based on GWP
October 15, 2016
. A2 Countries (Developed) USA, Canada... 0 A5 Countries (Group 1)
A5 Countries (Group 2) GCC
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Montreal Protocol HFC Amendment Agreement
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AHRI Letter to Executive Branch

Support of Congressional Action

Vice President-Elect Mike Pence December 21, 2016

.. action should be taken to enable U.S. industry to solidify its ‘
position as the global leader of innovation, job creation, and
production of energy efficient products and equipment. The
industry encourages the following actions in pursuit of that goal.

» Submit the Kigali Amendment on the usage of hydrofluorocarbons to J
the Montreal Protocol to the Senate for ratification. [

AHRI, firmly support a number of current programs and regulations ‘
that bring predictability and consistency to our marketplace. ‘

» Maintain the Environmental Protection Agency (EPA) Significant New
Alternatives Program (SNAP) as established under Section 612 of the Clean
Air Act. The EPA’s ability to list alternative refrigerants by issuing new rules
and maintaining previous rules continues to allow for flexibility in our
members’ product designs while pursuing health and safety for consumers in [
the marketplace.

Industry Supports Montreal Protocol HFC Amendment




US EPA to Tighten HFC Regulations

Changes to Section 608 Refrigerant Management Regulations

Current EPA Final Ruling
Covered CFECs & HCFCs CFCs, HCFCs, HFCs & HFOs
(Including all blends)
: e
. > .
Recordkeeping > 50 Ibs. & L5851 dlgposal .
> 50 Ibs. for service/repair \
Allowable FPUCESGERZIEEE R 35% Industrial Process Ref:
Leak Rates | CeuliCeERaEH 35% Commercial Ref:
[CECUEESHILENI - Comfort Cooling: 15% Comfort Cooling:
Leak If allowable leak rate is exceeded, then
| fi None Required 50-500 Ibs. — annual inspections -
nspections > 500 Ibs. — quarterly inspections g ¥5a
2 125% charge loss (in a calendar year), »

detailed reports must be filled
(find & repair equipment)
https://www.epa.gov/section608/revised-section-608-refrigerant-maffagement-

Chronic Leaks None Required

Appeal in having leak-tight machines is a real advantage

HVAC Industry Next Transition Begins

Next-Generation Refrigerants now available...

Medium Pressure
BV 0.0

Low Pressure

BV3.0 BV3.8 BV 6.7

9.0

8.5 |

8.17

Refrigerant Efficiency
(COP)
BV represents “Burning Velocity” of
2L refrigerants; range from 0-10 cm/sec.

All variables held constant for comparison
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Industry available choices offer high efficiency options



https://www.epa.gov/section608/revised-section-608-refrigerant-management-regulations

Flammability Properties Vary
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“Slightly Flammable"

Visual Examples of Burning Velocity

Differences with 2L Flammable Refrigerants

R-32 | | R-1234yf

Burning Velocity Burning Velocity
6.7 cm/sec 1.5 cm/sec

Minimum Ignition Energy Minimum Ignition Energy
>30 mj >5000 mj

Burn Velocity Differs Between 2L Refrigerants




ANSI/ASHRAE Refrigerant Standards

How are they related

Standard 34 Standard 15

Designation and
Safety Classification of
Refrigerants

Safety Standard for
Refrigeration Systems

®@

T— I @

Safety Standard of Model Code State Law
Classification Care

“enforceable”

Several Steps Before Code Adoption

Safety Standards and Building Codes ...

Revisions underway to enable application of next-generation refrigerants m?a M

When can we apply these new refrigerants? T
1. 2016 ASHRAE 34 e S J 01 60335:2-40
2. SNAP-approved (U.S.) M4 Refrigerants

3. Standards and codes?

Q A1/B1 (non-flammable) options... TODAY!
(no standard or code changes required)

O AZ2L/B2L (slightly flammable) options.... in addition to 1 & 2 above:

ANSI/ASHRAE Standard 34-2016
(Supersedes ANSI/ASHRAE Standard 34-2013)
Includes ANSIVASHRAE addenda listed in Appendix H

OUTDOOR INSTALLATION: INDOOR INSTALLATION:

o 2017 UL 60335-2-40 Ed. 2 o 2017 UL 60335-2-40 Ed. 2

o 2018 model mechanical codes o 2019 ASHRAE 15 o
(e.g. ICC and IAPMO) o 2021 model mechanical codes

o States, with 2017 UL 60335-2-40 Ed. 2 (e.g. ICC and IAPMO)
States, with 2021 model codes

Non-flammables — today. Outdoor 2L application — with SNAP approval.

Indoor 2L application — with 2021 model codes.




Refrigerant Choices & Comparison

Screw & Centrifugal Technology Options

Low Pressure Medium Pressure

R-123 R-1233zd R-514A R-134a R-513A R-1234yf R-1234ze
Flammability Non (1) Non (1) Non (1) Non (1) Non (1) Slight Slight
Toxicity Higher (B) Lower (A) Higher (B) Lower (A) Lower (A) Lower (A) Lower (A)
Fluid Efficiency 8.95 COP 8.85 COP 8.91 COP 8.47 COP 8.28 COP 8.17 COP 8.45 COP
Capacity Change 1 ~35% Gain ~5% Loss
79

Similar ~5% Loss ~25% Loss
573 1

Multiple, Next-Gen Refrigerants available... Today!

High Pressure Replacements

High Pressure

R-22 R-410A R-452B R-454B R-32

Flammability ASHRAE Class [\ 1N i8] Non (1) Slight (2L) Slight (2L) Slight (2L)
BV (cm/s) 3.0 3.8 6.7

Toxicity Lower (A) §f Lower (A) Lower (A) Lower (A) Lower (A)
. . Theoretical 7.99 8.14 8.15 8.22

Fluid Efficiency - — 8 - - - -
:; Drop-in n/a n/a 8.39 8.40 7.83

. Theoretical 1 ~2%loss "~3%loss ~9% gain
Capacity Change - - - ——— =
Drop-in n/a n/a same same same
GWP 1810 1924 675 466 677
oDP 0.05 0.00 0.00 0.00 0.00

Driving Factors

Blend
* Performance 26% R-1234yf Blend
. 7% R-125 31% R-1234yf
Safety 67% R-32 RELEIEN 69% R-32
» Cost

All Current High Pressure Alternatives are 2L




What refrigerant do I select?

« There are no perfect refrigerants -
« Take a balanced approach: é
Safety, Environmental Impact, Efficiency

+ R-123, R-134a, R-410A, R-404A, R-407C are all responsible HVAC
refrigerant choices... today

« Leak tightness is key!
Means lower emissions, higher efficiencies, lower cost, safer

* Next-generation alternatives are available; only A1/B1 refrigerants
offer clear and immediate solutions... /ts time to evaluate your options

Understand your choices... plan for tomorrow

How Can I Protect My Investment?

Total cost of ownership encompasses total carbon footprint

11 =1 ” : : _——
First Cost” (chiller + refrigerant) 4.92%

Lifetime Refrigerant Supply* 0.04% e

Lifetime Electrical Costs 88.51% ~

All refrigerants used today are and will be
— available for the life of the equipment.

Focus on reliable, efficient designs!

30 Year Investment

* Based on low-pressure, hermetic design

A Balanced Approach, with a Focus on Efficiency

11



Thank you for your time and attention!

Support
Documentation & Sources

AHRI Discusses HFC Phasedown with EEETV

Following AHRI's agreement with ASHRAE and the
Department of Energy to help fund flammable
refrigerant research, AHRI Presidentand CEO
Stephen Yurek spoke with E&ETV's OnPoint to
discuss the growing global momentum to phase
down HFCs, specifically focusing on how the HVACR
industry will work to comply with proposed
amendments to the Montreal Protocol. Yurek
highlighted AHRI's extensive and proactive research
effort to identify suitable alternatives for many
different applications in an effort to reduce the use of high-global warming potential refrigerants. Watch
the full interview here. Contact: Francis Dietz.

AHRI's Yurek says global momentum building to phase down HFCs
OnPoinf: Wednesday, June 8 2016

http://www.eenews.net/videos/2138?platform=hootsuite
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http://www.eenews.net/videos/2138?platform=hootsuite
http://www.eenews.net/videos/2138?platform=hootsuite
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How do I Find Out More?

[BMIBRTREAIPROTOCOL ON SUBSTANCES THAT DEPLETE THE OZONE LAYER

November 2015 meetlngs

http://www.achrnews. com/artlcles/131056 montreal-protocol-sets-global-hfc-phasedown

and |ndustry support:

D ST, . T
GNTEP STage http://www.epa.gov/climatechange/ghgemissions/gases/fgases.html
http://www.coolingpost.com/world-news/us-epa-considers-future-ban-on-ri34a-chillers/

F4 B
H £
E:
%s M ;LE’ Rule 20 (July 2015) — Prohibition on the use of certain high-GWP HFCs as alternatives
E ®  Final Rule: https://www.gpo.gov/fdsys/pkg/FR-2015-07-20/pdf/2015-17066.pdf
Fact Sheet: http://www.epa.gov/snap/final-rule-protection-stratospheric-ozone-change-listing-status-certain-substitutes-under

AHRI/NRDC petition (February 1, 2016):
http://www.ahrinet.org/App_Content/ahri/files/News%20Room/Press%20Releases/2016/AHRI NRDC Letter to EPA Regarding Chiller Action Under SN
AP 02 01 16.pdf

e ————————————————————
http://www.coolingpost.com/world-news/r134a-faces-chiller-ban-from-2025/ J the N EWS

http://www.achrnews.com/articles/131955-ahri-nrdc-align-on-refrigerant-phaseou

AHRI, NRDC Align on Refrigerant Phaseout

EPA expected to decide soon whether to accede to the consensus recommendation

References & Additional Information

How do I Find Out More? (cont.)

R-452B (formerly “DR-55"):

http: //WWW coolingpos! tcom/world news/trane debuts r410a replacement/

AHRI's Low-GWP Alternative Refrigerants Evaluation Program
http://www.ahrinet.org/site/514/Resources/Research/AHRI-Low-GWP-Alternative-Refrigerants-Evaluation

Kujak S., Thompson, M. “Future of refrigeration and air conditioning in 2032; insights into design and market challenges with lower global
warming potential (GWP) refrigerant candidates.” Cryogenics and Refrigeration-Proceedings of ICCR2013. Paper ID: B-4-10.

Trane / Ingersoll Rand:
http://company.ingersollrand.com/ircorp/en/discover-us/sustainability/our-climate-commitment.html

Considerations for Next-Generation HVAC Refrigerants (February 2015)

http://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/industry-articles/ENV-APNOO1A-
EN 2015 refrigerants.pdf

HVAC Refrigerants: A Balanced Approach (June 2011)
http://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/engineers-newsletters/energy-environment/adm-
apn041-en 0711.pdf

CenTraVac™ Chiller Environmental Product Declaration (EPD) — UL Environment Sustainable Products Guide
http://productguide.ulenvironment.com/ProductDetail.aspx?productID=66583&CertificationID=15&CategoryID=67

References & Additional Information
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http://www.coolingpost.com/world-news/world-could-agree-hfc-phase-down-in-2016/
http://www.achrnews.com/articles/131056-montreal-protocol-sets-global-hfc-phasedown
http://www.racplus.com/newsletter/news/usa-focus/ahri-applauds-hfc-phase-down-decision/8691735.article
http://www.achrnews.com/articles/131199-industry-reacts-to-groundbreaking-hfc-phase-down-discussions
http://www.epa.gov/climatechange/ghgemissions/gases/fgases.html
http://www.coolingpost.com/world-news/us-epa-considers-future-ban-on-r134a-chillers/
https://www.gpo.gov/fdsys/pkg/FR-2015-07-20/pdf/2015-17066.pdf
http://www.epa.gov/snap/final-rule-protection-stratospheric-ozone-change-listing-status-certain-substitutes-under
http://www.ahrinet.org/App_Content/ahri/files/News Room/Press Releases/2016/AHRI_NRDC_Letter_to_EPA_Regarding_Chiller_Action_Under_SNAP_02_01_16.pdf
http://www.coolingpost.com/world-news/r134a-faces-chiller-ban-from-2025/
http://www.achrnews.com/articles/131955-ahri-nrdc-align-on-refrigerant-phaseout
http://www.coolingpost.com/world-news/is-dr-55-best-option-to-replace-r410a/
http://www.coolingpost.com/world-news/trane-debuts-r410a-replacement/
http://www.acr-news.com/chemours-refrigerant-gains-preliminary-ashrae-classification-1
http://www.ahrinet.org/site/514/Resources/Research/AHRI-Low-GWP-Alternative-Refrigerants-Evaluation
http://company.ingersollrand.com/ircorp/en/discover-us/sustainability/our-climate-commitment.html
http://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/industry-articles/ENV-APN001A-EN_2015_refrigerants.pdf
http://www.trane.com/content/dam/Trane/Commercial/global/products-systems/education-training/engineers-newsletters/energy-environment/adm-apn041-en_0711.pdf
http://productguide.ulenvironment.com/ProductDetail.aspx?productID=66583&CertificationID=15&CategoryID=67

Other References:

http://www.unep.org/ozonaction/Portals/105/documents/University%20course%20pack%202016/FS-2-Overview-of-HFC-Markets-final-rev1-.pdf
(Overview of HFC Market Sectors, April 2015)

Global Pressure on ALL Refrigerants:
http://www.epa.gov/ozone/downloads/HFC Amendment 2013-Summary.pdf . Powell. Peter. "HFCs Are On S%aky Ground.” ACHR News
(Nice summary of North American proposal to Montreal Protocol) July 26 2004, ’ :
http://www.achrnews.com/articles/122923-the-future-of-hfcs-in-montreal-protocol | * Powell, Peter. “Refrigerant Talk Turns to HFOs.” ACHR News.
(April 2013, quotes from other HVAC companies) August 11, 2008.

« Turner, Fred. “Commentary: Midgley’s Legacy.” ASHRAE
http://www.epa.gov/ozone/intpol/mpagreement.html Journal. July 2010.

(Sept 2013, fact sheets on the right side of page — focuses on refrigeration, but - Wilkins, Robert. “The Global Debate On The Phasedown of
shows next refrigerants) HFC Refrigerants.” Engineered Systems. December 2011.

http://www.argusmedia.com/pages/NewsBody.aspx?id=863805&menu=yes
(Sep 2013, G20 nations sign agreement to curtail HFCs)

http://articles.economictimes.indiatimes.com/2013-10-02/news/42617384 1 hfcs-montreal-protocol-climate-change
(Oct 2013, U.S. and India joint agreement on HFC phasedown)

http://www.hydrocarbons21.com/articles/european parliament formally backs eu f-gas regulation deal
(Mar 2014, New EU F-gas regulation passed)

http://www.alliancepolicy.org/index.php
(Learn more about The Alliance for Responsible Atmospheric Policy)

http://www.bna.com/epa-proposes-prohibit-n17179892134,
(Jul 2014, Article on proposed EPA bans/reductions on HFC refrigerants through SNAP)

References & Additional Information

SNAP Ruling Documentation

(Unacceptable Refrigerants & Those Subject to Restrictions)

U.S. Government Publishing Office/Electronic Code of Federal Regulations

Title 40 > Chapter I > Subchapter C > Part 82 > Subpart G
http://www.ecfr.gov/cgi-bin/text-idx?SID=1336e126c41c481006b799e3ad21d554&mc=true&node=sp40.18.82.g&rgn=div6

ELECTRONIC CODE OF FEDERAL REGULATIONS '

i Find the Appendix with the ruling of interest:

Appendix U to Subpart G of Part 82—Unacceptable Substitutes and Substitutes Subject to Use Restrictions Listed in the July 20, 2015 Final Rule,
Effective August 18, 2015

iy I AR i A i g G
Appendix U -- http://www.ecfr.gov/cgi-bin/text-
idx?SID=1336e126c41c481006b799e3ad21d554&mc=true&node=sp40.18.
82.9&rgn=div6#ap40.18.82 1184.u

View past updates to the e-CFR
Click here to leam more

e-CFR data is current as of October 13, 2015

Title 40 — Chapter | — Subchapter C — Part 82 — Subpart G

Browse Previous | Browse Next Title 40 — Chapter | — Subchapter C — Part 82 — Subpart G — Appendix

Title 40: Protection of Environment
PART 82— PROTECTION OF STRATOSPHERIC QZONE

Title 40: Protection of Environment
PART 82—PROTECTION OF STRATOSPHERIC OZONE
Subpart G—Significant New: Alternatives Policy Program

Subpart G—Significant New Alternatives Policy Program

Contents Areenpix U 1o Suseart G oF Part 82—Uniac £ TES AND Sussect 1o Use RestricTions LisTep IN THE JuLy
z:iq;g ;:rr:‘?“s;‘:nﬂ scope, 20, 2015 Finac Ruce, Errecnive Ausust 19, 2015

582474  Prohibitions a0 AR C UNACCEFTABLE
582476 Applicabiity
582478 Information required to be submitted

582,180 Agency review of SNAP submissions End-use itute Decision _ [Further i

§82.182 Confidentiality of data. Retail food HF C-227ea, R-404A, R-407B, R-421B, R-422A ||Ui blejThese refri have GWPs
§82.184 Petitions. refrigeration R-422C. R-422D, R-428A. R-434A R-507A as of January|ranging from 2,729 to 3,985 Other
Appendix A to Subpart G of Part bstitutes Subject to Use and L Substitutes (supermarket 12017 substitutes will be available for this
Appendis B to Subpart @ of Part bstitutes Subject to Use and | Substitules systems) (new) end-use with lower overall risk to
Appendix C to Subpart G of P: bstitules Supiect o Use and L Substitutes Listed in the May 22, 1396 Final Rule, human health and the environment
'ﬁ@@luwdﬂ‘ . Y NPT S Y by the status change date.

Retail food
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http://www.epa.gov/ozone/downloads/HFC_Amendment_2013-Summary.pdf
http://www.epa.gov/ozone/downloads/HFC_Amendment_2013-Summary.pdf
http://www.achrnews.com/articles/122923-the-future-of-hfcs-in-montreal-protocol
http://www.epa.gov/ozone/intpol/mpagreement.html
http://www.argusmedia.com/pages/NewsBody.aspx?id=863805&menu=yes
http://articles.economictimes.indiatimes.com/2013-10-02/news/42617384_1_hfcs-montreal-protocol-climate-change
http://www.hydrocarbons21.com/articles/european_parliament_formally_backs_eu_f-gas_regulation_deal
http://www.alliancepolicy.org/index.php
http://www.bna.com/epa-proposes-prohibit-n17179892134/
http://www.ecfr.gov/cgi-bin/text-idx?SID=1336e126c41c481006b799e3ad21d554&mc=true&node=sp40.18.82.g&rgn=div6
http://www.ecfr.gov/cgi-bin/text-idx?SID=1336e126c41c481006b799e3ad21d554&mc=true&node=sp40.18.82.g&rgn=div6#ap40.18.82_1184.u

