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Environmental awareness has grown as have related concerns 
about global warming. This growth has been evident over the 
past fifteen to twenty years. The primary aluminium smelting 

industry has come in for some censure as the use of fossil fuels 
contributes to global warming. However if one traces the use of 
aluminium down to product level, incorporating in-process recycling 
but ignoring the benefits of corrosion resistance, the energy demand 
per product is much the same as competing materials. Primary alu-
minium is the trunk, the main branches are the semi fabricators. The 
secondary aluminium industry, literally the second use, as distinct 
from the second process, of aluminium recovered after a useful life 
is completed is another large branch. These are large compared to 
the leaves and fruit, the products we use day to day. The life in a 
tree to my mind is not defined by the trunk and main branches; it is 
the leaves, it is the fruit. In South Africa these are alive, well and all 
around you. The trees are both alive and indigenous. The birds and 
the songs are there. They are part of our lives. The local aluminium 
industry is no silent spring. 

Primary Aluminium 

Consider the historical position of the local aluminium primary smelt-
ing sector. It has become a legislative football kicked one way or the 
other depending on current political need. In the forty-five odd years 
of presence in the country only two major capital equipment invest-
ments have been effected. Initially, in the mid sixties, the political 
strategy was decentralisation. The intent was to establish industry 
away from the core centre on the Witwatersrand, this initially focused 

on mining. Whilst mining has declined in terms of contribution, 
industry largely remained rooted on the Rand. One need was for a 
new harbour. Richards Bay, a fisherman’s hamlet at the mouth of an 
extensive marshland east of Empangeni, was earmarked. To provide 
a critical mass supporting development, an aluminium smelter, 
Alusaf, was one of five core capital investments intended to support 
the need for this alternative harbour to Durban and to service the 
industrial decentralisation away from the Witwatersrand industrial 
hub. The aluminium smelter was intended to service an existing local 
aluminium market, to encourage Eskom to provide the power required 
in the region and to provide feedstock for the decentralisation policy 
need for a decentralised power transmission grid. Alustang was initi-
ated as part of Alusaf investment. Alustang was intended to provide 
redraw rod, the feedstock of the overhead cable sector. The existing 
aluminium market grew. Alustang contributed some 30 000 tons of 
redraw rod to the market year after year whilst the grid extended. 
The power supply transmission grid grew. By the late 1980s early 
1990s, the demand on Eskom by many industries was for a reduced 
electricity tariff. The aluminium smelter was not different. It needed 
cheaper electricity to survive against global competition. A proposal 
was put to Eskom by Alusaf. It married the then over-capacitated 
Eskom need to sell electricity with the need for a globally competitive 
smelter electricity price. The proposal was that that if Eskom provided 
electricity at a pricing structure that reflected energy costs paid by 
other smelters across the world, a new modern smelter would be built 
that absorbed additional power. It was win win. Suffice it to say that 
an agreement was reached and the Hillside smelter built. That was 
some twenty years ago. 

Electricity, control 
and the environment
A view of South African primary aluminium smelting

Rachel Carson, a marine biologist, is an early hero of the battle for environmental awareness. She wrote about the effects of pollution in the 

early 1960s. The soft back edition of the book featured a dead tree on the cover, the environmental effects of acid rains and emissions on forests. 

When we look at a tree it is not the trunk and the main branches that attract attention, necessary as they are – it is the leaves, it is the seeds, 

it is the fruit. The stark trees of winter attest to this. A tree without leaves is to all intents and purposes dead. No birds. No sounds or songs. 

Silent. Sterile. Dead. 

By A Paterson, Aluminium Federation of Southern Africa (AFSA)
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Now we are in an energy depleted and environmentally sensitive era. 
Alusaf formed the base of what is now BHP Billiton. Alustang was 
closed following Government decisions to buy cables from China 
and India. The local cable industry is now a whisp of what it was. 
Jobs have been lost. 

The aluminium primary production process

Although the third most common element found on the earth’s crust, 
after oxygen and silicon, aluminium is not found as metal. It is found 
as aluminium oxide, porcelain. The aluminium oxide forms part of 
a mineral called bauxite. Aluminium production from bauxite ore is 
a three step process. First the alumina is extracted from bauxite ore 
usually using the Bayer Process. In the Bayer Process, finely crushed 
bauxite is mixed with sodium hydroxide and placed in a `digester.' 
High temperatures and pressures in the digester cause reactions 
in the ore/ sodium hydroxide mixture. The result is dissolved alu-
minium oxide and ore residue. The residues, which include silicon, 
lead, titanium, and calcium oxides, form a sludge in the bottom of 
the digester. The aluminium oxide is evaporated off and condensed. 
Starches and other ingredients are added to remove any remaining 
impurities from the oxide. 

The solution is then moved to a precipitation tank where the alu-
minium oxide (alumina) is crystallised. Aluminium hydroxide and 
sodium hydrizide are the products of the crystallisation. The crystals 
are washed, vacuum dewatered and sent to a calcinator for further 
dewatering. South Africa, imports alumina; 1,93 tons is required to 
produce one ton of aluminium. 

The electrolytic production of primary aluminium at the smelters 
is a complex 24 hours a day, 365 days a year process, dependent 
on a regular supply of raw materials and huge amounts of energy. 
Aluminium oxide from the Bayer Process is reduced to aluminium 
metal usually using the Hall-Heroult process. The process described is 
one of four pot designs, the most modern and efficient closed cel pot 
using prebaked anodes. Whilst all follow the same electro chemical 
principles earlier generations of pot were not as efficient in convert-
ing energy. As one may imagine, with a smelter life of decades it will 
take a while to replace all with modern pots. Modern pots use about 
10% less than the average energy use. 

In the smelting process the alumina is placed in an electrolytic 
cell, a large carbon or graphite lined steel container known as a ‘pot’, 
together with molten cryolite. Aluminium smelters operate pot lines 
which include hundreds of pots. The mix is the electrolyte, Cryolite, 
the predominant constituent of the electrolyte, is a sodium aluminium 
fluoride salt which, when held molten at a temperature of around 
960°C, can dissolve alumina. Each pot consists of a steel shell that is 
lined with refractory and carbon blocks to serve as the cathode (nega-
tive electrode). Suspended above each cathode are several closely 
arranged carbon blocks that serve as the anode (positive electrode). 
The anodes are suspended by rods in the bath of molten electrolyte 
in which the alumina is dissolved.
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An electric current is passed through the electrolyte at low voltage, 
but very high current, typically 200 000 amperes and up to 350 000 
amperes for the latest generations. The electric current enters the 
pot via the anode blocks and reduces the alumina by electrolysis 
into aluminium and oxygen. The oxygen is deposited on the carbon 
anode where it burns the carbon to form carbon dioxide. The alu-
minium, being heavier than the electrolyte, collects at the base of the 
pot. The aluminium is vacuumed out periodically. Typically each pot 
produces some 1,7 tons per day. The equation for the basic reaction 
is 2Al2O3 + 3C = 4Al + 3CO2. Alongside 1,93 tons of alumina, some 
430 kg of carbon from the anode is used up to produce one ton of 
primary aluminium. 

To sustain the electrolytic process, alumina is fed into the pots at 
regular intervals to maintain a sufficient quantity of dissolved alumina 
in the bath. The process is controlled by a computer that detects and 
interprets minute changes in electrical resistance and determines 
when to feed alumina to the pot. As the carbon anode is gradually 
consumed, it is periodically lowered to maintain the optimum distance 
of ±5 cm between the anode and cathode surfaces. As they become 
depleted the anodes need to be replaced, typically every three to 
four weeks. As may be imagined the carbon anode depletion is not 
completely uniform. It is important to note the relationship between 
the carbon anodes and the molten aluminium. The molten aluminium 
rises in time; the anodes are depleted as carbon is used up. It is this 
area that control has become significant.

The molten aluminium is then poured into cast house furnaces, 
elements such as silicon, manganese, magnesium, copper, zinc, iron, 
titanium or boron are added to obtain specific characteristics and meet 
requisite alloy specifications. The metal surface is skimmed to remove 
the dross, mainly aluminium oxide that rapidly forms on the surface.    

Molten aluminium may be further treated to remove oxides, 
impurities and other active metals such as sodium and magnesium, 
before casting. 

Chlorine may also be bubbled through the molten aluminium to 
further remove impurities. Nitrogen is bubbled through the molten 
metal in launders to remove hydrogen.

The clean alloy is then cast into ingots of three main shapes, 
remelt ingots, long solid cylinders for extrusions and large rectangular 
blocks for rolling. A fourth output is that of redraw rod, a continuous 
9,3 mm diameter rod used as feedstock for overhead cable produc-
tion. As mentioned above this is not longer undertaken in this country 
following Government decisions to source cable elsewhere. The 
extrusion and rolling ingots are transported to semi-fabricators to be 
turned into the shapes and flat products we are more familiar with. 

‘Aluminium for future generations’

The Aluminium for Future Generations initiative is a programme of 
continuous improvement on the part of the global aluminium indus-
try, overseen by the International Aluminium Institute (IAI). A global 
initiative, including South Africa, it comprises thirteen voluntary 
objectives, covering all key phases of aluminium’s lifecycle. 

As an extractive industry, the aluminium industry faces specific 
environmental challenges. Acknowledging these, the industry has 
committed itself to good environmental stewardship by its focus on 
minimising any impact on the environment and minimising climate 
change impact. Amongst the main aspects are researching and imple-
menting ways to increase energy efficiency promoting the responsible 
and safe disposal or re-use of waste products and maximising the 
use of recycled material and to reduce energy use and greenhouse 
gas emissions. In addition it seeks to restore mined land to its natural 
state or to sustainable agriculture usage after mining or industrial 
processes. In this contribution we deal with increasing energy conver-
sion efficiency and reducing greenhouse emissions. These are both 
reduced by the implementation of computer aided control systems. 

Greenhouse gases

The primary aluminium production process has been identified as the 
largest anthropogenic source of emissions of two perfluorocarbons 
(PFCs): tetrafluoromethane (CF4) and hexafluoroethane (C2F6). These 
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are greenhouse gases. Primary aluminium is produced using the Hall-
Héroult electrolytic process, where the smelting pot itself acts as the 
electrolysis cell during the reduction process. When the alumina ore 
content of the electrolytic bath falls below the critical levels required 
for electrolysis, rapid voltage increases occur, termed ‘anode effects’. 
Anode effects cause carbon from the anode and fluorine from the 
dissociated molten cryolite bath to combine, producing CF4 and C2F6. 

The frequency and duration of anode effects depend primarily 
on the pot technology, operating procedures and the control mecha-
nisms used. As may be readily imagined it is important not to short 
circuit the pot by bringing the depleting anode into contact with the 
molten metal. The anode may not deplete consistently. The molten 
metal may not be perfectly flat at all times as metal is vacuumed out 
and alumina added from the top. Thus emissions of CF4 and C2F6 vary 
significantly from one aluminium smelter to the next, depending on 
operating parameters.

The aluminium industry set itself a target of reducing PFC emis-
sions from nearly five tons of CO2e/ ton aluminium in 1990 to 1,0 
ton by 2010. This was achieved through the use of computer based 
controls by 2005. The new target of 0,35 tons was set for 2010. Whilst 
the final figures are not yet available, 0,57 was achieved by 2008. 
Modern computer based controls have resulted in a 93% reduction 
in greenhouse gas emissions. As new smelters come into operation 
some more improvement may be possible. 

Energy use

Primary Aluminium extraction from the earth’s resources is energy 
intensive. The tightly bound aluminium oxide bond is difficult to break. 
Using fossil fuels to produce electricity (the source of 95% of South 
Africa’s electricity), considered from a coal embodied energy point 
of view, it takes about 282 GJ (78 Wh) to smelt one ton of aluminium. 
(Embodied energy is the total primary energy that has to be removed 
from the earth’s energy stock to produce one ton of a specific product. 
Considering Greenhouse Gas (GHG) generation, this also explains 
why fossil fuel derived electricity is used in less than one quarter of 
world smelter operations. Another 1/12 use otherwise waste natural 
gas, the remainder hydro power.) 

However the energy conversion and transmission process is very 
inefficient. Only some 15 MWh (<20%) is charged at the factory gate. 
This is the energy use that can be managed by the smelter. The first 
control process is power factor correction to gain 100% power avail-
ability. This process converts the natural harmonics (up to around 
the 24th harmonic) to usable power. Without power correction around 

5% of usable power would be lost. Further, from an overall energy 
saving point of view the use of clean recovered scrap is an important 
energy resource. The energy benefit recovered from recycled scrap 
makes aluminium an energy bank. 

As was the case with greenhouse gases, the world aluminium 
industry set a target to achieve a reduction in energy use by 2010. 
The proposed target was 10% from an industry average of 16 MWh/
ton to 14,5 MWh/ton. By 2008 6% had been achieved. Whilst modern 
smelters can achieve and better the target by around 1 Wh/ton, the 
rate of replacement has been lower than anticipated. 

However increased recycling has improved energy consumption 
considerably. Whereas it takes about 15 MWh/ton to recover alu-
minium from alumina, it takes less than 2% of this energy to remelt 
aluminium metal. The tight affinity for oxygen that is difficult to break 
is also aluminium’s greatest asset; it is the fast forming, tenacious, 
hard oxide layer that gives aluminium its corrosion resistance. This 
energy benefit makes aluminium and energy bank. Conservatively, 
the industry proposes a 95% energy retention. It explains why many 
countries restrict or ban the export of scrap. It is an energy resource 
in itself. Unlike electricity it can be stored for future use. 

Conclusion

Rachel Carson’s dead tree does not describe the aluminium industry. 
It is alive. The industry has committed itself to future generations 
and has responsibly addressed environmental concerns. The role of 
computer based control systems has enabled it to significantly reduce 
PFCs and to manage pot line energy demand. That there remain chal-
lenges it accepted. Particular challenges that affect South Africa are 
the decline in the overhead cable sector as a result of Eskom decisions 
to place cable orders on China and the ongoing export of aluminium 
scrap mainly to the eastern countries. 
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