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Four protection principles can prevent equipment from becoming 
an ignition source. An important precondition for all the protec-
tion principles is that parts which are in unhindered contact with 

the explosive atmosphere must not be able to reach non-permitted 
temperatures with respect to the ignition temperature of substances 
present in the site of installation. This means that the ignition tem-
perature is relevant for all protection principles.

The protection principles can be equally applied to electrical and 
non-electrical devices and for gases and for dusts. The principles 
allow for a design in various safety categories in accordance with 
the Directive 94/9/EC [1] or the Equipment Protection Level (EPL) 
according to EN 60079-0 ff [2]:
Category 1: With very high level of protection and thus a very high 
degree of safety
Category 2: With high level of protection and therefore a high 
degree of safety
Category 3: With normal level of protection and therefore a con-
ventional degree of safety

EPL a: With very high level of protection and thus a very high degree 
of safety
EPL b: With high level of protection and therefore a high degree 
of safety
EPL c: With normal level of protection and therefore a conventional 
degree of safety

Table 1: Protection principles.

Non-technical measures

The requisite preconditions for the safe operation of electrical equip-
ment in potentially explosive atmospheres are created in a joint ef-
fort by the manufacturers of explosion protected equipment and the 
constructors and operators of industrial plants. It is important that the 
operator of such plants should ensure that their personnel know how 
the danger of explosions is likely to arise and the measures that are 
to be taken to prevent it. The employees should be regularly trained 
on the contents of the explosion protection document in accordance 
with the Directive 1999/92/EC (occupational safety regulations) and 
informed by means of written corporate regulations which should 
be regularly updated.

Design regulations for explosion protected systems, 
equipment and components

Hazards arising from the handling of flammable gases, vapours and 
dusts are caused by uniform chemical and physical processes. For this 
reason, the protection against these hazards must be carried out in a 
uniform manner. Nearly universal uniform requirements have now 
been formulated by the International Electrotechnical Commission 
IEC, by the European Standardisation Committees CENELEC and CEN.

Manufacturers and operators are required to adhere to these, 
and where there are increased protection requirements, they are 
monitored by notified bodies and the authorities.

Relevance and advantage of the area classification

The practice has been established of dividing potentially explosive 
atmospheres into zones. This classification takes the different dan-
gers from explosive atmospheres into account and allows explosion 
protection measures to be taken which reflect the situation both from 
the point of view of safety engineering and of economic efficiency. 
For the European community, the zone definitions are uniformly 
provided in Directive 1999/92/EC [3]. It must be applied with technical 
understanding of the specific situation. IEC 60079-10-1 [2] assumes 
an approximately similar classification for gases and vapours which 
will also apply to future facilities constructed in accordance with the 
US standard NEC 505 [5]. IEC 60079-10-2 [2] provides support for the 
zone classification with dusts. Potentially explosive atmospheres are 
classified depending on the frequency and duration of the explosive 
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atmosphere. This classification provides the scope of the measures 
to be taken according to Annex II section A in the Directive 1999/92/
EC [3] in conjunction with Annex I of the Directive 94/9/EC [6].

Figure A

Figure B

Classification of hazardous places

Zone 0: Place in which an explosive atmosphere consisting of a 
mixture with air of flammable substances in the form of gas, vapour 
or mist is present continuously or for long periods, or frequently.
Zone 1: Place in which an explosive atmosphere consisting of a mix-
ture with air of flammable substances in the form of gas, vapour or 
mist is likely to occur in normal operation occasionally.
Zone 2: Place in which an explosive atmosphere consisting of a 
mixture with air of flammable substances in the form of gas, vapour 

or mist is not likely to occur in normal op-
eration but, if it does occur, will persist for 
a short period only.
Zone 20: Place in which an explosive atmos-
phere in the form of a cloud of combustible 
dust in air is present continuously, or for 
long periods or frequently Zone 21 area in 
which an explosive atmosphere in the form 
of a cloud of combustible dust in air is likely 
to occur, occasionally in normal operation.

Figure C

Zone 22: Area in which an explosive atmosphere in the form of a 
cloud of combustible dust in air is not likely to occur in normal opera-

tion but, if it does 
occur, will persist 
for a short period 
only.

Figure D

In places of work the potentially explosive atmospheres are normally 
classified at most as Zone 1 and 2 or 21 and 22. Zones 0 and 20 are 
restricted to very small inaccessible areas in work places or are usu-
ally restricted to the inside of technical equipment.

Explosion parameters

In order to allow a combination of measures for explosion protection 
(which is optimised with respect to the chemical-physical properties 
of the flammable gases, vapours or dusts) to be made, and therefore a 
standardisation of the types of protection to be possible for the manu-
facturer, a system of explosion parameters has been created. These 
are determined using an application-orientated test method. Before 
flammable substances can react with the atmospheric oxygen in an 
explosion, energy must be provided. This energy may, for example, be 
exchanged on a surface. A heated surface increases the energy content 
of the explosive mixture in contact with it. If the surface temperature is 
sufficiently high, this increased energy content can lead to the explosive 
reaction. However, the energy may also be supplied through a spark 
or a hot gas jet flowing out of a gap into the explosive mixture. Both 
types lead to different explosion parameters being defined.

Conclusion

Explosion protection has been necessary since electrical equipment 
was introduced into industry and households in the 19th century. Soon 
afterwards, the occurrence of methane and coal dust in hard coal 
mining prompted the development of the basics of electrical explo-
sion protection. The advantages of electricity were so convincing that 
intensive work was carried out to find a way to reliably prevent contact 
between an explosive atmosphere and ignition sources – originating 
from the use of electrical equipment - and thus prevent explosions. 
The author’s company applies the four protection principles to its 
different pieces of equipment according to the application for which 
they are going to be used. Further articles on this topic will feature 
in Electricity+Control during the course of this year. 
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CENELEC and CEN – European Committees for Electrotechnical Standardisation
EPL – Equipment Protection Level
IEC – International Electrotechnical Commission
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