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Summary 

• EPA’s HFC Phasedown Rule is expected to result in large 
HFC emission reductions.

• Proposed approach calculates the climate benefits using 
direct estimates of SC-HFCs.

– Same methods used for IWG’s Feb 2021 interim SC-GHGs

• We also present a comparison of the SC-HFCs to a GWP-
based approximation approach.
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Background on the HFC Phasedown Rule
• The “AIM Act” was enacted on December 27, 

2020.
• Requires EPA to establish an allowance 

allocation and trading program to phase down 
the production and consumption of the listed 
HFCs within 270 days.
– Nine of these HFCs are the most widely used.
– They are used in refrigeration and air conditioning, 

foam blowing, solvents, aerosols, and fire 
suppression. 

• Requires the phasedown to be based on an 
exchange value-weighted (i.e., GWP) basis 
according to a specific schedule, consistent 
the Kigali Amendment to the Montreal 
Protocol.  3

Chemical Name Common Name
CHF2CHF2 HFC-134
CH2FCF3 HFC-134a
CH2FCHF2 HFC-143
CHF2CH2CF3 HFC-245fa
CF3CH2CF2CH3 HFC-365mfc
CF3CHFCF3 HFC-227ea
CH2FCF2CF3 HFC-236cb
CHF2CHFCF3 HFC-236ea
CF3CH2CF3 HFC-236fa
CH2FCF2CHF2 HFC-245ca
CF3CHFCHFCF2CF3 HFC-43-10mee
CH2F2 HFC-32
CHF2CF3 HFC-125
CH3CF3 HFC-143a
CH3F HFC-41
CH2FCH2F HFC-152
CH3CHF2 HFC-152a
CHF3 HFC-23

Date Percentage of the 
Baseline

2020 – 2023 90 percent
2024 – 2028 60 percent
2029 – 2033 30 percent
2034 – 2035 20 percent
2036 and after 15 percent
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Climate benefits estimation in HFC Rule RIA

• The HFC proposed rule is expected to lead 
to large emission reductions for HFCs.

• To estimate the global climate benefits, EPA 
developed HFC-specific social cost estimates 
consistent with the methodology underlying 
the IWG Feb 2021 interim SC-GHGs.

• Climate benefits are estimated by multiplying the tons of emissions 
abated of each HFC by the social cost of that HFC (SC-HFC) for the 
year of the abatement.
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Year

HFC Emission 
Reductions 

(MMTCO2e)
2022 44
2024 94
2029 133
2034 154
2036 187
2045 227
2050 243
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The Direct Estimation of SC-HFC
• Uses the same methodologies as the direct estimates of SC-CO2, 

SC-CH4, and SC-N2O.
– Three integrated assessment models (DICE, FUND, PAGE)
– Harmonized inputs for these models
– Three discount rates (2.5%, 3%, and 5%), plus a fourth value (the 95th

percentile of the 3% estimate
– For each discount rate, combines the distributions across models and 

socioeconomic emissions scenarios, applying equal weight to each

• Augments the IWG modeling framework following the same 
approach used for the other non-CO2 GHGs (SC-CH4 and SC-N2O)

– Minimally augment IAMs to explicitly consider the path of additional 
radiative forcing from a perturbation of the non-CO2 gas

– Specify post-2100 non-CO2 emissions in a way consistent with IWG 
assumptions on non-CO2 radiative forcing
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Modeling decisions specific to SC-HFCs
(same decisions as used for SC-CH4 and SC-N2O)

Modeling the HFC Perturbation
• “One box” model for HFC atmospheric concentration

– Assumes one representative sink with a constant decay rate
• IPCC AR4 parameters (consistent with SC-CH4 and SC-N2O estimates) 
• In line with the assumptions underlying the AR4 GWP calculations

Post-2100 HFC Emissions
• Emissions of each gas fall to their respective rate of atmospheric decay
• This has the effect of holding global mean radiative forcing due to 

atmospheric HFCs constant past 2100 in the baseline

Process for estimating the SC-HFC
• Perturb the one box model to get the increase in concentration, and 

the additional radiative forcing 
• Add the additional forcing into the IAMs’ climate modules
• Discount back the increase in damages relative to the baseline 
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SC-HFC Estimates
• SC-HFC estimates are estimated for 2020 through 2050 for each of 

the 9 HFCs affected by the rule. 
– As with other SC-GHGs, the values increase over time, as determined within each 

model, because future emissions are expected to produce larger incremental 
damages as the economy grows and physical and economic systems become more 
stressed in response to greater climatic change.
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Social Cost of HFC-125, 2020 – 2050 (in 2020 dollars per metric ton HFC-125)
Year 5% Average 3% Average 2.5% Average 3% 95th Pct.
2020 $83,000 $210,000 $290,000 $550,000
2025 $99,000 $240,000 $330,000 $640,000
2030 $120,000 $280,000 $370,000 $730,000
2035 $140,000 $310,000 $410,000 $830,000
2040 $160,000 $350,000 $450,000 $930,000
2045 $180,000 $390,000 $500,000 $1,000,000
2050 $210,000 $430,000 $550,000 $1,100,000

*HFC-125 is just one of the 9 HFCs which were modeled. 
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Comparison to a GWP-based approximation 
approach
• Approximating social cost of non-CO2 GHGs using the SC-CO2 to value CO2-eq 

emissions changes based on the GWP likely underestimate damages (e.g., 
Marten and Newbold 2012, Waldhoff et al. 2015).
– Miss important temporal and non-linear effects
– Cannot handle gas specific impacts (e.g., CO2 fertilization)

• However, exchange values in the AIM Act are numerically identical to AR4 GWPs. 
Therefore, a comparison between the direct SC-HFCs and a GWP-based 
approach is worthwhile.

• The SC-CO2 includes CO2 fertilization effects that lower the value, so scaling the 
SC-CO2 by the GWP incorrectly assigns those positive effects of CO2 emissions to 
the other GHG.

– Instead, we can scale the SC-CH4 or SC-N2O by the ratio of HFC GWP to the CH4 or N2O GWP, 
respectively, to obtain a more accurate approximation of the directly calculated approach.
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Comparing a GWP Approach with Direct Modeling
• Under a 3% discount rate for some HFC gases, use of the GWP scaled by the SC-

CH4 may provide a reasonable approximation.
– While for the most radiatively important HFCs, this yields results within 10% of the 

directly calculated value, for some less common HFCs it can be off by 40% in later 
years.

• This comparison was only done at 3% because under higher (lower) discount 
rates, the use of the 100-year GWP will overvalue long-lived (short-lived) gases 
relative to using a damage-based metric (Sarofim & Giordano 2018, Mallapragada & 
Mignone 2020). 
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*HFC-125 is just one of the 9 HFCs modeled. 

GWP vs. Direct Estimation, SC-HFC125 (in 2020 dollars per metric ton)
CH4 GWP-based 
Approximation

N2O GWP-based 
Approximation

SC-HFC125 Direct 
Estimation Ratio CH4 Ratio N2O

Year 3% Discount Rate 3% Discount Rate 3% Discount Rate Approx./
Direct 

Approx./
Direct 

2020 $207,911 $216,170 $210,912 0.99 1.02
2030 $273,623 $267,505 $275,003 0.99 0.97
2040 $351,146 $325,279 $349,592 1 0.93
2050 $429,424 $387,456 $429,469 1 0.9
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APPENDIX
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Model for HFCs
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• Concentration in year 𝑡𝑡:

𝐶𝐶𝑡𝑡𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐶𝐶0𝐻𝐻𝐻𝐻𝐻𝐻 × exp −
𝑡𝑡

𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑡𝑡𝑙𝑙𝑙𝑙𝑙𝑙

• Contribution of a change in concentration in year t to global radiative forcing:

𝑅𝑅𝑅𝑅𝑡𝑡𝐻𝐻𝐻𝐻𝐻𝐻 = (𝐶𝐶𝑡𝑡𝐻𝐻𝐻𝐻𝐻𝐻−𝐶𝐶0𝐻𝐻𝐻𝐻𝐻𝐻) × 𝑅𝑅𝑙𝑙𝑙𝑙𝑙𝑙𝐻𝐻𝐻𝐻𝐻𝐻

• Lifetime and radiative efficiency for each HFC are drawn from the IPCC AR4. Unlike N2O 
and CH4, HFC concentrations are sufficiently low that no adjustments for overlapping 
absorption bands need to be made. This means radiative forcing is directly proportional 
to concentration.
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SC-HFC - Uncertainty

• In the same way the SC-GHGs accounted for 
uncertainty, a monte-carlo analysis was 
performed to quantify the uncertainty around 
each SC-HFC
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Model Trials Mean Med. s.d. 1.0% 5.0% 25.0% 75.0% 95.0% 99.0%

All 150000 210912 151188 237804 15748 34971 93220 243634 551979 1343553

DICE 2010 50000 172564 151108 93942 54784 71064 108206 215129 339448 436400

FUND 3.8 50000 201353 171239 131486 23785 55421 111083 257957 447918 656628

PAGE 2009 50000 258879 118288 373879 11442 21390 54996 286974 1040381 1872973

Social Cost of HFC-125, 2020 Emissions, 3% Discount Rate

*HFC-125 is just one of the 9 HFCs modeled.
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