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August 7, 2025

Hydrofluorocarbon Reduction
California Air Resources Board
1001 I Street,
Sacramento, CA 95814

Reference: Attestation to Arrowhead Products’ HFC Variance Application

To whom it may concern,

I, Richelle Stewart, in my capacity as Space Programs Director at Arrowhead Products hereby 
attest to the following claims made in Arrowhead Products’ application requesting a variance 
from certain portions of the “Prohibitions on Use of Certain Hydrofluorocarbons in Stationary 
Refrigeration, Chillers, Aerosols—Propellants, and Foam End-Uses,” which was originally 
submitted to CARB on May 12, 2025: 

1. Arrowhead Products is bound by the provisions of its current contract with NASA 
to exclusively use Utah Foam STM 0878, which contains HFC-245fa, for
manufacturing ducts in support of NASA’s SLS program.
Below outlines the contractual flow-down for this requirement:
Government Contract – NASA
↓
Boeing Supplier Statement of Work
↓
Boeing Source Control Drawings
↓
Boeing Material Specification for Foam, Polyurethane, Pour-in-Place
↓
Arrowhead Products Purchase Order

2. Arrowhead Products is unable to certify any alternative foam beyond what is 
outlined in the existing contract with NASA.
Boeing and NASA are responsible for qualifying a lower risk HFC-245fa substitute; 
Arrowhead Products is unable to initiate the process. However, while qualification of a 
new substitute is outside of Arrowhead Products’ control, we are committed to an 
expeditious transition to NASA’s lower risk substitute upon confirmation that it is 
qualified for use.    
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3. To Arrowhead Products’ knowledge, a NASA-approved substitute for HFC-245fa 
does not currently exist, and the timeline for certifying alternative materials can 
take up to 8 years once a viable substitute to HFC-245fa is identified. Arrowhead 
Products is not involved with NASA’s certification process and thus is not able to 
use a lower risk substitute until NASA approves a viable alternative.
The certification timeline is conservatively estimated to take eight (8) years once a viable 
substitute is identified.  An overview of the certification timeline is provided below: 

Phased Development Approach - ~2 years.
Qualification - ~2 years.
Engineering Documentation Updates - ~1.5 years.
Scale Up, Verification, and Validation - ~2.5 years.

This attestation is based on current contractual obligations and information available at the time 
of this statement. I declare under penalty of perjury under the laws of the State of California that 
the foregoing is true and correct. 

Sincerely,

Richelle Stewart
Space Programs Director

8/7/2025

Richelle Stewart
Digitally signed by Richelle 
Stewart 
Date: 2025.08.07 11:26:16 -07'00'
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July 14, 2025 

Hydrofluorocarbon Reduction 
California Air Resources Board 
1001 I Street, 
Sacramento, CA 95814 

VERSION 

To whom it may concern, 

We are writing to provide an updated version of an application requesting a variance from 
requirements in Sections 95374 and 95375 of 
Hydrofluorocarbons in Stationary Refrigeration, Stationary Air-conditioning, and Other End-

application, we have attempted to address comments received 
from CARB on our earlier submittal.  

ation protected as trade secret under California 
Public Records Act and may not be disclosed to the public pursuant to Section 7924.510 of the 

ccordingly, Arrowhead Products is
one unredacted version for review by CARB staff only, one tracked unredacted version for 
review by CARB staff only with edits made to the original submittal clearly shown, and one 
redacted version suitable for review by the public. The enclosed submittal contains the redacted 
clean version. The other two versions will be submitted separately.  
 
We thank you for your time and if you should have any questions or concerns, please contact 
Eric Sramek at 562-217-1199 or esramek@arrowheadproducts.net, or Richelle Stewart at 714-
822-2741 or rstewart@arrowheadproducts.net.  

Sincerely, 
7/14/2025 

Eric Sramek  
Director, EH&S 
562-217-1199 
esramek@arrowheadproducts.net  
 
 
 

7/14/2025 

Richelle Stewart 
Space Programs Director 
714-822-2741 
rstewart@arrowheadproducts.net
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VARIANCE APPLICATION TO THE CALIFORNIA AIR RESOURCES BOARD 
 

Respectfully Submitted by Arrowhead Products 
 

July 14, 2025 
 

 
 
A. Administrative Information 
 
Name of Applicant: Arrowhead Products (AP) 
 
Ownership Status: Subsidiary of Industrial Manufacturing Company, LLC 
 
Address: 4411 Katella Ave, Los Alamitos, CA, 90720 
 
Telephone Number: Eric Sramek: 562-217-1199; Richelle Stewart: 714-822-2741 
 
E-mail Address: esramek@arrowheadproducts.net; rstewart@arrowheadproducts.net 

B. Please describe your business activity or product description 

AP, a subsidiary of Industrial Manufacturing Company, LLC, is a leading manufacturer of 
complex metallic and composite systems for aviation, defense, and space. AP designs, develops, 
and manufactures aerospace ducting systems and rocket propulsion lines intended to serve 
commercial, military, and US space launch vehicles. AP is also committed to manufacturing 
products in a sustainable manner. Current onsite initiatives to promote sustainability include 
tracking greenhouse gas (GHG) emissions based on energy usage, exploring the possibility of 
adding onsite solar panels, and minimizing emissions from their manufacturing process. 
 
Currently, AP is contracted by the Boeing Company (Boeing) to manufacture ducts that are used 
in the National Aeronautics and Space Adminis
support the Artemis campaign1. The Artemis campaign is a national priority related to space 
exploration which has the following mission statement2:  
 

ring the Moon for scientific discovery, 
technology advancement, and to learn how to live and work on another world as we 
prepare for human missions to Mars. We will collaborate with commercial and 
international partners and establish the first long-term presence on the Moon. 

 
1 NASA. 2024. Space Launch System. Available at: https://www.nasa.gov/humans-in-space/space-launch-system/. 
Accessed: April 10, 2025. 
2 NASA. 2025. Artemis. Available at: https://www.nasa.gov/humans-in-space/artemis/. Accessed: April 10, 2025. 
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As a manufacturer of materials that are used on NASA missions, AP is committed to engineering 
materials that can withstand the demands of launch environments and to manufacturing reliable 
parts ensuring mission success. To accomplish this, AP is required by NASA to use materials 
that have undergone vigorous testing to ensure they can withstand the unforgiving environments 
associated with launching the SLS. For insulation, this includes the use of qualified HFC-245fa. 
Throughout this application, the 
certification requirements for use in the SLS. 
NASA as a material that is qualified to be used in the SLS. 
 
 
C. Relationship to the product 
 
AP uses Utah Foam Products 503-2.5-45P-R.1, also referred to as Utah Foam STM0878 pour 
foam (STM0878), when manufacturing ducts to provide insulation for the SLS. It is a two-part 
foam insulation and contains 16% ± 2% of HFC-245fa. 

D. Specific Sections of the Regulation from which a variance is requested. 
 
AP is requesting a variance from the following parts of the California Air Resources Board 
(CARB) Prohibitions on Use of Certain Hydrofluorocarbons in Stationary Refrigeration, 

3: 

 nd Use and Prohibited Substances   
 n, Recordkeeping, Reporting, Labeling, 

and Disclaimer Requirements 
  
If a variance is granted to allow for 50 gallons of HFC-245fa usage by January 1, 2036, AP plans 
to voluntarily track HFC-245fa usage to demonstrate that actual usage is below 50 gallons of 
HFC-245fa. 

E. Provide an explanation and description of the reasons for seeking a variance. 
 
AP is requesting to continue using HFC-245fa to fulfill the current prime contract in place with 
NASA (Contract ID: 80MSFC20C0052). A NASA-approved substitute for qualified HFC-245fa 
currently does not exist, and the timeline for certifying alternative materials takes close to 8 
years. The below sections provide more insight s to continue using 

 
3 California Code of Regulations. 2025. Prohibitions on Use of Certain Hydrofluorocarbons in Stationary 

s, and Foam End-Uses. Available at: 
https://govt.westlaw.com/calregs/Browse/Home/California/CaliforniaCodeofRegulations?guid=I07F770405A2111E
C8227000D3A7C4BC3&originationContext=documenttoc&transitionType=Default&contextData=(sc.Default). 
Accessed: April 10, 2025. 
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qualified HFC-245fa in the SLS and existing federal regulations that support the continued usage 
of HFC-245fa in space vehicles. 

NASA Requirements to Use Qualified HFC-245fa 

The ducts that AP manufactures for the NASA SLS support propellant loading to the engines, 
which is crucial to the success of the Artemis campaign. The Thermal Protection System (TPS) 
that incorporates the qualified HFC-245fa mainta erature and pressure 
during launch and aids in preventing ice formation on the surface of the vehicle and inside the 
engine section. NASA requires the use of pour foam insulation systems in insulating materials, 
such as the ducts that AP manufactures for the SLS, to withstand the rigors of launch 
environments.  
 
NASA requires the use of qualified Utah Foam STM0878 pour foam in the manufacturing 
process because HFC-245fa has proven durability to adequately insulate crucial parts associated 
with the SLS, such as the core stage. STM0878 foam was previously qualified for the SLS under 
the Qualification Test Report, D950-11520-1, Material Qualification of Utah Pour Foam 503-
2.5-45P-R.1 (DPM13158) for Space Launch Systems. The SLS core stage functions to provide 
propellant to the engines and consists of two cryogenic propellant tanks and the associated 
cryogenic supply lines. The specific parts that AP manufactures transport hydrogen and oxygen, 
both in gaseous and liquid form, to key parts of the engine. Qualified HFC-245fa is required as 
part of the insulation specification by NASA to withstand temperature variations, pressure 
variations, deflections, and random shocks/vibrations that the SLS may be subject to during 
takeoff.  

At the time of this application, NASA has not identified and approved a technologically feasible 
alternative substitute for qualified HFC-245fa due to the long certification timeline required to 
approve an alternate material. The certification timeline is conservatively estimated to take 8 
years once a viable substitute is identified. An overview of the certification timeline is provided 
below: 

1. lopment testing to characterize durability 
and an analysis of the expanded processing window. Approximately 2 years.
 

2. 
additional oversight to generate material property data with the requisite pedigree for 
flight. Approximately 2 years. 
 

3. nvolves making the required updates to 
drawings, models, analysis, design, specifications, build paper, training, and other 
relevant engineering documentation. Approximately 1.5 years. 
 

4. ns with full scale process execution and 
first inspection. Followed by the development and qualification of foam applications 
process to have a robust, repeatable process to apply foam to flight hardware that meets 
engineering requirements. Approximately 2.5 years. 



Arrowhead Products Proprietary Information 

Confidential 

Due to delays and supply chain issues, NASA will not be able to approve a viable foam 
substitute in the near future. In addition to this, as stated above, the process to approve a 
qualified substitute once one is identified is likely to take 8 years. Qualification testing involves 
rigorously testing various components and systems of the SLS rocket, including the TPS, to 
verify they perform as predicted in various scenarios, both expected and abnormal. The TPS 
must meet specific performance requirements to provide adequate thermal protection, 
particularly for the core stage, including the fuel tanks, and for preventing propellant boil-off. 
This includes testing for insulative properties, such as low conductivity and high capacitance, 
and considering how factors like ice/frost formation and initial temperatures affect performance. 
Testing includes analyzing how the TPS performs in the launch environments, such as ambient 
conditions and cryogenic temperatures, in addition to aerodynamics, vibrations and the external 
temperature fluctuations. 
 
Current vendors for foam containing qualified HFC-245fa have committed to supplying NASA 
with necessary materials past January 1, 2025, which is the date that CARB prohibitions went 
into effect for foam used in space- and aerospace-related end uses4. 

Federal Regulations Allowing for the Use of HFC-245fa in Space Vehicles 

Upon realizing that no viable alternatives exist for the STM0878 foam that contains HFC-245fa, 
NASA requested an exemption from the United States Environmental Protection Agency 
(USEPA) to continue using pour foam in space vehicles. This exemption is granted in the final 
rule for Title 40 CFR Part 84: Phasedown of Hydrofluorocarbons (HFCs): Restrictions on the 
Use of Certain HFCs Under the American Innovation and Manufacturing (AIM) Act of 2020, 

 and pour foams that are for use in space 
5. USEPA provides the following justification for 

this exemption when it initially went into effect back in 20236: 

This rule also excludes spray and pour foams used in space vehicles, as defined in 40 
CFR 84.3 from the use restrictions. Such equipment faces unparalleled and highly 
demanding operating conditions and requires long lead-times for its operation to be 
certified. This approach is consistent with EPA's CAA regulations where space vehicles 
were either exempted or given additional time to transition to substitute foam blowing 

 
4 California Code of Regulations. 2025. Prohibitions on Use of Certain Hydrofluorocarbons in Stationary 

s, and Foam End-Uses. Available at: 
https://govt.westlaw.com/calregs/Browse/Home/California/CaliforniaCodeofRegulations?guid=I07F770405A2111E
C8227000D3A7C4BC3&originationContext=documenttoc&transitionType=Default&contextData=(sc.Default). 
Accessed: April 10, 2025. 
5 Code of Federal Regulations. 2024. Title 40 CFR 84: Phasedown of Hydrofluorocarbons: Management of Certain 
Hydrofluorocarbons and Substitutes Under the American Innovation and Manufacturing Act of 2020. Available at: 
https://www.federalregister.gov/documents/2024/10/11/2024-21967/phasedown-of-hydrofluorocarbons-
management-of-certain-hydrofluorocarbons-and-substitutes-under-the. Accessed: April 10, 2025. 
6 Code of Federal Regulations. 2023. Title 40 CFR 84: Phasedown of Hydrofluorocarbons: Management of Certain 
Hydrofluorocarbons and Substitutes Under the American Innovation and Manufacturing Act of 2020. Available at: 
https://www.federalregister.gov/documents/2023/10/24/2023-22529/phasedown-of-hydrofluorocarbons-restrictions-
on-the-use-of-certain-hydrofluorocarbons-under-the. Accessed: April 10, 2025. 
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agents. EPA proposed to exclude spray foams used in this application but has learned 
that pour foams requiring the use of HFCs are also used in space vehicles. EPA is 
exempting the use of both foam types in space vehicles from the restrictions in this final 
rule. 

 
While considering this application for a variance, AP requests that the justification for providing 
an exemption for pour foam in space vehicles at the federal level is considered. STM0878 is used 
by NASA since it can withstand the demanding operating conditions of space exploration. When 
NASA approves a lower risk substitute for STM0878, AP will transition to using that substitute. 
As current requirements for manufacturing ducts for the SLS require the use of STM0878, AP is 

ontact or until a viable, lower-risk substitute is 
approved. 
 
 
F. Type of Variance Requested 
 
AP is requesting a varian applicant has exercised best efforts 
but is still unable to comply with the regulatory requirements (for reasons beyond his or her 
control despite exercising foresight to prevent the noncompliance). 

G. If seeking an Impossibility variance please provide clear and convincing evidence 
demonstrating how all of the following Impossibility variance criteria have been met: 
 
1. A lower risk substitute is not currently or potentially available.  
 
Because of the highly demanding operating conditions that space parts are subject to, there are an 
extremely limited number of alternatives that could be used in space vehicles. The only 
potentially viable substitute that NASA has identified for STM0878 that does not contain HFC-
245fa is Opteon 1100. Opteon 1100 is made in China and remains untested for aerospace-related 
use by NASA. Because NASA has not yet identified or approved a lower risk substitute for use, 
AP will be required to continue using STM0878, which contains HFC-245fa, until NASA 
approves a lower risk substitute.  
 
The process to approve a lower risk substitute will take approximately 8 years which is discussed 

ounting for this timeline in the variance request. 
 
2. An exemption will not increase the overall risk to human health or the environment 
 
AP anticipates using 50 total gallons of HFC-245fa as part of this variance request which has the 
potential to emit 64.33 metric tons (MT) of carbon dioxide equivalent (CO2e). As discussed in 
Part N, 50 gallons of HFC-245fa usage is a conservative estimate that factors in 13.44 gallons for 
manufacturing parts as part of the remaining contract, 3.46 gallons for repairing parts that were 
already made, 5.12 gallons as part of an active request for proposal (RFP), and 27.98 gallons 
conservatively included to allow AP to support NA
64.33 MT CO2e estimate, which is unlikely to increase risk to human health or the environment, 
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imize the potential to harm the environment, AP 
is committed to obtaining 64.33 MT CO2e of verified carbon offsets to cover potential emissions 
requested as part of the variance. Verified carbon offsets are further discussed in Part P.  
 

to minimize risk to human health. STM0878 is 
not sprayed, but rather poured into closed mold, which helps minimize residual HFC-245fa 
exposure. All AP staff who actively work on molding are also provided with proper personal 
protective equipment (PPE). After the foaming cycle is complete, tape is applied to portions of 
the closed mold to reduce HFC-245fa exposure to the environment. Foamed hardware is 
typically shipped outside of the State of California within 180 days of foaming. These aspects of 
the manufacturing process aim to reduce the potential risk of HFC-245fa emissions to human 
health and the environment. 
 
3. The Applicant has used best efforts to anticipate and address the impossibility and any 
potential noncompliance. 
 
As discussed in Part E, AP is  to use qualified Utah Foam 
STM0878 pour foam, which contains HFC-245fa. Therefore, it was impossible for AP to 
transition to a lower risk substitute prior to
aerospace-related applications for foam end-uses. 
 
STM0878 is required as part of the insulation specification by NASA to withstand temperature 
variations, pressure variations, deflections, and random shocks/vibrations that the SLS may be 
subject to during takeoff. AP is unable to use substitutes until NASA approves a viable 
alternative which, as discussed previously, is anticipated to take a minimum of 8 years.  

When NASA approves a viable substitute, AP is committed to quickly transitioning to using the 
lower risk substitute as part of its manufacturing process.  

H. If seeking a Force Majeure Event variance please provide clear and convincing evidence 
demonstrating how all of the following Force Majeure variance criteria has been met 
 
AP is not seeking a Force Majeure Event variance; therefore, a response to Part H is not 
provided. 
 
 
I. Please attach supporting documentation for attributing noncompliance to Impossibility 
or a Force Majeure Event. Supporting documentation must be written in English. Please 
list the supporting documentation that is attached to this application. 
 
The following documentation is provided as appendices to support the variance request: 
 

 Appendix 1: Excerpt from Title 40 CFR 84 e
pour foam used in space vehicles. 
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 Appendix 2: Utah Foam Products Quality Control Certificate. 
 

 Appendix 3: Pathway for Consideration of HFC-245fa Alternatives. 

J. Provide a description of all efforts made to timely fulfill the requirements of the 
section(s) from which a variance is being requested. 

Please refer to Part E and Part G which provide detailed responses to this question. 

K. Please provide the length of the variance requested as well as the earliest date when 
compliance will be achieved. 

AP is requesting a variance with an expected end date of January 1, 2036. This date is 
anticipated to include 50 gallons of HFC-245fa usage beyond the January 1, 2025 prohibition 
date for aerospace-related applications for foam end-uses. 
 
While AP does not anticipate using HFC-245fa beyond January 1, 2036, AP is required to fulfill 
the terms of their current prime contract with NASA. As part of this contract, AP may be asked 
to extend the contract for subsequent phases of the SLS. 50 gallons of HFC-245fa is a 
conservative estimate of total usage that factors in manufacturing parts under the remaining 
contract, repairing parts, and future work that may be required for NASA. This means that any 
possible change in end date would still result in AP using less than 50 gallons of HFC-245fa. 
 
Although NASA has not yet identified a viable substitute for STM0878, a lower risk substitute 
could become a viable replacement for STM08
NASA identifies and qualifies a suitable candidate. Because Boeing and NASA are the 
responsible parties for qualifying a lower risk HFC-245fa substitute, AP is unable to initiate the 
process to test and qualify a new substitute. The 11-year timeline proposed by AP takes these 

s 8 year timeline for qualifying a substitute) 
to ensure compliance can be met by January 1, 2036. While qualifying a new substitute is outside 

to working expeditiously to transition to a lower risk substitute 
when NASA confirms that a lower risk substitute can be used as part of the SLS.  In the event 
that AP anticipates using HFC-245fa beyond January 1, 2036, to fulfil the requirements of 

 
 
L. Provide a compliance plan which describes in detail how, if a variance is granted, 
compliance will be achieved as expeditiously as possible including all of the following: 
 
i. The method by which compliance will be achieved 
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Although AP is requesting a variance until January 1, 2036 to use 50 additional gallons of HFC-
245fa, compliance may be achieved earlier once NASA approves a lower risk substitute to 
replace STM0878 in the manufacturing process. 

ii. Milestone dates 

As discussed in Part P, AP intends to purchase 64.33 MT CO2e worth of carbon offsets within 
one year of being granted a variance to account for GHG emissions from the continued use of 
qualified HFC-245fa. 
 
Milestone dates for identifying a substitute are fluid since identifying a lower risk substitute to 

 
iii. Milestone achievements 
 
Two milestone achievements involve the purchase of voluntary carbon offsets to account for the 
continued usage of HFC-245fa, and the completion of the prime contract with NASA which 
involves the usage of up to 50 additional gallons of HFC-245fa.  
 
A potential milestone achievement would be transitioning to a lower risk substitute which is 
contingent on NASA identifying a viable alternative. 
 
 
M. Provide a description of the damage or harm that will result to the Applicant from 
immediate compliance with the regulatory requirements, including if compliance would 
result in an extraordinary economic hardship, such as closure of the entire facility or loss of 
a large portion or the revenue: 

This response contains confidential information protected as trade secret under California Public 
Records Act and may not be disclosed to the public pursuant to Section 7924.510 of the 
California Government Code. 
 

ith NASA is estimated to be $84 million. If a 
variance is not granted, AP estimates incurring a significant financial loss due to the inability to 
manufacture parts currently on contract. This amount could further increase if NASA requests 
additional work as part of subsequent stages of the SLS. This amount does not include the 
economic loss that NASA and other SLS contractors will face. Given that approving this 
variance request will only result in 64.33 MT CO2e emissions, the cost per ton loss if a variance 
is not granted will be significant. 
 
On top of this, the inability to operate and the lost inventory of pre-purchased HFC-245fa will 
add to this loss. The inability to use qualified HFC-245fa will cause significant delays to AP, 
NASA, other SLS contractors, and federal space exploration goals.  
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N. If applying for an Impossibility variance please provide quantification of current 
Greenhouse Gas (GHG) emissions resulting from normal business-as-usual operations as it 
directly relates to the continued use of any substance in end-uses listed in Table 1, section 
95374 (a); Table 2, section 95374 (b); Table 3, section 95374 (c); or Table 4, section 95374 
(d). This includes quantification of the direct GHG emissions resulting from refrigerant 
leaks or HFC emissions and indirect GHG emissions resulting from energy use (where 
applicable), with all calculations, based on the average lifetime of the equipment or product 
that will continue to use prohibited substances. Applicant must include all calculations used 
to calculate GHG emissions estimates, including emission factors (i.e., charge size as 
defined in section 95373, leak rate as defined in 40 C.F.R. Part 82.152, and refrigerant used 
over the average lifetime of the equipment, system, or product). Please see the bottom of 
this application template for an example calculation. 
 
This response contains confidential information protected as trade secret under California Public 
Records Act and may not be disclosed to the public pursuant to Section 7924.510 of the 
California Government Code. 
 
AP conservatively estimates that 50 gallons of qualified HFC-245fa are needed to ensure full 
support of the SLS contract. As shown in Table 1
prime contract that still need to be made, parts that may be sent back for reapplication, potential 
parts that may be needed in the future based of ongoing RFPs, and an additional work buffer to 
cover any remaining contract needs for future stages of the SLS.  
 

Table 1: Anticipated HFC-245fa Usage 

Use Sector 
Required HFC-245fa 

(gal) 
On Contract 13.44 

Potential Rework Needs 3.46 

Potential RFP 5.12 

Additional Work Buffer 27.98 

Total 50.00 

A brief description of the process used to calculate gallons of HFC-245fa is described in this 
section. AP uses a two-part foam insulation composed of Isocyanate (Component A) and Polyol 
(Component B) at a 1.2:1 ratio. According to the SDS, Component B contains 10-20% HFC-

 percentage of HFC-245fa ranges from 16 ± 2%. 
To calculate the amount of HFC-245fa needed in gallons, the total amount of foam insulation 
was first partitioned into Component B using the volumetric mixing ratio, and then into the 
amount of pure HFC-245fa using a component weight of 18%. The 50-gallon estimate was 
calculated, and converted into total pounds using the following equation: 

HFC  lb  Total Insulation gal Component B Ratio % HFC  Density HFC  
lb
gal
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Where the component B ratio is 1.2:1, the % HFC-245fa in component B is conservatively 
assumed to be 18%, and the density of HFC-245fa is assumed to be 11.02 lb/gal7. 

Following the protocol recommended by CARB in their variance application template8, AP has 
calculated GHG emissions (CO2e equivalent) that will result from the use of 50 gallons of 
qualified HFC-245fa. GHG emissions are based on the average lifetime, average annual leak 
rate, and average end-of-life loss rate of the foam end use sector.  
 
Emissions Due to Annual Leakage: 

Emissions of 50 gallons of HFC-245fa (total lbs.) due to annual leakage are estimated using the 
following equation: 

Leakage Emissions lb HFC  lb  equipment lifetime yr  %    

Results from this portion of the calculation and notes about assumptions are included in Table 2. 

Table 2: Emissions Due to Annual Leakage of HFC-245fa 

Use Sector 
HFC-245fa 
Total Usage 

(lb) 

Average 
Lifetime  

(yr)1 

Average 
Annual Leak 
(loss) Rate2

Average Annual 
Leak Rate Emissions 

(lb) 

On Contract 148.02 

10 1% 

14.80 
Potential 

Rework Needs 
38.11 3.81 

Potential RFP 56.38 5.64 
Additional 

Work Buffer 
308.29 30.83 

Total lb. HFC-245 emitted due to annual leakage 55.08 
Notes 

1. Average lifetime of HFC-245fa is provided by AP. 
2. Average annual leak loss rate taken from CARB9  

 

End-of-Life Emissions: 

Emissions of HFC-245fa can also occur at the e End-of-life emissions 
corresponding to 50 gallons of HFC-245fa (total lbs.) are estimated using the following equation: 

 
7 Honeywell. 2018. Honeywell Enovate 245fa Technical Information. Available at: https://prod-
edam.honeywell.com/content/dam/honeywell-edam/pmt/oneam/en-us/blowing-agents/documents/pmt-am-
enovate245fa-datasheet.pdf. Accessed: April 18, 2025. 
8 CARB. 2025. Variance Application Template. Available at: https://ww2.arb.ca.gov/our-work/programs/california-
significant-new-alternatives-policy-snap/variances/applications. Accessed: April 18, 2025. 
9 CARB. 2018. Appendix B: Emissions Estimates. Available at: 
https://ww2.arb.ca.gov/sites/default/files/barcu/regact/2018/casnap/isorappb.pdf. Accessed: April 18, 2025. 
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End of Life Emissions lb HFC lb  %
 
Results from this portion of the calculation and notes about assumptions are included in Table 3. 

Table 3: End-of-Life Emissions from HFC-245fa 

Use Sector 
HFC-245fa 
Total Usage 

(lb) 

Average Loss Rate 
at End-of-Life1 

HFC-245fa End-of-
Life Emissions 

 (lb)  
On Contract 148.02 

15% 

22.20 
Potential 

Rework Needs 
38.11 5.72 

Potential RFP 56.38 8.46 

Additional 
Work Buffer 

308.29 46.24 

Total lb. HFC-245 emitted due to end-of-life emissions 82.62 

Notes 
1. Average loss rate at end-of-life taken from CARB10

Total Emissions: 

After calculating the total pounds of HFC-245fa emissions from annual leakage and end-of-life 
emissions, the following equation is used to estimate the total CO2e emissions: 
 

End of Life Emissions lb  Leakage emissions lb GWP

2204.62 lb
metric ton

    

Total CO2e emissions from granting a variance for the usage of 50 lb of HFC-245fa are shown in 
Table 4. 

Table 4: Total CO2e emissions from 50 gallons of HFC-245fa. 

Use Sector 

HFC-245fa 
Leakage 

Emissions  
(lb) 

HFC-245fa 
End-of-Life 
Emissions 

(lb) 

HFC-245fa 
Total 

Emissions  
 (lb) 

GWP1
Total Emissions 

CO2e 
 (metric ton) 

On Contract 14.80 22.20 37.01 

1030 

17.29 
Potential Rework 

Needs 
3.81 5.72 9.53 4.45 

Potential RFP 5.64 8.46 14.10 6.59 
Additional Work 

Buffer
30.83 46.24 77.07 36.01 

Total 55.08 82.62 137.70 -- 64.33 

 
10 Ibid. 
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Notes
1. Global Warming Potential (GWP) of HFC-245fa taken from the summary table of GWPs 

used for the California Air Resources Board (ARB) current emission inventory11. 
 

Based on these emissions estimates, granting AP a variance involving the use 50 gallons of 
qualified HFC-245fa for manufacturing space parts for the NASA SLS will result in emissions 
of 64.33 MT CO2e. 

It should be noted that the calculation parameters used for these emission calculations are very 
conservative. Although the estimated lifetime of the parts foamed in HFC-245fa is estimated to 
be 10 years, the foam hardware typically resides in California for 180 days after being foamed. 
Most parts are also wrapped in a protective cover after being foamed, so the average annual leak 
rate is expected to be much lower. Additionally, the GWP of 1030 used for HFC-245fa, which is 
recommended by CARB, is based on the Internati
Assessment Report (AR4)12. In the fifth version of this report (AR5), a lower GWP for HFC-
245fa of 858 is published13. If the AR5 GWP is used, CO2e emissions would be estimated at a 
lower value of 53.59 MT CO2e a year. However, for the sake of a conservative estimate, AP 
assumes the value of 64.33 MT CO2e in this application. 
 
 
O. Provide a description of any negative impacts to human health or the environment that 
may result from the granting of a variance. 

AP acknowledges that HFC and other greenhouse gas emissions cause negative impacts to 
human health and the environment.  

2e emissions compared to 
publicly available approved variance applications14. Since AP will obtain carbon offsets for 
64.33 MT of CO2e, which is based on a series of conservative assumptions about the amount of 
GHG emissions, AP anticipates purchasing a higher number of offsets than anticipated GHG 
emissions. 
 
AP is committed to minimizing impacts to human health and the environment by following the 
mitigation plan discussed in Part P. Operational procedures to minimize the risk to human health 
are discussed above in Part G.  

 
11 CARB. 2025. GHG Global Warming Potentials. Available at: https://ww2.arb.ca.gov/ghg-gwps. Accessed: April 
18, 2025. 
12 Ibid. 
13 CARB. 2025. High-GWP Refrigerants. Available at: https://ww2.arb.ca.gov/resources/documents/high-gwp-
refrigerants. Accessed: April 18, 2025. 
14 CARB. 2025. Applications. Available at: https://ww2.arb.ca.gov/our-work/programs/california-significant-new-
alternatives-policy-snap/variances/applications. Accessed: April 18, 2025. 
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P.  Provide a mitigation plan that demonstrates how you will reduce excess GHG emissions 
to a level equal to or below what would have been emitted had you been in compliance and 
how you will mitigate any negative impacts to human health or the environment. You must 
include all calculations used to calculate GHG emission estimates including emission 
factors (i.e., charge size as defined in section 95373, leak rate as defined in 40 C.F.R. Part 
82.152, and refrigerant used over the average lifetime of the equipment, system, or 
product). This may include an analysis of prohibited substances, efforts to reduce leaks or 
venting of prohibited substances, and options to recycle or destroy high-Global Warming 
Potential refrigerants 

To mitigate excess GHG emissions from the usage of 50 gallons of HFC-245fa, AP will obtain 
64.33 MT CO2e of offsets from a verified provider. Calculations showing how the 64.33 MT 
CO2e estimate is determined are shown in Part N. 

64.33 MT CO2e is a conservative number that considers all GHG emissions from HFC-245fa and 
does not consider the difference between GHG emissions from continued usage versus GHG 
emissions from a substitute. Therefore, AP believes obtaining offsets in this amount will bring 
GHG emissions to a level of compliance. Additional conservative assumptions that were factored 
into the calculations include: 

 The lifetime of HFC-245fa is assumed to be 10 years; however, foam hardware is 
typically shipped out of California within 180 days after foaming. 
 

 Most parts are wrapped in a protective cover after being foamed which has the potential 
to lower the annual leak rate. 
 

 The higher GWP value from AR4 is used in calculations rather than the more recent, and 
lower value, from AR5. 

 
When obtaining carbon offsets, AP is committed to ensuring that the offsets are verified by either 
the American Carbon Registry (ACR) or by Verra. Both programs aim to ensure that carbon 
offsets are reputable and result in verifiable emissions reductions. AP is committed to purchasing 
64.33 MT CO2e of offsets within one year of being granted a variance. Based on initial 
conversations with potential carbon offset providers, this is the expected timeframe required to 
develop a project and generate associated offsets. 

Beyond carbon offsets, AP is exploring the use of solar panels at their Los Alamitos facility 
which would further reduce GHG emissions. As NASA considers exploring lower risk 
substitutes, AP will assist in ensuring that any approved substitute for qualified HFC-245fa in 

acturing process in an efficient manner. 

Q. Provide a detailed explanation of efforts that may be implemented to curtail 
noncompliance in lieu of obtaining a variance 
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Because AP is contractually obligated to use qualified HFC-245fa when manufacturing parts for 
the NASA SLS, there are no possible actions that

 fully stop manufacturing parts which would 
adversely impact local jobs in California and the ability for the NASA SLS to meet schedule.  

R. By signing below, you (the Applicant) certify under penalty of perjury that you are a 
Responsible Official with full authority to submit the application and implement any 
provision of an Executive Order, and that all information provided is true and accurate to 
the best of your knowledge, after conducting due diligence. (Applications without this 
certification will be automatically denied.) 

 7/14/2025 
Eric Sramek  
Director, EH&S 
562-217-1199 
esramek@arrowheadproducts.net  

7/14/2025 

Richelle Stewart 
Space Programs Director 
714-822-2741 
rstewart@arrowheadproducts.net
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APPENDIX 1 
Title 40 CFR 84 Justification for Pour Foam Exemption 
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APPENDIX 2 
Utah Foam Products Quality Control Certificate 
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APPENDIX 3 
Pathway for Consideration of HFC-245fa Alternatives 




