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Introduction to HFCs

• HFC-23 byproduct of HCFC-22 production
• HFC-152a used in R-500 blend with CFC
• Used with other F-GHGs in semiconductor 

manufacturing
• Primarily introduced as ODS substitute in 

response to Montreal Protocol
– Refrigeration & air-conditioning
– Foams, aerosols, solvents, fire extinguishing



Atmospheric Impacts of ODS and HFCs
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HFCs used as ODS substitutes 
account for <2% of GHG emissions
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U.S. GHG Emissions (2006)
excluding Fossil Fuel Combustion

ODS Substitutes

==== CO2 ====
Limestone and Dolomite Use
Cropland Remaining Cropland
Soda Ash Production and Consumption
Aluminum Production
Petrochemical Production
Titanium Dioxide Production
Carbon Dioxide Consumption
Ferroalloy Production
Phosphoric Acid Production
Zinc Production
Petroleum Systems
Lead Production
Silicon Carbide Production and Consumption
==== CH4 ====
Enteric Fermentation
Landfills
Natural Gas Systems
Coal Mining
Manure Management
Petroleum Systems
Forest Land Remaining Forest Land
Wastewater Treatment
Stationary Combustion
Rice Cultivation
Abandoned Underground Coal Mines
Mobile Combustion
Composting
Petrochemical Production
Iron and Steel Production
Field Burning of Agricultural Residues
Ferroalloy Production
Silicon Carbide Production and Consumption
==== N2O ====
Agricultural Soil Management
Mobile Combustion
Nitric Acid Production
Stationary Combustion
Manure Management
Wastewater Treatment
Adipic Acid Production
N2O from Product Uses
Forest Land Remaining Forest Land
Composting
Settlements Remaining Settlements
Field Burning of Agricultural Residues
Municipal Solid Waste Combustion
==== HFCs ====
ODS Substitutes
HCFC-22 Production
Semiconductor Manufacture
==== PFCs ====
Semiconductor Manufacture
Aluminum Production
==== SF6 ====
Electrical Transmission and Distribution
Magnesium Production and Processing
Semiconductor Manufacture



Proposed U.S. Legislation

• Some early bills did not address HFCs 
(Feinstein-Carper, Alexander-Lieberman)

• Some early bills included HFCs in the 
basket of other gases (McCain-Lieberman)

• Recent bills have treated HFCs separately
– Late entry (Markey)
– Extend ODS Regulations (several)
– Separate HFC cap (several)
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Alternatives Available Today
• Aerosols

– Replace HFC-134a with HFC-152a (90%)
[CO2eq reduction where applied]

– Hydrocarbons (100%)
– Not-in-Kind (Pumps, Roll-Ons, etc.) (100%)
– MDIs:  Dry Powder Inhalers (100%)

• Fire Protection
– Inert Gases (100%)
– Water Mist (100%)
– Fluorinated Ketones (99.97%)

• Solvent Cleaning
– Aqueous / Semi-Aqueous (100%)
– HFEs (82-96%)



Alternatives Available Today
• Foam Blowing

– Most end-uses: hydrocarbons, CO2, water (100%)
– Appliance foam: capture/destroy at disposal (~90%)

• Refrigeration & Air Conditioning
– All end-uses: recovery/recycling (10-100%)
– All end-uses: leak repair (10-100%)
– Supermarkets: low-charge, low-leak techs. (90+%)
– Auto AC: enhanced HFC-134a system (50%)
– Residential & commercial AC, chillers: microchannel

heat exchangers (35-40%)
– Chillers, cold storage: ammonia (100%)



Alternatives Available Shortly
• Aerosols & Foam Blowing

– HFO-1234ze (99.4-99.6%)
• Fire Protection

– Expanded market for current options (99.97-100%)
• Solvent Cleaning

– Other low-GWP chemicals (~90%)
• Refrigeration & Air Conditioning

– Auto AC: HFO-1234yf, CO2 (99.7-99.9%)
– Bus, Train AC?:  HFO-1234yf, CO2
– Home refrigerator/freezers, stand-alone commercial 

refrigerator/freezers, window units, dehumidifiers, 
beverage coolers, vending machines, ice makers: 
hydrocarbons, CO2, HFO-1234yf (99.7-100%)



HCFC, HFC Consumption and Caps

0
100
200
300
400
500
600
700

1990 2000 2010 2020 2030 2040 2050

M
M

TC
O

2e
q.

HFCs (BAU) HCFCs (MP)
Waxman-Markey AINS (Max) Waxman-Markey AINS (Min)
HFCs (Med Scenario)



Sensitivity to Reduction Options

• Many reduction options are here today 
(recovery, HCs, low-charge/low-leak 
technologies, HFEs, etc.)

• Many are likely to be available soon 
(HFOs in mobile AC, aerosols?, others?)

• Assuming current growth patterns, to 
reach deep cuts, more options and 
alternatives will be needed



Alternatives Available 10+ Years?
• Aerosols

– MDIs: Injections / tablets (100%)
• Fire Protection

– Other low-GWP chemicals (~90%)
• Foam Blowing

– All end-uses: expanded capture/destruction at 
manufacture & disposal (~90%)

• Refrigeration & Air Conditioning
– Transport refrigeration:  hydrocarbons, ammonia, low-

GWP blends (~50-100%)
– Residential & commercial AC, chillers, retail food: 

blends with low-GWP chemicals (~50-90%)
• And more
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Sensitivity to BAU Projections 
• Caps are defined at the start

– Some proposals set the cap (e.g., Boxer starts at 289 
MMTCO2eq cap in 2012)

– Some calculate cap based on historical data (e.g., 
Waxman-Markey uses 2004-06 HFC+HCFC data, but 
sets maximum at 370)

• Maximum consumption over time is thus 
defined, but needed reductions depends on BAU

• Fast-changing sectors, BAU difficult to predict
– Recent economy decline (e.g., car sales)

• Will HFC growth continue, slow down e.g. to 
match population growth (<1% in U.S.)?
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Summary 
• HFCs are a small portion of greenhouse gases, but 

important:
– Growing rapidly
– Used primarily as substitutes for ozone-depleting substances

• Recent U.S. legislation proposals treat HFCs separately
• Meeting policies will require a suite of options

– Many are available today
– More are “in the pipeline”
– Policies and costs will likely drive others

• Assessment of reduction scenarios sensitive to
– Baseline market at policy start (e.g., 2012)
– Growth over time, especially after HCFC phaseout
– Technology options available



Thank You

• Questions?
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