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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Conimittee ISO/TC 104, Freight containers, SC 2, Specific
purppse containers.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

This document has been developed to enable the use of flammable refrigerants in refrigerated thermal
containers. This document enables container owners and operators to understand and validate the
risks associated with operating refrigerating equipment using previously non-acceptable flammable
refrigerants. The goal is to achieve an acceptable level of safety for container refrigerating systems
using flammable refrigerants as for container refrigerating systems using non-flammable refrigerants.

The background for initiating the development of this document was the foreseeable impact of
global and national regulations on hydrofluorocarbons (HFCs) currently used in thermal containers.
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Thermal containers — Safety standard for refrigerating
systems using flammable refrigerants — Requirements for
design and operation

1 Scope
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empt

hiner refrigerating systems in all anticipated operational modes and locations.

cribes the industry's best practices for the safe operation of flammable refrigetants in g
ms used in thermal freight containers operated on board ships, in termimals, on road
ind.

document addresses the use of flammable refrigerants with classifications defined
ed as 2L, 2 and 3, except R717 (Ammonia).

document describes an operational mode risk assessment{{OMRA) which uses meth
DP (Hazard and operability analysis), FMEA (Failure mode\and effects analysis), or FT}
sis) or combination of methods.

document specifies requirements for the validation and consideration of possible saf§
protective devices within the OMRA process,including charge release tests, sim
ion tests of the associated protective equipment. It defines test requirements for sh|
Vibration. A validation procedure is given.to demonstrate that risks from hazardou
tigated and their severity and frequency*are meaningfully reduced, with the aim
nble risk values.

obligations of the manufacturer; thie container owner as well as the responsible g
ibed, as well as how stakeholdérs can investigate and mitigate risks associated wit
able refrigerants.

ly, this document describes the requirements of service and maintenance when w
able refrigerants.

document is restricted to refrigerating systems integrated with or mounted on
hiners accordifigito ISO 1496-2. It provides minimum requirements for reducing the ris
the use of flimmable refrigerants.

scope is-limited to container refrigerating systems operated in conjunction with thg
berated cargo as operating reefer (OR) or when used as a non-operating reefer (N(

document describes the design of the mechanical refrigeration unit (MRU) and (Lperation of

efrigerating
on rail and

in ISO 817,

ods such as
\ (Fault tree

ety concepts
hlation, and
ock, impact,
5 events are
bf achieving

perator are
h the use of

orking with

SO thermal
k associated

carriage of
R) or when

yCfor positioning — while in intermodal transit. Static land-based continuous op

brations are

excl

ded:

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 817, Refrigerants — Designation system

ISO 1496-2, Freight containers — Specification and testing — Thermal containers

[SO 5149 (all parts), Refrigerating systems and heat pumps — Safety and environmental requirements

© ISO

2019 - All rights reserved


https://standardsiso.com/api/?name=2f8493d6c7a631ef3a344a70806cb4a0

ISO 20854

:2019(E)

ISO 14903, Refrigerating systems and heat pumps — Qualification of tightness of components and joints

[EC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-75, Environmental testing — Part 2-75: Tests — Test Eh: Hammer tests

IEC 60079-10-1, Explosive atmospheres — Part 10-1: Classification of areas — Explosive gas atmospheres

IEC 60079-14, Explosive atmospheres — Part 14: Electrical installations, design, selection and erection

[EC 60079-15, Explosive atmospheres — Part 15: Equipment protection by type of equipment “n”

1EC 60335-2r40; Househotdandsimitaretectricatuppttances=—Suafety——Fuart 240 Particutarrequirements
for electrical heat pump, air-conditioners and dehumidifiers

EN 1127-1, Explosive atmospheres — Explosion prevention and protection — Part 1: Basic cancepts and
methodology

EN 14624, Performance of portable leak detectors and of room monitors for halogenated-refrigerants

3 Termsand definitions

For the purposes of this document, the following terms and definitions.-agply.

ISO and [EC|maintain terminological databases for use in standardization at the following addressgs:

ISO Onl
IEC Eleq

31

alarm systd
system con
the correct
refrigerant |

3.2

hazardous
area in whi
quantities s

[SOURCE: I}
replaced wi

3.2.1
non-hazard
area in whi

ne browsing platform: available at https://www.ise.org/obp

tropedia: available at http://www.electropedia.org/

' m
stituting all electrical and electronjc parts of the refrigerating system which m

eakage

Area

ich as to require special precautions for construction, installation or use of apparatus

£C-60079-10-1¢2015, 3.3.1, modified — In the definition, the word "explosive" has
h "flammable-and toxic".]

ous area
'h-a flammable or toxic atmosphere is not expected to be present in quantities such

0
function of the protective device(s) and/or give a warning in case of malfunctionirg or

itor

ch a flammable or texic atmosphere is present, or may be expected to be present, in

been

Qs to

require spe

Fiad prnr‘nnfinnc for rnnct‘rnr‘finn, installation and use of nqnipmnnf

[SOURCE: IEC-60079-10-1:2015, 3.3.2, modified — In the definition, the word "explosive" has been
replaced with "flammable and toxic".]

3.2.2
temporary

hazardous area

area which can be defined as a hazardous area for a short period of time as a consequence of an
abnormal or accidental type leak

3.3
authorized

service facility

service facility that is authorized by the manufacturer to repair and to maintain the container
refrigerating system

© ISO 2019 - All rights reserved
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condenser section
space of the container where all outside parts of the refrigeration circuit including condenser fan
are located

Note
Note

3.5

1 to entry: The condenser section is not a confined space.

2 to entry: The condenser section corresponds to control volume II (see Annex A).

container refrigerating system

mec

anically refrigerated container with a vapour compression refrigeration cycle using refrigerant as

a wo

3.6

cont
theo
ofar

Note
comp

Note

3.7
durag
seale
acco

Note
aspe

Note

Note
tight

3.8
evap
spac

Note

3.9

Fking fluid

ol volume
retical volume representing the space in which a flammable atmosphere camoecur as a g
efrigerant leak

1 to entry: It can be delimited by the internal or external space of a container, and/or by specifi
artments.

P to entry: A description of control volumes is included in Annex A.

bly technically tight
d equipment with enhanced tightness which is_equal or less than that of fugitiv
mplished by enhanced maintenance and supervision

1 to entry: Clauses 8, 9 and especially Clause H)“provide information on design aspects an
ts to maintain tightness, permanently ensured by means of enhanced maintenance and super

D to entry: Additional information can be found in EN 1127:2011, Annex B.

3 to entry: ISO 5149-2 provides(information on “sealed systems” and IEC 60335-2-40 d
ness”.

orator space
e inside the containef containing the evaporator and air ducts

1 to entry: The evaporator space corresponds to control volume III (see Annex A).

fla

mixt|
whic|
Note

[SOU

© ISO

mable atmosphere
re with*air, under atmospheric conditions, of flammable substances in the form of g3
after ignition, permits self-sustained flame propagation

onsequence

ic component

e emissions

l operational
vision.

n “enhanced

S Or vapour,

RCE: IEC 60079-10-1:2015, 3.2]
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3.10 flammable limit/explosive limit!)

3.10.1
LFL

lower flammable limit
minimum concentration of the refrigerant that is capable of propagating a flame through a homogeneous
mixture of the refrigerant and air under the specified test conditions at 23,0 °C and 101,3 kPa

[SOURCE: IS

3.10.2
UFL

0 817:2018, 3.1.24, modified — Notes 1 and 2 have been omitted.]

upper flam
concentrati

[SOURCE: IH

removed after "vapour”. Also, at the end, after "above which", "an explosive gas atmosphere will n|

formed" hafd

3.11

flammable
refrigerant ¥
excluding aj

3.11.1
AIT

auto-ignitign temperature

lowest temp
test atmosp

Note 1 to ent
[SOURCE: I

3.11.2

RTT
reaction th
lowest temp
normal atm
or spark

Note 1 to ent

3.12
flammable

mable limit
n of flammable gas or vapour in air, above which the gas atmosphere is not flammableg

C-60079-10-1:2015, 3.6.13, modified — In the definition, the words "or mist" have

been changed to " the gas atmosphere is not flammable".]

refrigerant
vith a classification of class 2L, 2 or 3 in compliance with ISO 81 classification, refrige
nmonia

erature of a substance at or above which a chemical can spontaneously ignite in a no
here, without an external source of ignition, such as a flame or spark

y: Refer to the manufacturer’s safety data sheet (SDS) of the chemical used.

0 5149-1:2014, 3.7.7, modified — Note™1 to entry has been added.]

reshold temperature
erature of a substance at or above which a chemical can be decomposed spontaneousl
hsphere, in the presefice’of an external source of ignition, such as an open flame, hot su

Fy: As an estimation, the following values may be used: RTT,,, = AIT - 100 °C.

substance

substance i
ignition so

'F

urce

the form of gas, vapour, liquid, or mixtures of these, able to propagate a flame fro

been

ot be

rants

rmal

y in a
rface

m an

3.13

fresh air exchange mechanism

mechanism

that opens the fresh air ducting to allow ventilation

1) The flammability limits are function of temperature and humidity. For refrigerants flammability, ISO 817:2014
defines test conditions of 50 % relative humidity at 23,0 °C and 101,3 kPa for burning velocity and LFL/UFL
measurements. The effect of a reduced lower flammable limit and an increased upper flammable limit at higher
operational humidity and temperature levels can be taken into account in the operational mode risk assessment.

4
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3.14

fugitive emission

small release of refrigerant from pressurized equipment which does not result in malfunction of the
cooling process in its typical operation time

Note 1 to entry: Fugitive emissions result from corrosion or shortcoming of components or joints which are
durably technically tight during intermodal operation and do not result to a malfunction and/or need for repair
on the refrigerating system in a period of months to years.

Note 2 to entry: Annex C gives information on leak type, size, frequencies and leak rates.

Note 3 to entry: For additional information, see IEC 60079-10-1:2015, C.4.6.

3.15

inside component
component of the refrigerating system which is located inside the internal dimensional enyelope of the
container

3.16
intepded use
use ih accordance with information provided with the container refrigerating system, or, in/the absence
of such information, by generally understood patterns of usage

Note |1l to entry: Intended use of a container refrigerating system.is the carriage of cargo under|temperature
contrjol and when the unit is not operating i.e. used as NOR (non:operating reefer) or waiting empty for loading
and/¢r repositioning — while in intermodal transit.

[SOURCE: ISO Guide 51, 3.6, modified — The words "apréduct or system" have been replaced with " the
contqiner refrigerating system" and Note 1 to entry has been added.]

3.16{1
normal operation
condiition where the equipment is operating within its design parameters

Note [l to entry: Failures (such as the breakdown of components or ruptures) which involve shut-down and urgent
repailr are not considered to be part of normal operation.

Note |2 to entry: Normal operatiof includes start-up and shut-down conditions.

Note|3 to entry: Normal operation can include occurrence of fugitive emissions. Normal operation does not
inclugle larger leaks. Nofmal operation of the container refrigerating system requires a certdin minimum
refrigerant charge. Larger‘leaks result in system failure.

[SOURCE: IEC 60079-10-1:2015, 3.7.1]

3.16{2
speciial use

use ofca.container refrigerating system for cooling and storage of goods in stationary and temporary
land W i

Note 1 to entry: Local regulations and guidelines can apply to the use of a container refrigerating system as
permanent storage place of cargo.

3.16.3

reasonably foreseeable misuse

use of the container or container refrigerating system in a way not intended by the supplier, but which
can result from readily predictable human behaviour

[SOURCE: ISO Guide 51:2017, 3.7, modified — The words "a product or system" have been replaced with
"the container or container refrigerating system" and Notes 1 and 2 to entry have been omitted.]

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=2f8493d6c7a631ef3a344a70806cb4a0

ISO 20854

3.17

:2019(E)

non-occupied space

space inside

the container which is not occupied for a significant period of time by person(s)

Note 1 to entry: For unpacking and packing of goods, the container doors are open, see 9.5.

3.18
operating s

ite

site or location of operation in which a container refrigerating system can be operated, repaired, or
stored during the intended use

3.19

operationa
combinatior]
(such norm
refrigeratin

EXAMPLE

3.20
operationa
OMRA
overall proq
different op

3.21
outside pa
component
external din

3.22
packing
stuffing
action of fill

Note 1 to ent

3.23
PTI

pre-trip ing
inspection 4
and assuran

Note 1 to ent

3.24
power supj

| mode

of type of operation (such as transport mode and storage location) and state of-eper
hl operation, power ON, power OFF, empty container, packed container) in.'a,cont
b system

The container is located in a terminal, on a truck and with power on and empty.

| mode risk assessment

ess comprising a risk analysis and risk evaluation of a container refrigerating systg
brational modes

t
of the refrigerating system which is located outside the insulated walls and insid
nensional envelope

ing cargo/goods into the containerwithin designed capacity

Fy: After packing, the container'is loaded with goods.

pection
nd testing of a'eontainer refrigerating system including checking for structural da
ce that the refrigerating system is operating according to the specifications

y: A PTI€an'be carried out before a container is released for a new trip or after a repair.

ly

htion
hiner

m in

b the

nage

condition w

3.25

b 4o 4] 41 1 1 H b
ITIT 4 CUITITULIUIT LU UIT LT TT=PIIdST DUWTT SUPPIy 15 PITSTIIU

refrigerant leak detection mechanism
mechanism which can recognize a refrigerant leakage or charge losses of the container refrigerating

system

3.26

refrigerating system repair operation
service or maintenance of a refrigerating system in which the container refrigeration system pipework
or components is or will be opened

3.27

repair shop
place in a terminal or service facility where container refrigerating systems are serviced and repaired

6 © IS0 2019 - All rights reserved
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3.28

responsible operator

MRU operator

person or entity that has operational control of the container including the MRU at any particular time
including, but not limited to, repair and storage depots, terminals, transport operators, shippers and
consignees

3.29
safety principle
set of provisions which, together, ensure safe design and safe operation of a container refrigerating system

3.30
shuttoff device
nornpally closed device separating parts of the refrigerating system to reduce the maximum amount of
refrigerant that can be leaked into a control volume

3.31
servjce access point
connection used to service the refrigerating system, that enables the reffigerant circuit to|be charged,
discharged, evacuated and pressure checked

3.32
servijce facility
building or installation where maintenance and repair of container refrigerating systems is carried out

3.33
smallest inside free volume
remdining inside volume when the cargo compartment is packed to the maximum allowed yolume

Note [L to entry: This volume includes the T-floor spaee:

3.34
T-flgor
speclally designed floor with longitudinal channels to allow air to pass underneath the cargo

]
3.35
ternjinal
interjmodal facility that allows$ the transport and transfer of containers between differeft transport
modes

Note|l to entry: In a.tefiminal, intermodal containers are also loaded/unloaded, stored, operated} maintained,
packed/unpacked.

3.36
toxi¢ atmosphere
mixturedfiair, under atmospheric conditions, with toxic substances in the form of gas or vapour which
can heharmful or lethal to humans

Note 1 to entry: For example, a mixture of toxic refrigerant fluid or decomposition products with air under
atmospheric conditions.

Note 2 to entry: A toxic substance is understood to be a substance in the form of gas, vapour, liquid, or mixtures of
these, which can be harmful or lethal, or can impair a person’s ability to escape due to acute or chronic exposure
by contact, inhalation, or ingestion.

3.37
unit end
front end where the refrigerating system is placed
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action of emptying the container

Note 1 to entry: After unpacking, the container is empty.

3.39
ventilation

environment

environment capable of diluting releases of hazardous substances in normal operation to a non-

hazardous c

oncentration

3.39.1
open air
any unenclo

Note 1 to ent
PTI, inspecti

[SOURCE: IS

sed space, possibly but not necessarily roofed with, as a minimum, natural ventilation

ry: The ventilation environment “open air” refers to or represents areas or operating sites sy
n, roofed repair areas, on vessel deck, truck and rail.

0 5149-1:2014, 3.2.7, modified — The words "with, as a minimum,natural ventilation

Note 1 to enftry have been added.]

3.39.2
well-ventil:
area which {

Note 1 to ent
as vessel carg

3.39.3
non-well-vd
area othert

Note 1 to ent
ventilation sy

Note 2 to ent
operating sit

3.40
ventilation
means whic

3.41
ventilation
movement g

3411

ted
s naturally or mechanically ventilated

ry: The ventilation environment “well-ventilated” refers or represent areas or operating sites
ro hold, workshops, system repair areas.

ntilated
han open air or well-ventilated

Fy: The ventilation environment “non=well-ventilated” should be considered if an artificial or f
[stem is not in operation (due to potwer failures or other type of malfunction).

I'y: For release rate and accumulation time of hazardous substances in non-well-ventilated arg
s see Annex C.

mechanism
h promotes the-téplacement of an air volume

f air and its replacement with fresh air, i.e. without dangerous substances

ch as

and

such

brced

as or

natural ven

tilation

movement of air and its replacement with fresh air due to effects of natural mixing, air movement, or
temperature gradients

Note 1 to entry: For open air ventilation is normally based on an assumed minimum wind speed of 0,15 m/s
for obstructed areas and 0,3 m/s for unobstructed areas, which will be present virtually continuously (see
IEC 60079-10-1:2015, Table C.1).

3.41.2

artificial ventilation
forced ventilation
movement of air and its replacement with fresh air provided by artificial means
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3.42

zone

hazardous area classification based upon the frequency of the occurrence and duration of an explosive
atmosphere

[SOURCE: IEC-60079-10-1:2015, 3.3.2]

3421

zone 2

area in which an explosive gas atmosphere is not likely to occur but, if it does occur, for example as a
result of accidental type release of refrigerant, it can be defined as a temporary hazardous area

[SOURCE: I[EC-60079-10-1:2015, 3.3.6, modified — The words "in normal operation" havebegen removed;
the end part after "if it does occur" has been changed; and Note 1 to entry has been omitted.]

3.42{2
extept of zone
distdnce in any direction from the source of release to where a gas/air mixture will be dilufed by air to
a corfcentration below the lower flammable limit

[SOURCE: IEC-60079-10-1:2015, 3.3.7]

4 $ymbols and abbreviated terms

FEU Forty-foot equivalent unit

MRU Mechanical refrigeration unit (the terms “*MRU” and “unit” are considered to be|synony-
mous at this document)

SOl Source of ignition

SDS Safety datasheet for chemicals

5 S$afety requirements for:the design of container refrigerating systems

5.1 | General

The safety requirements-described in this clause cover the whole assembly of a container rjefrigerating
systém using flammable refrigerants: the refrigerating system and the container box and ag well as the
variqus operatiohalrmodes.

5.2 | Significant hazards of the refrigerating system

A colntainer refrigerating system shall be designed to achieve the level of tightness as specified
in ISO5149-2 for sealed systems. 150 14903 shall apply as it specifies qualification of tightness of
components and joints for refrigerating systems and heat pumps.

In addition, the MRU design shall be such that a high degree of tightness can be maintained throughout
its life with correct maintenance. According to EN 1127, a refrigerating system is classified as a durably
technically tight system or as a sealed system with enhanced tightness accomplished by leak tight
design and manufacturing procedures for components, joints and connections, implemented service
procedures for maintenance and operation including inspection and monitoring of leak tightness.

An MRU is regarded as durably technically tight system or as a sealed system with enhanced tightness, if:

— itis constructed such that it remains technically tight due to its design, as described in this clause
and Clause 6; and
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— its technical tightness is permanently ensured by means of maintenance and supervision, as
described in Clauses 8 and 10.

An MRU with a durably technically tight or sealed system construction with enhanced tightness does
not create any hazardous areas in its surroundings while in normal operation.

For the purpose of risk evaluation, refrigerant leaks are to be taken into account.

Therefore, this document addresses the hazards associated with:

— fugitive

emissions during normal operation; and

releasef

The main h|
hazardous 4

fire and|

explosi(
a confin

toxicity

toxicity
creating

NOTE Pq

5.3 Safet

due to fallure of joints or components, accident, Improper handling and improper sery

hzards associated with the leakage of flammable refrigerants resulting to a-témp
rea include:

flame propagation: ignited leaking refrigerant;

n: accumulation of leaked refrigerant leading to a flammable concentiation and igniti
ed space;

as described in ISO 817;

deriving from decomposition products in case of refsigerant reaction or combu
y toxic atmosphere.

tential hazards related to common refrigerating systems, are described in ISO 5149-1:2014, An

y concept for container refrigerating systems

5.3.1 Genleral

This clause
the operatig
by processe

The safety p

n of the MRU based on risk reduction by component design and control strategies as w|
5 improvements for operatiof.

rinciples are based on thefollowing:

Fice.

rary

on in

stion

hex C.

Hescribes the safety principles forflammable refrigerants which cover both the design and

ell as

eliminafe hazards or reduee risks as much as reasonably practicable;

apply appropriate protection measures against hazards which cannot be eliminated;

Lsers aboutresidual hazards and indicate whether specific measures should be taken to

he associated risks, where relevant.

inform
reduce 1

5.3.2 Opeqrational mode risk assessment

5.3.2.1 General

The operation of a container refrigerating system is complex as it involves various modes of operation,
operators with different responsibilities, diverse ownership of the equipment and multiple intended uses.

An operational mode risk assessment (OMRA) shall be carried out by the MRU manufacturer to analyse
the risks related to the operation of a container refrigerating system, involving the refrigerating system
manufacturer and the box manufacturer, as well as customers and professional users. The OMRA shall
include, but not be limited to, risks associated with maintenance, recycling or dismantling, reuse after
the service life of the refrigerating system, including the second-hand market.

The OMRA shall include the intended use, reasonably foreseeable misuse, and special use.

NOTE ISO/IEC Guide 51 gives additional information for evaluation.
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The OMRA shall consider at least the following operational modes, taking into account both power ON
and power OFF situations, and consider, where relevant:

— transport:
— ship transport including handling at harbour and terminals;
— road transport including interim parking or storage anywhere;
— allrail transport;

— passing through a tunnel;

1+ loading and unloading;
— gtorage: industrial areas; public space; cold space or cold rooms;
— gervice and repair: maintenance at professional workshops, functionality testing and quality of repair;

— T1easonably foreseeable misuse, such as improper repair and maintepanee, continuous| charging in
the event of a leak, use of wrong or improper tools or parts;

— iacking and unpacking: factory or professional packing/unpacking, non-professional packing/
npacking by untrained persons;

— ¢xternal events: accidents, crash, fire, vibration, corroSion, mechanical damage, upauthorized
:I:tervention;

inspections: customs, veterinarian, port health, sueh' as terminal workers, cargo quality inspection;
— ¢nd-of-life and disposal of equipment.

The PMRA shall be carried out using one or,more of the following methods or other equivalent methods
as apgplicable to safety aspect under consideration:

— Hazard and operability analysis (HAZOP) according to IEC 61882 or equivalent;
— Trailure mode and effects analysis (FMEA) according to IEC 60812 or equivalent;
— Fault tree analysis (FTA).according to IEC 61025 or equivalent.

The MRU manufacturer‘should provide the necessary results of the OMRA to:

— the installer oftthe MRU;

— the containér box manufacturer;

— the responsible operators of different operating sites for evaluation.

Any reguired design modifications shall be jointly discussed and incorporated.

The OMRA shall include a risk assessment for flammable refrigerants as a basic part. Results shall be
evaluated for all operational modes, where relevant.

The OMRA shall be approved by a classification society.

5.3.2.2 Risk assessment for flammable refrigerants
The risk assessment shall include the following elements:

— determination of the likelihood of occurrence of a flammable atmosphere and the amount of
refrigerant involved;

— determination of the probability of the presence and efficiency of sources of ignition;
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assessment of the possible effects of fire, flame propagation, explosion, refrigerant decomposition

and toxic atmosphere, chemical reaction of refrigerant with dangerous cargo, fumigation, scrubber
or other commonly used substances;

evaluation of the risks and consequences;

identification of measures for the reduction of risks.

The risk assessment shall be supported by tests and simulations.

The risk assessment shall use the refrigerant properties specified in ISO 817 or the SDS, the most
conservative values shall be used.

NOTE If|different SDS for the flammable refrigerant exist, the most conservative values can be\usgd for

the OMRA.

The flammable concentration (and thus the LFL and UFL) are function of the cénCentratign of

flammable refrigerant in air, the operational temperature and the local humidity13]. Athigher huniidity

(>80 % R.H.) and temperature (>50 °C), the LFL in air can decrease and the UFL can‘ihcrease. This gffect

shall be taken into account for such operations and in the risk assessment. It should also be considered

in the estimptions for the evaluation of dilution of refrigerant in air (see AnnexD).

5.3.3 Tolerable risk

5.3.3.1 General

The tolerable risk value is defined according to:

— applicalle regulations and relevant international standards, employable for intermodal opeyated
refrigerjated container; and

— the marjufacturer’s policy for determining criteria for tolerable risk level.

It shall takg into account information such-as‘the generally accepted state of the art as well af the

current valyes of tolerable risk of relevant stakeholders or involved parties.

5.3.3.2 Riskreduction

When risk reduction is required, ‘arisk reduction process shall be carried out iteratively until a tolefable

risk level is achieved. A process.of risk reduction is described in ISO/IEC Guide 51.

A “three-stdp method” shalV’be used for risk reduction at the design phase and additional measuies at

the use phage at all opérational modes.

1) inherently safédesign;

2) guards pnd)protective devices;

3) information for the responsible operators, instruction and information for consideration at

operating sites and for end users.

Taking inherently safe design measures is the first and most important step in the risk reduction
process. Guards and protective devices shall be used whenever an inherently safe design measure
does not reasonably make it possible to remove hazards or sufficiently reduce risks. The responsible
operator has a decisive influence and responsibility in the risk reduction procedure by complying with
the information provided by the OMRA from the MRU manufacturer, and described in 9.8 and Clause 10.

5.3.3.3 Tolerable risk criteria

According to ISO Guide 51, risk is defined as the combination of the probability of occurrence of harm,
and the severity of that harm.
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The tolerable risk area (acceptance criteria) is described as L (low risk) in the Table 1 using a two-
dimensional criteria (probability and severity).

The residual risk after the risk reduction process has been carried out, shall be the L (low risk) - area.

If the level of the severity of the event, or harm, is not clearly identified during the risk reduction stage,
it is recommended to consider an ignition event as catastrophic.

Table 1 — Risk matrix and acceptance criteria, values to be evaluated according to IEC 61025 or

equivalent
Sever ;t_y uf ha. T
0 I 11 I IV
Prpbability of occurrence of harm Negligible | Marginal Critical Catastrophic
per container per year No (smoke | (products (serlo.us inju- )
damage . ries, death, fire
g from on fire and h N
ospitalization | and burned)
product) | burned) -
and fire)
5 |Frequent >10-3 L H S S S
<1073
4 |Probable and L M H S S
>10-4
<104
3 |Occasional and L M M H S
il >10-5
P ilit
robability <105
2 |Remote and L L M M H
>10-6
<1076
1 |Improbable and L L L M1 M
>10-7
0 |Incredible <1077 L L L L L
L loy risk; tolerable risk area
M medium risk
H highrisk
S serious risk; the intolerable’risk area

If serfious risk is identified during operation, including recognized accidents or misuse, counermeasures
should be takensimmediately.

The yeduction and elimination of hazards in container refrigerating systems in case of leals or release
of flgmmiable refrigerants should be made by the MRU manufacturer (or nominated party) 4nd it should
be d¢seribed in a risk analysis (see 5.3.2).

The reduction and elimination of hazards shall be made by the MRU manufacturer and the results shall
be described in the OMRA (see 5.3.2).

5.3.4 Flammable refrigerants

The safety principles recommended in this document provide both general and specific guidelines for
the prevention of the build-up of flammable atmospheres, protection by design and construction of
equipment, installation of protective systems and components.

The safety principles should include provisions for the following elements as applicable and according
to results of the risk assessment for leak prevention:

— refrigerating system tightness (see ISO 14903);
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— refrigerant charge optimization through optimum dimensioning of the components;

— separation of the evaporator: low mass of refrigerant in the components located inside the container
at power OFF (see Figure B.1 in B.2).

— leak detection and ventilation (see B.4 and B.3):
— inside leak detection;
— alarms system;

— ventilation of the inside/outside atmosphere.

— reductipn of source of ignition:
— inside container electrical components;
— outpide container electrical components;
— othpr external sources.

During intended use and normal operation of the MRU the safety principles shallensure that the outside
and the insigle of the container are non-hazardous areas in terms of flammability (see 5.2).

NOTE1 Examples of hazardous area classification are given in IEC 600%79}10-1:2015 Annex E. Examples of
calculations to ascertain the degree of ventilation and time of persistence‘éf a flammable atmosphere are given
in [EC 60079410-1:2015 Annex C.

In case of reffrigerant release larger than fugitive, the build-up.ef a flammable atmosphere in proxjmity
of the outside unit end of the container (control volume I, see’Annex A) should be prevented followjing:

— the recqmmendations in 9.8,

— the safety principles described in 5.3,

— validatdd by testing described in 6.8,
— the operation requirements described in 9.4 and

— the medhanism to reduce risk as déscribed in Annex B.
5.3.5 Protection against hazards
5.3.5.1 Protection against explosion hazards

5.3.5.1.1 (eneral

The protection against explosion hazards should include different measures for preventiqn of
refrigerant teakage, prevention of build-up of flammabie atmospheres and elimination ot SOI. The
detection of a hazardous amount of leaked refrigerant requires protective actions and the initiation of
an alarm.

As described in 5.3.2 the OMRA shall be performed for all intended and special uses including packing
and unpacking, and foreseeable misuse.

While performing the OMRA, all operational modes shall be classified according to the following types
of ventilation:

— natural ventilation: occurring in places such as open air, in tunnels, during transport, on deck of
vessels, repair area as examples;

— forced ventilation: occurring in places such as cargo holds (for heat removal), enclosed spaces in
buildings, underground parking, repair shop or area, loading and unloading as examples.
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Accidental type rupture leak, for example on the condenser section, can generate

hazardous atmosphere (control volume II, condenser section) above LFL for a short period of time.

Clause 9 provides further requirements concerning the operational sites.

a temporary

The degree of dilution outside the container should be considered as "high" with "fair" to "good"
availability. In normal operation the control volumes I and II, which are located outside the container,

shou

NOTE 2

1d be considered as non-hazardous areas (see Annex A).

The definition of ventilation degree and ventilation rate is provided in IEC 60079-10-1.

The air leakage rate of a container to exchange air from inside to outside is sufficient to dilute fugitive

emis
the (

5.3.5

The
requ

5.3.4

To v
toler]

To sy
In ad|

The {
conc

inside and/or outside of the container according to the principles of IEC 60079-10-1. The le

spec

The
class
and
achisg

Slons when not operating or used as NOR. However, this situation shall be taken int
MRA.

.2 Protection against excessive internal system pressure

refrigerating system shall be designed according to the existing norms'that specify {
rements of ISO 5149-2:2014, 5.2.2.

Validation of safety concept and protective devices

hlidate the risk reduction by the safety concepts and protective devices intended to
hble risk value, charge release tests or simulations shall bé ¢arried out.

pport this validation process, a zone assessment shall-be carried out according to IEC
dition, a SOI analysis according to EN 1127-1 shall Ge done.

esting or simulation of the charge release shall be carried out in order to evaluate th
entration, the zone extent and persistence\time that can be reached if the refrigerai

fied in Annex C, shall be used for these tests and considered for worst case testing.

tests or simulations shall be carried out by the MRU manufacturer and results v
ification society. The purpose is to demonstrate that risks from hazardous events are
their severity and frequencyiare meaningfully reduced by the safety measures, wit]
ving the tolerable risk values.

D account in

he pressure

achieve the

60079-10-1.

e maximum
it is leaking
ak types, as

erified by a
nvestigated
h the aim of

6 Design and construction of the refrigerating system

6.1 | General

All components and pipework should be capable of withstanding the mechanical, chemical pnd thermal
loadg towhich they can reasonably be expected to be exposed during normal operation Including all
operptional modes within reasonable design limits and material properties.

NOTE Container handling involves movements by special equipment that can cause direct contact between

the handling equipment (such as straddle carriers, cranes, lifters, trailers, cell guides) and the container
refrigerating system. This can cause damage to the components of the refrigerating system.

When feasible, the components of the MRU containing refrigerant should be:

— protected against direct impact that can cause functional damage;

— designed to withstand high pressure combined with vibrations and shock energy as described in
6.3. For the testing procedure, see 6.8.3.

The design of the MRU shall take into account the results of a risk assessment (see 5.3.2) with regard to
maintenance, normal repair and service. The owner and/or operator shall be responsible for ensuring
the repair, service and maintenance employees are knowledgeable of the correct methodologies to
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work on the unit and have the required certifications (see Clause 10). Requirements for training are
described in 10.2.

All electrical installations, including software, shall be designed to support the responsible operator in
identifying and installing approved spare parts only. Certified parts, including software, can be coded
and marked that replacement with improper parts is inhibited.

In support of this, where possible, the unit shall be designed to minimize the impact of improper repair.

6.2 Components and piping of refrigerating systems with flammable refrigerant

6.2.1 Genleral

The compo
ISO 5149-2 4

nd of this document.

6.2.2 Components

During nor}
container i
evaluations
OMRA, shal
conditions fi

NOTE B4
footprint of t

6.2.3 Ext¢

In case of e
where the h

At a tempey
occurs, caug
fire/therma

An appropr
refrigerant.

The refrige
personnel o

considered a non-hazardous area according to IEC 60079410:1. However, for d
for the outside components located in the condenser space, an‘assessment, as part d
be carried out. To support this assessment an ignition seuice analysis shall be done
br operation at operating sites shall be considered according to requirements in Clausg

ised on experience and simulationsl®], a flammable atmesphere cannot be formed outsid|
he container with fugitive emission rates in normal operation as classified in Annex C.

brnal fire relief device

kternal fire, uncontrolled rupture or failure of braze joints or pipes occurs dependir
ghest fire temperatures and heat impacts are.

ed by uncontrolled release aof refrigerant in any direction due to the result of an ext

[ incident.

ate device (or appropriate devices) shall be installed to facilitate a controlled relea

fant release shall’be in such a way that it does not cause further unsafe conditio
" emergencydservices.

6.3 Assemblies

hents and piping of the refrigerating system shall comply with the requinements of

mal operation, the outside (condenser space in control volumedl,“See Annex A) of the

bsign
f the
The
9.

e the

1g on

ature at which a brazed joint (orbrazed joints) can begin to part, uncontrolled rupture

brnal

se of

ns to

6.3.1 Gen

eral

Unless otherwise stated in this document, the refrigerating system assemblies shall comply with the
requirements of [SO 5149-2: 2014, Clause 5.

The supporting elements of the refrigerating system shall have sufficient strength to withstand the
forces under loading and other intermodal movements of the container.

Provisions shall be taken to withstand normal vibration during normal operation and handling, such as

those result

ing from ship, truck and railway operations.

The ability of the MRU to withstand stresses deriving from cargo loading and/or accelerations to which
the container can be subjected during service should be assessed independently from the assessment of
stresses on the container box.
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6.3.2 Components and joints

Refrigerant piping shall be protected to avoid damage during normal operation and handling of the
container.

6.4

Interior of the thermal container

6.4.1 General

The installation shall be constructed according to requirements in ISO 5149-2:2014.

6.4.2

The
in a

Ventilation inside the container

Ventilation system may be considered as an integral part of the safety featuresl In th
failure situation of the ventilation system, the refrigerating system should.be turne

applicable, the shut off devices should be closed.

Clau

NOTH
woul
ackn
by th

NOTH
funct]

For t
fault
cons

6.4.3
If reff

The 1
cond
the s

Clau

6.4.4

The
thres
shall

NOTE 1

be B.3 describes this optional protective device.

1 1EC 60079-13 would permit failure of a ventilation system for zone™ areas to generate
1 not require shut down of associated electrical systems. However, thisiassumes the alarm wou
wledged and actioned. For thermal containers it is assumed that$stich an alarm response wou
b alarm system described in 6.7. Otherwise, the alarm response‘isnot valid and shutdown is reg

2 IEC60079-13 requires that air flow for ventilation system is monitored as the true meas
ion which can then detect numerous possible causes of ventilation failure.

hermal containers, mechanical air flow sensors-should be avoided since the sensor
y, e.g. due to seizure of moving parts in €orrosive conditions which would then
dered in the OMRA.

Refrigerant detectors
rigerant detectors are used, theyshould meet the requirements given in ISO 5149-3:20
litions and exposure to Other chemicals, should be considered in the OMRA. Further §
election and application of gas detectors can be found in IEC 60079-29-2.

e B.4 describes this optional refrigerant detection device.

Protection against hot surfaces

maxinium temperature of hot surfaces during normal operation shall be below f

at case, and
d off and, if

an alarm and

[ld be suitably

d be handled
quired.

lire of system

can become
need to be

14, Clause 9.

eliability of the gas detectory including the possibility of detector impairment due to the operating

ruidance for

he reaction

hold temperature (RTT) of the used refrigerant. If RTT is unknown, then the esti
beused.

n[ated RTT,;

Information of these values can be found in the refrigerant SDS, ISO 5149-1. The most

value should be used.

NOTE 2

humi

dity, a different value can be used (see [13]).

conservative

According to thermal decomposition and flammability characteristic of R1234yf as a function of

Hot surface temperatures higher than the reaction threshold temperature (RTT) can result in
hazardous situations in case of refrigerant releases, including fugitive emissions (see 5.2). The OMRA

shall

© ISO

take such possible hazardous situations into account.
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6.4.5 Electrical components

The inside of the container is defined as non-occupied space in which no flammable atmosphere can be
accumulated in normal operation and by fugitive refrigerant leaks due to design related container air-

leakage.

To avoid over- or under-pressure inside the container due to ambient temperature variations, such as
day and night temperatures, a container shall not be airtight (see ISO 1496-2).

However, to mitigate risks related to accidental type of refrigerant releases, the inside of the container
is further defined as a zone in which no SOI shall be present.

Therefore,
zone 2 in ac
the thermal

IEC 60079-1
equipment i
other types,

Forrefriger
shall be foll

For compon|
shall comply

he inside of the thermal container shall be considered as a temporary hazardouscay
cordance with IEC 60079-10-1. The selection and installation of electrical equipmenti
container shall be suitable for at least EPL Gc in accordance with [EC 60079-14;

4 allows for various types of equipment to be used in EPL Gc applications!.Some typ
ave higher maintenance requirements to ensure ongoing explosion protection ratings
therefore the maintenance factors should be considered in the OMRA,

ints classified type 2L the requirements for electrical SOIs describedin IEC 60335-2-40:
wed.

ents surface that can be exposed to leaked flammable refrigerants, the temperature
f with 6.4.4.

6.5 Outside electrical cabinet

The locatioq
flow or accy
shall be den

If this cannd

of the outside electrical cabinet should be cliosen so that the leaking refrigerant doe
mulate into the outside electrical cabinet inniiormal operation or in the event of a leak|
onstrated by leak simulation or testingaccording to 5.3.6.

t be tested or proven by simulations, the following shall apply:

— the requirement of IEC 60079-15:2010, Ctause 20 for restricted breathing enclosures; or

the fla

NOTE1 Cq
standard tha
as a source o

NOTE2 Fd
similar comp|

In case of le
reduce risk

rIe arrest enclosure verification test described on IEC 60335-2-40 for 2L refrigerants.

mponents and apparatus. complying with IEC 60079-15:2010, Clauses 16 to 22 or an appl
L makes electrical components suitable for use in Zone 2 as defined IEC 60079-14 are not consi
ignition.

r 2L refrigerants, electric components of switching device and allowable opening of relay
pnents complying with IEC 60335-2-40 are not considered an ignition source.

hs described in Annex B are activated if these mechanisms had been applied.

ea, a
nside

es of
than

2018

limit

S not
This

cable
ered

5 and

hk simulation test, the test shall include the scenario in which the selected mechanisms to

NOTE 3

to B.3, the air flow from the outlet channel can contain high concentrations of flammable refrigerant.

6.6 Refrigerant charge

In case of accidental type leaks inside the container and operating ventilation mechanism according

The refrigerant charge within the refrigeration cycle shall be specified by the manufacturer and

included on

18

the name plate, operation and service manuals.
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Alarm system

6.7.1 General

An alarm system shall be in place, which generates an alarm in case of refrigerant losses or leakage
potentially causing a hazardous situation.

The alarm system shall be evaluated during the risk assessment process for efficient risk reduction
below the tolerable risk. It shall include a refrigerant leak detection mechanism which may process
different types of analyses, measurements or detection techniques, and shall indicate refrigerant leak.

The

appr
incof
exan
avail

The
over

Detal
mech

The P
Clau

6.7.2

The
mach

If po
Back

be p|
requ

6.8

6.8.1

Testy

Type

AlarTT SySTem shall also alert anm authorized person by audibte and visuat indica
ppriate action according to the results of the risk assessment. The alarm shouldb
porated in the general alarm system and meet the requirements of the operater,trai
iple through any remote communications device. Additional information andyihstruct
able on the operator panel (display) indicating the procedures to be adoptedin event g

monitoring of signals from the alarm system may have the functionality to detect c
longer operation time caused by fugitive or small leaks and call for preventive maintel

jled information and instructions concerning the alarm system including the leg
janism shall be provided in the operation and service manual,

iudible and visual alarm system specifications shall be sufficient to meet the owner's re

be B.5 gives additional information.

Alarm system power

bower source of the alarm system shall be“part of the general power supply of the 1
linery.

up power for the alarm system for the detection of leaks when the MRU is off
rovided. The nominal capagity of the backup power shall be sufficient to meet
rements.

Testing

General
shall beé\conducted prior to utilization of the unit as an MRU.

testing is required to ensure compliance with this document.

ion to take
b able to be
hsmitted for
ons shall be
fan alarm.

harge losses
nance.

hk-detection

quirements.

efrigeration

ver is applied to the container refrigerating system, the alarm system shall start automatically.

power shall
the owner's

Strer
with

1 . . .
gth/pressure test for componentsand systenT tightmesstest shatt-becarriedoutm

[SO 5149-2:2014, 4.4.2 and 4.4.3.

accordance

If a mechanism to reduce risk presented in Annex B is used, the correct functioning during use, including
NOR operation until end of life, should be tested according to the principles described in Annex B. These

shall

be certified and approved by an accredited third party or classification society.

6.8.2 Protective device test

Alld

© ISO

evices shall be tested in order to verify their functionality.
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6.8.3 Vibration type-test

The vibration test shall demonstrate that, under the influence of internally and externally initiated
vibration, no damage is caused to the parts containing the refrigerant.

The complete container refrigerating system shall be carried out according to IEC 60068-2-6 with the

severity for

ship, rail and truck transportation (see Table 2).

Table 2 — Recommended values for testing

Frequency Displacement/Acceleration Sweep rate
2(+C ) Hz to 13,2 Hz *1 mm Maximum 1 octave/mindtg
13,2 Hz to 100 Hz 0,7¢g Maximum 1 octave/minutd

The duratio
The duratio

The pass crj
tightness is

6.8.4 Sho

The outside

against, or
testing proq
acceleration|

NOTE
impact. They
energy and a

In case of

prescribe th
impacts sho

otherwise s

The inside @
cargo loadir
test as speci

The testis p
is unaffecte

6.8.5 Pro

Inmppact tests are aimed at determining the ability of a specimen to withstand specified severif

h of the test in case of no resonance condition is 90 minutes at 30 Hz.
h of the test at each resonance frequency is 90 minutes.

iterion for the test is that the refrigerant shall not leak from theSystem and the sy
not affected.

ck and impact type test

and inside components of the refrigerating system centaining refrigerant shall be prot¢
vithstand, impacts that can cause functional damage and lead to refrigerant leakage
edure shall be carried out according to IEC 60068-2-75. The impact test should in
of atleast 2 g in the x, y and z directions.

consist in the application to the specimen ef-a prescribed number of impacts defined by their ir
bplied in the prescribed directions.

Lests concerning outside comperents containing refrigerant, the manufacturer sj
le attitudes or behaviour ofithe specimen and the locations on the specimen wher
uld be applied, corresponding to where damage is most likely to occur in practice. U
pecified, the blows shallbgapplied perpendicularly to the tested surface.

omponents contaiding refrigerant shall be protected by an end wall able to withstan
g and/or the forces-or static equivalents of accelerations identified in the end-wall stre
fied in ISO 149632.

nssed if nojrefrigerant leakage is detected and the leak tightness of the refrigerating sy
.

stem

pcted
The
tlude

ies of
hpact

1ould
b the
nless

d the
ngth

stem

duction test

The refrigerating system shall undergo the following final factory tests of the whole system:

— leak tightness and pressure tests according to [SO 5149-2;

— all devices used as required by the results of the safety concept shall be tested;

compliance with this document.

The manufacturer shall be aware of applicable local requirements, laws and regulations in the
production and emission values for refrigerants.
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Marking and documentation

6.9.1 General

The manufacturer of the refrigerating system shall provide all necessary information according to

exist

ing standards, in particular [SO 5149-2.

The marking of container refrigerating systems shall follow the recommendations of 6.9.2. Additional
requirements are described in Clause 7.

It is the manufacturer’s responsibility to ensure the marking(s) and location(s) have been reviewed by a

reco

6.9.2
The :

Warning symbols shall be placed on the container refrigerating system. |Warning sym

infor

— Jpotentially flammable atmosphere;

—

Syml|
pres
be pl
Addi
oper

Wariping notices and relevant symbol(s) shalt-be affixed, as a minimum, on visible location(

_ q

q

gafety signs;

3aned Ctassification SoclIety.

Marking

ipproval reference number shall be marked on a permanently fixed plate near the seri

m on the presence of:

lammable refrigerants.

pols regarding prohibition of smoking and presence. of uncontrolled naked flamnj
ented at the door end and the unit end of the containerrefrigerating system. Warning

Fionally, warning notices shall be displayed near the operator panel prohibiting u
htion of the system.

n the compressor(s), on refrigerant service connections, on frequently replaced
ontaining flammable refrigerant;

varning notices: on the back panel inside the container, at the container doors.

hl number.

bols should

es shall be
hotices shall

aced on the outside of the container doors to infefm that unauthorized persons shoulld not enter.

nauthorized

5), such as:

Spare parts

© ISO

Figure 1 — Graphical symbol ISO 7010-W021, Combustible and flammable materials
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Service access points to equipment or components shall be marked with the flame symbol shown in
Figure 1.

6.9.3 Manuals and documentation

6.9.3.1 General

The manufacturer shall specify the necessary operations for the safe use and handling of equipment
using flammable refrigerants.

The documentation should give additional information on risks identified by the OMRA. Examples
should be p

and incorre

resented in the manual and safety instructions. The examples should describe the co
ct operation and use. The description should be simple and understandable and\in

pictures and sketches.

6.9.3.2 Deo¢cumentation

The documgntation shall include the results of the protective device(s) tests as déscribed in 6.8 an|
results of thie risk assessment as described in 5.3.2.

6.9.3.3 Operation and service manual

The manufacturer should supply adequate operation and service manual, including leaflets, and s
instructiong in the main business languages.

The operati

22

purposg;

descrip

bn and service manual should at least contain thef6llowing information:

[ion of the container refrigerating system and equipment;

refrigerjant type and charge amount;

refrigerjating system schematic diagram'and electrical circuit diagram;

list of specified parts;

instructions concerning starnting, stopping, standstill and inspection before trip;

precautjons to be takenwhen lifting or transporting;

informgtion displayéd-on display of the unit, the information for marking system;

maintenance instructions;

actions

to be taken in case of alarm;

Frect
Clude

d the

hfety

procedUre for MAaiNMtenance and repair af ter indicated atarm or matt unctions;

description of repair and maintenance procedures, including refrigerant removal and recovery;

list of suitable tools and equipment for repair and maintenance;

information for handling, installation, cleaning, servicing;

instruction that refrigerant pipe work shall not be damaged during any repair on the box;

all ventilation equipment or air ducts of the container refrigerating system shall not be obstructed;

instruction on how to create a well-ventilated area for a refrigerating system repair operation;
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— specific information about the required qualification of the working personnel for maintenance,
service and repair operations;

— other information for the operation of the container in different operating sites which have been
identified as essential in the risk assessment;

— other information for the operation of and requirements for equipment inside the container, such as
temperature reading devices, lighting;

— accident prevention procedures.

6.9. .4‘ Dl avv;nsa

A piping and instrumentation diagram (PID) of the refrigerating system shall be displayed identifying
the shut-off and control devices.

The PID should be located in the electrical cabinet.

6.10 Certification

The requirements described in 6.2 to 6.9 and the applied protectite device(s) should be reviewed/
certified for flammable refrigerants as relevant.

The ¢ertificate for the MRU shall be issued by a classificationsociety or another equivalent accredited
orgahization.

7 Design related requirements of the MRU manufacturer for safe servidge,
maintenance, repair

Reqyirements for execution of service, mainténance, repair and recovery are described in {lause 10. In
contrast to Clause 10, Clause 7 describesthe safety-related requirements for the design process for the
MRU[manufacturer.

The design of the MRU shall be such that the requirements for service, maintenance, ahd repair of
ISO 5149-4:2014, EN378-4:2016,/Annex E and the latest version of IEC 60335-2-40 can be njet.

Additional requirements are'described in the following:

— the passing on of instructions for use, maintenance, and repair;
— ¢nsuring accessand traceability of safety-related repairs;

— ¢nsuringhat testing of protective device(s) can be made;

— thespecification of the required level of competence of personnel;

ien-and of all kinds

tthatonctriectiva can
tHe-cenRStraetve-€of

of components.

The requirements for operation at operating sites in Clause 9 shall be considered in the design process
as well.

The risks associated with container repair operations (such as welding and painting) and refrigerating
system repair operations (such as pipework repair, component maintenance and refrigerant charging)
shall be investigated in an OMRA according to 5.3.2. The repair procedures, in terms of best practice using
flammable refrigerants, should be developed on the basis of the results of the OMRA. These procedures,
where relevant, should be made available by the manufacturer in the operation and service manual.

In addition, the manual shall include information to enable the responsible operator to ensure proper
procedures are in place at each depot and service centre to handle units with flammable refrigerants
including information about applicable local regulations.
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7.1 Education and training

Personnel who can use, repair and/or maintain the MRU should be properly trained. Training should
ensure that each type of refrigerating system is well known and all safety measures are understood.

To support this quality process, education and training procedures should be provided by the
manufacturer for authorized service facilities.

NOTE1 Owners and operators need to be aware of their local requirements for handling flammable
refrigerants (see details in Clause 8).

NOTE 2  If certifications are required for local maintenance and operation, those certifications need to be in
place before working with the units (see details in 10.2).

7.2 Safety instructions
The relevant safety instructions shall be provided for all alarm events described in 6.7Z2and 9.7.
The following safety instructions for operation shall be provided by the MRU manufacturer:

— explandtions relating to warning alarms and symbols (for example on the-Source of hazards) and
exampl¢s of best practice to prevent hazards and failures;

— causes ¢f the potential defects and measures to be taken, such as\instructions concerning legkage
testing and leakage detection;

— referenge to protective measures, first aid provisions and procedures under emergency condifions
(such a$ in the event of leakage, decomposition of flugrinated refrigerants and creation of toxic
atmosphere, fire and explosion);

— explandtions and actions to be taken in case of alatim;
— contact$ to competent maintenance technicians’in the event of leakage or breakdown;
— functioping and maintenance of protective‘device(s);

— charging and recovery of refrigerant;

— handling of refrigerant and assaciated hazards;
— disposal of the flammable refrigerants;

— disposal of the flammable liquid oil mixtures.

7.3 Testing before'operation

The manufactuter shall provide a self-check by design that is carried out automatically after ppwer
up in accordarnce with the safety concept. The purpose of the self-check is to verify that the rel¢vant
protective device(s), control and measurement devices and alarm systems are functioning.

The self-check shall include a check on refrigerant charge loss.

The test should ensure that an alarm with further instruction is activated if a failure is detected in
components.

7.4 Maintenance and repair
The manufacturer shall:

— specify that maintenance and repair should be carried out by qualified and trained personnel only;
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NOTE

ISO 20854:2019(E)

It is the owner’s and operator’s responsibility to ensure the personnel are qualified and trained

to work on the MRU, utilizing manufacturer or third-party training. See Clause 10 for detailed information.

i

i

ndicate that local occupational safety and health rules and regulations can apply;

nstruct that following tasks are performed during maintenance and after repair:

— all control and measurement devices especially protective device(s) and alarm systems are

checked to verify their correct operation;

— leak tests are carried out at the relevant parts of the MRU.

The
shou
Ssyste

All e
ident

TTanutacturer siratt specity tiat onty OEM=approved compomnents, inctuding comntrott
Ild be used in case of replacement. Component changes and or/modifications of they
m should not be permitted unless authorized by the OEM.

ectrical installations, including software, shall be designed to support the responsiblg
ifying and installing approved spare parts only. Certified parts, including(Software, c

and marked that replacement with improper parts is inhibited.

8 ¢

reneral recommendations at operating sites

Refr

gerating systems are addressed by IMO rules on transportyef dangerous goods on a

and by local restrictions, including container refrigerating systems.

Reco
(IMD
by R
good
(RER
No. 2

1
1
1

Cons
oper

The 1
oper

The 1

mendations are given by the United Nations(8], the ¥aternational Maritime Dangerous
G-Code)l0, the European Agreement concerninghe International Carriage of Dang
bad, ADRIZ], the U.S. Government, Code of Fedetal Regulations[l1], for the transport g
s including refrigerating systems with flammable refrigerants. Recommendations U
RIGERATING MACHINES containing flammable, non-toxic, liquefied gas) refer to spec
91:

Flammable liquefied gases shall .bescontained within refrigerating machine compo
omponents shall be designed and.tested to at least three times the working pressure of th
[he refrigerating machines shall be designed and constructed to contain the liquefied gas
he risk of bursting or crgeking of the pressure retaining components during normal (
ransport. Refrigerating machines and refrigerating-machine components are considere
o these Regulations if/they contain less than 12 kg of gas”.

equently, the handling of MRU using flammable refrigerants charged with less th
htion sites doeS hot require procedures for dangerous goods.

esponsible\0perator shall be aware of legal or binding guidelines and requirements coj

espensible operator shall be aware of local occupational safety and health measures.

htion of ‘@eperating sites such as for industrial premises, vessel, railway and road traffid.

br software,
efrigerating

operator in
an be coded

global basis

Goods Code
erous Goods
f dangerous
N No. 3358
al provision

nents. These
e machinery.
ind preclude
ronditions of
1l not subject

hn 12 kg at

ncerning the

With

reference to ISO/IEC Guide 51, requirements for the reduction of personnel risks,

personal protective equipment (PPE), is not laid down in detail in this document:

by means of

“These occupational safety and health measures are defined nationally, on the basis of the EC Treaty
and the corresponding European Directives, e.g. in state or trade association regulations. The decision
as to which specific protective measure to choose in individual cases when applying the test procedure

is the responsibility of the employer”

However, information on PPE is given in 9.1 where important.

Care shall be taken to ensure that the personnel in charge with the operation, maintenance and repair
of the container are adequately instructed and competent with respect to their tasks.
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Recommendations about operating sites are also documented in the operation and service manual, as
described in 6.9.3.3.

Operating sites in which the MRU with flammable refrigerants are handled or stored should be
operated and maintained so that any release of flammable refrigerant, and consequently the extent of
hazardous areas in case of accidental type release, are kept to a minimum, whether in normal operation
or abnormal operation, with regard to frequency, duration and quantity of any release. Subclause 5.3.2
describes the principles of an OMRA, which covers the full container life cycle.

Annex C shows refrigerant release rates as a function of leak type and leak amount, and occurrence

(frequencies) of releases from the MRU.

In case of
maintenanc
be valid. Ad
operation ai
routine mai

9 Safe o}

9.1 Gene

The responj
particular ti
shippers an

The respong
by the MRU

The respon
situation an
responsible
in the OMR4

activities other than those of normal operation, e.g. commissioning or non<g
e, including opening of the refrigerating system for repair, an area classification,ma
cording to IEC 60079-10-1, it is expected that the activities other than thoselof no
e dealt with by a safe system of work. The area classification should take inte‘accoun
htenance.

peration at different operating sites

ral

ible operator is the person or entity that has operational control of the container a
me including, but not limited to, repair and storage depots, terminals, transport oper3
l consignees.

ible operator at any operating site shall evaluatethe relevant results of the OMRA proy
manufacturer, which is described in 5.3.2.

sible operator shall execute a separate(risk assessment, if an operating site or the
d operation is not sufficiently covered.in the OMRA provided by the MRU manufacturej
operator shall inform the MRU manufacturer on additional risks information not incl
.

The following information and recommiendations provide assistance for the evaluation, as well

information|

Non-flamm{
refrigeratin
should also

NOTE 1
footprint of t

The respon;

given in Annex C.

ble refrigerants safety guidelines and risk assessments for operation of containers h3

be used.

Dyring normal’operation of the MRU no hazardous areas in terms of flammability can be outsig

he container.

iblé.operator’s risk assessment shall include intended use, reasonably foreseeable mji

and special

1se/if applicable.

itine
y not
rmal
It any

[ any
tors,

rided

local
. The
uded

s the

ving

b systems can be used as basis. Flammable refrigerant guidelines and risk assessments

e the

suse,

Special and additional personal protective equipment (PPE) is not required for normal operation of
the MRU as this represents operation in non-hazardous atmosphere. In situations where a danger is
suspected or clearly noticeable, the appropriate PPE should be used as a precaution. Examples for such
situations are:

opening of container door without power and back-up power and unknown inside concentrations
(see 9.5);

in case of alarms (see 9.7);

after an accident (see 9.8.2).
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Events such as accidental type, large or small leaks, according to Annex C shall be investigated to
identify severity and frequency of hazardous events, which should not result in a higher risk than those
described as tolerable in 5.3.3.

Considering the definitions in IEC 60079-10-1:2015, Clauses 1, 3.7.3 and 3.7.4 for MRUs, events of
accidental type or large leak rate of refrigerant, according to Annex C, are understood as catastrophic
failures or rare malfunctions and do not apply to the concept of abnormality for area classification.
Consequently, such events constitute no requirements for additional special facility equipment at
operating sites with regard to the use of flammable refrigerants in normal operation (see Note 3).
Accordingly, this document contains no requirements for facilities or equipment at operating sites.

Recommendati

= 3 8 ations, and/or
the container refrigerating system in normal op

eration address:
gccidental type leaks at the container refrigerating system with action and mitigation procedures
see 9.8);

— flugitive emissions at the container refrigerating system, which canstesult in accumulation of
fefrigerant in enclosures, with requirements depending on the ventilation environmeni (see 9.4);

— intended opening of the refrigerating system for repair (see Clauge\10).

The fesponsible operator of a site shall take refrigerant leaks intéaccount for the risk evalufation, based
on their operational processes or conditions. Examples are presented in D.3.

NOTE 2  Accidental type leak events are classified as catastrophic failure according to IEC 6009-10-1:2015,
3.7.4;|large leaks are classified as rare malfunction according,JEC 60079-10-1:2015, 3.7.3.

NOTE3  Normal operation can include occurrence of, fugitive emissions. Normal operation dogs not include
largef leaks.

NOTHE 4 Information on leak types can be found in Annex C.

NOTES5  Experience has shown that ruptute type leaks occur rarely and with acceptable conseqyiences due to
ignition of refrigerant releasel=l.

9.2 | Operating sites

Operfating sites are classified”according to the following location characteristics regarding handling,
repopitioning or operation-of the whole container:

— (¢pen air;
— yvell-ventilated area;
— non-well-ventilated area.

Tabl¢ G)shows the combination of operating sites with relevant recommendations dgpending on
ventilation environment. Iable 3 1s presented as an orientation, ventilation environment shall be
determined for each individual case.

The door opening process is described separately in 9.5 but included in Table 3 to combine operating
sites with relevant recommendations.
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Table 3 — Identification of relevant recommendations for responsible operator for operating
sites with respect to ventilation environment

Container loca_tion and ventilation
Opesl_'ating Operation Responsible environment Relevant
ite operator Open air W.ell Non_-well clause
ventilated ventilated

Requirements described in subclause: 9.4.1 9.4.2 9.4.3
Box repair Depot X X 10.3
Cleaning inside Depot X (x) 9.5,10.1,10.2
Inspection Depot X X 95 101 102
Live area (OR, NOR) Terminal X 10.1,10.2

Terminal, Load Terminal X 9.2,0

depot, On rail Rail Operator X X 92,0

shop, PTI MRU Contractor X X 9.5,10.2, 104

repair facility Service, PTI area Depot/Terminal X X 9.5,10.2,1044
Stacker Terminal X 9.2,0
Storage Depot X 9.2,0
Packing/unpacking Shipper/Consignee X X 9.5
System repaira¢ MRU Contractor X X (%) 9.5,10.2,1044
Load Terminal X X x) 9.2,0

Vessel OR, NOR Vessel Crew X X x) 9.2,0
System repair¢ Vessel Crew X X x) 104
ORd, NORe g;l;ilzg)l;iver, Train \ < ®) 92,0

Rail Inspectionb Truck Driver X X 9.5,10.1,10J)2
Packing/unpacking Shipper/Consignee X X 9.5
System repair¢ MRU Contractor X X (x) 9.5,10.2,1044

Repair System repair¢ MRU-€ontractor X X x) 9.5,10.2, 1044
InspectionP Otwner/User X X x) 9.5,10.1,10)2
Storage User X 9.2,0

Public Event ||OR, NOR Operation Owner/User X X 9.2,0
Packing/unpacking User X X 9.5
System repair® MRU Contractor X X x) 9.5,10.2, 1044

a Contractoyf can be called if vessel is alongside.

b The operation of £Gén-Set results in the same conditions in normal operation.

¢ Only traing¢drand'authorized MRU technicians shall be allowed to repair.

d  Operating reefer.

¢ Non-operating reefer.

9.3 Significant hazards

Subclause 5.2 describes potential hazards relating to refrigerating systems in general with reference
to ISO 5149-1:2014, Annex C. Significant hazards related to the refrigerating system using flammable
refrigerants including opening of the refrigerating cycle during service or replacement of components
and repair are also described in 5.2.

Hazards related to operating sites or operation at different locations are included.

NOTE Refrigerant releases larger than those from fugitive emissions are not expected in normal operation.
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Given that it is unlikely that more than one small or larger leaks occur at any one time, only one release
from one container should be considered, according to IEC 60079-10-1.

9.4 Ventilating condition at operating sites

In general, ventilation is the appropriate and sufficient method to prevent flammable atmosphere
outside the MRU footprint due to leaks from the container refrigerating system.

Ventilation can be accomplished by different means, such as the movement of air due to the wind and/
or by temperature gradients or by artificial means such as fans. Two main types of ventilation are
recognized:

a) lLatural ventilation;

b) grtificial or forced ventilation, general (e.g. a whole enclosed space) or local (e.glextraction near a
leak location).

NOTE 1  Applying the method from IEC 60079-10-1:2015 to the outside componénts of the MRU |with fugitive
emisgions or small leaks in control volume I, II, as defined in Annex A, concludesthat no accumulation of leaked
refrigerant in well-ventilated area or in open air is possible, and therefore no flaintmable concentratjon is formed.

NOTE 2  Requirements and accident prevention in case of refrigerant telease larger than fugitjve emissions
accorjding to Annex C are described in 9.8.

Rules for ventilation requirements at operating sites are for.example:

— Rules for classification and construction for ship technology, seagoing ships: Ventilatio

—

— S0 13779;
— Ifrelevant: international building code and\Industrial ventilation guidelines and standgrds such as:

— CEN CR 1752;

— ASHRAE 62.

NOTE 3  Seealso the requirementsiin 5.3.5.1.1.

9.4.1 Requirements for operation in open air

Open air operations happen at all types of operating sites (e.g. storage or operation at live area, test
in PTI area at terminals, storage including stacked containers, on deck, on truck, on rail, on land as
well |as unobstructed loading and unloading on vessel, rail, truck, and service including repair and
maintenance),

An dpen-air.area exists if the area is an unenclosed area, which is possibly roofed, with natural
ventilation.

In open air, no additional safety measures are required in normal operation at operating sites.

Natural ventilation is sufficient to ensure dispersal of any flammable refrigerant which arises in the
area caused by fugitive emissions or small leaks. Requirements and accident prevention in case of
refrigerant release larger than fugitive emissions according to Annex C are described in 9.8.

9.4.2 Requirements for operation in well-ventilated areas

Operation in well-ventilated areas includes cargo hold, operating in normal conditions, repair shops
with forced ventilation and other enclosed spaces with good ventilation.

A well-ventilated area exists if the existing ventilation is able to dilute flammable refrigerant release
sufficiently in normal operation, and exchange fresh air so that no hazardous area can be created.
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A well-ventilated area requires no safety measures in addition to the existing ventilation in normal
operation.

Requirements and accident prevention in case of refrigerant release larger than fugitive emissions
according to Annex C are described in 9.8.

NOTE1 The necessary ventilation rate to dilute fugitive emissions can be calculated as shown in Annex D.

NOTE 2  Existing requirements for ventilation are sufficient to ensure condition for well-ventilated areas (for
example DNV-GL, Rules part 6, chapter 4, Clause 9 Carriage of refrigerated containers - RCP, 2016). According
to 5.3.2, the MRU manufacturer evaluates in the OMRA if the ventilation environment is sufficient to prevent
temporary hazardous atmosphere caused by larger leaks.

y forced air ventilation at operating sites and especially in cargo holds with water cJ)oled
hall be in operation at minimum capacity and remain operational.

The existing
condenser s

NOTE3 In
stowage posi

cargo holds with water cooled condenser, the minimum air flow rate is V,;. = 500/n°/h per §-FEU

fion.

NOTE4 Inf
stowage posi

|4

cargo holds with air cooled condenser, the minimum air flow rate is V,;.(=¢ 200 m3/h per §-FEU

kion.

ir

NOTES5  The operation of the condenser fan of the container refrigerating systeém results in an air flow rate of

>2 000 m3/h|

As a miniium requirement, which can be defined for the smallest service volume of 1,5 m3
(0,6 m dept:[ x 2,50 m width x 1 m height), an air flow rate, V,;,, gréater than 80 m3/h is recommerded.
NOTE6 T

service volun
volume: seer
8.1: Access t
calculation a

ir

small
ed as
lise 9,
ng to

e value of 80 m3/h is estimated as minimum requirement based on a leak rate of 0,2 g/s and a
he of 1,5 m3 and represent a conservative baseline value. The smallest space for repair is us
ecommendation of classification societies (for example: DNV-GL rule, RCP, part 6, chapter 4, Cla|

container refrigeration units). Ventilation adjustments to safe energy are permitted accord
t shown in Tables D.1 and D.2.

Examples fofr the assessment of ventilation are.presented in Annex D.

9.4.3 Requirements for operation in‘non-well-ventilated areas

tion,

(1u
Operation i non-well-ventilated anéasis atypical for intermodal container operating sites. Inspeq

loading, unl

Potentially
ventilation i

As accumul
the area shd
period of o
the require

$

bading, or system repair is typically performed in open air or in well-ventilated areas.

hon-well-ventilated area may be, for a short period of time, a cargo hold without fq
In case of power failure onboard (during loading/unloading).

htion of leaking refrigerant over time is the relevant hazard in a non-well-ventilated
1l be assessed according to Annex D considering a fugitive emission rate and the relg
eration’ time of the container being present in the non-well-ventilated area to calc
ventilation rate to avoid hazardous atmosphere. The calculated ventilation rate sh4

rced

area,
vant
ulate
11 be

£4 (] N O0N

multlplled with= aafct_y faetoro

NOTE 1

1T \f\ - U,A;JJ.

gives information for the calculation of ventilation requirements.

NOTE 2

Fugitive emissions result to refrigerant amounts from 0,1 g/day to 10 g/day (see Annex C).

Annex C gives information for determination of possibly accumulated leak amount per time. Annex D

No requirements for non-well-ventilated areas exist if it can be ensured that the storage time of the
MRU is less than the time to accumulate to concentration of 25 % LFL. Else, the following measures
shall be taken:

— transform the non-well-ventilated into a well-ventilated area (see 9.4.2); or
— the container shall be removed, if the space is not larger than release mass divided by 25 % LFL

(see 9.4.4).
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Requirements and accident prevention in case of refrigerant release larger than fugitive emissions
according to Annex C are described in 9.8.

9.4.4 Container operation in non-ventilated areas

A non-ventilated enclosure is a completely closed space with no openings or ventilation and thus no

dilution is assumed.
NOTE 1 Itisunlikely that a container is operated or stored in a non-ventilated area.

In the case that this situation occurs and a container in placed in such a location, a safety system shall
be in

allad 4]
D> LAIICU TIT UIIT Al Td.

NOTHE 2  Provisions for machinery rooms can be applied for such locations as specified in 1S, 5149-3.

9.5 | Requirements for opening of container door and for packing and un-packing of goods

air or well-
bly.

opening or packing and unpacking operations are typically performed in open
lated areas. The instructions given in the CTU Codel1] (CTU, Cargo.fransport unit) apj

Door
vent]

Due {
to th
cont

t. According
tight closed

o the different ambient temperatures during operation, a contajner shall not be airtigh
e ideal gas law, an impermissible overpressure (under pressure)’would occur in the aij
hiner volume.

NOT]H
can b

5t 0,155 m3/h
I ducts.

1  Experiments have shown that closed containers are notairtight An air flow rate of at lea
e assumed for ventilation of possible refrigerant leaks through remaining openings, such as ai

NOTH
No r¢

For (¢
shou

q

q

q

q

gnd follow the alarm system instructions;

for hazardous‘atmosphere inside the container, without power supply:

2 [SO 1496-2:2018, 8.14, describes a tightness test'which can be used for testing of the air
bquirements for door opening, packing andutipacking are mandatory for normal oper4

ases where damage is suspected, suchias shock, accident, pipe rupture, the followir
Id be taken:

heck the alarm system for possible warning concerning hazardous atmosphere inside t

pen the doors if no hazardous atmosphere exists inside the container;

onnect the power cable to the container refrigerating system to active the alarm syst
upply is available;

— openflame or other potential SOI shall be prohibited in the vicinity of at least a rad
thedoor;

eakage rate.
ition.

g measures

he container

em if power

us 3 m from

minutes.

open the doors for dilution of possible hazardous atmosphere for a minimum of 10

These procedures shall be supported by the alarm system, which is powered by either the general
power or back up power.

NOTE 3

canb

NOTE 4

diluti

NOTE 5

© ISO

e created in case of damage, which requires the opening procedures described above.

Independent from the cargo stuffing procedure, the operation of the evaporator fans
on of hazardous atmosphere from inside the container through the open door sufficiently.

2019 - All rights reserved

Due to possible the accumulation of leaked refrigerant inside the container, a hazardous atmosphere

supports the

Ifthe container doors are open, the inside is considered as open air after the procedure described above.
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For packing and unpacking after door opening, the following requirements shall be met, shared with
operating personnel and documented in the operation and service manual.

Procedures should be in place to avoid accidents or damage to the evaporator pipework or pipe

connections by forklifts or other loading equipment. Pipe ruptures or damage can cause hazards.

the leak so as to avoid hazardous events (see 9.8 for handling of accidental type of events).

9.6 Electrical installations at operating sites

If accidental damage occurs resulting in leaking refrigerant, do not place sources of ignition near

As long as
required for

9.7 Oper

Required of

e vertitation TequiTenents described T 94—are met, 0 additionat Safety Teasure
electrical installations at operating sites in normal operation.

ator instruction for handling of alarms

eration instructions on how to handle alarms from the container refrigenating syster

addressed i this clause.

In addition,
shall also en
of the conta
operator sh
document a

The alarm

local laws, rules and regulations shall be taken into account, as\applicable. The ope
sure that the operating personnel in charge of the operation, supervision and mainten
liner is adequately instructed and competent to act on alarms from the alarm system
11l develop an operator safety guideline or alarm procedure’adjusted to the operating
d enforce it.

procedures shall be based on the instruction described in the operation and se

manual of the container refrigerating system. The alarm procedures shall be periodically investig

concerning

When the a
individual 4
(display) an

Indicated al
handled wit
which are d

Indicated al
in 9.5, accorj
guidelines.

NOTE 1
information i

NOTE 2
over time cay

he correct and safe execution and improved where required.

larm system indicates an alarm, operating personnel shall follow the instructions g
larm procedure for the operating site; the instructions shown on the operator j
1 recognize warning labels.

hrms representing larger leaks (although these situations are typically infrequent) shi
h care. Requirements for this, situation are in accordance with accidental type situa
bscribed in 9.8.

hrms warning for hazardous atmosphere inside the container shall be handled as desc
ding to the operationand service manual of the container, and according to operator s

The alarm system design of the container refrigerating system is described in 6.7, addif

s given in/B.5.

The monitoring of the alarm system information can have the functionality to detect charge 1

sed by fugitive emissions or small leaks and call for preventive maintenance.

are

nare

rator
ance
The
site,

rvice
rated

f the
hanel

1l be
kions

"ibed
hfety

ional

0oSsses

The operator should investigate the requirement on an individual basis.

Required ac

sources

32

tions of responsible person(s) who recognize(s) alarm (normal operation):

Confirm alarm code and inform authorized technician(s).

as described in 9.5.

If ahazardous atmosphere inside the container is indicated: eliminate ignition and potential ignition

Make sure the container refrigerating system is located in ventilating condition as described in 9.4.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=2f8493d6c7a631ef3a344a70806cb4a0

ISO 20854:2019(E)

Required actions of responsible person(s) who recognize(s) emergency alarm in case of large leaks
representing abnormal operation or an accidental type situation, and/or noticeable or detectable danger:

— person(s) shall not enter the vicinity of the container, shall eliminate SOI, and arrange fire

9.8

extinguishing equipment.

Accidents

Containers and container refrigerating systems are involved in accidents caused by rough handling,
transport crashes, external fires near the MRU, fire by self-igniting cargo, and other incidents.

The

atmd
impr

In ca
unco
with
othe
desc

NOT

hydr

The

from
of in
accid

9.8.1

Prev

syst
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onent or pipe. The risk evaluation for accidental type releases within the OMR A phoce
and rupture type leaks into account.

1  Annex C give information for values for leak mass flow and release time ferlarge and ruj

Lnintended or improper opening of an MRU is classified as accidental type failure
sphere in the vicinity of the container refrigerating system can‘ggccur in case of in
oper service, such as opening of the pipework under pressure béfore an evacuation pr

se of fire at the container refrigerating system, brazed contiections can release refri
ntrolled manner due to high temperature resulting in pgssible high-pressure refrige|
large jets of flame. The operator shall ensure that this danger is known by fire fig}
" parties, who can be involved in fire situations. The-design to control the refrigera
ribed in 6.2.3.

H Under fire conditions, fluorinated refrigerants generate toxic decomposition produd

gen-fluoride and/or carbonyl-fluoride and can'ereate toxic atmosphere.

MRU manufacturer shall provide informiation to the operator of the operating site a

the OMRA, especially regarding (possible consequences of accidental type event
formation shall be considered good practice in order to understand consequences
ents.

Measures for accidents prevention

ention of accidents¢through the operator at operating sites with respect to container 1

dm using flammableTefrigerants are listed below:

1
dbserve them:.

[ollect-and evaluate experiences from operation, accident history, failure history

¢omparable situations for the development of mitigation measures for accident prevent

1k flow. The
he ruptured
ss shall take

bture leaks.

Hazardous
adequate or
bcedure.

perant in an
rant release
iters and/or
ht release is

ts, including

bout results
5. Exchange
hnd prevent

efrigerating

Be aware of 16¢al rules and safety guidelines for operating sites and take care that personnel strictly

bf actual or
ion.

Information by the operator to his personnel, about the use of flammable refrigerants and possible
danger in case of release, in particular also to the strict observance of the safety guidelines;
information can include that danger exists due to the formation of a flammable atmosphere, fire jet,
and audible noise of flow indicating pipe rupture.

Avoid uncontrolled refrigerant system openings.

Systematic analysis can be used to evaluate reasons for human failures and identify methods or
measures to improve human reliability and to mitigate such behaviour. An incentive system can be
developed in order to prevent such mistakes.

Appropriate preventive action shall be developed and measures enforced, and continuously
improved. Therefore, a continuous improvement process (CIP) can be used to evaluate and improve
ongoing processes with respect to accident prevention.
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— Relevant rules and standards shall be considered for accident prevention; information can be found
in standards such as ISO 12100.

9.8.2 Measures after accidents

Existing procedures for required actions after accidents at operating sites shall be reinvestigated by
the responsible operator with respect to the release of flammable refrigerant in accidents.

The vicinity of the damaged parts can be dangerous due to flammable atmosphere and shall be
abandoned if possible until the dangerous situation is clarified. Pipe ruptures and large leaks occur
combined with (very) loud, (clearly) audible noise of flow.

Toxic decomposition products from burning refrigerants can exist for a period of time and can-¢reate
toxic atmosphere. The ventilation conditions shall be considered for all kind of installations Careshall
be taken regarding possible physical contact with contaminated surfaces.

Accidental type alarms from the alarm system of the container refrigerating system-should lead tp the
same measyres as described below for accidents.

If an emergency alarm indicates large refrigerant leakage, the operator shall eliminate potgntial
ignition soufrces (such as open flames, operating electric devices) in the viéinity of minimum 3 m and
shall not shyt down the refrigeration machinery until emergency function is’completed or the situption
is clarified.

Following an accident involving suspected rupture of the refrigerating system, the following meagures
shall be taken (example listing):

— follow lpcal accident handling procedures applied to thé\operating site;
— be awaile that a flame jet can be formed, especially.if-an audible noise indicates a pipe rupture
— be awaile that the MRU alarm system can act automatically;

— incase ¢f large(r) leaks be aware that flammable refrigerant can be accumulated in low lying areas,
which cpn be some distance away;

— use of personal protective equipment (PPE);

— if possille, eliminate SOI in the vicinity of the dangerous situation;
— keep away from the dangerous situation;

— if possible, provide ventilation for dilution of flammable atmosphere.

Ventilation ghall be avoided in case of fire.

9.9 Operating instructions, manuals, guidelines at operating sites

Existing instructions, manuals, or guidelines at operating sites shall be revised by the responsible
operator to include MRU using flammable refrigerants.

Documents may be revised, with provided information from the MRU manufacturer about results of
the OMRA, with respect to the operation, storage, handling or other type of operation as listed in 9.2.

Documents shall, at least, meet the requirements and recommendations in Clause 9.

9.10 Information in the manual related to operating sites

The requirements for the operation and service manual of the MRU are described in 6.9.3. These include
information for operating sites.
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10 Servicing recommendations and requirements at operating sites

Service, maintenance, and repair should be undertaken as described in the operation and service
manual and according the recommendations of ISO 5149-4, EN 378-4:2015, Annex E, and in addition as
described as follows.

The owner and/or responsible operator shall be responsible for ensuring the repair, service and
maintenance, employees are knowledgeable of the correct methodologies to work on the unit and have
the required certifications (see 10.4).

It shall be the owner’s and operator’s responsibility to ensure the personnel are qualified and trained

t rle o tha saaibe abilioin g oo ot ot d ok b o Rogiiivaraantc oo ini
O W IIN UIT UIIC uIlivo, MLllAL‘All& IIIrdiriuraciur ol \vpy CIIIrr v l.l(/ll L-y A2 9 ulllllls- l\b\.iull CITICIILO 1TUI ralnlng are

described in 10.2.

On afyearly basis, safety training shall be provided as described in 10.4.2.

Inspection and cleaning of the MRU and the container structure shall notcinelude opgning of the
contdiner refrigerating system, described in subsection 10.4.

Servjce repair and maintenance activities that involve the opening of the MRU are covgred in 10.4,
handling of refrigerant is described in 10.5, and the decommissioning of the container rjefrigerating
systdm is covered in Clause 11.

Gengral failure prevention is described in 10.2.2, in contrast failure prevention during intended opening
of the¢ system is described in 10.4.9.

Reqyirements described below do not apply to accidental'type failures with releases larger than small
leakg or other infrequent malfunctions which are beyond the concept of abnormality dealtjwith in this
document. Recommendations on how to act in caseof accidents are given in 9.8.

Sinc¢ normal operation does not include repair, procedures for these activities and| work area
requjrements as well as recommendation fer-repair process improvements are described in this clause
to achieve a safe system of work.

For typical work areas which are intended for repairs of the MRU, an area classification is provided and
defirles the relevant requirements\(see 10.4.3).

10.1 Operating sites with-service activities

Servjce and repair are €arried out at different operating sites with ventilation environmentg as listed in
Table 3.

In ngrmal operation of the MRU, general services and maintenance do not require any| addition of
safetly proceduyes at operating sites for repair, except if the container refrigerating systen{ is intended
to bg opened.

10.2-General

The general requirements in Clause 9 for safe operation at operating sites shall be considered.

Guidance for repair described by the manufacturer in the operation and service manual for the MRU
(according to 6.9.3) shall be strictly followed.

The relevant results of the OMRA for service, repair and maintenance shall be taken into account, as
provided by the MRU manufacturer.

For operating sites with service, maintenance activities and openings of the container refrigerating
system the methods and procedures described for accident prevention can be considered.
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Using flammable refrigerants, improper service causes higher risk, compared to MRU with non-
flammable refrigerants. Therefore, the responsible operator of the repair site shall take care to
implement safe procedures.

For service, maintenance and repair, quality processes for improvements, such as continuous
improvement processes (CIP), shall be applied to address known repair situations possibly causing
hazardous events in case of release of flammable refrigerants, such as:

incorrect spare part(s): can result to unintended installation of SOI inside the container;

improper power cable repair: improper repair can result in sparking cables connections or cable fire;

improp

incorre

10.2.1 Inst

Care shall b
the MRU ard

Personnel sl
shall be takq

It is prohibif
the refriger

It is prohibif

For a cont
requiremen

b1 repair tools and equipment, such as incorrect vacuum pump;

't release of refrigerant.

ruction of personnel

e taken to ensure that the personnel charged with supervision, repair and maintenar
adequately instructed and competent with respect to their tasks.

nall be instructed about the fact that flammable refrigerants are‘used in the MRU and|
en with work potentially causing damage or rupture on the pipework or components.

ed to open the container refrigerating system, except whén intended opening and repd
ting system is required.

ed to use inappropriate tools for, or during opening of, the container refrigerating sysf

hiner with closed doors, before starting>activities inside the container, follow
fs in 9.5.

10.2.2 Ge
All electric

identifying
and marked|

10.3 Repa

Repair and
without wol

In normal o}

For outside

ral failure prevention

e
]I installations, including software; shall be designed to support the responsible operat

ind installing approved spare.parts only. Certified parts, including software, can be ¢
that replacement with impyoper parts is inhibited.

ir and maintenance’on the container structure

maintenance inclide procedures such as cleaning, container structure repairs, we
k on the MRU’or opening of the refrigerating system.

beration,no hazardous areas exist around the container.

box‘tepair and maintenance, no requirements.

ce of

care

ir on

em.

the

or in
oded

lding

For inside

OX repair and maintenance, no requirements, except for door Opening procedqure see
requirements in 9.5.

For tools and equipment, no requirements.

Repairs on the box should be performed in such a way that no opening or damage of the MRU occurs.
Care shall be taken with hot works or welding due to the fact that a flammable refrigerant is included in

the pipewor

36

k and components of the refrigerating system.
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10.4 Repair and maintenance on the MRU including opening of the refrigerating system

10.4.1 General

Maintenance should ensure that:

Geng
Clau

Guid
cons

10.4

Insty
pers

The

accol
be d
repa
requ

Local

that

a flai

com

refri

Repa

safe

accidents to personnel are prevented;
damage to goods is prevented;

refrigerating system components remain in good working order;

iurpose and availability of the system are maintained;
akage of refrigerant or oil is identified and remedied.

ral requirement for repair and opening of the MRU are described in detail in ISO 3
be 5 (especially 5.3).

blines in EN 378-4:2018, Annex E, for repairs of equipment using flammable refrigeran
dered.

2 Instruction of personnel

uctions for operating sites according to 9.9, shall be.recognized, in addition to in|
bnnel in 10.2.1.

competence levels of MRU technicians with respect to the work tasks and activities
‘dance with EN 13313 or equivalent. It is recotnmended that skills and competence of
pcumented by means of appropriate trainifig or proof of work. The responsible opd
r site shall ensure that practical competences of personnel comply with the comp
red for flammable refrigerants.

| certification and training requirements shall be strictly followed, at a minimum if]
certified technicians have a refrigerant handling qualification or equivalent and hav
mmable refrigerant safe handling course within the last three years. In addition, tech
plete all manufacturers’_training for servicing and maintaining for MRUs containing
berants.

ir on the MRU requives safe working procedures to avoid flammable atmosphere. Insf
lvorking procedures at operating sites are:

e aware of-alarms and follow instructions if displayed on the operator panel or as inf
escribed in'the operation and service manual;

the unlikely event of a repair situation that a leakage is detected in the particular mom

149-4:2014,

ts should be

struction of

thould be in
technicians
rator of the
etence level

is required
e completed
hicians shall
y flammable

ructions for

tructed and

ent of repair
f the MRU;

iifysuspected, the technician shall under no circumstances carry SOI into the vicinity d

before opening the system or any hot work, the refrigerant shall be removed completely according

to requirements in 10.4.6;

to ensure that no air is drawn into the container refrigerating system during pump down of
refrigerant, a pump down is only permitted if no leakages are suspected or detected in the low-

pressure section;

people carrying out work on a refrigerating system shall not use any sources of igniti
way that it can lead to the risk of decomposition of refrigerants, fire or explosion;

open flames shall be prohibited, except when used for hot work;

smoking is prohibited outside and inside the container;
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r work;

and service manual.

10.4.3 Work area requirements

if repair on parts of the MRU inside area are intended, the provisions of 9.5 shall be followed prior

after any repair of protective device(s), the functionality shall be tested according to the operation

Proper repairs with and without intended opening of the container refrigerating system shall be
performed in an area that is either open air or well-ventilated, and that this situation is maintained
during the period of repair.

NOTE

Safety checl
the work.

If any hot wj
equipment
recommend

TlLe operation of the condenser fan of the MRU can provide sufficient ventilation in the vicinity.

s should be performed as described in the operation and service manual before begiy

ork is to be conducted on the MRU or any associated parts, appropriatefire extingui
shall be available at hand. A suitable fire extinguisher adjacentyto the chargij
ed.

10.4.4 Inspection

For general
Annex D.

Cables shal
according th

Check that
adverse env
vibration fr

Regular leal
instruction

and repaire
again when
suspicion off

Sources of ig

requirements for inspection during operational life of the MRU, see ISO 5149-4:

be visually inspected and if damaged or impreperly repaired, they shall be rep
e service and repair manual.

cabling will not be subject to wear, corrosion, excessive pressure, vibration or any
ironmental effects. The check shall alsgtake into account the effects of aging or cont
m sources such as compressors or fans:

x tests, inspections and checking of the protective device(s) shall be carried out accol
n the service and repair manual, or for example at PTI. Refrigerant leaks shall be ident
l as soon as practicable by.-dicompetent person and the system shall only be put into se
all the leaks have been-repaired. Leak testing of the system is to be performed if se
leaks is raised, focusingon those parts of the system most likely to leak.

nition, such as lighters or open flame shall not be used for the detection of refrigerant1

Only detect

Protective device(s) shallbe checked atleast during PTI, or equivalent, for protective devices, emerg
signals and hlarm systems. Valves, bursting discs and fusible plugs shall be visually checked.

Visual corrasioh, Inspection should be carried out at PTI on piping, piping supports, components
component $upports.

on equipmentdhat is intrinsically safe shall be used, detectors with SOI are prohibited,|

ning

hing
g is

014,

hired

bther
inual

rding
ified
rvice
rious

paks.

ency

and

10.4.5 System failures

System failures as recognized by the alarm system and suitable instructions shall be displayed.

Possible system failures combined with unknown alarm information can be:

— controll

er or display of the alarm system is not functioning, no alarm information;

other type of electronic components failures: protective device(s) cannot function.

If inside repair is foreseen and system failures occurred, the provisions of 9.5 shall be followed.
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For system failure caused by charge losses, or component failure, such as compressor or heat exchanger
failure, repair according to 10.4.6 shall be performed.

10.4.6 Actions and procedure for repair and opening of the refrigerating system

10.4.6.1 Removal, evacuation of refrigerant

For removal and evacuation of the refrigerating system for repairs, the conventional procedure shall
be used.

In addition to the MRU operation and service manual description, the following procedure shall be

adhe]
—
— 1

q

q

red to:
bnsure that the parts to be evacuated and repaired are not blocked or closed byvalves

emove refrigerant with equipment suitable for use with flammable refrigerants to
bvacuate the system;

ecover refrigerant into a permitted cylinder (the recovery cylinder(shall be evacuate
1ir before first use);

pvacuate;

—
i

— ¢
1

Whe

It is
shall

10.4
The

urge the circuit with inert gas (oxygen-free nitrogen). Compressed air or oxygen shall
or purging;

pen the circuit by cutting or brazing;

s available;

bvacuation times as described in the operation and service manual shall be followed
equired vacuum.

h cutting or opening, the inert gas’pressure shall only be slightly higher than ambient |

important that best practice'is followed since flammability of the refrigerant or de
be considered.

6.2 Draining the 01l from a refrigerating system

il shall be drained carefully by competent personnel in accordance with the service m

Whe

com;[ressor (or collector) shall be reduced to atmospheric pressure before removing the pl

Oil shallknot be discharged into sewers, canals, rivers, ground or seawater.

h draining)oil from compressors (or collectors) by means of a drain plug, the pre

recover and

d to remove

not be used

ensure that the outlet for the vacuum pump isnot close to any ignition sources and thaf ventilation

to meet the

pressure.

composition

anual.

bsure in the
1o

Oil recovery shall be carried out in a responsible manner, refrigerant oil is typically flammable.

10.4

.6.3 Change of components

Repairs on components containing the refrigerant shall be carried out according to the MRU operation
and service manual, to the requirements for operating sites and in the following order, where relevant:

— releasing for repair;

— i

nstructing the maintenance staff;

— emptying, recovery and evacuating according 10.4.6.1;

— purging (with oxygen free nitrogen);
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ecting and safeguarding of the components to be repaired;

carrying out the repair;

testing and checking of the repaired component (pressure test, leakage test, functional test);

ing and recharging with refrigerant according 10.4.6.7.

10.4.6.4 Hot works

To safely un-

braze joints:

the refr

the evad
the syst
the syst
un-braz

To safely br
at least one

NOTE H

10.4.6.5 R

Repair of pr
by MRU m4
specificatio}
illegible sha

NOTE R¢
IEC 60335-2-

Repair and
inspection |
connected t

After any re
the MRU mg

10.4.6.6 Lg

Leak detect

jgerant shall be evacuated from the system;

uation and recovery procedure shall be performed according to 10.4.6.1;
em shall be filled with oxygen-free dry nitrogen to a pressure of 0,1 bar g;
em shall be connected to the purge line, which shall be open to atmosphgre;
e the connections.

hze joints, when re-brazing connections, the system shall be purged with dry nitrogen
hccess point open to atmosphere to eliminate pressure build:up.

t works, brazing requires specific personnel qualificationss

tpair of protective device(s)

btective devices shall be performed accordingto the operation and service manual sup
nufacturer. It shall be ensured that parts are installed and meet at least the o

ri
1s. Marking on the equipment should, lsg visible and legible. Markings and signs thaE

|1 be corrected.

pair of sealed electrical compdnents and intrinsically safe components are describg
40.

maintenance to electrical ¢components shall include initial safety checks and compq
rocedures. If a fault exists that can compromise safety, then no electrical supply shg
b the circuit until itis.satisfactorily dealt with.

pair of protective_device(s), the functionality shall be tested according 7.3 and accordi
nual.

ak detection

iod shall be carried out if a leak is suspected (indicated refrigerant losses or alarm

with

plied
inal
are

bd in

nent
11 be

ng to

from

detection m

chanism ofthe MRH) or recorded nrrnrding to requirementsin 10410 and after rep

hirs.

Following leak detection methods can be used:

— electronic leak detector, accuracy up to 10~7 mbar 1/s;

— leak detection spray or leak detection fluids (such as soap and water bubble method or fluorescent

method

agents), accuracy up to 104 mbar 1/s (equivalent to 1 bubble in 10 seconds);

— ultrasonic detection. accuracy up to 10~3 mbar1/s.

If a portable electronic leak detection is used, the performance shall comply with and tested according
to EN 14624 or IEC 60079-29-1.

40
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The bubble method can find leak rates larger than fugitive emission with a high accuracy, representing
a leak rate of approx. 150 g/year to 300 g/year.

NOTE1 Leaks create a noticeable sound even in case of small leaks.

Electronic leak detectors shall be used to detect refrigerant leaks which are suitable for the
refrigerant to be detected and shall be calibrated at least once per year or according to the detector
manufacturer’s manual.

Ensure that the detector is not a potential source of ignition. A halide torch or any other naked flame
shall not be used to identify leaks.

NOTE 2  Decomposition products of burning refrigerants are toxic and can create toxic atmegphere or the
flamg can result to jet flame.

If a lgakage of refrigerant is found which requires opening or hot work, the refrigerant’shalllbe removed
as dgscribed in 10.4.6.1.

The bubble method and the ultrasonic method can identify leaks using inert gas.

If lealks cannot be found on systems with remaining refrigerant, the remaining charge shall be removed,
and the system leak tightness, as specified in this document, shall bestested using nitroger] or nitrogen
with|a trace of helium or carbon dioxide.

10.4{6.7 Charging procedures

Prior to recharging the system, it shall be pressure:tested with the appropriate purging gas and
leak ftested.

The refrigerating system shall be recharged witlrthe designed amount of refrigerant accqrding to the
product specifications provided by the MRU manufacturer.

In addition to conventional charging procedures, the following requirements shall be met:

— ¢harging procedure as described(inthe MRU operation and service manual shall be stricfly followed,
especially with respect to the functionality of the alarm system;

re not evacuated, they shall be purged carefully (by opening, then closing the cylinder valve for

— hoses or lines shall be as-short as possible to minimize the amount of refrigerant. If cHarging lines
urging);

— ¢ylinders shallbe-Kept in an appropriate position according to the manufacturer’s instfuctions;
— the charge §hall be accurately weighed;
— ¢hargingshall be monitored and care shall be taken not to overfill the MRU.

Durihg-intermodal operation, recharging of leaking systems with leaks larger than fugitiye emissions
is knowT i practice: ThiS operation does ot TEPresent normat operation and siatt resuitih immediate
qualified repair and action as described in the operation and service manual. Otherwise, the MRU can
be shut down, provided that the consequences of the shut-down are not dangerous for the rest of the
operations of transport, discharging and emptying the MRU, or for the goods transported in order to
not provoke an emergency situation.

10.4.7 Tools and equipment
General requirements for tools and equipment can be found in ISO 5149-4.

Requirements for tools and equipment described do not apply to accidental type failures including
improper repair with releases larger than small leaks which are beyond the concept of abnormality
dealt with in this document.
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No additional forced ventilation equipment is required, since repairs shall be done in open air or well-
ventilated area.

No portable detection equipment for personnel monitoring is required, since repairs shall be performed
in open air or well-ventilated area.

NOTE 1

no releases larger than small leaks (0,2 g/s peak mass flow) are expected and sufficient dilution occurs.

NOTE 2

Proper technician repair, in open air or a well-ventilated area, does not create any hazardous area as

In case of accidents or mistakes, larger than small releases in open air or well-ventilated areas will be

noticed or recognized by involved technicians with higher perceptibility than a portable detection device (such
as arefrigerant cloud, a sound of a large leak etc.).

A suitable
refrigerantg

Refrigerant
refrigerant

All equipme

10.4.8 Test

Testing afte]
tightness te

In addition,
by the MRU

10.4.9 Fail

Methods an|
accidents pr

Catastrophi

break i
pipewol
decomp
pipes by

unconty
accumu

Behaviourr

ignoran

vacuum pump, recovery machines, recovery cylinders and manifolds for flarmn
shall be used.

handling equipment for flammable refrigerants shall not be used for non-flamn
ind vice versa.

nt for flammable refrigerant handling shall be marked for clear identification.

[ing after repair

r repair shall be done according to ISO 5149-2:2014, 5.3, which includes pressure teg
sting and function testing.

hll safety functions, such as the alarm system including self-test, shall be tested as speq
manufacturer. The test should ensure that the alarm system is working.

ure prevention for repair and opening of the refrigerating system

d process improvements for failure prevention are described in this document: ge
evention is described in 9.8.1, generalfailure prevention at service is described in 10.2

C failures with rupture type leaks4n repair situations include but are not limited to:

hto MRU pipework witheutprior emptying of the system, such as the opening o
'k by an open flame torch,creating a ruptured pipe connection and/or ignition resulti
osition of refrigerants; ecreating a toxic atmosphere or a jet of flame, cutting high pres
r grinder;

olled release ©f)refrigerant under full system pressure into the work area, resulti
[ation and pos§sSible ignition by SOI in vicinity.

blated failures in repair situations include but are not limited to:

ce-of\alarm system information;

nable

hable

ting,

ified

neral
.2.

ff the
ng to
sure

g in

ignorance of guidelines, human errors, missing instructions, repair by uneducated person (e.g.

executing improper charging, wrong vacuum pump or recovery unit, wrong spare parts like
improper evaporator fan).

These failur

es should be prevented by organizational actions.

10.4.10Documentation

Repair activities shall be documented and recorded.

The following information should be stored in the records:

42

details of all maintenance and repair work;
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— amount of refrigerant charged;

— exchanges and replacement of components of the system;

— results of all tests.

10.5

Handling, recovery, reuse and disposal of refrigerant

General handling, recovery, reuse of the refrigerant should comply with existing standards. Local rules
and regulations can also apply.

Recoper

lari 1 a onaratione chould ba carrind ot 1ocallyy o torainal o 10 careyicen oo
A2 7 OHt—To €A y—at—teFriHiar—eri-Servee—+1ac

lities. Local

regu
Gengq
Tran
Disp
Requ

ISO §
and 1
boar

Spec

— ]
1

— 1
—

— 1

1

A lef
man

111

3ll flammable refrigerants should be recovered;

QllLc
TC oo T op tTotroro—ooura— ot caur r 1ot

ations can apply to the disposal of used refrigerants.

ral requirements for recovery can be found in ISO 5149-4:2014, 6.2.
sport and storage shall comply with ISO 5149-4:2014, 6.3.

psal procedures shall comply with ISO 5149-4:2014, 6.5.

irements for documentation shall comply with ISO 5149-4:2014, 6.6«

149-4:2014, Annex C, provides information on handling and¢Storage of refrigerants. N
egulations as well as rules of certified bodies can apply for the storage of refrigerant
d of vessel (for example, DNV-GL Rules [-1-2 Machinery.installations Section 10. F).

al requirements for recovery are as follows:

ecovery with a suitable recovery machine“(a standard recovery machine for halo
efrigerants shall not be used);

he recovery cylinder shall be evacuated to remove air before it is first used;
lammable refrigerants shall not be mixed with other types of refrigerant in a recovery
ecovery cylinders shall befilled according to the specified safe fill weight;

he recovery cylinderrshall be specified for flammable refrigerants and clearly labelled
efrigerant type.

I-hand thread4s)required for flammable refrigerant cylinder, an adapter is required
fold.

Decommissioning of the container refrigerating system

htional rules
cylinders on

carbon type

cylinder;

to show the

[0 connect a

Befo

hiccording to

re final disposal, all the fluids (rpfrigpr;m'r and oil) inside the MRII shall he removed

the description in 10.4.6.1 and 10.4.6.2. The equipment should be purged afterwards with inert gas.

The refrigerating system should be left completely empty.

The decommissioning party shall be aware of applicable national regulations.
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Annex A
(informative)

Definition of control volumes

The control volumes are defined as three-dimensional spaces containing gaseous atmosphere. Seven
control volumes are defined as given in Figure A.1 as a typical example.

1) Control|volume I is the volume behind the container at the MRU, which can be potential flatmmable
atmosphere in case of an accidental type leak at the outside parts of the refrigerating system
(dimengions adjusted to operational mode).

2) Control[volume II, or compressor and condenser section, represents the volume-~ihere all ouftside
parts of the refrigeration circuit, including the condenser fan, are located. The'velume is delirmited
by the sftructure of the equipment.

3) Controlvolume III, or evaporator and plenum space, comprises the space:occupied by the evaporator
and thelinside MRU air ducts to the T-floor and from the ceiling.

4) Control|volume IV is the air volume in the T-Floor.

5) Control|volume V is the cargo compartment/the internal ¢grtainer volume, where cargo cq4n be
placed including the space above. It is separated from the @utside except for the door which can be
opened [for packing and unpacking.

6) Control[volume VI is the volume behind the open doors (dimensions adjusted to operational mlode).

7) Control|volume VII is the volume of the ducts-used to exchange air between the inside and the
outsidelof the container refrigerating system.

Figure A.1 shows the location of the differentControl volumes I to VII.

RS —— =
P

>
——

vi

Figure A.1 — Control volumes 1 to 7
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Annex B
(informative)

Description of mechanisms to reduce risk

General

The following mechanisms to reduce risk are described as examples.

B.2

As ppssible part of leak control measure, a separation mechanism limits’ the amount of
which can be released in case of leakage and therefore reduces w, as des¢ribed in D.2.

The s
devid

The $hut-off devices should be active in case of power supply OFF situations (the refriger3
has 1o energy supply) or long-time standstill situations (the compressor is not operating

perid
and ¢

The $eparation mechanism shall ensure that at pewer OFF situations, a leak of refrigeran
locatied inside the container will result in a rélease not exceeding the amount that can
pres¢nce of a flammable atmosphere insidecthe container in the smallest inside free voll
evapprator space.

The {

NOTH

the s¢paration mechanism.

Separation mechanism

g

refrigerant

eparation mechanism should divide the refrigerating system into different parts by uping shut-off

es.

ting system
over a long

d of time). This ensures that only limited amounts ofrefrigerant can leak from the separated parts

omponents of the system.

hut-off devices shall be placed on the outside of the container.

An expansion valve canshave the function of a separation device and can be used as a
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Key
inside cantainer
outside qontainer

evaporator

B W N R

separati¢n device

%)

Refrigerant flow in.
b Refrigerant flow out.

Figure B.1 — Example for evaporator separation and location of shut-off devices

Non-detachgble or hermetic connections and joints should be@sed to connect the shut of deviceq into
the piping system.

B.3 Ventijlation mechanism

B.3.1 General

The functioh of the ventilation mechanism, is to allow the exchange of air between different control
volumes.

The ventilation mechanism should censist of:

— condenger fan(s) and duct(s);

— evapordtor fan(s) and,duct(s);

— fresh aif exchange,duct and fresh air exchange mechanism (valves and/or fans);

— T-floor;

— the cargospace

B.3.2 Outside ventilation mechanism

The exterior unit where parts containing refrigerant are included shall be designed to allow flammable
refrigerant to escape under natural ventilation. The leaked refrigerant should not accumulate even
when mechanical ventilation is not present.

In power supply ON situations, the ventilation mechanism (condenser fan) shall be activated in case of
detection of a refrigerant leakage by a detection mechanism at full speed. The ventilation should limit
the persistence time and/or avoid the build-up of flammable atmospheres.

NOTE The condenser section (Control volume II, see Annex A) is at least a naturally ventilated space and

the likelihood of the presence of a flammable atmosphere is very low (see the description for natural and forced
ventilation in IEC 60079-10-1:2015, C-1 and C-2).
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