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Executive Summary 

These are the proceedings of the “Flammable Refrigerants: Fire Fighter Training Material 

Development Workshop”. The event was held on 5th September 2018 in Quincy, Massachusetts. 

 

Environmental policy is causing a shift from the current refrigerants used in appliances to a new 

class that pose fire hazard to occupants and emergency responders. This introduce a significant 

wide-scale fire risk and firefighters will soon be addressing this emerging hazard. With the shift 

towards more environmentally friendly fluids, preparation is necessary in fire protection for safe 

usage of flammable refrigerants. As new refrigerants with higher flammability are phased in, 

there will be new hazards the fire service and emergency responders will need to be aware of to 

adjust in firefighting tactics. The goal of this workshop is to identify the optimum safety guidance 

and information to develop materials for training emergency responders and others for the safe 

use of flammable refrigerants as alternatives for traditional refrigerants. The general concepts of 

refrigerants and the expected changes in the form of fire risk with the introduction of flammable 

refrigerants were discussed. In addition, the workshop also included breakout group discussions 

which addressed: (1) relevant codes and standards; (2) hazard identification; (3) emergency 

response tactics; (4) post incident considerations; (5) gaps; and (6) outreach needs. These are 

documented in this workshop proceedings.  
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1) Introduction, Agenda and Attendees 

Nearly everyone in the United States spends time around cooling appliances such as refrigerators 

and air conditioners. In accordance with the Kigali Agreement and other international 

agreements, the current refrigerants used in the industry are now being phased out due to their 

effect on global warming and ozone depletion through various international agreements. The 

optimum replacements are refrigerants that are flammable, including hydrocarbons. 

Environmental policy is causing a shift from the current refrigerants used in appliances to a new 

class that poses a fire hazard to occupants and emergency responders. This introduces a 

significant wide-scale fire risk and firefighters will soon be addressing this emerging hazard. With 

the shift towards more environmentally friendly fluids, preparation is necessary in fire protection 

for safe usage of flammable refrigerants. As new refrigerants with higher flammability are phased 

in, there will be new hazards the fire service and emergency responders will need to be aware of 

in order to adjust the respective fire fighting tactics. The fire protection industry must enhance 

their knowledge and understanding of the hazards associated with flammable refrigerants to 

inform appropriate emergency response tactics. The goal of this two-year project funded by a 

DHS/FEMA Assistance to Firefighters Grant (AFG) Program, led by the Fire Protection Research 

Foundation (FPRF) in collaboration with National Fire Protection Association (NFPA) is to enhance 

firefighter safety and reduce potential injury by providing free training on the hazards from 

appliances with flammable refrigerants. The overall project seeks to enhance firefighter safety 

and reduce potential injury by providing free training on the hazards from appliances with 

flammable refrigerants. It will document the information about flammable refrigerants 

technologies and the hazards to emergency responders and develop interactive training modules 

to transfer the knowledge to the U.S. fire service.  

 

This workshop is part of the overall project with a goal to identify the optimum safety guidance 

and information to develop materials for training emergency responders and others for the safe 

use of flammable refrigerants as alternatives for traditional refrigerants. The agenda for this one 

day workshop was as follows: 
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Workshop Agenda: 

Table 1: Workshop Agenda 

 

Workshop: Fire Fighter Flammable Refrigerants Training 8:00 am – 3:00 pm ET 

Date/Time Description Speakers/Participants 

0730-0800 ---Breakfast---  

0800-0815 Welcome, Call to order, Introduction Casey Grant, FPRF 

0815-0845 EPA: Overview of SNAP regulations and others Bella Maranion, EPA 

0845-0915 UL: Update from UL Standards Scott MacLeod, UL 

0915-0945 AHAM: Safe Servicing of Cold Appliances Randall Cooper, AHAM 

0945-1000 ---Break---  

1000-1030 AHRI and NATEX: Update on different activities Anthony Spagnoli, NATE 

1030-1045 Adapting to Change: Target Properties Barry Greive, Target Properties 

1045-1100 NFPA Engineering Technical Services Michael Gorin, NFPA 

1100-1200 

Literature Review and Hazard assessment Noah Ryder, Fire Risk Alliance 

Peter Sunderland, University of 

Maryland 

1200-1245 Lunch  

1245-1415 Breakout Sessions All 

1415-1445 Breakout Session Report Out & Discussion Group Representative; All 

1445-1500 Next Steps Casey Grant, FPRF 

1500 Adjourn  

 

 
Figure 1: Workshop presentations and participants.  
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The following were the presenters on “Fire Fighter Flammable Refrigerants Training Material 

Development” Workshop.  

Table 2: List of workshop presenters. 
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The following were the participants on “Fire Fighter Flammable Refrigerants Training Material 
Development” Workshop.  
 

Table 3: List of workshop attendees.  
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4 Kristin Bigda NFPA 

5 Randy Cooper AHAM 
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23 James Lonergan Boston Fire Department 

24 David Lynam IFMA 
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27 Monique Manning NFPA 

28 Bella Maranion Environmental Protection Agency 

29 Tom Miller NVFC 

30 Joseph Molis Providence Fire Dept. & NFPA 

31 William  Murray West Barnstable Fire Dept.  

32 Jake Nunnemacher Massachusetts Department of Fire Services 
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34 Jay Petrillo North Providence Fire Dept. & NFPA 

35 David Quick City of Manchester (NH) Fire Department 

36 Sreenivasan Ranganathan FPRF 

37 Noah Ryder Fire & Risk Alliance 

38 Steve Sawyer NFPA 

39 Anthony Spagnoli AHRI 

40 Mike Spaziani FM Global Training  

41 Michael  Stein FDNY & FRA SME 

42 Peter Sunderland University of Maryland 

43 Khela Thorne NFPA 

44 Kenneth Willette Massachusetts 

45 Jenn Young Topco Associates LLC. 
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2) Workshop Presentation Overview and Discussion 

The Fire Protection Research Foundation facilitated this workshop to identify the optimum safety 

guidance and information to develop materials for training emergency responders and others for 

the safe use of flammable refrigerants as alternatives for traditional refrigerants. Casey Grant, 

FPRF, welcomed the participants and provided the opening remarks that the workshop is aimed 

to get feedback from the different sectors who are working on this emerging issue and that the 

objective is to be proactive and move forward in a collaborative and constructive way. The 

workshop had two parts. The first part included presentations based on on-going efforts and 

updates on various on-going activities at different organizations, Environmental Protection 

Agency (EPA), Underwriters Laboratories (UL LLC.), Association of Home Appliance and 

Manufacturers (AHAM), North American Technician (NATE), Target Properties, National Fire 

Protection Association (NFPA), Fire & Risk Alliance and University of Maryland. All the 

presentations are included in Appendix A for reference. The second part of the workshop focused 

on break-out group discussions to address specific questions to support the development of 

training modules for First Responders.   

 

Regulations and Policies: 

An overview of EPA’s Significant New Alternatives Policy (SNAP) program was provided by Bella 

Maranion, EPA. Montreal protocol was established in 1987 to protect the earth’s ozone layer by 

phasing out ozone-depleting substances (ODS). There were five amendments following that to 

strengthen the protocol. Kigali Amendment, established in October 2016, calls for the 

phasedown of Hydrofluorocarbons (HFCs) in both developed and developing countries and will 

enter into force in 2019. In the United States, the administration is reviewing the amendment. 

Under Title VI of the Clean Air Act, EPA protects the stratospheric ozone layer, public health, and 

the environment by phasing out ODS and smoothing the transition to safer alternatives in key 

industrial sectors.  

 

The SNAP program evaluates and lists the alternatives as three categories: (1) Acceptable, (2) 

Acceptable with use restrictions and (3) Unacceptable. The evaluation considers atmospheric 

effects, flammability, toxicity, local air quality, ecosystem effects, occupational and consumer 

health/safety. Overall, the SNAP program sectors include aerosols, foams, refrigeration, a/c, 

solvents, fire suppression, adhesives, coatings, inks, etc. The program does not endorse any 

products. SNAP is a four step process including – Submission, Review, Rulemaking, and Listing.  

 

Refrigeration and Air Conditioning (R&AC) end use is a large sector including retail food 

refrigeration, cold storage warehouses, industrial process refrigeration, residential to 

commercial ice machines. The flammable substitutes have some associated use conditions 
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requiring UL standards, labeling, and charge size limits. One example of this is the listing of 

hydrocarbon refrigerants as substitutes for household refrigerators and freezers and retail food 

refrigeration as per Rule 17 (December 20, 2011; 76 FR 78832), which sets use conditions 

required for use of flammable refrigerants iso-butane (R-600a) and R-441A in new household 

refrigerators and freezers.  

 

With respect to the industry transitioning towards flammable refrigerants, it is still relatively new 

for the United States. However the flammable refrigerants have existed and been in use for a 

long time in other parts of the world. In terms of the acceptability of the use, it is largely 

dependent on the specific end use sector. However, the end use sectors are seeming to move 

toward the use of environmentally friendly refrigerants and the manufacturers want to use the 

same products across the world. These factors will likely drive the shift towards use of flammable 

refrigerants. While flammability is often the area of focus, toxicity is an issue as well and it should 

not be ignored. 

 

Codes and Standards: 

Scott MacLeod, UL LLC., provided an overview of Flammable Refrigerant information in Codes 

and Standards. The presentation started with providing an understanding of refrigerant 

designation and safety classification. According to ASHRAE 34 designation and safety 

classification of refrigerants, they are classified based on the toxicity and flammability. The 

toxicity rating is related to the toxicity during use, not during a fire. 

 Toxicity 

o “A” – lower toxicity 

o “B” – higher toxicity 

 Flammability 

o “1” – no flame propagation 

o “2L” - lower burning velocity”, burning velocity ≤ 10 cm/sec. 

o “2” – lower flammability 

o “3” - higher flammability 

However, it should be noted that the classification of flammability in ASHRAE 34, NFPA 704 

(Standard System for the Identification of the Hazards of Materials for Emergency Response) and 

DOT is different. As mentioned before, the Montreal Protocol (in 1987) was the kickoff for trying 

to find replacements for the ozone depleting refrigerants. With the Clean Air Act, Class 1 

refrigerants (e.g., CFCs) were phased out in 1996, and phase out of Class 2 refrigerants (e.g., 

HCFCs) are on target by 2030. To control emissions from fluorinated greenhouse gases (F-gases), 

including hydrofluorocarbons (HFCs), the European Union has adopted two legislative acts: the 

’MAC Directive’ on air conditioning systems used in small motor vehicles, and the ‘F-gas 
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Regulation’ which covers all other key applications in which F-gases are used 

(https://ec.europa.eu/clima/policies/f-gas/legislation_en#tab-0-0).  

ICC, IAPMO, UL builds requirements for the alternatives and get adopted into building codes, 

which then impacts the end user. The diagram below indicate the flowchart of standards and 

building code making process.  

 

 
Figure 2: Standards and building code process.  

 

Model codes addressing flammable refrigerants include Uniform Mechanical Codes (UMC), NFPA 

Codes and Standards (e.g., NFPA 1: Fire Code), and International Mechanical Code (IMC). 

International Residential Code also addresses smaller uses. IMC and UMC rely on ASHRAE 15 and 

ASHRAE 34. Some of the UL Standards that address air conditioning include, UL 484 for room a/c, 

UL 474 for dehumidifiers (does not address flammable refrigerants and being superseded by 

60335-2-40), UL 60335-2-40 for household and similar electrical appliances. Key proposed 

requirements for the 3rd edition of UL 60335-2-40, the safety standard for air conditioning 

equipment are refrigerant detection system, refrigerant piping (detecting leaks), source of 

ignition, increased charge limits, and detection of hot surfaces. These factors play into how the 

risks will be addressed. Other applicable UL refrigeration standards are UL 60335-2-89 

(commercial refrigerators and freezers), UL 471 (commercial refrigerators and freezers), UL 

60335-2-24 (household and similar electrical appliances), UL 399 (drinking water coolers), UL 541 

(refrigerated vending machines), UL 563 (ice makers).   

 

Non UL standards like ASHRAE 15 is applicable to all refrigeration systems. List of applicable 

International standards are:  

 IEC 60335-2-24: Particular requirements for refrigerating appliances, ice-cream 

appliances, and ice-makers  

https://ec.europa.eu/clima/policies/f-gas/legislation_en#tab-0-0
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 IEC 60335-2-34: Particular Requirements for Motor-Compressors  

 IEC 60335-2-40: Particular requirements for electrical heat pumps, air conditioners, and 

dehumidifiers 

 IEC 60335-2-89: Particular requirements for commercial refrigerating appliances with an 

incorporated or remote refrigerant unit or compressor 

 ISO 817: Refrigerants -- Designation and safety classification 

 ISO 5149: Refrigerating systems and heat pumps: Safety and environmental requirements 

- Part 1: Definitions, classification and selection criteria.  

In summary, standards are mitigating risk by limiting charge sizes in rooms, and/or specifying 

ventilation requirements and leak detection systems for HVAC products. More flammable 

refrigerants are expected in the future in commercial and residential applications. The building 

codes and the fire codes are continuing to catch up in order to update with new requirements 

and are still working on the proposals for change. 

 

Guidelines for Servicing, Safe Handling, Transport, and Storage of Flammable Refrigerants: 

Randy Cooper provided this update on the activities from Association of Home Appliance 

Manufacturers (AHAM). Flammable refrigerants will need additional requirements for safe 

handling beyond what has been required for nonflammable refrigerants. These products do not 

contain any odorants. For AHAM, the safety standards set the requirements and recommended 

practices. In 2017, the Association of Home Appliance Manufacturers (AHAM) developed a 

special guidance document for the providers of service and maintenance on household 

appliances that may contain newer refrigerants. This guidance does not attempt to be 

comprehensive nor does it replace manufacturer specific instructions, applicable safety 

standards, or federal, provincial, state or local regulations. Further, this guidance serves as a 

supplement to the special product labeling and use conditions required by federal law, required 

by consensus safety standards, and developed by industry stakeholders to help ensure such 

refrigerants can be safely used in the home and service facilities. This presentation was a 

synthesis of the full Guidelines for Safe Servicing of Cold Products. The full document is available 

on the AHAM web site at:  

http://www.aham.org/AHAM/Safety/Safe_Servicing_of_Cold_Appliances/AHAM/Safety/Safe_S

ervicing_of_Cold_Appliances.aspx?hkey=23d1344d-f8b0-410a-9e21-8181048b2b82. 

 

The high level focus of the guidance is about labeling, recommended procedures for servicing 

and after service disposal, storage and transportation. The service technicians must be certified 

to work with refrigerants. Have to capture many refrigerants and can’t be vented. The appliances 

that use A2L and A3 refrigerants must be labelled with yellow flammable triangle and also 

warning sticker to notify the servicer. Common household refrigerants are A2L: R-32 and R-452B, 

and A3: R-600a and R-290.  

http://www.aham.org/AHAM/Safety/Safe_Servicing_of_Cold_Appliances/AHAM/Safety/Safe_Servicing_of_Cold_Appliances.aspx?hkey=23d1344d-f8b0-410a-9e21-8181048b2b82
http://www.aham.org/AHAM/Safety/Safe_Servicing_of_Cold_Appliances/AHAM/Safety/Safe_Servicing_of_Cold_Appliances.aspx?hkey=23d1344d-f8b0-410a-9e21-8181048b2b82
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Figure 3: Sample labeling on appliance that use flammable refrigerant.  

Some of the important pre-service checks include:  

 Checking the data plate or label to determine the refrigerant used.  

 Use combustible gas leak detector to perform background check (do not use leak 

detectors with arc or spark module). 

 Procedure after leak detection: Check leak, if flammable refrigerants are detected 

ventilate room, evacuate the area.  

 Review the safety data sheet for recommended gloves, goggles and proper PPE.  

 Ensure a dry power fire extinguisher rated for Class B fires is accessible. 

 Utilize tubing cutter, not a torch.  

 Conduct all servicing in a well-ventilated area.  

 Ensure no ignition sources are present before servicing.  

More details about servicing and after servicing practices can be studied from AHAM guidelines 

from the above referenced website. 

 

While completing safe refrigerant removal, ensure that the gas is not re-entering the dwelling. 

Most importantly, hydrocarbon refrigerants are heavier than air and attention must be paid to 

ventilate the low-lying gases. All transport of flammable refrigerant cylinders must be done in 

accordance with local, state, provincial and/or federal requirements. 

 

Anthony Spagnoli, NATE, gave an update on the on-going research efforts at AHRI and an 

overview about the refrigerant exam. There are on-going research projects to benchmark risks, 

setting charge limits, modeling tools to rank refrigerant flammability. The Refrigerant Exam tests 

a candidate’s knowledge of the properties, proper operating procedures and safe handling for 

low global warming potential refrigerants. Technicians must have EPA Section 608 certification 

to service refrigeration and air-conditioning equipment containing HCFCs. The EPA 608 

certification exam is proposed to be revised to address flammable refrigerants. NATE is currently 

developing a certification program specific to flammable refrigerants. This will test a candidate’s 

knowledge of the properties, operating procedures, and safe handling for a low global warming 

potential refrigerants. Frequently occurring issues make up majority of the exam. The Job Task 

Analysis will address five domains: installation, service, safety, types of refrigerants, and tools. 
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The exam will first be deployed in UNEP pilot countries. It will also have an associated study guide. 

Emergency response procedure will be an important component of the exam and study guide. 

 

End Use Sector: 

Barry Greive, Target Properties, provided an overview of how their properties are looking at the 

emergence of flammable refrigerants. They have been actively part of the EPA’s Green Chill 

Program, working to reduce refrigeration emissions and decrease their impact on the 

environment. Facilities currently use A1 refrigerants systems (ammonia systems) in distribution 

facilities and limited application propane systems are also in use. From an end use perspective in 

these facilities, they are looking at options for the future as the grocery areas in the stores are 

increasing that will result in a large increase in refrigeration units. These facilities also have 

engineers devoted solely to refrigeration systems.  

 

It is very important for the facilities to apply codes and standards in a consistent manner. Target 

has been actively participating in the ASHRAE, NFPA, ICC standard developing activities. Typically, 

the facilities need to know what they have to follow in a consistent way. Inconsistent application 

and guidelines in different areas presents challenges (e.g., it costs the retailers about $30-50 

million a year in change orders associated with inconsistent and conflicting interpretations of the 

code. The code enforcement officers are starting to retire and the cities don’t have enough 

people to replace them. There is a need for more inspectors and they need to be properly trained 

and educated on the changes that are taking place. 

 

NFPA Emerging Technologies Program: 

Michael Gorin, NFPA, provided this overview of NFPA’s emerging technology program. The 

program started with Alternative Fuel Vehicles (electric, hybrid, H2 fuel cell, CNG/LNG, LPG 

(propane)). Michael discussed this program takes highly technical information and brings it to the 

fire service in a way that is useful to them. The program is intended to train all first responders, 

law enforcement officers, EMS professionals, fire investigators, and tow operators. The training 

format include: instructor led training, online training, interactive 3D modeling, mobile apps, 

educational videos, quick reference videos. Over 225,000 First responders have been trained to 

date. 

 

As mentioned before, the role of NFPA in this project is to develop training materials and 

curriculum related to flammable refrigerants that are specifically tailored to the needs and uses 

of firefighter. The current plan for developing the training content is to consider self-paced online 

training, instructor-led classroom training, educational videos (typically 3-5 min), and 3-D 

animations. The timeframe for the release of this content is in June 2019. 

 



 

----- Page 11 of 61 ----- 

 

Literature Review and Hazard Assessment:  

Noah Ryder, Fire & Risk Alliance, presented the findings from the literature review and hazard 

assessment part of the project. Literature review explored the available information on 

refrigerants including history, evolution, naming convention, properties, applications and safety 

guidance. The hazard assessment has been conducted considering what is going to be different 

for the first responder tactics including the toxic by-product production and the gaps that need 

to be addressed for the first responders.  

 

Mechanical refrigeration has been around since the 19th century with ammonia, sulfur dioxide 

and carbon dioxide called as the first generation refrigerants. They were replaced by 

chlorofuorocarbons (CFC) as the second generation refrigerants. Third generation 

(Hydrofluorocarbons, HFCs) of refrigerants had no ozone depletion potential, but still have global 

warming potential. Moving towards fourth generation (Hydrofluoroolefins, HFOs) of refrigerants 

which have no ozone depletion potential and also low global warming potential.  

 

Refrigerants have different applications (e.g., industrial processes, food storage, and air 

conditioning) and the type of application influences the hazard, and what fire fighters or servicing 

technicians are exposed to. This also includes the operational space of the refrigeration unit, i.e., 

confined room, or outdoor well ventilated area. Since the new refrigerants are flammable, it 

presents a new hazard and the flammability hazard addresses both leak and explosion events. 

The potential hazards can be generally classified into three categories: flammability, toxicity and 

pressure release.  

 

In terms of fire scenarios, the refrigerant itself could be the source, or the equipment with 

flammable refrigerants may be exposed to an external fire and become involved. A fire event 

could occur before the fire service arrives, or while they have already arrived for another event. 

The lower the flammability limit, the less gas it will take to ignite. Lower Flammability Limit (LFL) 

of various refrigerants ranges between 4.6% and 14.4%. Also, different refrigerants require 

different quantities of energy to ignite. Even though, they are all flammable, the fire scenarios 

are unique due to the variation in ignition properties and the impact of the respective application. 

 

The concept of toxic exposure is not new to the fire service, but the environment in which they 

will be facing these exposures is challenging. In the event of fire, most of the fluorine in the 

refrigerant becomes HF which creates the greatest toxicity hazard. With the past refrigerants, 

the only way to generate hydrogen fluoride (HF) was when exposed to a fire, and note that the 

refrigerants themselves were not flammable. However, the low-GWP refrigerants can 

decompose themselves and release carbonyl fluoride and hydrogen fluoride during fires. Hence, 
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the probability of encountering HF has increased. Exposure to these compounds can lead to 

severe irritation to eyes, nose, and throat and may even result in delayed health effects. Thus the 

SCBA and PPE practices during the first response is critical.  

 

Refrigerants are typically stored as liquefied gas at elevated pressures of 250-300 psig. Sudden 

pressure release of a refrigerant can pose hazards such as frostbite, asphyxiation, injuries from 

tank rupture. Pressurized release of Class A2L, or Class 3 refrigerant can result in a jet flame or a 

delayed ignition when it comes in contact with ignition source after the release. 

 

As noted before, if servicing the equipment, having a placard or labeling is adequate. But when 

responding to an incident, there is minimum or no access to the back of the refrigeration unit to 

see what it is. Warning stickers are being required on vehicle windscreens containing R1234yf by 

The German environmental group (DUH) and Germany’s national fire fighting association. In the 

event of a vehicle collision, the potential danger for fire comes from the lower ignition 

temperature of flammable refrigerants.  

 

It can be clearly understood that the issue of flammability and toxicity is not new for the fire 

fighters, however the tactical responses in the event of a flammable refrigerant fire needs to be 

informed by awareness. It is important to ensure that all associated parties understand the 

hazards, the fire service is properly trained, and response tactics are adjusted accordingly. As the 

training modules for this project are developed, scenario modelling will be coupled with 

demonstrative tests. Scenario modeling will also provide insights on the time frame of small leak 

or high pressure releases from a response standpoint. 

 

General Discussion/Comments: 

This is a summary of the discussions and comments from participants that followed after each 

presentations.  

 We tend to focus on low frequency high severity events, but the fire service will probably 

encounter more instances of low severity events (e.g., leaks). 

 Chiller units are typically on the roof, the density of these flammable refrigerants are 

typically greater than air. There is a potential to leak down through the building. From a 

fire perspective, it’s not much different than other hydrocarbons. The fire scenario and 

HF formation also exists. The refrigeration units have labeling and color coding that 

indicates the type of refrigerant. The building codes are still working on the proposals for 

change.  

 The percentage of appliances that use flammable refrigerant is expected to increase 

drastically. 2024 is when there is a mandate to reduce the use of global warming potential 
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refrigerants by 40% and this is when we will be seeing significant implementation of these 

flammable refrigerants. 

 The charge size of recharge cylinders are between 115 – 120 g for refrigerators. These are 

stored with a fenced pad locked premise that are typically located outside.  

 Most combustible gas detectors are for methane, however we may have several other 

gases. While releasing the combustible gas to the environment, there is no information 

on flashback or flash protection. Fire service would need to know about the worst thing 

that could happen. Even though, the quantities are small, a 115 g Butane can still be a 

large fire.  

 There are limitations on the charge size of refrigerants for different appliances based on 

their application. This information will be important for first responders. 

 Although there have not been a lot of significant incidents, tracking of fire incidents in 

systems with flammable refrigerants should be done. There is a lack of data on this issue. 

 All the training materials (technician) for refrigerants should consider to account for 

flammable refrigerants. Re-certification need to be considered after the introduction of 

refrigerants that are flammable. The training should also consider elements specific to 

refrigerant type and its application as they all present different hazards.  

 The aftermarket and Do It Yourself (DIY) applications present significant challenges and 

overrides the safety infrastructure that is developed to prevent it.   

 The larger equipment may require the installation of pressure release valves to prevent 

high pressure release incident. 

 The quantity of flammable refrigerant is relatively small, in that scenario apart from the 

jet flame from refrigerant, the plastics and the appliance itself will add as the primary fuel.  

 Every manufacturer may make the appliances differently. This will change the severity of 

the incident. So manufacturer specific instructions are critical.  

 For the first responders, if you’re involved in a fire with a non-flammable refrigerant you 

can still be exposed to HF.  

 You can have a non-flammable Low GWP refrigerant. The flammable ones are just the 

most common. 
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3) Workshop Breakout Group Discussions 

The goal of this workshop is to identify the optimum safety information that need to be 

considered while developing the training module for emergency responders and further aims to 

confirm the needs of training materials for the safe use of flammable refrigerants as alternatives 

for traditional refrigerants. The group discussions were aimed to facilitate a planning effort for 

the consideration of concepts while developing Fire Fighter Training modules. Workshop 

participants were divided into four groups as Red, Blue, Green and Yellow. Each group was 

assigned a facilitator, recorder and time keeper. 

 

 

 

 

 

 
 

Figure 4: Example of breakout group activity.  

 

Break-Out Group Questions 

The following questions were posed to the break out groups.  

General Awareness (5 mins.) 

1. Identify relevant codes & standards that should be addressed by the training curriculum? 

(e.g., UL, NFPA, IBC, ASHRAE.)  
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Hazard Identification (20 mins.) 

2. What are the potential hazards (due to both flammability and toxicity etc.) posed to the 

fire service by flammable refrigerants in the following settings? In your answers, consider 

both high impact-low frequency events and low impact-high frequency events.  

a. Residential structure 

b. Commercial structure (small vs. large) 

c. Transportation (passenger vehicle vs. cargo/truck) 

d. Warehouse 

e. Other 

Emergency Response (20 mins.) 

3. What modifications, if any are needed to existing fire service tactics and strategies given 

the following scenarios? 

Note: Each group is assigned with a scenario that need to be addressed. However if the time 

allows, after completing your assigned scenario please provide your feedback on the other 

scenarios. 

Group Red: Scenario 1 - A residential fire event involving: 

a. Exposure fire impinging on refrigeration product 

b. System failure involving a refrigeration unit 

Group Blue: Scenario 2 - A commercial fire event at the following locations: 

a. Small convenience store (e.g., 7 eleven) 

b. Big box store (e.g., BJs, Costco) 

Group Green: Scenario 3 – An incident involving:  

a. Traffic accident involving traditional passenger vehicle and/or a truck. 

b. A vehicle in a parking structure or a maintenance facility.  

Group Yellow: Scenario 4 - A warehousing facility storing:  

a. Bulk consumer product storage (e.g., mini refrigerators, air-conditioners etc.). 

b. Bulk storage of refrigerants.  

All Groups:  

4. Are there any other scenarios not addressed above where existing fire service tactics and 

strategies might need to be re-evaluated given the introduction of flammable 

refrigerants? Describe these modifications. 

Post Incident Considerations (20 mins.) 

5. What considerations should be taking into account by the fire service during the salvage, 

overhaul, and investigation phases of an incident where flammable refrigerants may be 

present? 

Outreach (5 mins.) 



 

----- Page 16 of 61 ----- 

6. Aside from the fire service, identify the target stakeholders whose further engagement 

should be promoted and facilitated. Consider the entire ecosystem of stakeholders (e.g., 

designers, vendors, installers, inspectors, service technicians, end-users, etc.).  

Gap Identification (10 mins.) 

7. Describe any short term and/or long term gaps that may exist in the state of safety 

knowledge concerning the utilization of flammable refrigerants? 

Reporting Out (approx. 5 mins. for each group) 

8. One participant from each group will report out.  

 

Breakout Group Discussion Outcomes: This section presents the outcomes based on the 

feedback received from the breakout groups.  

 

General Awareness: Identify relevant codes & standards that should be addressed by the training 

curriculum? (e.g., UL, NFPA, IBC, ASHRAE.) 
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Hazard Identification: What are the potential hazards (due to both flammability and toxicity etc.) 

posed to the fire service by flammable refrigerants in the following settings? In your answers, 

consider both high impact-low frequency events and low impact-high frequency events. 
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----- Page 19 of 61 ----- 



 

----- Page 20 of 61 ----- 
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Emergency Response: What modifications, if any are needed to existing fire service tactics and 

strategies given the following scenarios? 
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Are there any other scenarios not addressed above where existing fire service tactics and 

strategies might need to be re-evaluated given the introduction of flammable refrigerants? 

Describe these modifications.  
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Post Incident Considerations: What considerations should be taking into account by the fire 

service during the salvage, overhaul, and investigation phases of an incident where flammable 

refrigerants may be present? 
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Outreach: Aside from the fire service, identify the target stakeholders whose further engagement 

should be promoted and facilitated. Consider the entire ecosystem of stakeholders (e.g., 

designers, vendors, installers, inspectors, service technicians, end-users, etc.).  
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Gap Identification: Describe any short term and/or long term gaps that may exist in the state of 

safety knowledge concerning the utilization of flammable refrigerants? 
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4) Summary Observations 

This workshop supported the participation of a diverse group of key stakeholders and 
representatives with respect to flammable refrigerants and allowed the technical details to be 
further addressed. The general concepts of refrigerants and the expected changes in the form of 
fire risk with the introduction of flammable refrigerants were discussed. There is a need to update 
the existing training materials for technicians, and servicing personnel. Most importantly, the fire 
service needs to be aware of this shift and need to adjust their tactics as they respond to fire 
related to refrigeration applications. Further efforts are also required to quantify the post-fire 
considerations, and overhaul issues. 
 
The workshop also addressed: (1) relevant codes and standards; (2) hazard identification; (3) 
emergency response tactics; (4) post incident considerations; (5) knowledge gaps; and (6) 
outreach needs. This was also the primary structure of the Break-Out Groups. The following are 
the key summary observations from the workshop. 
 

(1) Codes and standards: Industry standards are significant for the refrigerant application and 
regulation. Product and equipment level standards gets updated first before the model 
codes, but they are relatively less important to the fire service, however they are 
important for the products and equipment. Building code updates are also very critical 
and need to keep up with the changes at product and equipment level standards. For fire 
service, providing an overview of what codes and standards are relevant is sufficient. 

(2) Hazard identification: Irrespective of the type of occupancy, the flammability of the 
refrigerants are going to be similar. Fire service need to know the different scenarios they 
may encounter at different occupancies.  

 Residential fires: Fire service respond to lot of kitchen fires. The expected 
quantities are small in window a/c units, refrigerators, dehumidifiers etc. 

 Commercial structure: The main concern here is due to larger quantities and more 
frequent chance for incident due to routine maintenance and servicing. It is critical 
to have proper detection and monitoring capabilities. These facilities should have 
proper preplanning.  

 Transportation: Since the chances of occurrence are outdoor, venting will be 
quick. However, ventilation will be an issue on incident involving vehicle in a 
parking structure or maintenance facility. Possible scenario to consider include 
pin-hole leak against a hot muffler.  

 Warehouse: The main concerns include bulk storage and storage arrangements in 
a large scale.  

 Other potential locations: Food processing plant, Food trucks, Salvage industry.  
(3) Emergency Response: The current knowledge of response exists and tactics are similar to 

what are currently employed, but the underlying concern is the products of combustion, 
clarification of possible symptoms for exposed emergency responders during and post 
event, adequacy of PPE, and de-contamination for post event. Fire fighting tactics will 
depend on the fire scenarios. A small convenience store will have limited quantity of self-
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contained flammable refrigerants where as a big box store poses a larger scale hazard. 
Detecting the release of flammable gas is also critical.  

(4) Post incident considerations: Proper PPE should be used for post incident operations, 
overhaul and investigations. One of the main concerns has been the release of Hydrogen 
Fluoride (HF) and exposure. Applying water will dilute the HF quickly, however it does not 
completely eliminate. Is there a concern of products of contamination in the run off? 

(5) Knowledge Gaps:  

 Creating an awareness among the first responder community about the 
introduction of flammable refrigerants.  

 There is a need for an overarching task group including members from ASHRAE, 
UL, NFPA and others to disseminate the materials to the applicable parties. There 
is a need for continued partnerships to stay ahead of the situation and most 
importantly stay informed.  

 Odorants are important from the perspective of emergency response and more 
studies are required to study its impact. 

 Clarify the burning characteristics of different refrigerants.  

 Environmental issues need to be properly characterized.  

 Research is needed to clarify the products of combustion and decomposition of 
the new proposed refrigerants, so that the emergency responder stakeholders can 
clearly understand, support and prepare for either more flammable but less toxic 
replacements or less flammable but more toxic replacements.   

(6) Outreach: Aside from the fire service, further engagement should be sought and 
facilitated among manufacturers, retailers, service and installation technicians, 
investigators, law enforcement, building department and other code enforcers, insurers, 
and salvage groups who are collecting the equipment.  
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Annex A: PowerPoint Slides 

Overview of EPA’s Significant New Alternatives Policy Program, Bella Maranion, US EPA. 
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Flammable Refrigerant Standards Updates & More, Scott MacLeod, UL LLC. 
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Guidelines for Servicing, Safe Handling, Transport, and Storage of Flammable Refrigerants, 
Randy Cooper, AHAM. 
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AHRTI Flammable Refrigerant Research & Refrigerant Exam, Anthony Spagnoli, NATE 
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Perspective of End Use Sector, Barry Greive, Target Properties. 
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NFPA Emerging Technologies Program, Michael Gorin, NFPA 
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Flammable Refrigerants: Literature Review and Hazard Assessment, Noah Ryder, Fire & Risk 
Alliance and Dr. Peter Sunderland, UMD 
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