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Abstract
The aluminium smelting industry is facing a period of economic challenge, where the
aluminium price is down due to a supply-demand imbalance. The industry is now seeking ways
to reduce costs in order to remain competitive. One of the few options that the aluminium
smelters have is to reduce energy consumption, since it represents around 35 % of the
production cost. Design options to reduce energy consumption by two ways are presented. One
way is reducing the heat generated by Joule effect in the cathode and anode conductors,
including an innovative design feature to reduce voltage drop in the anode. Another way is
reducing the heat losses through the anode and cathode panel. These concepts can be used in
existing technologies. Numerical models were used to predict the behaviour of these options and
their impact on the cell thermal balance. Approximately 0.8 kWh/kg Al saving is predicted after
implementation of all options presented in this paper.
Keywords: Aluminium electrolysis cells; energy consumption; anode design; cathode lining;
thermal balance.
1.

Introduction

The history of the aluminium smelter industry has shown a continuous decrease of specific
energy consumption (SEC) in the reduction of alumina. It was a long road from the 30 kWh/kg
Al consumption in the 1900’s to the present world average of 13.5 kWh/kg Al, according to IAI
[1]. Nevertheless, the reduction rate has stalled in the last 40 years. Only recently some
initiatives towards less than 12.0 kWh/kg Al have been published by RTA [2] and Hydro [3].
However, as Barry Welch has pointed out [4] there are many constraints in the present
technology, if one is seeking even lower values towards the theoretical minimum of
approximately 6.3 kWh/kg Al. The main constraints are related to:
 The unavoidable energy wasted in the busbar used to link one cell to the next;
 The energy associated with the bath superheat required for alumina dissolution and for
keeping a stable ledge protection, since there is no sidewall material that resists the
liquid bath exposure;
 The preheating of gross carbon, cover, impurities and alumina;
 The inevitable heat losses associated with keeping the cell operating at high
temperature.
Some of the typical strategies used to reduce SEC are: decreasing bath heat generation by
lowering anode-to-cathode distance (ACD) [5], which requires a very stable pot regarding
MHD; reducing the current density by increasing anode and cathode area while keeping the cell
current constant; reducing anode bubbles voltage drop which may be achieved by using slots [6]
and some latest ideas such as anodes with holes [7] to extract the gases. These strategies are not
the focus of this paper, which will be on design options for anodes and cathodes seeking to
reduce voltage drop and heat losses.
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