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ABSTRACT

The Kigali Amendment to the Montreal Protocol, Bpgan F-Gas regulation as well as similar legistatio
other parts of the planet, in place to mitigatenelie change, are going to limit the usage of highFG
refrigerants in the next few years in the majodfycategories of commercial refrigeration applicati. Except
CO,, all known alternatives with low GWP, are flamnabh some extent. For the last five years, intense
activity on existing safety standards update, folake and many standards update is still in pregrasis paper
will summarize the present state of internatiomal eegional standardization for commercial refrigiem and
describe the impact of implemented changes on coniahstand alone cabinets design and testing.
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1. INTRODUCTION

The global community, with the Kigali Amendment ttee Montreal Protocol, made another important step
towards reduction of COemissions due to human activities, in order tos@mee our planet for future
generations. The global phase-down of HFCs in theigeration sector is representing an important
contribution to the international global warmingtigetion efforts. Within the wider market contexécent
regional and international legislation, and minimefficiency regulations, most common refrigeransed
today in commercial refrigeration will no longer &gplicable in many countries.

Manufacturers of both refrigeration equipment anthponents for many years have been actively wor&img
developing and promoting products for use with latmospheric impact refrigerants. Apart from isobaeta
(R600a) in household appliances, significant pregjie present also with propane (R290) implementatito
light commercial plug-in systems as a natural R4@dt&rnative, as well as the use of carbon dioxidéhe
supermarket sector. In addition, a series of alfitra synthetic refrigerants with reduced Global riniag
Potential (GWP) were offered by the chemical indust

The EU F-Gas regulation imposes a progressive lahigh GWP refrigerants in several categories of
commercial applications and at the same time tlwéagsystem is considerably limiting the quantitédigher
GWP refrigerants on the market. With the exceptidnCO,, all known alternatives with low GWP, are
flammable to some extend. In this paper, focus béllgiven to the evolution of safety related EUdkgion to
deal with risks associated with flammable refrigesa

2. BACKGROUND
EU F-Gas Regulation

European Union with F-Gas Regulation (517/2014) Imaged the use of refrigerants with high GWP \edu
From January 2020 refrigerators and freezers fanage, display or distribution of products in tlegail and
food servicg(commer cial use) industry, equipment classifieas hermetically sealed systems that contain HFC
refrigerants with a GWP of 2500 or more, are banjeegl R404A, R507A). The same applies to thestaty
refrigeration equipment, that contains, or thaierelpon HFCs with GWP of 2500 or more for its fimang,

with the exception of equipment intended for amgilans designed to cool products to temperaturésabe
50°C. From January 1%, 2022 - Refrigerators and freezers for storage, displagistribution of products in
retail and food servicécommercial use) industry, equipment classified agrmetically sealed systems that
contain HFC with GWP of 150 or more, are going ¢oblanned (new equipment) (e.g. R134a, R407F, R407C,
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R410A). In case of any questiomsthis new regulation interpretation, for exan: if ice maker should fall
under the'refrigerators and freezers” category, or shouldcbesidered as “stationary refrigeration equiprr,
inquiries can be addressed to major industry associationsA8gRCOM, EPEE), or tough the European
Commission (DG Clima) website or/acontacting thanational authorities in charge of El-gas regulation.

From January 1, 2020 the use ofgfses with GWP of 2500 or more, in thervice or mintenance of
refrigeration equipment with gas charge size exoged0TCGCequv (€X. more than 10 kg of R404A) was
banned,unless when using reclaimed or recycled refrigataifitavailable,it is possibleto service them until
January 1, 2030. For systems impacted by the ge& maintenance bans there are two options: retroft
gases with GWP lower than 2500 or replace them mgtli equipment that uses lower GWP refriget

EU F-gas regulation (517/2014) defines tthe sales and distribution of high GWP gaare controlled with a
guota allocation system and is leaglto its declining spply and increase of HFC pric. Quantities of HFC
gases available for all applications #ireited based on GWP value (in 2021 9%3%ess if compared with 20!
usage - 87TMTCQqu) therefore théndustryis forced to switch quickly to low GWP alternativ

3. RELEVANT EU SAFETY STANDARDS

Harmonized ENstandards are the preferred way to comply witrBUedirectives, such &he EU Low Voltage
Directive, the Machinery Directivandthe EU Pressure Equipment Directive, etbey are however not tt
only way, as it is allowed for manufactu to replace parts or all of a standard with a riskeasmer

There are a number of system safety standardsdtiosary refrigerating systel (Figure 1. The horizontal
standards (also known as grooipgeneic safety standard) cover a wide rangepoiduct;, while the vertical
standard (also known as product safety standang)amvers a specific product ty. Important to notice the
the product family standards dealing with the safetyraffigerating systems takes precedence over hugk
and gneric standards covering the same sul

Refrigerating Systems
And Heat Pumps

Electrical Heat Pumps.
Air Conditioners And
Dehumidifiers

EN 60335-2-89

Commercial Refrigerating
Appliances With Incorporated
Or Remote Refrigerant Unit

Or Compressor Refrigerating Appliances,

Ice-Cream Makers Appliances
And Ice Makers

Fig.1 Relation Between CEN and CENELEC Standards

The generic or horizontal safedtandar for refrigerating systems in EU is the EN 378:

EN 378 :2016 Refrigerating systems and heat pumps. Safety am@toamental requirementsEuropean
Standard relatet® safety and environmental requirements in thégdesnanufacture, construction, installati
operation, maintenance, repair and disposal oigesfiting systems and appliances regarding loadlghobal
environmentsjncludes within its scope pipincomponents and materials, aadditional equipment in dire
association with those systems. It also s requirements for testing, commissioning, markingd
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documentation. EN 378-1 in particular defines sdrasic safety requirements for refrigerating systesnsh
as, limits for refrigerant charge depending oneaystonfiguration, its accessibility, the room sidage to the
flammability or toxicity of the refrigerant usedNE378-1 is a generic standard and requires a ss&ssment to
assure the safety. Examples of charge limitatiordfieect systems using flammable refrigerants éétyaclass
A2L and A3 in the Figure.2 are based on EN378 Pdttls important to remind that, when a specific
application is covered by the scope of a produetrtizal) standard, product standard charge limits a
overruling the generic (horizontal) standard chdirgéations.

Charge Limit for R454C (A2L) According to EN 378-1 for Direct Systems (I and Il) Charge Limit for R290 According to EN 378-1 for Direct Systems (I and 1)
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Fig.2 Examples of charge limitation for direct st according to EN 378-1
The product or vertical standard in EU for commedrogfrigeration is EN 60335-2-89:

EN 60335-2-89:2017 Household and similar electrical appliances — safet part 2-89: particular
requirements for commercial refrigerating appliasogith an incorporated or remote refrigerant conslieigy
unit or compressospecifies safetyequirements for electrically-operated commercitigerating appliances
that have an incorporated compressor or that are subpliewo units for assembly as single appliance in
accordance with the manufacturer’s instructionst(sgstem).

This standard is a «product standard» and it mesatshe risks assessment is integrated in thiglfiudit of the
standards requirements (it means that during gheassessment the standard can be used to foéfikdsential
health and safety requirements). In particular risie connected to the use of flammable refrigerascovered
by specific requirements and it means that an mahdit risk assessment is not required. As each Rdttis
standard of 60335 series has to be used in coigunetith Part 1 — EN 60335-Household and similar
electrical appliances — Safety — Part 1: Generajuigements The present published EN 60335-2-89/A2:2017
covers only appliances with a charge of less th&h d of flammable refrigeranh each separate refrigerant
circuit and it is based on the old version of IEG385-2-89 ed.2.The 150 g constraint on system charge size
for flammable refrigerants is considered to be bs=al barrier to essential developments within gbetor.
CENELEC TC61 is in charge of introduction of theghececent edition of IEC 60335-2-89 standard, taat
remove this barrier in the near future.

4. NEW EDITION OF | EC 60335-2-89:2019

At the global level, in order to remove above mamtid barrier of 150 g, the International Electrbtecal
Commission (IEC), with its subcommittee TC61/SC6it@rted the update process 6 years ago. According t
the decision of the Tokyo Plenary meeting of IEG$C on 13 November 2014, a new working group (WG4),
was established to discuss the increase of thd lahithe charge amount of flammable refrigerants in
commercial refrigeration, while keeping the riskita¢ same level as with the current limit of 15Gmbich in
more than 20 years in household and light commileapialication, showed an excellent safety record.

IIR Compressors, Slovakia, 13 January 2021



PAPER ID: 0414
DOI: 10.18462/iir.compr.2020414

As the result of five years dfitense activity oWG4 expertsinvolving major players in the industry from
parts of the world, on June 20, 2018e new edition 3 of IEC 60335-2-8%s publishe. The new charge
limits and series of additional requirements are defindtielatest standard editidior flammable refrigeran.
The maximum refrigerant chargdth flammable refrigeranfor each circuit was raised t¢ 13*LFL, but not
more than 1.2kgFlammable refrigeras are those of safety class A2L, A2 and &&ording t 1ISO817
classification. Table 1 shows amample of 2 specific refrigera’ charge limitsaccording to the new stande
edition. It is important to remind that, when a specific laggtion is covered by the scope of a product (vaf}t
standard, product standard charge limits are olregrthe generic (horizontal) standard charge Etmns.

Table 1 Charge limit calculation examy according to IEC 60335-29

Refrigerant LFL [kg/m3] 13*LFL IEC Approved
R290 (A3) 0.038 0.494 kg 0.494 kg
R32 (A2L) 0.307 3.991 kg 1.2 kg

An important change waatroduced into the scope of the standard. Comrakicé makers are now part of
scope and they can benefit from flemmable refrigerant charge increase. For systmwsred by the standa
but with refrigerant charge up to 150ggquirements are raaming the same as in the previous editiRemote
systems with a flammable refrigeranitargeabove 1509 are excluded from the scope,

For systems above 1509 uptih@ new charge limit, several new additional regmients were introduc.

Here are some of them: angfrigeration circuit witl a charge above 150 g shb# hermeticall sealed, all
refrigerant-containing parts shall Ipeotectedand not be accessible, thppdance shall be constructin a
manner to not cause excessuibration or resonan and the appliance shall lmearkedwith the minimum
room floor area in which thappliance is permitted to be installwith some exceptiondp prevent refrigerant
stagnation in the room in case ofleak.This list is nolexhaustive please check the original standard
complete information.

The main factor to minimize the rigk a flammable cloud around the appliame¢he adquate air flow. It has
to be present even when tb@mpressor is off. Different strategies to assuréaw are possible anit is up to
the appliance manufacturer to find the optirconfigurationto prevent flammable refrigerant concentrati
Annex CC leakiest has to be passed to comply with the standemdex CC is definincthe leak rate as a
function of each refrigerant’groprieties and alssets the compliance criteria, whehe tconcentration aboy
50% for 5 minutes is allowedRisk level has beeanalyzed and referenced to thecepted baseline ricof
150 g with the adequate series of testgation of sensors to detect refrigerant concéptran ait during leak
test of Annex CC is shown in Fig. B case of cabinets with doors or drawehg Annex CCincludes door
opening tesafter full charge release inside closed cak

Fig.3 Schematiillustration of testing points in Annex CC
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IEC SC61C/WG4 is still working on future amendmaeuitshe standard, in particular related to A2L slas
refrigerants, where new safety studies were pudidish United States under AHRI sponsorship.

5. CONCLUSIONS

Most of the nations have already introduced the ed8 of -89 standard inside their standardizagistem. In
New Zealand and Australia, the new edition of ASENGD335.2.89 standard was published in July 2020.

In the USA and Canada, the Working Group 12, u@BNENA, is preparing an update of equivalent UL and
CSA standards. Several deviations to the origiB@l Version are expected and the target publicatada is by
mid 2021. Also Japan, under the Japan Refrigeramh Air Conditioning Industry Association (JRAIA)
Working Group 3 is preparing the Japanese verdidB© 60335-2-89, but the publication date is net glear.

In Europe, since the FDIS regarding IEC 60335-2v@® not submitted for CENELEC parallel voting,
CENELEC TC61 is presently working on the conversidthe standard IEC 60335-2-89 into EN versionsTh
standard is intended to become a harmonized stmdtdr EU Machine Directive (MD). Final vote targdate

is set for March 2021.

NOMENCLATURE
GWP Global Warming Potential CENELEC European Committee for Electrotechnical
LFL  Lower Flammability Limit Standardization
IEC International Electrotechnical Commission  AHRI The  Air-Conditioning, Heating, and
CEN European Committee for Standardization Refrigeration Institute
REFERENCES

1) Regulation EU N°517/2014 — regulation on the Us€eifftain Fluorinated Greenhouse Gases (“F-gas
Regulation”)

2) IEC 60335-2-89: 2019 Household and similar eleatrappliances - Safety - Part 2-89: Particular
requirements for commercial refrigerating applianaad ice-makers with an incorporated or remote
refrigerant unit or motor-compressor

3) EN 378-1: 2016 Refrigerating systems and heat puSgiety and environmental requirements - Part 1

4) Embraco Position Paper — Light Commercial Refrigera— Refrigerants Outlook 2020 —
www.embraco.com

5) M. Zgliczynski: Low GWP Refrigerants Era Has Stdrte Compressor Manufacturer Experience —
Compressors Slovakia 2017

6) M.Zgliczynski, J.Sedliak — F-Gases Regulation: R¥@dplacement refrigerants — compressors
manufacturer experience , XVI European Conferenkilan 2015

IIR Compressors, Slovakia, 13 January 2021



