
Abstract—The South African market for clay bricks amounts to 
about 3.5 billion per annum. 60-70% are produced in “clamps”, 
stacked air-dried green bricks that contain about 5% fuel, which 
reach temperatures high enough to ensure vitrification when 
fired. However, clamps are both polluting and thermally very 
inefficient, so there is increasing pressure to adopt fixed kiln 
technologies to replace clamps, particularly as the cost of energy 
increases. Studies were carried out on a variety of such kilns.  
For medium-sized producers, with a capacity of the order of 30 
million bricks per annum, a vertical shaft kiln appeared ideal. Its 
energy requirements were a little over 1MJ per kg of product; 
clamps could require as much as 7MJ per kg.  In neither case 
was there any accounting for the energy required to dry the 
green bricks, as air-drying was used in both cases.  For larger 
production, one of several designs of tunnel kiln seemed 
optimal. They required over 2MJ per kg, but this included the 
energy necessary to dry the green brick. Some consideration is 
also given to changes in the design of the standard brick, 
particularly the use of perforations in the brick. These improve 
the heat transfer during firing, and require less energy per brick 
because they weigh less.  Being lighter, they are also cheaper to 
transport than a solid brick of the same size. ”

Index Terms—Air pollution, clay brick, energy efficiency 

1 INTRODUCTION

There are about 100 industrial companies 
manufacturing fired clay bricks in South Africa. They 
produce about 3.5 billion bricks annually [1]. Most of this 
production takes place in “clamps”, structures of unfired 
bricks that contain fuel, which are then lit so that the 
bricks are fired autogenously (Fig.1).  The process is 
inefficient and pollutes the air, so that Government has 
refused to licence new entrants to the industry who might 
wish to use the same process.

There are a number of fixed kilns such as tunnel kilns, 
vertical shaft kilns, Hoffman kilns and similar.  All are 
more efficient than clamps, but clamps require almost no 
capital outlay whereas kilns can be quite expensive.  Even 
though kilns can be 30-50% more efficient than clamps, 
in a high-volume, low-margin business of this kind, the 
payback time on the capital for a kiln can be excessive. 
However, energy costs are increasing, and now account 
for 40-60% of the costs of brick production in a clamp. 
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Kilns are accordingly becoming more economic. It is thus 
the purpose of this paper to review the energy of brick 
manufacture and the growing advantages of kilns. 

Fig. 1.A large clamp soon after the start of firing

2 THE MANUFACTURE OF CLAY BRICKS 
The basic technology of brick manufacture is ancient 

[2]. Clay minerals taken to a high temperature vitrify into 
a strong, weather-resistant material [3]. Many types of 
clay are suitable for brick manufacture. The clay is 
quarried and often left to weather before being 
mechanically ground to, typically, less than 2.5mm mesh 
size. The clay is then mixed with water to achieve the 
consistency needed to form a brick.  If the brick is to be 
fired in a clamp, then about 5% by mass of fuel is added 
to the mix. The preferred fuel is coal duff [1], but many 
other materials, including sewage waste [4] and 
agricultural waste [5] have been used. 

The green bricks are dried; otherwise they are liable to 
crack during firing.  Much South African production 
relies on sun drying, so output is very dependent on 
weather.  Where kilns are employed, waste heat can be 
used for drying; one of the disadvantages of clamps is that 
it is not possible to recover any waste heat.  

Firing takes place at about 1000oC. The clay vitrifies, 
which gives the brick strength and durability. One 
advantage of clamps is that it is possible to fire under 
reducing conditions, which results in a semi-face brick 
with a pleasing colour. 

An operational disadvantage of the clamp is that as 
many as 20% of the bricks can be waste. Sub-standard 
and broken bricks can be used for paving and similar non-
structural uses, but they represent a significant loss of 
revenue. The outer layers of a clamp are usually made of 
waste bricks from previous firings. A further disadvantage 
is the atmospheric pollution caused by the release of 
smoke during the initial pyrolysing of the fuel [6]. 
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In South Africa, the most popular alternative to a 
clamp is a fired tunnel, illustrated in Fig.2. Green bricks 
are piled on a wheeled platform in such a way that the hot 
gases can pass through the mass of the bricks [7], and the 
platform is drawn on rails through the tunnel. At the start 
of travel, the bricks are dried and pre-heated before 
entering the firing zone, with burners above and below the 
platform. Leaving the firing zone, the bricks are cooled by 
fresh air that is drawn off ahead of the firing zone and 
used for drying. 

Fig. 2. A typical tunnel kiln, with raw bricks stacked for firing. 

In an alternative arrangement, the transverse arch kiln, 
batches of bricks are placed in separate side-by-side 
tunnels, and the air-flow and firing moved successively 
from one tunnel to the next. This is an advance on the 
traditional Hoffmann kiln [8], which was operated in a 
similar way except there were no walls between the 
batches of bricks and the gases passed longitudinally 
through the batches. As the bricks were fully fired in one 
section, the fuel feeding passed to the next section. The 
fired bricks cooled until they could be removed and 
replaced with unfired bricks. The firing point advanced 
around the kiln, finally returning to the section where it 
had started.  

Another outdated brickmaking technology is Bull’s 
Trench [8], which is operated rather like the Hoffmann 
kiln but, as its name implies, with the kiln sunk into the 
ground. Originally, the chimney discharging waste gases 
was arranged to be moved as the firing section was 
moved, but more recent designs have a fixed chimney and 
different flues from each section.  

Fig. 3. Unloading a vertical shaft brick kiln.   

The vertical shaft brick kiln [9] operates semi-
continuously, with several layers of bricks being added at 
the top of the kiln, and the whole stack of bricks then 
being lowered so that an equivalent number of fired 
bricks can be removed from below.  

Usually coal duff is spread between the raw bricks and 
air introduced from the bottom of the shaft to fire the 
bricks. Fig.3 shows a typical arrangement for unloading 
the fired bricks. 

The relative numbers of the various technologies used 
in South Africa on a total of 85 sites are shown in Fig.4 

Fig. 4. Relative numbers of kiln technologies in South Africa 

3 ENERGY CONSIDERATIONS 
The reported energy requirements of various kiln 

technologies worldwide were collated in a study [1]. The 
results are compared to the South African experience in 
Fig.5. 

Fig.5. Comparison of international and local energy demand

In the major technology, clamp, South Africa 
compares reasonably well on average with the rest of the 
world, but international best practice saves about 
0.4MJ/kg brick compared to local best practice.  

South African experience in the other technologies is 
limited, and it is evident that there is considerable 
potential for improvement, although our best practice with 
Vertical Shaft kilns compares favourably with 
international practice.  

Most of the energy demand is thermal energy for 
drying and firing. To assess the energy demand and 
opportunities for improvement, a model of the process 
was created in Excel. There are three levels of input: 
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The essential data to run the model 
About 25% more data in order to achieve an 
acceptable level of accuracy  
About 10% more optional data to achieve the 
highest accuracy. 

Table I gives a typical energy balance when run at the 
highest level, for which the unaccounted energy is 
typically less than 5%.  Without the optional additional 
data, the unaccounted energy is typically ±10%. If it is 
much greater, it signals probable inaccuracies in the input 
data. 

Table I.  Energy balance over a tunnel kiln 
Energy Out MJ/h kJ/kg % 
Removal of residual moisture 221 73 5.3 
Heats of reaction in brick 603 200 14.4 
Exhaust flue gases 1145 380 27.3 
Hot air extraction for heat recovery 322 107 7.7 
Conduction through kiln walls 1071 355 25.5 
Kiln cars 110 37 2.6 
Hot fired bricks 499 166 11.9 
Carbon monoxide in flue gas 91 30 2.2 
Unaccounted 137 45 3.3 
Total input 4198 1392 100 

 Table II gives the results of a similar study on a 
vertical shaft kiln, where somewhat less data was 
available: 

Table II.  Energy Balance over a vertical shaft kiln 
Energy Out MJ/h kJ/kg % 
Removal of residual moisture 231 37 3.3 
Heats of reaction in brick 1260 200 17.9 
Exhaust flue gases 675 107 9.6 
Hot air extraction for heat recovery 
Conduction through kiln walls 3154 501 44.8 
Kiln cars 25 5 0.4 
Hot fired bricks 458 73 6.5 
Carbon monoxide in flue gas 142 23 2.0 
Unaccounted 1101 175 15.6 
Total input 7045 1118 100 

In both cases, losses by conduction of heat through the 
kiln walls are a significant fraction of the energy. Fig.5 
shows that best practice leads to about 2MJ/kg for both 
drying and firing, which implies that drying requires of 
the order of at least 1MJ/kg.  

It is not possible to do a similar balance on a clamp, 
partly because the firing of a clamp is slow and uneven, 
while heat loss from the sides and top of the clamp is 
almost impossible to quantify, particularly when 
accounting for such things as differences in day and night 
ambient temperatures.  All that can be said it that clamps 
use significantly more fuel per unit mass of bricks 
produced than kilns. 

Brick making also requires some electrical energy. 
Clamps use significantly less electrical energy than 
continuous kilns, largely because they tend to rely on air 
drying before firing. The proportion of electrical energy 
used in the various process when clamps are employed is 
given in Fig.6 and that when continuous kilns are 
employed in Fig.7. 

Fig.6. Breakdown of electrical consumption in clamp 
operations

Fig.7. Breakdown of electrical consumption in continuous 
kiln operations

In both cases, over half the power is used at the head 
end of operations, preparing the green bricks. Continuous 
kilns use about one third of their power in drying bricks, 
largely the fan power drawing hot air from the cooling 
section to the drying section of the kiln. 

4 ENERGY SAVINGS 
The increase in the costs of energy are forcing 

producers to consider the efficiency of energy use in brick 
manufacture  to a far greater extent than before.  Indeed, 
not only energy but also the associated emission of carbon 
dioxide are of concern [10]. A wide range of potential 
interventions was considered, and the costs of the 
interventions were estimated for a brickworks producing 
30 million bricks per annum.  Fig.8 gives the results. 

Easily the largest potential energy saving was 
replacing a clamp with some form of fixed kiln.  This was 
estimated to save about 250TJ/a but would cost at least 
R18 million. The preferred design of kiln was the vertical 
shaft, but it was not without its drawbacks. It required 
operator care 24h per day, seven days a week. The green 
bricks had to be dried naturally, because, unlike the tunnel 
kiln, there was no possibility of capturing excess heat 
from the hot bricks to aid drying. Also, the range of 
products was rather limited. However, compared to a 
clamp, a vertical shaft would produce far less off-
specification bricks, so the yield would improve for a 
given mass of feed clay. Furthermore, it would allow the 
production of perforated bricks. Perforated bricks have 
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numerous advantages – they require less energy per brick 
for firing because they are lighter, and transport and 
shipping costs per brick are also less.  

The alternative of a tunnel kiln was significantly more 
expensive, so would probably only appeal to those with a 
larger annual production. Tunnel kilns yield a high quality 
brick, and can utilize waste heat for drying bricks 
efficiently.  

Other interventions that would save significant energy 
at the 30-million bricks per annum scale included: 

Using hot air from cooling systems to preheat 
combustion air (14.8TJ/a at a cost of R625k) 
Installing an exhaust heat exchanger to 
preheat combustion air (11.7TJ/a at a cost of 
R3.75M) 
Reducing the thermal mass of kiln cars using 
lightweight refractory (15TJ/a at a cost of 
R3.825M)  

Fig.8. Potential savings and their costs. 

Improving heating efficiency via computer 
control of firing to ensure clean combustion 
and a steady temperature rise (12TJ/a at a 
cost of R250k) 
Process optimization to achieve higher 
throughputs and higher equipment 
effectiveness (31TJ/a at a cost of less than 
R100k) 
Improving combustion efficiency on kilns by 
attention to oil burners, control of excess air, 
adding fuel only when the temperature is 
above 800oC (about 30TJ/a at a cost of 
approximately R1.25M) 
Scoving (smearing with clay) the outer walls 
of a clamp to reduce the impact of wind and 
rain and so improve brick quality (6.6TJ/a at 
a cost of R50k) 

Reducing airflow in the roof cooling space 
above a kiln (6.9TJ/a at a cost of R250k) 
Ensuring heat recovery from bricks leaving 
the kiln, cooling them to less than 100oC
(6TJ/a at a cost of R250k) 
Controlling air flow by use of variable speed 
drives (7.2TJ/a at a cost of R522k) 

There were a host of other interventions which were 
examined, most of which individually saved 
significantly less than 6TJ/a but which cumulatively 
could potentially save about 24TJ/a for less than R3M.  
Interestingly, three interventions looked at low-carbon 
alternatives.  Only one saved any energy (about 
0.1TJ/a) and all were relatively costly (R0.5 to 2M) 

5 DISCUSSION AND CONCLUSIONS 
The production of clay bricks by firing in a clamp is a 

low-capital-cost means of production.  As such, it has the 
potential to facilitate the entrance of historically 
disadvantaged individuals into the industry.   

However, it creates significant air pollution. The 
authors are aware of several clamp operations that are 
situated in a valley that is crossed lower down by a 
highway. On still nights, the cold air descending the 
valley can carry the smoke from the clamp over the road 
and create quite hazardous driving conditions. 

Moreover, the yield from a clamp is significantly 
lower than that from a fixed kiln.  Not only is the clamp 
inherently less energy efficient than a fixed kiln, but the 
waste bricks represent a further loss of energy. 

Although at present 60 to 70% of all bricks produced 
in South Africa are made in clamps, the ever-rising costs 
of energy and increasing air pollution legislation make 
alternative technologies more attractive than clamps.  For 
medium-sized producers, of the order of 30 million bricks 
per year, vertical kiln technology has definite attractions.  
It is far more energy efficiency than clamps and, when 
properly operated, produces far less visible air pollution. 
It also costs significantly less than other fixed kiln 
technologies. It has two primary drawbacks – it is not 
possible to use waste heat from the kiln to dry green 
bricks, and it must be operated continuously. 

Larger volumes of production justify the cost of a 
tunnel kiln. Tunnel kilns have the specific advantage that 
waste heat can be used to dry green bricks, so that it is not 
necessary to have such as large a covered area for drying 
as a vertical kiln operation of equivalent capacity 
requires. Moreover, tunnel kilns can, with modest loss in 
energy efficiency, be operated with single or two shifts, 
so giving a production flexibility which is difficult to 
achieve with a vertical kiln.   

Whichever type of kiln is employed, the potential 
energy savings compared to clamp operations are very 
large, and measured in tens of TJ/a. Moreover, kilns lend 
themselves to energy management. There are numerous 
opportunities for managing the energy demands of fixed 
kilns to ever lower levels.  In South Africa, some clamps 
consume as much as 7MJ/kg of product; vertical shaft 

1

10

100

1000

10000

100000

1000000

1 10 100 1000 10000 100000

En
er
gy

sa
vi
ng
s,
G
J/
a

Cost, R000's

Combustion efficiency Kiln technology

Heating Air ingress

Kiln Heat Loss Waste reduction

Power Energy management



kilns vary between 1.2 and 3.5MJ/kg (without any drying) 
and tunnel kilns average about 2.5MJ/kg (with drying). 
International experience suggest that it should be possible 
to manage tunnel kiln specific energy requirements closer 
to 2MJ/kg. 
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