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REGULATORY CONTEXT

It all started with CFC HCFC HFC HFO

. When safety Awareness on Awareness on Awareness on
n atU ral rEfrI g e rantS rhythmed with Ozone Depletion Global Warming Global Warming
chemical Montreal Protocol Kyoto Protocol EU F-Gas Regulation
(NH3/002/802 . ) refrigerants on CFC on HCFC on HFC phase down

F-GAS (2022) 100% 100% Calendar for introduction on the market
. (expressed as TEQ C02)

Stand Alone Single-compressor Multi-compressors 80%
system system system
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THE QUEST FOR LOWER GWP REFRIGERANTS

R32 R454C R455A R1234ze R1234yf R290 R744
GWP (AR4) GWP (AR4) GWP (AR4) GWP (AR4) GWP (AR4) GWP (AR4) GWP (AR4)
675 148 145 7 4 3 1
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TOXITY & FLAMMABILITY

There is a correlation between a

i The letter indicates The number indicates
lower GWP and ﬂammablllty toxicity level flammability level
Low toxicity Non
level flammable Flammable
High toxicity Slightly Highly
level flammable flammable
SECURITY CLASS

FLAMMABILITY

0000
0000

\

TOXICITY
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FLAMMABILITY

HOW DOES COMBUSTION WORK? WHAT DEFINES REFRIGERANT FLAMMABILITY ?
Refrigerant physical properties :

Lower flammable limit (LFL)

Upper flammable limit (HFL)

Minimum ignition energy (MIE)

Burning velocity (BV)

Heat of Combustion (HOC)

ANENENENEN

FLAMMABLE MIXTURE

LFL HFL

Flammable
Range

Too Less Fuel

Too Less Air
(Hydrocarbons)

A
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QUALIFICATION FOR A2L REFRIGERANTS

Ceiling unit Cubic unit Dual-discharge

08 -

Condensing unit

~_
COMPATIBLE SAFETY
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HOW TO MANAGE THE

LIFE CYCLE ACTORS

Designer

Life Cycle:
The risk analysis must be done on the system as a whole

Designer / Supplier :

Design

Reclaimer

N Manufacturer : : :

Lo3p As the evaporator is a partly completed machine according
§§§ to the machine directive 2006 42 CE, it is the responsibility of
&S the manufacturer to put a safe product on the market.

Dismantler
Installer:
Do "/% o e,(\oo
G O
0 \(\e’\""\\

Maintainer
\ Installer
Operator /

Cotim N
@"m “’"C"”‘a Extract & adapt from the Guide : Norme NF EN 378 : 2017 pour les Systémes frigorifiques et Pompes a chaleur
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RISK ANALYSIS: METHODOLOGY

PROBABILITY
1 2 3 4 5
Never occurs Every 10 years Every year Every month Every day
RISKS ANALYSIS MAIN PARTS PR
1. List the different risks E |2 Minor 6 8
i i . i g 3 Serious 6 9

2. Define their criticality level based on | 4 Critical 8

their severity level & probability level 5 Catastrophic
3. Find solutions for the unacceptable &

moderate risks _ Unacceptable risk

Moderate risk
_ Acceptable risk

Source : UNICLIMA & CETIM guide « Norme NF EN 378 : 2017 pour les Systémes frigorifiques et Pompes a chaleurs - Guide pour
réaliser les analyses de risques »

EXAMPLE Risk Severity Probability Criticality
* Leakage from the expansion

valve connection Before
* A solution could be to test the

tightness of the installation After

| 02/11/2022
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FLAMMABILITY RISK MANAGEMENT

Avoid inflammation

Normal operation Abnormal operation

Hermetically sealed Do not reach 50% of Have a temperature
product with proper the LFL at a potential and energy that does
maintenance ignition source. not allow for ignition

Switch off the power
supply or be ATEX

Flammability risk according to §1.5.6 of the Machinery Directive
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NORMAL OPERATION

Normal operation e T Implementa perlodlcleak?ge|n.spe(':t|on
" . o | plan to ensure the product’s sealing is
- maintained.

Hermetically sealed

produc.t ‘tmth proper “FOR VER ; } frozen. Check that the defrosting system
MalntEnance DOTYCZA is working properly and efficiently.

Check regularly that the coil is not
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ABNORMAL OPERATION

LEAK TEST

Abnormal operation e
NUMERICAL SIMULATION

he LFL ot a potential [l and energy that doos | 5% | COMPONENT VALIDATION |
COMPONENT VALIDATION
the LFL at a potential and energy that does S ICIAUCI S e

ignition source. not allow for ignition S 7l A

e PRODUCT REDESIGN e
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ABNORMAL OPERATION
NUMERICAL SIMULATION LEAK TESTS

WA

Protocol as per annex | EN378-2:2016

Fluide R1234yf

. Flow : 1 g/s
. Pressure : % PS
. Leak size : 1,47mm?2

Pessimistic hypothesis vs. European Commission Lifefront study.
=> 99.9% confidence that the 95th percentile leakage will not exceed 0.36 mm2.

—front
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EXTERNAL VALIDATION

LISTOF DOCUMENTS:
Risk analysis
Numerical simulations
Leak test reports
Use of A2L fluids — regulatory and normative aspects
Calculation of residual refrigerant quantities
Calculation of degassing rates
Safety instructions for evaporators

To ensure the completeness and relevance of our approach, we sought the expertise of
INERIS (National Institute for the Industrial Environment and Risks) to critically review our
work* on the use of A2L refrigerants in our products.

* Institut National de I'Environnement Industriel et des Risques, Verneuil-en-Halatte : Ineris - 204587 — 2718771 - v2.021/07/2021.
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WHAT TO REMEMBER

Market migration to low GWP fluids

New knowledge to be acquired and applied (risk analysis,

standards...) for the whole life chain:
* Builder
Installer
* Maintainer
User

The slight flammability of A2L refrigerants should not be an obstacle to their use in reducing our environmental footprint.
The risk will be managed by following regulations such as EN378 and using safe products.
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