Explosion Hazardous Area Classification around Battery Charging
Facilities
Jaco Venter, Physicist - Megaton Systems (Pty) Ltd, T/A
MTEx Laboratories, www.mtexlab.co.za.
2016/10/03 Rev.1

Introduction
Despite the enormous growth in the use of high efficient battery “alternative” types of cells such as
the LiPo, NiMH and Fe based cells for use as electric storage devices the longer service life and
predictability of flooded Lead Acid batteries seem to remain a popular trade-off and are found in
numerous applications such as in various industrial vehicles (such as forklift trucks) and as backup
power supplies to critical plant (load shedding survival kit).
Uninterrupted Power Supply (UPS) units can vary from small single cell devices to colossal battery
rooms. Very often a dedicated battery charging bay is required to charge the numerous battery
operated electric vehicles present on a plant. At the vehicle assembly plants it is often required to
charge hundreds of new batteries every day creating the need for well designed battery charging
bays.
The topic I want to touch on in this paper is how to approach the explosion hazard with regards to
SANS 10108 in these facilities. They release a significant amount of Hydrogen (and oxygen) gas and
there seem to be some difficulty in the proper selection of electrical equipment for use around these
batteries’ charging facilities. I hope to get to a workable conclusion for the problem and to better
understand what needs to be done to limit the risk of igniting an explosive atmosphere that might
be formed. I do not however want to venture into too much detail on the requirement for
underground use (such as coal mines) but want to focus on surface plants installations.
Explosion Hazardous Area Classification is an assessment or study that is done to show how often
and to what extend an explosive atmosphere is formed. The varied rate of gas release causes the
first problem, being that the calculations might vary from one person to the next and causes
different conclusions with regards to extend of the classification around the batteries as well as the
required ventilation to dilute released hydrogen. For this reason a conservative hazardous area
classification assessment is done and the aim will be to accommodate “worst Case” scenarios.
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I.

Overview of the Hydrogen Gas Evolution from Lead
Lead-Acid and
NiCd Cells

All lead acid batteries, particularly flooded types, will produce hydrogen and oxygen gas under both
normal and abnormal operating conditions.[a] Lead acid batteries will therefore always release
hydrogen (at varied rates) even under storage condition form the self-discharge
self discharge of the cells and
evaporation of the water. The cells will release more gas under charge condition
condition when the cells are
at 100% capacity also called overcharge conditions[a].
Water decomposition
drogen and oxygen is released from
f m the decomposition of the water in the cell and occurs if the
Hydrogen
potential difference (Uo) between the two electrodes of the cell is more than 1.227V. Oxygen is
released at the positive pole while H2 is released at the negative. The relationship between release
rate and voltage is as follows[a]:

Figure 1, [a]

One can observe that the release rate drastically falls at the open circuit potential (of typically
1.227V) but the cell will still release gas at voltages below the 1.227V and such release can therefore
never be avoided making completely sealed batteries therefore impossible[a]. (Valve
Valve-Regulated
Lead-Acid (VRLA) batteries allow the oxygen to react with the released hydrogen to be returned to
the cell as water and can be regarded as partially sealed batteries and will release significant smaller
volumes of hydrogen)[d].

a.
b.
c.
d.
e.
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One can also observe that the volume of gas release increase sharply at overvoltage conditions such
as “Boost Charge” where voltage per cell is typically at 2.23V or even 2.40V. A similar graph exists
for nickel cadmium batteries but the open circuit evolution of hydrogen is less.
Influences on gas development rate[a]
• Charge Voltage (obviously as per above discussion)
• Temperature – a temperature increase of 10K will typically double the reaction rate in the
cell (such as from corrosion and self-discharge).
• Accidental contaminant by using contaminated water (this is extensively diminishing and
causes higher water consumption through higher hydrogen development).
Amount of hydrogen gas per Ah
The relationship between current and the amount of decomposed water can be evaluated using the
Faraday constant (amount of electric charge per mole of electrons)[a]. This can be used to calculate
the gas release rate per Ah being overcharged to a cell that is full.
As from IEEE 484:
Negative Electrode: 2H+ + 2e- →H2 and Positive electrode: 2O2- → O2 + 4e- and the molar weight of
H2O = 18g, 1Ah decomposes = 18g(H2O)/53.6Ah = 0.336g/Ah the volume of gas is therefore = 0.4564
ℓ H2 and 0.2281 ℓ O2 (at atmospheric conditions).[a] (the 53.6Ah is derived from Faraday’s constant
for the energy transfer).
So, VH2 = 0.4564ℓ/Ah (volume per overcharged Ah, per A per hour after the cell is fully charged)[a]
As per SANS1018 (2014):
VH2 = N x I x 0,00045
V = volume H2 in m3
N = # cells
I is the overcharge current
If we calculate the volume release for 1 cell you get 0.00045m3 per Ah;
= 0.45 ℓ/A per hour.
This can be used as a “Worst Case” value for the released H2.

II.

Overview of Classification of Areas

The Classification of Hazardous areas as per SANS 10108 mean that one have to identify the sources
of release and then determine how frequent they occur, to what extend it can form explosive
atmospheres and how these explosive atmosphere can be limited (some literature talk about
“flammable atmospheres” but I prefer calling it explosive since batteries will explode and won’t
necessarily burn).
a.
b.
c.
d.
e.
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The frequency of explosive
xplosive atmospheres are captured by assigning a Zone to the area, a three Zone
system is used with a Zone 0 meaning
mean you have a constant explosive atmosphere Zone 1 a frequ
frequent
one and Zone 2 only under abnormal conditions (typically for less than 10 hours per year is
considered as Zone 2). It is important to remember that the zoning system should not be used to
indicate where explosive atmospheres can form during a catastrophic
catastrophic events but it is for regular or
controlled explosive atmospheres (even though spillages are considered, they are controlled and can
be fairly regular on some processes).

III.

Overview of Battery Charging Facilities

There are a few types of charging facilities and the first one I want to describe is the UPS`s:
UPS

As one can observe from the examples above there are a lot of variance in the different
configuration of these facilities and accurately assessing them is a quite a challenge. As a result the
Zoning applied to the facilities also varies and in many cases it is cause for concern.
For most of these installations the battery with the
he cells will be installed in a room that is separate
from the
he charging unit. An overhead extraction ventilation system is normally installed over the
batteries with ventilations rates of between 5 to 12 air volume changes over the volume of the
a.
b.
c.
d.
e.
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room. The ceiling is normally made of a solid material that can assist with preventing hydrogen from
moving to areas above the room.
Mobile equipment charging bays ranges from a single battery with a few cells to charging bays that
can accommodate many batteries at a time. These facilities may pose the greatest risk for causing
explosions and assessing them can be very tricky.
Some of the problems with the design of these are the handling of the batteries, placement of the
chargers (that are not explosion protected) and the connector with the batteries.
Handling of the batteries can be a problem since the mobile devices that carry the batteries is
normally not explosion protected and need to be parked next to the charger where other batteries
can be forming explosive atmospheres.
Sometimes an overhead hoist is used to move batteries to the charger and is normally explosion
protected but does it make sense to have an expensive explosion protected hoist when the “non-Ex”
charger is the closest to the release points?
The connectors are another problem since they can easily cause a spark and operators tend to leave
them directly on the cells or to park the mobile device too close to the “non-Ex” charger.
In the photo below is an example of a well designed forklift truck battery charging bay. An
extraction ventilation system was installed directly above the batteries and the chargers were placed
above the ventilation system. The ventilation was interlocked with the charging circuit to prevent
charging while the ventilation is off. You can also note that unlike for many other such installations
the charger plugs and sockets were placed next to the chargers above the ventilation and are not
explosion protected, saving costs without compromising the installation`s safety.[e]

a.
b.
c.
d.
e.
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One challenge for this system remains the handling of the batteries and the mobile device cannot
rely on the dedicated ventilation when parked next to the chargers (although in this case the volume
of the room is probably enough to prevent a severe build-up of hydrogen).
The connector between the charger and the battery remains a risk of igniting released hydrogen
should it be placed on the battery. Some chargers have build in controls that will automatically
detect link breakage (or bad/hot connections) and will isolate the current. The connectors are also
(usually) high integrity connectors. This however is not in the least fail safe due to the nature of the
operation.

IV.

Zoning of Battery Charging Facilities

Hydrogen gas is (like most of you know) far less dense than the gasses in our atmosphere (about
14.3 times lighter) this mean that any released hydrogen will dilute very quickly and will not tend to
build-up in rooms or buildings. The hydrogen gas molecule is also very small and will migrate
through most materials. A release of hydrogen gas from a 5mmØ hole at 500kPa (5Bar!) is expected
to dilute to well below explosive concentrations in 1.5m from such release point with extraction
ventilation draft of 2m.s-1.[c]
This entails that releases from batteries will quickly be diluted by a ventilation system or even with
good natural ventilation to safe concentrations. It should however be remembered that close to any
source of release the concentration is still high and will always need a distance to mix to safe
concentrations with the air around it. Hydrogen form explosive atmospheres when a volume
concentration of only 4% is present in atmosphere and remember that cells also release oxygen
creating a slightly dilute but very real explosive atmosphere.
Lets for a moment consider a real scenario for Zoning:
Release from batteries is expected to be more that 10 hours per year and therefore constitutes a
Zone 1. The “worst case” volume of the released gas can be calculated and divided into the volume
of the room to determine if without any ventilation how long it will take to reach the explosive
concentration (LEL) in the room.
Applying extraction ventilation to this room that can vent the entire volume of released hydrogen
can then very effectively dilute the gas. The resulting Zoned area can then be limited to close to the
cells and will typically be <1m from the cell vents. An explosive atmosphere is highly unlikely to form
for the total volume inside this ventilated room but a conservative Zone 2 is normally applied to the
room mainly to accommodate ventilation lost and to eliminate equipment that cna “drop” a hot
particle into the zoned area.

a.
b.
c.
d.
e.
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Practical Example Number 2:
In the area there are 14 chargers and the largest unit charge a battery containing 24 cells with a
capacity of 700Ah. These are charged (at the most) over a period of 8 hours (as the chargers are set
to 87.5A). The charging bay had a >8m high roof and had dimensions of ±30m long and was open on
the front side.
The volume H2 released can be calculated as (shown above):
VH2, released = N x I x C
With

N = number of cells (24); I = Current (87.5A.h-1) C = 0.00045m3.A-1

VH2, released per bat. = 0.945m3.h-1 (if charged in one hour = 7.56m3 (!), but remember this will be for
overcharge conditions and not normal charging therefore the charger must be protected against not
causing overcharge conditions).
VH2 T. = 0.945m3.h-1 x 14(batteries) = 13.23 m3.h-1
The estimated volume of the roofed area is 30m x 8m x 6mhigh = 1440m3
A H2 concentration after 1 hour (assuming no dilution from ventilation) = 13.23m3.h-1/1440m3 =
0.92%H2 v/Vt
For this example the 25% of the LEL will be reached in about an hour, taking no ventilation into
account.
Natural ventilation in the area is “good” because of the open sides and the relatively high roof and
an average airflow of 2.0 to 0.5m.s-1 is possible (using the Vz calculations in SANS60079-10-1 one get
to a min flow of 0.7m.s-1 derived with a 25% of LEL safety factor for this release
with mH2= 0.59995E-6kg.s-1 and LELH2 = 3.4E-6kg.l-1).
This mean that the released gas (hydrogen) will be diluted promptly and the Zoning can be limited to
close to the release points (typically Zone 1 within 1m of the cell vents will be adequate).

V.

Conclusion:

Using the formula provided in standard such as SANS 10108 to calculate the hydrogen release can be
used but is accurate for overcharge conditions (when the cells are full and the full current is being
applied).
By using this “over charge” calculation and dividing it into the time for regular charging (using the
charge current of the charger) and by ensuring the chargers are protected against overcharging the
result can be calculated closer to the actual release under normal charging and still provide ample
safety factor.
a.
b.
c.
d.
e.
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By applying forced ventilation one can easily render an area safe from not causing a build-up of an
explosive atmosphere although a Zone 2 can be considered inside the ventilation system and Zone 1
close to the release points of the cells.

VI.

Other Useful Information:

SANS 10108:2014 “The Classification of hazardous locations and the selection of equipment
for use in such locations”.
BS 6133, Code of Practice for safe operation of lead acid stationary batteries.
IP Part 15, “Area Classification code for installations handling flammable fluids, 3rd Edition ”.
IEEE 484 norms “Draft Recommended Practice for Installation Design and Installation of
Vented Lead-Acid Batteries for Stationary Applications”.
IEC/SANS 60079-10-1 “Explosive Atmospheres Part 10-1: Classification of areas –
Explosive gas atmospheres”.

I sincerely hope this was useful, let me know what you think, Regards.

a.
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c.
d.
e.
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