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ABSTRACT

The safety of refrigeration systems with flammable refrigerants is a priority for owners and users. From my 
own personal experience of risk assessing ammonia refrigeration systems, it has been commonplace for site 
installations to have elements that are unsafe or to have poor procedures in place. I believe with increased 
focus on the use of A2L refrigeration system installations, the same problems will occur if the industry does not 
inform technicians of the real hazards and good practices that will prevent accidents. However, risk assessment 
requirements should differentiate between small quantities and the unlimited quantities as detailed in 
EN378:2016. Whilst legislation and good practice requirements are understood by leaders in the industry, the 
industry will need to focus more on the flammability and explosive properties of these refrigerants, whilst 
having systems in place to deal with both asphyxiation and toxic issues that will be present, after combustion. 

When carrying out a risk assessment, the outcome of the assessment is only as good as the knowledge of 
the assessor and their ability to identify the risks in a short space of time during their site visit. A systematic 
approach is required when risk assessing flammable refrigeration systems, to ensure that all aspects of 
legislation and good practice are reviewed and recorded. Industry needs to provide clear guidance on the 
potential risks, that are in line with regulations and standards.

Keywords: Refrigeration, Flammable A2L, Safety, Risk, Assessment

1 INTRODUCTION

In the UK, Parliament enacts legally binding Statutory Instruments (SI) and the Health and Safety Executive 
(HSE) acts as the regulatory body, responsible for their implementation. The SI’s require equipment to be risk 
assessed by competent persons during its lifetime to ensure it continues to be safe to operate. The publications 
related to flammable refrigerants in particular are:

• The Dangerous Substances and Explosive Atmosphere Regulations, 2002 (DSEAR)

• The Provision and Use of Work Equipment Regulation 1998 (PUWER)

• The Pressure System Safety Regulations 2000 (PSSR)

However, whilst the legislation gives owners and users of flammable refrigeration equipment legally binding 
responsibilities, there is little direct guidance in the regulations as to the exact nature of these requirements. 
The HSE publishes approved codes of practice for the regulations but this still leaves an element of 
interpretation on how the requirements of legislation should be implemented.

The European Community (EC) for Standardization publishes standards for flammable refrigeration systems 
which support the essential requirements of EU Directives. The UK has agreed that European standards are 
given the status of national standards and any conflicting national standards have been withdrawn. Whilst 
other similar standards, written by the likes of trade bodies or associations should be considered, the European 
standards requirements should be implemented. The European standards publications related to flammable 
refrigerants in particular are:

• EN378:2016 Refrigerating Systems and Heat Pumps – Safety and Environment Requirement 
(Parts 1-4)

• EN60079:2015 Classification of Areas – Explosive Gas Atmospheres (Part 10-1)
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When using the EN378 standard, all four parts of the standard must be implemented and be used in the 
design and installation of flammable refrigeration systems. It is not adequate to just use part 1 on its own for 
determining maximum quantities, as parts 2 and 3 give the system and safety systems design requirements.

Whilst European standards are not legally binding, they are good practice requirements for safety systems. 
These good standards can be used to assist in the interpretation of how legislation compliance can be 
implemented and recognised by the courts. 

The objective of this paper is to explain how to systematically approach the risk assessment of the flammable 
aspects of refrigerants in refrigeration systems to ensure compliance with the safety requirements of legislation.  
This paper will focus mainly on the A2L refrigerants which integrated into buildings.

2 A2L Characteristics

The European regulation (EC–1272/2008) on Classification, Labelling and Packaging of Substances and Mixture 
Regulations (CLP) classifies A2L as flammable, and it is to be labelled:

H220 Flammable gas. (R1234ze not flammable at 20oC but at 30oC)

H280  Contains gas under pressure; may explode if heated

H312  Harmful in contact with skin (only for R32)

H340  May cause genetic defects (only for R32)

H350 May cause cancer (only for R32)

EN 378:2016, Refrigeration Systems and Heat Pumps – Safety & Environmental Requirements, classifies all 
refrigerants by safety groups, determined on their flammability and toxicity. EN 378, Part 1, Annexes E define 
the safety group of these refrigerants as A2L, meaning mildly flammability and low toxicity. Table 1 details 
the A2L properties of the refrigerant detailed in EN378 that have significant importance when preparing a 
refrigerant risk assessment.

Table 1: Properties of A2L Refrigerants

Refrigerant GWP
(AR5)

(100yr ITH)

Molecular mass Practical limit
(kg/m3)

Lower flammability 
Level (kg/m3)

R-32 677 52.0 0.061 0.307

R-1234yf <1 114.0 0.058 0.47

R-1234ze <1 114.0 0.061 0.303

R-444A (R-32/152a/1234ze) 89 96.7 0.065 0.324

R-444B (R-32/152a/1234ze) 295 72.8 0.055 0.276

R-445A (R-744/134a/1234ze) 118 103.1 0.053 0.266

R-446A (R-32/1234ze/600) 461 62 0.031 0.157

R-447A (R-32/125/1234ze) 572 63.01 0.034 0.168

R-451A (R-1234ze/R134a) 133 112.69 0.065 0.323

R-451B (R-1234ze/R134a) 146 112.56 0.065 0.323
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The main components that lead to refrigerants being put into the A2L safety group in mixtures are R32 
(Difluoromethane) and R-1234ze. However later blends after the publication of EN378:2016 include R-1234yf.

2.2 Flammability

The main components of the A2L refrigerants require the following conditions for an explosion/flammability 
to occur in Table 2. Whilst R-1234ze is not labelled flammable, under CLP regulations due to regulatory testing 
requirement at an air temperature of 20oC, at 30oC, which is within the UK normal air temperature range, it 
becomes flammable.

Table 2: Flammability of A2L Refrigerants Main Components

R-32 R-1234yf R-1234ze

Lower flammability limited (Vol% in air) 13.3 6.2 5.8

Upper flammability limited (Vol% in air) 29.3 12.3 13.0

Auto-ignition temperature (°C) 648 405 368

2.3 Safety Requirements

The priority of any risk based assessment for flammable refrigeration systems, should be to keep refrigerant 
releases to a minimum and where there is a release, the release should be to a location where combustion is 
unlikely to occur. A flammable refrigeration system that does not release refrigerant will not result in areas of 
explosive or asphyxiating atmospheres and therefore can be considered safe. Stopping all potential releases is 
not practicable and safety systems are therefore required. But, the goal must be to keep potential refrigerant 
releases to a minimum by using components that are durably technically tight as per EN1127:2011 Part 1 
Explosive Atmospheres – Explosive Prevention and Protection.

In the event of a refrigerant release, the safety system must be adequate to keep the likelihood of an explosive 
and asphyxiating atmosphere to a minimum and to reduce the effect of any toxic vapors.  

3 KEEPING REFRIGERANT RELEASES TO A MINIMUM

In the UK, the statutory instrument, “The Pressure System Safety Regulation 2000” (PSSR), requires that 
all refrigeration systems with motor(s) >25kW must be inspected by a competent person. There is still the 
requirement to inspect systems with smaller motors but it is not necessary to provide a formal document. The 
purpose of the regulations is to prevent serious injury from the hazard of stored energy. The legislation does 
not consider the effects of a refrigerant release from a leak resulting in a flammable/asphyxiating atmosphere. 

Whilst the industry is focused on the requirements of the PSSR (to prevent serious injury from the hazard 
of stored energy), the requirements of PUWER and DSEAR are often forgotten. To fulfill the requirement of 
PUWER and DSEAR, a more in-depth inspection and monitoring procedure is required which is over and above 
that which would be expected from a Written Scheme of Examination (WSE) where piping and equipment is 
inspected on a more regular basis.

A simple method would be to confirm that the refrigeration system pressure envelope is inspected adequately 
to keep the likelihood of refrigerant release to a minimum. Inspection documents would typically provide the 
following information:
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• The system allowable pressures?

• A comprehensive list of all vessels and their design ratings?

• Confirmation that compressor overflow valve set points are appropriate or, where not present, that 
there are dual safety cut-out switches as required by EN378? 

• All pressure relief valve settings and date of calibration?

• Confirmation that all the relief valves dual type with a changeover valve as required by EN378?

• An inspection report of the system piping identifying weaknesses that increase the likelihood of a 
refrigerant release? 

• That relief valves, of systems containing flammable gases, release to safe location.

Where pressure ratings of relief valves are found to be incorrect, it would be advisable to undertake a HAZOP 
assessment on the refrigeration system immediately to ensure the system is safe to operate. 

4 FLAMMABLE/ EXPLOSIVE ATMOSPHERES

The ATEX 137 Workplace directive (1999/92/EC) has been implemented in the UK with the statutory instrument 
“The Dangerous Substances and Explosive Atmosphere Regulations (DSEAR)”. The key requirements of this 
legislation are elimination or reduction of risks from dangerous substances and to identify where explosive 
atmospheres may occur.

EN 60079-10-1 (2015) Classification of Area – Explosive Gas Atmospheres, is the recognized standard to access 
where explosive atmospheres may occur. To carry out the classification of areas there is a requirement to:

• Determine the refrigerant quantity allowed by EN378 Part I.

• Identify sources of release.

• Determine release rates, grade of release and likely frequency and duration.

• Assess ventilation or dilution effectiveness.

• Determine zone type based on grade and ventilation or dilution effectiveness.

• Determine the extent of the zone.

The classification of systems takes into account the following:

• If systems are maintained to EN378 standards and that any leaks that occur are repaired promptly.

Note: This covers routine maintenance. Opening the refrigeration system which results in refrigerant venting 
falls outside this scope.

• Rare types of malfunctions

• Known type of catastrophic failures

EN378 safety requirements deal with the issues not covered by EN60079-10-1 to comply with DSEAR.
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4.1 Determining the source of release, release rate and grade of release, likely frequency and 
duration

The sources of release in refrigeration systems are typically from multiple joint types including flanges, ring 
joints, valve packing and gland seals.

A fully welded/brazed pipeline is not considered to be a source of release (EN60079-10-1). The equipment 
should be designed to be technically, durably tight according to the standard EN 1127-1(2011) Explosive 
Atmospheres – Explosion Prevention and Protection. The duration of refrigerant leaks would be short, as any 
release should be detected by the refrigerant gas detection system and would be repaired. The draft update 
of EN60079-10-1 labeled as IEC 60079-10-1 Annex B.5 provides very clear guidance on the suggested hole 
cross sectional area for secondary grade of releases. When assessing the release rate through the hole, the 
calculations in Annex B.7 should be used. In the assessment, the normal operating pressure of the refrigeration 
system should be based on the design operation pressure of the system and include the effects on the suction 
side when the refrigeration system is stopped for a period of time. When a refrigeration system is stopped for 
a period of time, the suction side of the system temperature would be expected to be below 25oC in the UK. It 
would therefore be expected that the suction pressure would rise to the equivalent saturation pressure of 25oC.

The natural ventilation velocities to be used for indoor and outdoor equipment are given in Figure 1 which is 
an extract from EN60079-10-1. When using a refrigerant like ammonia, which is lighter than air, the natural 
dilution externally is greater than three times that of R32 in obstructed areas at ground level. In principle A2L 
refrigerant should not be considered as having the same flammable risk as ammonia. Therefore equipment 
sited externally, dependent on design for A2L of refrigerants, may require forced ventilation, where similar 
installations charged with ammonia may be adequate with natural ventilation.

For machinery rooms in an indoor space, we recommend that normal ventilation is by means of a permanently 
running extract fan due to the lack of buoyancy of the A2L refrigerants. In addition, we also recommend normal 
ventilation at a low level, separate from the ventilation for removing heat from the chamber, unless dedicated 
extractor hoods are installed over equipment.

EN60079-10-1 states that forms of assessment, other than the version that is published in the standard, for 
the effectiveness of ventilation are allowed. One such proven method is the Quadvent calculation software 
published by the UK Health and Safety Executive – Technical Input on Ventilation Effectiveness for Area 
Classification Guidance EI15. Quadvent calculations are more realistic than EN60079-10-1 calculations as they 
are based on a jet release with the highest concentration in the jet, rather than taking an average room volume 
concentration. This provides a more realistic and better dispersion of gases models and, as a result, smaller 
zones of explosive atmospheres. 
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Figure 1: Natural Ventilation Velocities
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The concept of zone 2NE is based on the hypothetical volume Vz of the flammable zone. This is when the 
volume of the gas cloud is <0.1m3 with the average gas concentration ≤50% (LFL). Where Vz exceeds this volume 
the zone will be classified as zone 2. All equipment in a zone 2 area must be ATEX rated. All steps must be taken 
to eliminate zone 2 areas to reduce risk by having adequate ventilation both inside and outside buildings.

4.2 Extreme Events

While EN60079-10-1 does not deal with extreme events, EN378 provides clear guidance on the safety 
requirements to deal with high quantities of refrigerant released in machinery rooms and in other areas. An 
extreme event may arise from the effects of vandalism, unforeseen component failure or human error. 

In the event of an extreme event resulting in a refrigerant release in a machinery room, the gas detection 
system should remove the electrical supplies from all non EX rated equipment. The EX rated equipment 
installed would typically be:
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• Gas detection sensors.

• Emergency extract ventilation fans if the motor is in the air flow.

• Fire alarm sensors, fire alarm sounders, beacons and push buttons.

• Emergency lighting for escape.

4.3 Assessing the risks of the likelihood of a flammable/explosive event occurring

To determine if a site’s refrigeration system(s) is complying with regulations and good practice, a list of 
questions has been created. If the answer to all of the questions is yes, then the likelihood of a flammable/
explosion event occurring has been minimized. If the answer to any one of the questions is no, then the 
likelihood of a flammable/explosive event occurring must be considered as too high and appropriate action 
would be taken to rectify the situation. A sample of the questions is shown below:

• Is the refrigerant quantity less than the maximum requirement of EN378 Part 1?

• Is the normal air extract ventilation rate adequate and available to ensure all areas can be classified 
as non-hazardous?

• Is the emergency extract ventilation rate adequate and available in the event of an extreme event as 
required by EN378?

• Does the refrigerant gas detection system have an in date calibration certificate (within the last 12 
months)?

• Does the gas detection system have the appropriate number of gas sensors and are they suitably 
sited?

• Are there any other ignition sources in refrigerant areas other than those that are removed 
electrically?

• Is there documented evidence of testing that in the last 12 months; that in a high level alarm, the gas 
detection system will initiate all of the low level alarm requirements and remove the power supply to 
non Ex rated equipment in the machinery room, and if applicable, other areas?

• Does the emergency lighting and its electrics have appropriate CE and ATEX markings?

• Is there documented evidence that the site ATEX equipment has been tested and checked in the 
last three years and been confirmed as suitable for continued use by a CompEX trained certificated 
electrician? 

• Confirm the doors to the machinery room and between other rooms have gas tight, self-closing, 
mechanisms in place to stop refrigerant egress?

5 EXAMPLE – AIR CONDITIONING INSTALLATION – SMALL SYSTEM 

A room 8m long x 3.7m wide x 2.5m high required 2.5kW of cooling to maintain the temperature at +18oC. 
The room has airtight doors. To achieve the cooling capacity a Toshiba split air condition unit was chosen. The 
air conditioning system was supplied pre-charge with 0.43kg of R32. The system piping has ¼” liquid lines and 
3/8” suction line, each with a 14m length of pipe. The pipe connections to the indoor and outdoor units were 
flared. The only non-welded connections on the indoor unit were the flared connections. The outdoor unit was 
external in a non-congested area.
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Our assessment took the following approach for the indoor unit:

• The refrigerant quantity allowed is 11.1kg based on the volume of the room. The actually quantity is 
0.43kg.

• The LFL for R32 is 0.307kg/m3 which gives a 50% LFL of 0.15kg/m3.

• The internal air velocity can be assumed to be 0.05m/s when the air conditioning system is turned 
off.

• The flared joint is considered as the main source of release. The flared connection is not durably 
technically tight and can be considered having a release condition of 1mm2 by EN60079-10-1. 
However, as the refrigerant quantity is not unlimited and below the quantity allowed in EN378, the 
carrying out of further checks on classification of area is not required.

• The nearest other electrical light fitting is 2.5m away at ceiling level and there are no sockets within 
5m. In the event of an extreme event the electrical equipment would be outside of the flammable 
zone.

• We therefore consider there to be a low risk of an explosion in the event of an extreme refrigerant 
release.

Our assessment took the following approach for the indoor unit:

• The outdoor unit is 3m from ground level.

• There is no other electrical equipment within 2m.

• The air velocity outside can be assumed to be 0.15m/s as it is between 2m and 5 meter from ground 
level. 

• The flared joint is considered as the main source of release. The flared connection is not durably 
technically tight and can be considered having a release condition of 1mm2 by EN60079-10-1. 
However, as the refrigerant quantity is not unlimited and below the quantity allowed in EN378 for 
internal areas, the carrying out of further checks on the classification of area is not required.

• We therefore consider there is a low risk of an explosion in the event of an extreme refrigerant 
release.

The piping between the indoor and outdoor equipment had no welds or connection and therefore for 
classification of area had no source as release. This was considered low risk. 

Whilst this assessment is very basic, it is adequate for use where the refrigerant quantity is limited by the 
current issue of EN378 as this is in line with EN60079-10-1. Where the refrigerant quantities are unlimited or in 
our opinion greater than 3kg, more detailed classification of areas must be carried out and this would include 
the removal of any flared connections.

8 STYLE AND CONTENT OF REFRIGERANT RISK ASSESSMENT DOCUMENT

The goal of any refrigerant risk assessment is to establish the risk rating (frequency x severity). Where the risk 
rating is found to be too high, the risk rating needs to be reduced by appropriate actions.



10 Presented at the IOR Annual Conference on 12 June 2019

REFRIGERATION  AIR CONDITIONING  HEAT PUMPS 

Overview Refrigeration Safety and Risk Assessment 
for Flammable Refrigerants

Star Technical Solutions has created a standard format for risk assessment of refrigeration systems, that is a 
combination of a hazard study and risk assessments. The document is split into four sections:

1. Introduction, Actions and Compliance to Regulations

2. Regulation, Standards and COSH

3. Refrigeration Equipment, Safety Systems, Site Procedures

4. Risk Assessment

Section 1 introduces the document and then details the immediate actions required where the risk rating is 
considered too high under the headings: Avoidance of the Release of a Hazard Substances, DSEAR and PUWER. 
There are further requirements related to the frequency of actions that need to be carried out to ensure the 
refrigeration systems remain safe.

Section 2 identifies the limitations of the risk assessment, characteristics of the refrigerant with COSHH and 
possible ignition sources identified. The section then goes into detail on: the requirement for avoidance of the 
release of a hazards substance, DSEAR, ventilation, the gas detection system, the safe release of the refrigerant, 
refrigerant release response plans and on site personnel awareness requirements. This section would not 
normally change, as it covers all types of flammable refrigeration systems, being based on regulations and 
standards.

Section 3 is unique and to be filled in for every site. It details the purpose and location of all refrigeration 
equipment, the gas detection system with auxiliaries including the ventilation system. It provides classification 
of area for all spaces where flammable refrigerants are present and details where the refrigerant is vented, 
either directly or indirectly. There is then a list of compliance questions that assess if the system is safe and if it 
complies with the requirements as detailed in section 2. Where it does not meet the requirement, an action is 
labeled and then detailed in section 1.

Section 4 is the risk assessment and establishes the risk rating for the present control measures and then future 
control measures when the actions are completed in section 1.

9 CONCLUSIONS

A systematic approach to risk assessing flammable refrigeration systems must be used for risk assessing 
flammable refrigerants to ensure any refrigeration system inspected has a logical and consistent approach for 
assessing and dealing with the risks identified. The approach to risk assessment is to prioritise the reduction of 
the likelihood of a refrigerant release through thorough inspections of the pressure envelope and by analyzing 
the effects of a refrigerant release with regard to explosive, asphyxiation and combustion toxic risks. Further, in 
the event of a release, it considers if the emergency planning and need awareness are suitable.

While regulations do not detail the safe working practice for a refrigeration system, European standards provide 
clear guidance of the safety requirement for flammable refrigeration systems.
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