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ABSTRACT 

Households have an absolute need for thermal energy, 
particularly for cooking.  Poorer households use coal, 
dung, fuelwood, LPG and paraffin.  

Unpressurised paraffin appliances are far from safe.  
The temperature in the fuel tank can easily exceed the 
flashpoint of the fuel, when the appliance becomes a 
time bomb waiting to “explode”.  In contrast LPG 
appliances are safe, with annual incidents at least two 
orders of magnitude lower than those involving 
paraffin.  

The White Paper on energy required proper 
standards for paraffin appliances, but these are slow 
in evolving and do not address the hazards identified 
above. 

1 INTRODUCTION 

Paraffin is one of the most widely used fuels for cooking 
and space heating in South African homes.  Table 1 gives 
the data from the 1996 Census. 

Table 1 SA households using various sources of energy 

 Cooking Space heating 

Electricity 4265305 4030849 

Gas 286657 107689 

Paraffin 1943862 1294965 

Wood 2073219 2417725 

Coal 320830 735633 

Animal dung 106068 84448 

Unspecified 63629 388266 

While electricity plays the major role, comparatively few 
lower income households use this energy source at 
present. For those households, wood plays a major role in 
rural areas, and paraffin an equal role in the towns.  Coal 
use, primarily for space heating, is extensive near to the 
mines (Free State, Gauteng, Mpumalanga and, to a lesser 
extent, Kwazulu Natal and North West). 

The use of paraffin has severe social consequences.  A 
report to the Paraffin Safety Association of SA1 in 2001 
concluded:  

 

 

1. At least 143 000 children drank paraffin in the last 
year 

2. At least 55 000 children contracted pneumonia after 
drinking paraffin in the last year 

3. At least 4 000 children died from paraffin-induced 
chemical pneumonia in the last year 

4. There were at least 46 000 paraffin-related fires and 
50 000 paraffin-related burns in the last year 

5. 31 000 (63%) of these burns were as the result of 
paraffin stoves exploding. 

It is clear from the fire records that at least 100 000 homes 
were destroyed as a result of the paraffin-related fires. 

The problem of the accidental drinking of paraffin is 
being addressed by the use of safety caps, which prevent 
children reaching the paraffin.  Over half a million 
households use these caps at present. 

A problem that is not being addressed is that of paraffin-
related fires.  A large proportion of the fires were clearly 
the result of the appliances exploding. It was necessary to 
understand how such explosions might originate.  It is the 
purpose of this paper to develop and test a hypothesis of 
the origin of the problem. 

2 PARAFFIN APPLIANCES 

The majority of paraffin appliances in use today are 
unpressurized units which cost a few tens of Rand.  
Pressurized units of the “Primus” type are much less 
frequent, partly because they are significantly more 
expensive.  The basic construction of the appliances is 
illustrated in Figure 1.  

Looking at the exploded view on the right, there is a wick 
which lifts fuel into the combustion zone.  The 
combustion takes place in the volume between the inner 
and outer elements.  These are perforated to admit air for 
combustion.  In use, these elements become very hot, and 
the paraffin at the surface of the wick evaporates (which 
helps to keep the wick cool), and the resultant paraffin 
vapour then ignites.  The radiant heat from combustion 
heats the elements, which in turn heats the air being 
drawn in.  
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Figure 1 Construction of a typical paraffin appliance 

When the pieces are assembled, the wick passes through 
the open hole at the top of the fuel tank, and the burner 
then locks in place.  Importantly, there is no seal where 
the burner meets the fuel tank.  Cookers are made in 
essentially the same way, except they have no mesh dome 
or heater ring/loose cover. Instead there is a more robust 
shield and support for a pot over the burner.  Appliances 
of this kind are manufactured in Harrismith and 
Botshabelo.  In use they have a life of 6-9 months, in the 
case of cookers, and 1-2 years in the case of heaters. 

3 PROBABLE SOURCE OF THE PROBLEM 

Examination of Figure 1 shows that the inner and outer 
elements are connected to the burner, which in turn is 
connected to the fuel tank.  In operation, the inner and 
outer elements reach red heat (Figure 2), and that heat can 
be conducted downwards to the fuel tank.  Granted, the 
metal of which the parts are made is thin, so the cross-
section for conduction of heat is small, but attempts to 
disassemble the unit soon after use show that heat is 
indeed lost via this pathway.  In addition, the plume of hot 
gases spreads laterally once it reaches the base of a 
cooking utensil, and this radiates heat downwards, while 
the support for the pot also heats up, which creates 
another conduction path for heat to reach the fuel tank.  

Thus there is every reason to suppose that the fuel tank, 
and thus the fuel in the tank, will get hotter as the 
appliance is used.  According to SABS CKS 78-1972 2  
the flash point of illuminating paraffin is a minimum of 
43oC.  This means that if the temperature of the fuel 
exceeds 43oC it is likely to ignite with a minimal source 
of ignition.  The fuel is effectively open to the air, and the 
opening is within 5cm of the combustion zone. Thus if the 
fuel temperature exceeds 43oC it is almost inevitable that 
there will be an ignition outside the appliance.  

 

Figure 2 Top view of a stove in operation. Note red 
heat of inner element and blue "jets" at 8 o'clock 

4 EXPERIMENTAL 

A “Panda”stove was purchased from a typical retailer 
(R23.70). It was unpacked and assembled, then filled with 
1 litre of illuminating paraffin and the wick allowed to 
soak for an hour (the manufacturer recommends a soaking 
period of at least ten minutes).  The filler cap was 
removed and a glass-mercury thermometer supported in a 
cork fitted in its place.  The appliance was placed on a 
level surface in a room free of drafts, and lit.  Once it was 
burning steadily, the flame was adjusted close to 
maximum, so that it was not quite smoking. The 
temperature was recorded every 20 minutes, after the 
appliance had been picked up and swirled to mix the fuel. 
After 2 hours the experiment was stopped.  Later it was 
repeated, but with a pot filled with cold water placed on 
top of the stove. 

After the second measurement, the stove was carried into 
the open air, still burning, and placed on level ground 
before being knocked over.  

5 RESULTS 

Figure 3 shows the fuel temperature in the two 
experiments.  In the first, with no pot present, the 
temperature reached 42oC after 2 hours, at which point the 
experiment was terminated because the appliance burst 
into flame at the junction between the fuel tank and the 
burner when the paraffin was swirled to mix it.  It was 
also observed that the lever for control of the wick 
became very hot, and was painful to touch when it was 
desired to shut the stove down. 

In the second experiment, with a cooking pot on the stove, 
the fuel temperature reached 43oC in eighty minutes, but 
it also flamed at the junction between the fuel tank and 
the burner at all temperatures above 39oC.   It was 
necessary to wear protective gloves to avoid injury. 
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Figure 3 Temperature of fuel in tank with time 

Figure 4 shows the stove alight in the open air, and Figure 
5 is the same, five seconds later. Because the camera was 
set for automatic exposure, the light from the flames 
dominated the scene and caused massive under-exposure 
of the background, which is why it appears that the 
picture was taken at night.  An attempt was made to douse 
the flames, using 25l of water, but this merely had the 
effect of spreading the blaze.  A strong jet of water was 
needed to contain the flames and finally extinguish them. 
Figure 6 shows the dying moments of the experiment.  

 

 

 

Figure 4 Stove alight and heated after 2h cooking 

 

 

 

Figure 5 Five seconds after knocking stove over 

 

Figure 6 Fifty-five seconds later 

The stove contained less than 1l of paraffin at the time of 
the test, and most of it was consumed in the first 30 
seconds after the appliance was knocked over. That is 
equivalent to a release approaching 1MW, more than 
sufficient to trigger a fire in the ordinary home. 

6 DISCUSSION AND CONCLUSIONS 

It is clear that heating of the fuel in the typical 
unpressurized paraffin appliance can lead to very strong 
fires.  Gentle agitation is sufficient to produce a small fire 
where the burner meets the fuel tank. There must be a risk 
that a user, surprised by that small fire, may knock the 
appliance over when a massive fire will result.  Equally, 
attempts to control the appliance by adjusting the flame 
may lead to painful burns, which in turn may cause the 
gentle agitation needed to cause a small fire and equally 
lead to a massive fire.  When the appliance has been in 
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use for an hour or so, it becomes positively dangerous due 
to the heating of the fuel. 

The hazard arises from the fact that the fuel flash point is 
relatively low, and the design of the appliance is such that 
the fuel can easily exceed the flash point in normal use.  
There are various potential remedies.   

The first would be to increase the flash point of the 
paraffin.  However, this is not a simple as it sounds.  The 
illuminating paraffin of commerce in South Africa is 
identical to aviation jet fuel. It is partly because jet fuel is 
a bulk material that the paraffin can be produced so 
cheaply.  The specification cannot be changed without 
wide ramifications.  A specification for a high-flash-point 
paraffin would probably involve a greater cost.   

Also, if one were to develop a paraffin specification, there 
are other changes that should be made beside the flash 
point.  As Figure 2 illustrates, the paraffin is not 
completely burned in these unpressurized appliances.  To 
some extent this is because the paraffin is “illuminating 
paraffin.” To make a flame luminous, it is necessary to 
have some relatively high molecular weight species 
present, which are broken down in the flame to carbon, 
which then burns incandescently.  Illuminating paraffins 
therefore have a heavy, high-molecular-weight fraction.  
A cool plate inserted into a flame of illuminating paraffin 
will be blackened much as a candle will do, due to the 
unburned carbon precipitating on the plate. 

These unburned hydrocarbons leave the combustion zone 
as tars and soot.  We have not found any studies of this 
phenomenon in unpressurized stoves, but it is clear it is 
real. First, utensils employed for cooking on paraffin 
stoves soon build up a tarry layer on their base.   This 
layer has a characteristic “burnt” smell.  Paraffin users 
find the smell spreads to clothing and other goods.  
Second, after long use, soot fingers grow on nearby 
surfaces.  It is fairly clear that this soot is very fine and 
predominantly in the <2.5μm size range.  As such it is in 
the respirable size range, and likely to play a role in 
respiratory tract disease. Being the product of pyrolysis, it 
is likely to be carcinogenic.  This is clearly an area where 
further research is needed. 

Respecification of paraffin may resolve these problems by 
doing away with the heavy fraction needed to provide 
luminescence in flames, but it is difficult to see how a 
higher-flash-point, lower heavy end fraction (which, by 
definition, involves a narrower cut during refining) could 
be competitive. 

A second “fix” might be to redesign the appliances to 
avoid the problems.  To some extent, this was part of the 
thinking behind Eskom Enterprises’ “Amazing Amanzi3”.  
This is a system for pressurizing paraffin and connecting 
the pressurized supply to a Primus-style burner head.  
There is little doubt that preheating the paraffin before 
combustion improves the efficiency of combustion 
immeasurably, while the use of a sturdy pressure vessel 

keeps the liquid well clear of prying hands, and so 
reduces the incidence of poisoning.  However, Amazing 
Amanzi is not cheap, and so it is unlikely to find 
widespread use in the poorer households. 

Another approach to redesign might be to specify the 
appliance more carefully.  This was foreseen in the White 
Paper on Energy 4, and some progress has been made. A 
draft specification, SABS 1906, has been published for 
public comment 5, which must be made before the end of 
April this year.  Some sections are, however, highly 
flawed in the light of our findings: 

“4.2.3 Fuel temperature.  When tested in accordance 
with 5.7, the maximum temperature of the fuel in the fuel 
container shall not exceed 54oC 

5.7 Fuel temperature test. Light and run the 
appliance for 2h.  Measure the temperature of the fuel, 
and check for compliance with 4.2.3” 

Not only is the desired fuel temperature maximum far too 
high, but also the test method does not reflect the effect of 
placing a cooking pot on the appliance during the test.  
This omission is all the more surprising when all other 
tests of combustion require a pot to be used. 

In a similar vein, the draft standard requires: 

“4.2.4 Surface temperature.  When tested in 
accordance with 5.8, the surface temperature of any part 
of the appliance that it may be necessary to touch during 
its operation shall not exceed 55oC in the case of parts 
made of metal and painted metal; and 65oC for enamel 
metal.” 

These temperatures are clearly excessive, and it is not 
apparent why there should be any difference between 
painted and enameled metal. 

In addition, the Draft Specification has no test of the 
extent to which an appliance will act as a significant 
source of fire if, for instance, it is knocked over. 

A number of simple design changes to make the 
appliances safer are apparent.  They include such details 
as: 

- Making the connection between the burner and the 
fuel tank of a low-thermal-conductivity material 

- Providing radiation shields to prevent radiant 
heating of the fuel tank 

- Providing a small well for the wick which was fed 
with paraffin via a flow-limiting orifice, so 
limiting the rate of release of fuel if the appliance 
were knocked over. 

- Making the fuel tank spill-proof. 
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None of these would be very costly or difficult to 
implement. 

There is a third possible solution, and that is to change the 
fuel altogether.  Other societies at our stage of 
development have faced the problem of meeting the 
thermal needs of poorer households in a safe and cost 
effective manner.  They too have found that paraffin is 
not necessarily the optimum solution.  Instead, they have 
turned to LPG. 

The reasons for this are several: 

- LPG is inherently cleaner burning than paraffin 

- LPG is packaged in a way that does not allow 
users easy access to the fuel, so the possibility of 
accidental consumption or spillage is remote  

- In the event of fire, users recognise the potential 
hazard of the gas cylinder, and remove it from the 
vicinity of the fire as a matter of priority 

- Failure of the burners or their feed from the 
cylinder does not lead to a high-energy release. 

For these various reasons, LPG is far safer to use than 
paraffin.  Table 2 summarises recent accident data. 

Table 2 Recent accident data for LPG (LP Gas 
Association) 

Year Incidents Injuries Fatalities 

2000 11 26 15 

2001 11 13 11 

The majority of these incidents were of an industrial 
rather than a domestic nature.  Over the two years there 
were only 6 domestic injuries and 3 fatalities, and the 
fatalities arose in a single camping incident in which the 
involvement of LPG was doubtful.  Comparison with the 
paraffin safety data makes it clear that LPG is at least two 
orders of magnitude safer than paraffin as a domestic fuel. 

LPG can reach the user at a price comparable to that of 
paraffin, and because the cylinder is sealed, the user is 
generally assured of the quality of the product received 
(although unscrupulous operators can give short weight or 
contaminate the cylinder with a light oil, which 
effectively reduces the usable fuel sold).  However, in 
South Africa LPG is generally at least twice as costly as 
paraffin, and LPG appliances are also more expensive. 

Comparison with pricing elsewhere soon shows that the 
South African distribution network is unduly complex and 
unduly well rewarded.  However, a test site in Kwa-Zulu 
Natal has shown that a whole community can be served 
with LPG at a delivered cost of less than R5/kg, at which 
point it becomes the fuel of choice 6.  This has been 

accomplished by setting up a small bulk filling facility, 
and training a local operator in safe filling procedures.  
Cheap appliances – mainly simple gas rings – have been 
sourced overseas.   

The implications of this test are considerable.  Elsewhere 
in the world LPG use has grown at 30% per annum for 
several years once distribution has been rationalized to 
meet the needs of local communities and cheap appliances 
have become available7.  Botswana has seen this level of 
growth in recent years, and China reached this level last 
year – and growth would have been higher if the logistics 
of serving that huge market could have been sorted out. 

One of the questions that has arisen is whether there is 
sufficient LPG to meet household needs.  About 600 000t 
of paraffin re consumed annually, and if it were all to be 
replaced by LPG, there would be a need for about 540 
000t of LPG.  The domestic market in 2001 was only 90 
000t, so another 450 000t would be needed. 

It transpires that there is about 200 000t/a of surplus 
production capacity in South Africa, presently unutilized; 
that at least 100 000t/a will become available in the near 
future as industrial users of LPG convert to natural gas; 
and a further 100 000t/a will be produced from the 
Temane gas field.  It is thus apparent that any reasonable 
growth in demand could be satisfied from local sources 
for the foreseeable future. 

We may conclude that, while there are reasonable 
prospects of being able to get safe paraffin-fuelled 
appliances on to the South African market to meet the 
needs of lower-income households, there may be real 
merit in also boosting the offtake of LPG as an alternative 
fuel.  Indeed, Government has seen the merit of this, and 
took the first steps towards regulating LPG prices in 
January this year. 
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