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Refreshing Refrigerants

What are refrigerants’ true impact on 
global warming? We will delve into 
natural alternatives, and a case study 
that achieved thermal comfort with low 
refrigerant use intensity (RUI). 



Learning Objectives

1. Understand what refrigerants 
are and their impacts on the 
environment. 

2. Become familiar with how 
refrigerants have typically 
been used and what quantities 
are present in different HVAC 
systems.

3. Understand how to quantify 
impacts of refrigerants on 
global warming.

4. Identify natural alternates for 
projects.

Learning Level – Intermediate 



What is a refrigerant? 

re-frig-er-ant

noun

plural noun: refrigerants

A substance used for refrigeration.



What is a refrigerant? 

Refrigerants are also hazardous chemicals 
that can be toxic and flammable.

re-frig-er-ant

noun

plural noun: refrigerants

A substance used for refrigeration.



What is a Refrigerant?



What is a Refrigerant?



History
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Global Warming Potential of Refrigerants

Typical in screw, 

centrifugal chillers

Typical in VRF, split 

systems, scroll chillers



HFC Consumption 

UNEP Ozone  Secretariat Fact Sheet 2 (2015)

Main RACHP Refrigerants

R-404A � GWP = 3922

R-410A � GWP = 2088

R-407C  � GWP = 1774

HFC-134a  � GWP = 1430

zz



Refrigerant Impacts



Refrigerants Matter







Holistic Emissions Analysis

Operations Refrigerants Embodied



Why?



IMPACT!



Refrigerant Management



Refrigerant Management

 $-

 $5,000,000,000

 $10,000,000,000

 $15,000,000,000

 $20,000,000,000

 $25,000,000,000

VRF Chillers Boilers

Estimated Global Market Value



The Rail Spur Today



The Rail Spur Tomorrow





Selecting the Mechanical System

Why Air Source Heat Pump Technology?



Selecting the Mechanical System

Why Air Source Heat Pump Technology?



Selecting the Mechanical System

First Cost

Tenant 
Flexibility

Life Cycle Cost

Aesthetics

Greenhouse Gas 
Impact

Roof Area

Ceiling Height

Leasable Area

Maintenance

Energy Cost

Acoustics

Water Efficiency



Selecting the Mechanical System

First Cost

Tenant Flexibility

Life Cycle Cost

Aesthetics
Greenhouse Gas 

Impact

Roof Area

Ceiling Height

Leasable Area

Maintenance

Energy Cost

Water Efficiency

Top Priority:
“Appealing Now and 
in 100 Years”

Second Priority:
“Manage Impacts”

Third Priority:
“Really important, but 
not to the detriment 
of the above”



Project Example – VRF



Project Example – VRF



Selecting the Mechanical System

VRF = High “RUI” ASHP = Low “RUI”

Two Efficient Systems with Different RUI’s - “Refrigerant Use 
Intensity” 

Uses refrigerant as the 
medium to move heat 
around the building.

Uses water as the medium 
to move heat around the 
building.

The risk of refrigerants on the environment and indoor air quality 
was one of the deciding factors.



VISION – Comfort with Friendly Refrigerants 

Friendly 
Refrigerants

+



Leakage Issues & 
Refrigerant Managment



Refrigerant Management
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EPA - Refrigerant Reclamation
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R410a



Reviews….

“I can top off my AC as 
necessary…for much 
less than the cost of 
one visit by the AC guy 
- at least unit the leak 
gets much worse.” 

– Verified Purchaser



410a Reviews



LEED Method

2%

10%



Agreements & Regulations



Meeting the Montreal Protocol HCFC Phaseout



Kigali Agreement – HFC Phasedown
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Kigali Agreement

The countries to have ratified in date order:

1. Mali 31/3/17

2. Micronesia 12/5/17

3. Marshall Islands 15/5/17

4. Rwanda 23/5/17

5. Palau 29/8/17

6. Norway 6/9/17

7. Comoros 16/9/17

8. Chile 19/9/17

9. Tuvalu 21/9/17

10. North Korea 21/9/17

11. Australia 27/10/17

12. Canada 3/11/17

13. Maldives 13/11/17

14. UK 14/11/17

15. Finland 14/11/17

16. Germany 14/11/17

17. Laos 16/11/17

18. Luxembourg 16/11/17

19. Slovakia 16/11/17

20. Sweden 17/11/17

21. Trinidad and Tobago 17/11/17

22. Malawi 21/11/17

23. Côte d’Ivoire 29/11/17

24. Ecuador 22/1/18

25. Netherlands 8/2/18

26. Gabon 28/2/18

27. Togo 8/3/18

28. Ireland 12/3/18

29. Benin 19/3/18

30. Samoa 23/3/18

31. France 29/3/18

32. Barbados 19/4/18

33. Vanuatu 20/4/18

34. Niue 24/4/18

35. Bulgaria 1/5/2018

36. Costa Rica 23/5/18

37. Grenada 29/5/18

38. Belgium 4/6/2018

39. Uganda 21/6/18

40. Portugal 17/7/18

41. Lithuania 24/7/18

42. Burkina Faso 26/7/18

43. Latvia 17/8/18

44. Niger 29/8/18

45. Senegal 31/8/18

46. Uruguay 12/9/18

47. Hungary 14/9/18

48. Tonga 17/9/18

49. Mexico 25/9/18

50. European Union 27/9/18

51. Estonia 27/9/18

52. Czech Republic 27/9/18

53. Austria 27/9/18

54. Sri Lanka 28/9/18

55. Panama 28/9/18

56. Greece 5/10/18

57. Guinea-Bissau 22/10/18

58. Kiribati 26/10/18

59. Paraguay 1/11/18

60. Switzerland 9/11/18



International Perspectives



Kigali Agreement





State Regulations



EPA – New Regulations

Changes to Section 608 
of the Clean Air Act  

Technicians must use certified recovery 
and/or recycling equipment when opening 
an HFC appliance (Starting 1/1/18)

Technicians must evacuate to the specified 
levels of vacuum when opening HFC 
appliances (Starting 1/1/18) 



EPA – New Regulations

Changes to Section 608 
of the Clean Air Act  

Technicians must use certified recovery 
and/or recycling equipment when opening 
an HFC appliance (Starting 1/1/18)

Technicians must evacuate to the specified 
levels of vacuum when opening HFC 
appliances (Starting 1/1/18) 



EPA (40 CFR Part 82, Subpart F)

Under Section 608 of the Clean Air Act  



EPA - New Regulations 

Changes to Section 608 of the Clean Air Act  

Current New 608 Ruling

Refrigerants CFC + HCFC CFC, HCFC, HFC + HFO

Documenting > 50 lbs
• 5 lbs disposal
• 50lbs service/repair

Allowable Leak Rates for Comfort 
Cooling (system with >50 lbs)

15% 10%

Leak Inspections None Required
If allowable leak rate exceeded
50-500 lbs – annual
>500 lbs – quarterly

Chronic Leaks
None Required

>=125% charge loss (in one 
year) detailed reports filled out –
find and repair equipment



EPA – (40 CFR Part 82, Subpart F)

Under Section 608 of the Clean Air Act  

Technician 
Certification 

Recycling & 
Recovery 

Equipment

Refrigerant 
Leak 

Management

Refrigerant 
Sales 

Restrictions

Recordkeeping 
Requirements

Safe Disposal 
Requirements

Reclamation

Service 
Practice 

Requirements

Equipment Full Charge Frequency of Leak Inspections

Commercial 
Refrigeration & IPR

≥ 500 pounds

Once every three months until the 
owner/operator can demonstrate that the 
leak rate has not exceeded the threshold 
for four quarters in a row. 

50 to 500 pounds

Once per calendar year until the 
owner/operator can demonstrate that the 
leak rate has not exceeded the threshold 
for one year. 

Comfort Cooling ≥ 50 pounds

Once per calendar year until the 
owner/operator can demonstrate that the 
leak rate has not exceeded 10% for one 
year.  

LEAK INSPECTION MUST BE PERFORMED ACCORDING TO THE FOLLOWING SCHEDULE: 



GHG Emission Impacts



Full Emissions Analysis

Greenhouse Gas 
Emissions Analysis

GGEA REA GGLCA

Refrigerants 
Emissions Analysis

Greenhouse Gas 
Lifecycle Assessment



Design Solutions



Solutions

Opt for 
Renewables

Reduce Loads

Set Aggressive
Goals

Choose Efficient 
Systems

Analyze the 
Climate

Verify 
Performance

Low Refrigerant Charge
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Seattle – VRF Impacts



Hydronic Solutions



Project Example – Leakage Rates EPA vs LEED



Future Buildings
Comfort without more than 2lbs CO2e/SF total 
refrigerant charge. Comfort without high GWP 
refrigerant.



New Refrigerants

Higher Flammability Class 3 A3
R-290 Propane

B3

Lower Flammibility Class 2 A2
R-152a 

B2

Lower Burning Velocity Class 2L

A2L
R-32

R-1234yf
R-1234ze 

B2L
R-717 Ammonia 

No Flame Propagation Class 1

A1
R-22

R-134a
R-410A

R-744 CO2

B2
R-123

Lower Toxicity Higher Toxicity

Refrigerant Safety Groups



Future



‘Natural’ Refrigerants

Potentials for Ammonia & CO2



Innovation



RMI – Innovation Center



Refrigerant Based Systems



Cooling

Baseline Optimized Cooling Comfort 
Alternate



Refrigerant Based Systems



Almost No Refrigerants



Key Design Elements – Glazing Design & Performance



RMI Emissions Analysis – 35 years

Operational 
Emissions

Refrigerants 
Emissions

Embodied 
Emissions



RMI Emissions Analysis – 35 years

Operational 
Emissions

Refrigerants 
Emissions

Embodied 
Emissions



RMI Emissions Analysis – 35 years

All Emissions Solar Production



Audience Questions



Katie Zabrocki, PE
Project Manager
Katie.Zabrocki@pae-engineers.com

503.542.0568

522 SW 5th Ave., Suite 1500
Portland, OR 97204

Creating a better 
environment 


