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Hazardous Area and Explosion

• Hazardous area

area in which an explosive atmosphere is present or may be expected to be 
present, in quantities such as to require special precautions for the construction, 
installation and use of equipment 

• Explosive atmosphere

mixture with air, under atmospheric conditions, of flammable substances in the 
form of gas, vapour, dust, fibres, or flyings, which, after ignition, permits self-
sustaining flame propagation 

• Explosion (in process industry)

An explosion is defined as the process in which combustion occurs and spreads 
so rapidly as to create a high pressure, it forms a blast wave which travels 
outwards from the source, the blast wave has flame and high temperatures. 
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video: gas explosion
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Hazardous Area and Explosion

Typical industries with hazardous area
• Oil refineries, rigs – onshore/offshore
• Drilling ships and FPSOs
• Chemical processing plants
• Printing industries, paper and textiles
• Aircraft refueling and hangars
• Sewerage treatment plants
• Surface coating industries
• Grain handling
• Woodworking areas
• Sugar refineries
• Light metal working
• Underground coalmines
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Principles of an Integrated Approach to Explosion Safety

• Prevention of the formation of explosive atmospheres

• Avoidance of the ignition of explosive atmospheres

• Mitigation of the detrimental effects of an explosion so as 
to ensure the health and safety of workers

 by halting the explosion, or

 by limiting the consequences of the explosion
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Hazardous Areas as per IEC, EN 60079-10-1/ 60079-10-2
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Hazardous areas (Gas or Dust) are classified into three zones;

Zone 0/ Zone 20:
an explosive gas/ dust atmosphere (in the form of cloud dust in air) 
is continuously present, or present for long periods.

Zone 1/ Zone 21:
an explosive gas/ dust atmosphere is likely to occur in normal 
operation occasionally.

Zone 2/ Zone 22:
an explosive gas/ dust atmosphere is not likely to occur in normal 
operation and, if it does occur, it is likely to do so infrequently and 
will exist for a short period only.



Ignition Sources (ref. EN 1127-1)

 Hot surfaces 

 Flames and hot gases/particles 

 Mechanically generated sparks 

 Electrical apparatus 

 Stray electric currents, 

cathodic corrosion protection

 Static electricity

 Lightning 

 RF Electromagnetic waves 

 Electromagnetic radiation 

 Ionising radiation 

 Ultrasonics

 Adiabatic compression and

shock waves

 Chemical/exothermic reactions
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Safety Case Technical Guide:
Adequate Safety and Reliability in Design 
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Design key issue 10: systems for identifying locations where flammable 
substances could be present



Safety Case Assessment Guide:
for Electrical, Control, Instrumentation

The General Approach to EC & I Assessment
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Safety Case Assessment Guide: 
for Electrical, Control, Instrumentation

To meet requirement:

• Application of E&I design standard:  Singapore Standard, Commonly used international standards (e.g. EN, BS, API, 

ISO, IEC), Other national standards, Industry standards, ...

The standard applied to the design and selection of explosion protection (Ex) equipment

The standards applied to the construction verification of explosion protected (Ex) equipment 

The standards applied to the maintenance and inspection of equipment in explosive and/or flammable 

atmospheres, including fixed and mobile equipment 

e.g. periodic Ex inspection records for Ex d, e, n, i, tD from IEC 60079/ 61241. 

• How it has been assured that competent persons are involved in the selection and installation of equipment and 

protective systems designed to be safe in explosive and/or flammable atmosphere. 

• How the maintenance and inspection of equipment in explosive and/or flammable atmospheres, including fixed 

and mobile equipment is managed, and also record of competence of the persons who carried out the inspection. 
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Ex Equipment (apparatus): Electrical

Code - Ex Type of  protection Technique Zone Ref. Standards

Ex da, d/db, dc Flameproof enclosure Explosion containment 0, 1, 2 IEC, EN 60079-1

Ex e/eb, ec Increased safety Avoid spark, hi-temp 1, 2 IEC, EN 60079-7

Ex ia, ib, ic Intrinsic safety Energy limitation 0, 1, 2 IEC, EN 60079-11, -25

Ex ma, m/mb,mc Encapsulation Exclusion (enclosed) 0, 1, 2 IEC, EN 60079-18

Ex nA, nL, nR, nC Non-sparking Avoid ignition 2 IEC, EN 60079-15

Ex o/ob, oc Oil/Liquid immersion Exclusion (immersed) 1, 2 IEC, EN 60079-6

Ex pxb, pyb, pzc Pressurized enclosure Exclusion (pressurized) 1, 2 IEC, EN 60079-2

Ex q Powder filling Exclusion & quenching 1, 2 IEC, EN 60079-5
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Ex Equipment: apparatus, fittings, devices, components, and the like used as a part of, 
or in connection with, an electrical installation in an explosive atmosphere



Ex Equipment (apparatus): Electrical

Code - Ex Type of  protection Technique Zone Ref. Standards

Ex op_(is, pr, sh) Optical radiation Radiation/transmission 
protected

any (0,1,2, 
20,21,22)

IEC, EN 60079-28

Ex tD,
Ex ta, tb, tc

Dust protection by 
enclosure

Exclusion (dust, limit 
temp)

20, 21, 22 IEC, EN 61241-1 (old)
IEC, EN 60079-31

Ex iD
Ex ia, ib, ic

Intrinsically safe Energy limitation 20, 21, 22 IEC, EN 61241-11 (old)
IEC, EN 60079-11

Ex mD
Ex ma, mb, mc

Encapsulation Exclusion (enclosed) 20, 21, 22 IEC, EN 61241-18 (old)
IEC, EN 60079-18

Ex pD
Ex pxb, pyb, pzc

Pressurized enclosure Exclusion (pressurized) 21, 22 IEC, EN 61241-4 (old)
IEC, EN 60079-2

Ex sa, sb, sc Special protection Not a recognized type any IEC, CLC/TR 60079-33
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Ex Equipment (apparatus): Non-electrical 

Code - Ex Type of  protection Technique Zone Ref. Standards

fr Flow restricting 
enclosure

Exclusion (reduce 
ingress of atmosphere)

2, 22 EN 13463-2

d Flameproof enclosure Explosion containment 1, 2, 21,22 EN 13463-3

p Pressurized enclosure Exclusion (pressurized) 1, 2, 21,22 EN 60079-2

c
Ex h

Constructional safety Constructional 
measures

1, 2, 21,22 EN 13463-5
IEC, EN ISO 80079-37

b 
Ex h

Control of ignition 
sources

Avoid ignition 1, 2, 21,22 EN 13463-6
IEC, EN ISO 80079-37

k
Ex h

Liquid immersion Exclusion (immersed) 1, 2, 21,22 EN 13463-8
IEC, EN ISO 80079-37
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Samples of Ex Equipment
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Ex d  
Flameproof 

Ex e 
Increased  Safety

Ex n
Non-sparking

Ex p
Pressurized enclosure
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Samples of Ex Equipment
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Ex i
Intrinsic Safety 

Ex m
Encapsulation

Ex o
Oil Immersion

Ex t/ tD
Dust protection



Samples of Ex Equipment: Non-electrical
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European Equipment Directive
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https://ec.europa.eu/growth/sectors/mechanical-engineering/atex_en

The ATEX Directive 2014/34/EU covers 
equipment and protective systems intended for 
use in potentially explosive atmospheres. The 
Directive defines the essential health and safety 
requirements and conformity assessment 
procedures, to be applied before products are 
placed on the EU market. It is aligned with the 
“New Legislative Framework” policy, and it is 
applicable from 20 April 2016, replacing the 
previous Directive 94/9/EC.

https://ec.europa.eu/growth/sectors/mechanical-engineering/atex_en
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014L0034&locale=en


European Equipment Directive 2014/34/EU (ATEX)

Directive, Harmonised Standards & Notified Bodies for ATEX
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Standards, Conformity Assessment for ATEX Equipment

Standardisation for ATEX
EU harmonised standards are produced by the EU Standardisation Organisations:

 the European Committee for Standardization  (CEN) and
 the European Committee for Electrotechnical Standardization  (CENELEC) 

Conformity Assessment 
• by Harmonised standards , and/ or 

• by Technical solutions which meets the requirements of the EHSR

Electrical => EN 60079 series (identical to IEC 60079 series)

Non-electrical => EN 13463 series and EN ISO 80079 series

QS for Mfg. => EN ISO/IEC 80079-34  (old standard: EN 13980)
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http://www.cen.eu/
https://www.cenelec.eu/


ATEX Equipment - Groups , Categories

Equipment - Group I
• Category M1: for use in mines endangered by firedamp and/or combustible dust

=> 2-faults/ very high level protection, leave on
• Category M2: for use in mines likely to be endangered by firedamp and/or combustible dust

=> ensuring a high level protection, de-energized

Equipment - Group II
• Category 1 (1G/ 1D) : for use in areas in which explosive atmospheres are present 

continuously, for long periods or frequently  => 2-faults/ very high level protection
• Category 2 (2G/ 2D) : for use in areas in which explosive atmospheres are likely to occur    

=> 1-fault/ high level protection
• Category 3 (3G/ 3D) : for use in areas in which explosive atmospheres are unlikely or occur 

only infrequently and for a short period => ensuring a normal level protection
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Directive 2014/34/EU (ATEX): Conformity Assessment

Category
Annex in Directive 

1/ M1 2/ M2
Electrical 

2/ M2
Non-electrical

3

Annex III - EU-Type Examination NB NB

Annex IV   - Production QA NB

Annex V    - Product Verification NB

Annex VI   - Conformity to Type NB + M

Annex VII  - Product  QA NB

Annex VIII - Internal Production 
Control

M
(+ deposit file)

M

Annex IX - Unit Verification (NB) (NB) (NB) (NB)
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Directive 2014/34/EU (ATEX): Equipment Marking , Certificate

• ATEX marking 

0035         II 2 G and/or D

• Standard marking acc. to EN 60079-0

Ex d e IIC T4
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IECEx Scheme within IECEx System
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IECEx System Objective
The objective of the IECEx System is to facilitate international 
trade in equipment and services for use in explosive 
atmospheres, while maintaining the required level of safety:

• reduced testing and certification costs to manufacturer

• reduced time to market

• international confidence in the product assessment process

• one international database listing

• maintaining International Confidence in equipment and 
services covered by IECEx Certification

http://www.iecex.com/

http://www.iecex.com/


Scheme within IECEx System
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IECEx System 
www.iecex.com

IECEx Conformity Mark License  Scheme 

IECEx Service Facilities Scheme 
Certification of Ex Service Providers e.g. Repair and 
overhaul, Ex Installation, Ex Inspection and MN

IECEx Certified Persons Scheme (CoPC)                            
Competency to work in Ex field 

IECEx Certificate of Conformity

IECEx Unit Verification Cert.

Choice between:

IECEx Component CertificateIECEx Equipment Scheme
Certification of Ex Equipment + QS 



IECEx Certified Equipment Scheme
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IECEx

ExTR

Product 
Assess/Testing

IECEx

QAR+

Factory Audit
+ surveillance

=

IECEx CoC

IECEx Certificate of 
Conformity according 
to OD 009

IECEx

ExTR

IECEx Unit Verification 
Certificate  according 
to OD 033 =

Product 
Assess/Testing



IEC Standards for Explosive Atmospheres 

Conformity Assessment

verification and tests of Ex Equipment with 
reference to applicable IEC, ISO standards 

Electrical => IEC 60079 series

Non-electrical => ISO 80079 series

QS for Mfg. => ISO/IEC 80079-34  
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IECEx Certified Equipment: Equipment Marking 
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• Standard marking acc. to IEC 60079-0

Ex d IIC T6 Gb

Ex tb IIIC T85˚C Db 



Equipment Protection Level - EPL

EPL: level of protection assigned to equipment based on likelihood of becoming a 
source of ignition
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IEC/ EN 60079-0 Directive 2014/34/EU IEC/ EN 60079-10-x

Explosive Atmosphere

EPL Group
Equipment

Group
Equipment 
Category

Zones

Ma
I I

M1 -
Mines

Mb M2 -

Ga

II

II

1G 0
Gases

Vapours
Gb 2G 1

Gc 3G 2

Da

III

1D 20

DustsDb 2D 21

Dc 3D 22



Fundamental Disciplines in Ex-field

• Hazardous area classification  => IEC, EN 60079-10-x

• Equipment conformance => IEC, EN 60079-xx,  ISO 80079-xx

• Installation conformance => IEC, EN 60079-14

• Operation, Inspection and maintenance => IEC, EN 60079-17

• Repair and overhaul => IEC, EN 60079-19

• Knowledge, skills and competence of people involved
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Thanks for your attention

Q & A
Jumpol Thojun 

Manager, Electrical Engineering

Explosion Protection Service

TÜV Rheinland Thailand Ltd.      Email: jumpol.thojun@tuv.com

mailto:jumpol.thojun@tuv.com

