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0 Explosion safety standards and principles
1 EN / IEC standards

0 Explosion safety standards and principles

Introduction

During the production, handling, storage and transport of fl ammable products, gases are inevitably released. In combination with 
air these gases form an explosive mixture. A spark, or even a hot surface, can cause an explosion, jeopardising man and material. 
Therefore, explosion hazardous environments are a very specifi c area, for which international legislation has issued specifi c 
construction and installation regulations.

In many industries powder and dust is raised during production.
Most of the substances in powderform contain a risk for fi re or explosion, no matter if it concerns raw materials or waste products (for 
example with the production of plastics, greases or farmaceuticals). 80% of all dusts occuring in industry is fl ammable; for a dust layer of 
1 mm thickness in a sealed room this can already result in a dust explosion due to air raising clouds of dust.
All this together with the rather limited knowledge of the dangers, in contrast with gasexplosionsafety, emphasize the importance of this 
theme of dustexplosionsafety

On 1 March 1996, Directive 94/9/EC, better known as the ATEX 95, entered into eff ect. This Directive had a transitional period until 30 
June 2003 and replaced the Directives 82/130/EEC (electrical equipment for use in mines susceptible to fi redamp) and 76/117/EEC 
(electrical equipment for use in potentially explosive aboveground atmospheres).

On 20 April 2016, the new Directive 2014/34/EU (= ATEX 114) entered into eff ect, and as of that time all new explosion-proof equipment 
in the EU has to satisfy this Directive.
The harmonised standards, as well as the essential requirements concerning safety and health (annex II), did not change (apart from 
the periodic updates of the standards themselves).

Standards

A.o. the following standards are applicable to explosionsafe electrical equipment

Protection method EN / IEC
General requirements (Gas and Dust) 60079-0

Flameproof enclosures “d” (Gas) 60079-1

Pressurized apparatus “p” (Gas and Dust) 60079-2

Powder fi lling “q” (Gas) 60079-5

Oil immersion “o” (Gas) 60079-6

Increased safety “e” (Gas) 60079-7

Intrinsic safety “i” (Gas and Dust) 60079-11

Electrical installations in hazardous areas (Gas and Dust) 60079-14

Protection “n” (Gas) 60079-15

Inspection and maintenance of electrical installations in hazardous areas (Gas and Dust) 60079-17

Encapsulation “m” (Gas and Dust) 60079-18

Reparation and overhaul 60079-19

Intrinsically safe electrical systems 60079-25

Optical radiation 60079-28

Protection “tD” (Protection by enclosure) (Dust) 60079-31

Quality systems for equipment manufacture 80079-34
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2 Protection methods

Protection methods for gas environments:

Flameproof enclosure “d” 

With this protection method any sparking parts, that may ignite an explosive atmosphere, 
are placed inside a housing that is able to withstand the pressure of an internal explosion 
and impede the propagation of the explosion to the surrounding atmosphere. This 
requires a precise construction of the material, with fl anges and threads having a well-
determined gap width and length.

Increased safety “e” 

This protection method refers to equipment that does not ordinarily produce sparks and 
for which special precautions must be taken during construction.
Unacceptably high temperatures must also be avoided, during both regular operation and 
certain irregular situations.

Pressurized apparatus “p” 

P

The ingress of an explosive atmosphere in a housing containing electrical equipment, is 
avoided by maintaining a protective gas (air or an inert gas) at a slight overpressure to the 
surrounding atmosphere. The overpressure may or may not be maintained by continuous 
fl ow.

Intrinsic safety “i”

R L

CU

This protection method applies to a complete circuit. A circuit is intrinsically safe when 
there are no sparks or thermal eff ects that may cause an explosive atmosphere to ignite 
under particular circumstances.

Oil immersion “o”

Electrical equipment or parts of it are immersed in oil, thus avoiding ignition of the 
explosive atmosphere above the oil surface or outside the housing. This protection 
method is rarely applied now.

Powder fi lling “q”

This protection is achieved by fi lling a housing with a powdered material. An electric 
arc or spark, originating in the housing, is thus prevented from igniting the explosive 
atmosphere.

Encapsulation “m”

With this protection method all parts that may ignite an explosive atmosphere, are 
encapsulated in a resin that is suffi  ciently resistant to ambient infl uences. The atmosphere 
must neither be ignited by sparks, nor by heating inside the encapsulation.
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2 Protection methods

Protection “n”

These mode of protection can be achieved in the following ways :
- housing “restricted breathing” (R)
- sparking apparatus (C) :
• Hermetically sealed device nC = external atmosphere can not penetrate (seal = soldering, brazing, welding, ...)
• Non-incendive component nC = because of their design, the contacts can not cause ignition
• Sealed device nC = can not be opened during normal operation

Protection methods for dust environments:

 Protection by enclosure “tD” 

This method is based on the maximum surface temperature of the enclosure and the 
limited ingress of explosive dust by using dustproof and dust-preventing enclosures.

Intrinsic safety “i” 

R L

CU

The dust protection method “i” is deduced from the gas protection method “i”.
Additional prescriptions are to be followed.

Pressurized apparatus “pD” 

P

The ingress of an explosion-hazardous dust atmosphere in a housing containing electrical 
equipment, is avoided by maintaining a protective gas (air or an inert gas) at a slight 
overpressure to the surrounding atmosphere. Prepurging is in this case forbidden since 
the deposited dust will cause an explosive atmosphere when it is raised in a dust cloud.

Encapsulation “m” 

The dust protection method “m” is deduced from the gas protection method “m”.
Additional prescriptions are to be followed.
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3 Classifi cation into groups and temperature classes

Not all explosion-proof equipment can be constructed in accordance with the maximum demands, i.e. applied in all explosive 
atmospheres.
At fi rst instance the European standards distinguish three equipment groups:
Group I: electrical equipment for mines that are susceptible to fi redamp
Group II: electrical equipment for all other potentially gas explosion-hazardous spaces
Group III: electrical equipment for potentially dust explosion hazardous spaces
Equipment of groups II and III are subdivided into respectively gas and dust explosion groups.

Grouping of electrical apparatus

Depending on the ignition and sparking characteristics of an explosive mixture, gases and vapours are divided into explosion groups. 
Categorisation criteria are the gap dimensions, the minimum ignition energy respectively, that have been determined empirically for the 
various gases.

The classifi cation in dust explosion groups is based on the size and the electric conductivity of the explosive dust (conductive = 
resistivity less than or equal to 10³ Ohm.m). Everything that exceeds 500μm and is conductive is included in group IIIA. Smaller, non-
conductive particles belong to group IIIB, while smaller particles that are also conductive are categorised in group IIIC.

Electrical equipment is marked to indicate for which group (A , B or C) it is designed. Group IIC or IIIC has the most severe 
characteristics and can also be used for respectively gases or dusts in subdivisions A and B.

Location Group Examples of gases
Mines susceptible to fi redamp I Methane

Other locations with risks for gas explosions

IIA Propane, Octane, Acetone, Ammonia

IIB Ethylene, Carbon monoxide

IIC Hydrogen, Carbon disulphide, Acetylene

Locations with risks for dust explosions

IIIA Combustible fl yings

IIIB Non-conductive dust

IIIC Conductive dust

Temperature classes

The ignition temperature depends on the nature and characteristics of the gases present. Explosionproof equipment must not have an 
external temperature that could become a source of self-ignition for the surrounding atmosphere. The electrical equipment of group II is 
therefore subdivided into the following temperature classes, depending on the maximum surface temperature:

Temperature class Maximum surface temperature
T1 450°C

T2 300°C

T3 200°C

T4 135°C

T5 100°C

T6 85°C

The maximum surface temperature of an electrical device must be constantly lower than the ignition temperature for the gas or vapour 
mixture in which it is used.
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Classifi cation of certain gases

The table below provides the explosion group and temperature class for a number of gases and vapours. 

Name of the substance Ignition temperature Temperature class Explosion group
Acetylene 305 T2 IIC

Ammonia 630 T1 IIA

Butane 365 T2 IIA

Ethane 515 T1 IIA

Ethanol 425 T2 IIB

Ethylene 425 T2 IIB

Carbon monoxide 605 T1 IIB

Methane 595 T1 I

Octane 210 T3 IIA

Propane 470 T1 IIA

Hydrogen 560 T1 IIC

Carbon disulphide 102 T5 IIC

The above-mentioned classifi cation is only for information purposes. Variations are always possible, so that verifi cation through an 
offi  cial body is recommended.
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4 Classifi cation in zones and choice of electrical equipment (= categories)

Classifi cation in zones (for gasexplosions)

Any area or environment where a gas explosion hazard may occur, is categorised in zones (0, 1 or 2), depending on the risk related with 
the possible presence of an explosive mixture in that area.

Zone Description Example

0
Includes areas where an explosion hazardous gasatmosphere 

is continuously present
- inside of a vessel
- inside of reactor chambers

1
Includes areas where an explosion hazardous gasatmosphere 

is occasionally present

- near fi lling holes
- near zone 0
- near pumps and valves

2
Includes areas where an explosion hazardous gasatmosphere 

is rarely and for a short time present
- near zone 0 or 1
- near fl ange connections with fl at seals

20
Includes areas where an explosion hazardous dustatmosphere 

is continuously present
- inside of a grain silo

21
Includes areas where an explosion hazardous dustatmosphere 

is occasionally present
- near fi lling holes
- near zone 20

22
Includes areas where an explosion hazardous dustatmosphere 

is rarely and for a short time present
- near zone 20 or 21

It is obvious that the zones should be kept as limited as possible and the use of electrical equipment shall be avoided where possible.

Choice of electrical equipment

The apparatus is fi tted with an additional marking (= category) that informs the user in which zone the apparatus can be installed.

Apparatus destined for mines who can contain minegas:

Category according to 2014/34/EU Level of protection Number of incidents
M1

Remains functional with an explosive atmosphere
Very high 2

M2
De-energized in the event of an explosive atmosphere

High 1

Apparatus destined for explosion-hazardous areas other than mines:

Zone according to 1999/92/EC Nature of 
atmosphere

Explosive atmosphere Category of equipment 
according to 2014/34/EU

Level of protection Number of incidents

0
G

Gas
Continuous

1G

Very high 2

20
D

Dust
1D

1
G

Gas
Occasionally

2G

High 1

21
D

Dust
2D

2
G

Gas
Rarely

3G

Normal 0

22
D

Dust
3D
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5 Equipment Protection Level

Equipment protection level

Historically it was acceptable to install equipment into specifi c zones based on the type of protection.

In some cases it has been shown that the type of protection may be divided into diff erent levels of protection that can be correlated 
against each zone. A better risk assessment would consider all factors. When using a risk assessment approach instead of the infl exible 
approach of the past linking equipment to zones, the inherent ignition risk of the equipment is clearly indicated, no matter what type of 
protection is used.

Group I: mines

EPL Ma:
Apparatus for installation in a mine, with a very high safety protection level, that remains functional in an explosion-hazardous 
environment, even with an exceptional fault

EPL Mb:
Apparatus for installation in a mine, with a high safety protection level, that will be de-energized in the event of an explosive atmosphere.

Group II: gas

EPL Ga:
Apparatus for installation in an explosion-hazardous gasatmosphere, with a very high protection level, that even in the event of an 
exeptional fault of the apparatus, still guarantee the safety level.

EPL Gb:
Apparatus for installation in an explosion-hazardous gasatmosphere, with a high protection level, that in the event of occasional faults of 
the apparatus, still guarantee the safety level.

EPL Gc:
Apparatus for installation in an explosion-hazardous gasatmosphere, with a normal protection level, that guarantee this safety level in 
the event of normal working. 

Group III: dust

EPL Da:
Apparatus for installation in an explosion-hazardous dustatmosphere, with a very high protection level, that even in the event of an 
exeptional fault of the apparatus, still guarantee the safety level.

EPL Db:
Apparatus for installation in an explosion-hazardous dustatmosphere, with a high protection level, that in the event of occasional faults 
of the apparatus, still guarantee the safety level.

EPL Dc:
Apparatus for installation in an explosion-hazardous dustatmosphere, with a normal protection level, that guarantee this safety level in 
the event of normal working.

Relation between EPL and zones

Zone Equipment protection levels (EPLs)
0 Ga

1 Ga or Gb

2 Ga, Gb, or Gc

20 Da

21 Da or Db

22 Da, Db or Dc
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Assignment of EPLs to the IEC/EN protection methods

EPL Type of protection Code According to
‘Ga’ Intrinsically safe ‘ia’ EN 60079-11

Encapsulation ‘ma’ EN 60079-18

Two independent types of protection each meeting EPL ‘Gb’ EN 60079-26

Protection of equipment and transmission systems using optical radiation ‘op is’ EN 60079-28

Special protection ‘sa’ EN 60079-33

‘Gb’ Flameproof enclosures ‘d’ = ‘db’ EN 60079-1

Increased safety ‘e’ = ‘eb’ EN 60079-7

Intrinsically safe ‘ib’ EN 60079-11

Encapsulation ‘mb’ EN 60079-18

Oil immersion ‘o’ = ‘ob’ EN 60079-6

Pressurized enclosures ‘pxb’ or ‘pyb’ EN 60079-2

Powder fi lling ‘q’ = ‘qb’ EN 60079-5

Pressurized room ‘pv’ EN 60079-13

Fieldbus concept (FISCO) EN 60079-27

Protection of equipment and transmission systems using optical radiation ‘op’ EN 60079-28

Special protection ‘sb’ EN 60079-33

‘Gc’ Enclosed-break device ‘dc’ EN 60079-1

Intrinsically safe ‘ic’ EN 60079-11

Encapsulation ‘mc’ EN 60079-18

Oil immersion ‘oc’ EN 60079-6

Increased safety ‘ec’ EN 60079-7

Non-sparking ‘nA’ EN 60079-15

Restricted breathing ‘nR’ EN 60079-15

Sparking equipment, sealed device ‘nC’ EN 60079-15

Pressurized enclosures ‘pzc’ EN 60079-2

Fieldbus concept (FNICO) EN 60079-27

Protection of equipment and transmission systems using optical radiation ‘op’ EN 60079-28

Special protection ‘sc’ EN 60079-33

‘Da’ Intrinsically safe ‘ia’ EN 60079-11

Encapsulation ‘ma’ EN 60079-18

Protection by enclosure ‘ta’ EN 60079-31

Special protection ‘sa’ EN 60079-33

‘Db’ Intrinsically safe ‘ib’ EN 60079-11

Encapsulation ‘mb’ EN 60079-18

Protection by enclosure ‘tb’ EN 60079-31

Pressurized enclosures ‘pD’ o’p’ EN 60079-2

Special protection ‘sb’ EN 60079-33

‘Dc’ Intrinsically safe ‘ic’ EN 60079-11

Encapsulation ‘mc’ EN 60079-18

Protection by enclosure ‘tc’ EN 60079-31

Pressurized enclosures ‘pD’ or’p’ EN 60079-2

Special protection ‘sc’ EN 60079-33
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6 Certifi cation

In Europe some test institutes are authorised to carry out tests on explosionproof equipment and to issue the corresponding certifi cates.

Procedures for certifi cation

The directive 2014/34/EU extensively describes the assessment procedures for compliance.
A short overview is given in the following tabel.

Category 1 or M1 + 
autonomous protective systems

Category 2 or M2 (electrical 
equipment and ignition sources)

or

Category 3
Category 2 or M2 
(other apparatus)

Unit 
verifi cation by 

N.B.

EU Type-
examination 

by N.B.

oror

ororor

Unit 
verifi cation by 

N.B.

EU Type-
examination 

by N.B.

Unit 
verifi cation by 

N.B.

Internal control 
of production + 
communicate 

a technical 
documentation 

to a N.B.

Unit 
verifi cation by 

N.B.

Internal control 
of production

Product 
verifi cation by 

N.B.

Production QA 
by N.B.

Conformity to 
type

Product QA by 
N.B.


