
 
Abstract—The use of coal for domestic cooking and heating has 
fallen in recent years but is still significant in Mpumalanga, 
,Limpopo, the Free State and Gauteng. The coal is burned very 
inefficiently, which gives rise to copious smoke, particularly 
during the ignition phase. The resultant smog is all too apparent 
in the vicinity of townships on the Highveld in winter. It was 
found possible to pretreat the coal to remove most of the smoke.  
Replacing coal with low-smoke fuel would require interaction 
with the coal distribution chain. Accordingly a study was carried 
out into how the domestic coal was distributed from the mine to 
the households in the townships. The mines producing coal for 
the domestic market were identified. The logistics of distribution 
were quantified, from the mine to the retailer of kg quantities of 
fuel on the street. There was a mix of road and rail transport. The 
trade was highly seasonal, which forced the mines to create 
stockpiles during the summer to meet the winter demand. 
Understanding the coal distribution chain permitted development 
of a business plan to produce and distribute a coal-derived low-
smoke fuel effectively, with minimal disruption of the existing 
logistics arrangements, and with clear benefits to the coal miners  

Index Terms— Coal; Coal distribution, Domestic cooking, 
Domestic heating, Low-smoke fuel 

1 INTRODUCTION  
In areas in South Africa close to the coal mines, coal is used 
domestically for cooking and heating. The choice is an 
economic one. The area is known as the “Highveld”, a 
reference to the fact that much of it is over 1 500m above sea 
level. In winter, temperatures are often below freezing at 
night. Township homes are not built with thermal efficiency 
in mind, and some form of heating is essential. Coal provides 
the necessary energy at a relatively low cost, and is in plentiful 
supply. Biomass might be an alternative, but is in short supply 
in the cities, and is relatively expensive. The primary 
challenge of coal consumption is that the equipment in which 
is burned is exceedingly inefficient.  
There are two basic types of equipment, namely a brazier or 
mbaula, (Fig. 1) and a cast-iron stove of 1850’s design (Fig. 
2). When first lit, the mbaula emits so much smoke that it is 
usually ignited outside in the open air, and only taken indoors 
once the smoke has ceased and all the coals are glowing. 
Because the draft through the appliance is low, it generally 
uses lump-sized coal, 80-45mm in size. In contrast, the cast 
iron stove has more of a draft because of its chimney, and 
takes a small nut, 45-25mm in size. 

 
 
This study was originally undertaken for the then Department of 
Minerals and Energy. The report which resulted, co-authored with 
Nomawethu Qase and Hugo van Zyl, .cannot be traced at either the 
Department of Minerals or the Department of Energy. There have been 

 
Fig. 1. A typical 25 litre mbaula 

 
Fig. 2. A typical cast-iron stove, with a firebox on the 

left, an oven, various hot plates and a chimney at back 
right. 

The cast-iron stove is much desired. It not only warms 
the whole home, and provides heat for cooking and heating 
water, but can be fed with any combustible waste. The 
owners gain social status, not least because they can offer 
warm hospitality. A stove costs of the order of six times the 
monthly household income, so in many places the local 

repeated requests for the report, so it was decided to produce a short 
version for the public domain. 
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coal merchant offers microfinancing. The local merchant 
also stocks spare parts or sources them on behalf of his 
customers. 

The cast iron stove was originally designed for biomass 
– note the long oblong fuel-firing door at the upper left in 
Fig. 2. Because it was not designed to burn coal, when coal 
is used, the stove smokes fiercely after being lit or 
refuelled. This is because the volatile fraction of the coal is 
driven off by the heat of the fire, but because the coal is 
cold, the vapours will not ignite, and condense a smoke. 
Finally the fuel bed is hot enough for the vapours to ignite, 
and smoke generation ceases. Production of smoke is 
actually a waste of fuel. 

On cold winter’s afternoons, the mbaulas and stoves 
are lit before sundown. By sundown, the air, which is often 
trapped by an inversion layer that develops in windless 
conditions, is so polluted that the sun vanishes.  

 
Fig.3 Early evening in Qalabotjha 

To attempt to overcome the pollution, Government 
sponsored work on low-smoke fuel. The most promising 
route seemed to be partial pyrolysis of the coal. By heating 
coal in the absence of air to about 400oC, most of the 
volatiles which make up the smoke are driven off. They can 
be captured and used to provide the heat needed to roast 
the coal. If the process is controlled so that the residual 
volatiles are about 8-10% by mass, then the material 
behaves very like coal – except it does not smoke when lit. 
If the volatiles are further reduced, it becomes very difficult 
to light and is unacceptable for domestic use. 

A large-scale experiment, in which low-smoke fuel was 
the sole fuel available, was carried out in a 3 000-
household community, Qalabotjha, in the Free State [1]. 
The impacts on air pollution were apparent immediately, 
and after three weeks, when the supply of low-smoke fuel 
ran out, referrals to the local clinic for respiratory tract 
infections was markedly down in comparison with referrals 
at the same time in previous years. In the light of these 
encouraging findings, Government commissioned a study 
into how a low-smoke fuel based on coal might be 
introduced into the market. It is the purpose of this paper 
to report on the findings. 
2 THE DEMAND FOR COAL 

The demand for coal has fallen markedly in recent 
years. In 2002, over 600 000 households used coal for 
space heating and cooking, and consumed just over 1 
million tonnes of coal per annum. In 2016, just less than 

200 000 households used coal for cooking and space 
heating. [2], with a consumption of the order of 350 000t. 

 
Fig. 4 Decline in household demand for coal for heating 

The reasons for the decline are partly the ongoing 
growth in the availability of electricity, and partly a 
significant rise in the cost of coal – it presently retails at 
~R2400/t when sold in 50kg lots. However, hopes that less 
coal burned would mean less air pollution do not appear to 
have been borne out. In winter, there are areas of the 
Highveld where PM10 levels exceed 100μg/m3. [3] 

The users demand a high quality coal, A or B grade, 
>27.5 and >26MJ/kg respectively. There have been 
numerous unsuccessful attempts to persuade domestic 
users to use duff coal of ~22MJ/kg. The users also demand 
minimal fines in their supply, and the merchants usually 
screen the coal to remove fines before bagging it for sale. 

 
Fig.5 Hand-screening coal before bagging 

3 THE SOURCE AND DISTRIBUTION OF COAL 
There are presently four small (<1Mt/a) mines 

servicing the domestic market. They face the problem that 
the demand is highly seasonal. Offtake each month 
between September and April is 20-30% of the monthly 
demand between May and August. Accordingly the mines 
have to build quite large stockpiles to cope with the surge 
in demand when winter arrives. Coal stockpiles can exhibit 
spontaneous combustion, so the mines not only have to tie 
up working capital in the stockpiles, but also incur running 
expenses in preventing spontaneous combustion. This is 
normally done by continuously spraying with water. The 
alternative solution, of compaction to prevent ingress of 
air, is not applicable because the coal is carefully sized, and 
compaction would break the coal and make it too fine for 
sale. 



About a quarter of the coal is sold to bulk distributors; 
three quarters goes to local merchants. About 10% of the 
distributor’s coal is shipped by rail; virtually all the 
merchants’ coal and 90% of the distributors coal is shipped 
by 30t trucks. The distributors sell 70% of their coal 
bagged, and the ratio of large nuts to small nuts is about 
3:1. 

The local merchants sell primarily coal bagged in 
nominal 50kg bags, but often sell small quantities by 
volume, a 25litre can full being typical. The bulk 
distributors sell to order, with delivery by road transport in 
most cases. The local merchants sell bagged coal from 
vehicles that rove the township streets. The vehicles may 
be a horse or donkey powered cart, or a cart drawn by a 
tractor, or a small lorry (“bakkie”). 

 
Fig.6 Horse and cart delivery to homes 

The average household bought approximately 2 bags of 
coal every three weeks in winter and 1 bag per month in 
summer, which totals approximately1t/household.year. 
Warm winters were a disaster for the supply chain, with the 
carefully built-up stockpile having unsold coal at the end 
of winter. During cold winters, there were sporadic 
shortages but, interestingly, the price remained fixed. 

The entire distribution chain depended on cash; the 
merchants granted a little credit to pensioners, to tide them 
over to the next pension payout. The merchants appeared 
to see this as a form of corporate social responsibility. 

By any measure, the distribution chain was 
economically efficient. The miners’ pricing was set by 
open competition; one mine which was having to dig 
deeper to ensure adequate reserves closed because it would 
not be competitive. The haulage business was positively 
cut-throat, with rail setting a lower bound – it was cheaper 
than but not as reliable as haulage, and could not deliver 
direct to the distributor’s premises. 

The size of the local community determined the number 
of distributors. In a community of <2000 there was room 
for only one distributor; at 4000 households there seemed 
to be sufficient business for two. These numbers will 
probably be affected by the general drop in volumes shown 
in Fig.3 – most of our study [4] was complete by 2005. 
4  PRODUCTION AND SUPPLY OF LOW-SMOKE 
FUEL 

Two low-smoke fuels were tested at Qalabotjha. The 
main one was a Grade A coal that was roasted by a supplier 
of charred coal to the metallurgical industry. It was tested 

initially at the CSIR, who drew up a specification in the 
light of their testwork.  A preproduction sample was 
checked at the University of the Witwatersrand, and found 
to be satisfactory. 300 tons were accordingly ordered, 
sufficient to provide each household with two bags of fuel. 

Unfortunately there was an error in the specification, 
which called for a -30+10mm size of fuel.  This tested well 
at both the CSIR and the University, but was found to be 
too small when tested in Qalabotjha. This caused a delay in 
the experiment while the sample was resized to -30+20mm, 
which proved satisfactory but sub-optimal. About 150t was 
recovered, and the 150t of fines later found use in 
establishing a brickworks in the township. 

Investigations showed that the CSIR and the University 
had used stoves similar to that in Fig.2, both of which had 
been equipped with chimneys between 4 and 5m high.  The 
household stove, however, rarely had chimneys more than 
2m high, and often those chimneys were leaky. There was 
accordingly a stronger draft during the preliminary 
testwork than encountered in the field, which was why the 
fine coal was satisfactory during preliminary testing but 
failed in the experiment. 

Fortunately a second low-smoke fuel was available, 
although there was less than 50t of the material.  This 
comprised “logs” of waste paper about 50mm in diameter 
and 200mm long, soaked in off-specification wax available 
from the oil-from-coal Sasol works nearby at Sasolburg.  
This fuel had a 35MJ/kg higher heating value, and gave rise 
to some excitement when users overloaded their stoves, a 
risk we had not foreseen. Late in the evening we had to 
assist one disgruntled customer who needed to climb onto 
the roof to pour water down the chimney to quench the 
raging fire he had inadvertently made. Once users had 
become aware of the risks, they were far more cautious, 
and the fuel became very popular.  However, pater 
investigation showed that the volumes of waste wax 
generated were too low to sustain a large-scale industry, 
and further work on this fuel was abandoned. 

The coal merchants assisted with the delivery of the 
fuel. They sold the fuel at R2.50 per bag less than coal, but 
the experiment paid them R5,00 per bag for delivery 
services. In this way they were very motivated to sell the 
new fuel, just as the users were keen to try it.   
5 POTENTIAL LOW SMOKE FUEL PRODUCTION 

Once the logistics of the domestic coal market were 
understood, it became possible to examine scenarios for 
introducing low-smoke fuel derived from coal into the 
chain without undue disruption. The scenario that seemed 
to have the greatest promise involved: 
 Construction of one or more low-smoke fuel 

production facilities, using existing proven technology 
such as had been employed in producing the batches 
of fuel for the macro-scale experiment [1]. The energy 
required would come from recovered volatiles driven 
off during the roasting process; the overall cost would 
be a loss of about 2.5MJ/kg in fuel energy.  

 Contracting with the existing hauliers to transport the 
coal from the mine to the production facilities 
throughout the year. For the mines, this had the 



advantage that they did not have to build a stockpile to 
service the seasonal trade, so reducing their working 
capital; for the hauliers it had the advantage that their 
trade was year-round, not seasonal; and once the low 
smoke fuel was produced it was no longer liable to 
spontaneous combustion so could be stockpiled at 
minimal cost. 

 Haulage from the production facilities by road or rail 
much as is presently the case, with the advantage that 
the production facilities would be closer to most users 
than the mines, and the risks of shortage accordingly 
reduced. 

 Distribution from merchants and distributors much as 
at present. There was a finding that the low-smoke fuel 
was somewhat harder than the raw coal, so losses by 
fines generation during transport should be reduced, 
but this was not proven. 

The economics of this scenario were costed, and at the 
500 000t/a scale of production facility, and a selling price 
of low-smoke fuel 7% above the price of raw coal, the 
production facility had a payback time of approximately 
two years provided it achieved rated capacity soon after 
startup. To ensure this, it was recommended that 
Government impose an environmental tax on the sale of 
raw coal for domestic use which would raise the cost of 
raw coal to above that of low-smoke. The revenue from this 
tax would be ring-fenced and use to support the low-smoke 
fuel for a few years. Finally, the sale of raw coal into the 
domestic market would be banned outright, and the price 
of low smoke fuel could be reduced to that of untaxed raw 
coal 

5 CONCLUSION 
The success of a large-scale experiment supplying low 

smoke fuel to a community of some 3000 households was 
such that a study was initiated into how best to introduce 
the low-smoke material without undue disruption. The 
sourcing and distribution of coal was studied, which 
resulted in a proposal to place an environmental tax on raw 
coal and the use the tax to help establish the large-scale 
production of low-smoke fuel. The study also assisted in 
developing proposals for the efficient distribution of the 
low-smoke fuel. 

There seemed great promise in this route, which would 
have had a significant impact on the levels of air pollution 
in South Africa, and in the Highveld area near the coal 
mines in particular. However, at that point the Department 
of Minerals and Energy fissioned into two separate 
Departments, and the proposal fell into the cracks between 
the two. However, such were its merits that it seemed 
appropriate to resuscitate much of the thinking in the public 
domain, rather than leaving the information buried in the 
records of an organisation that no longer exists. 
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