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a b s t r a c t

The electrolytic aluminium industry is a typical energy-intensive industry, and one of the six largest
energy-consuming industries in China. The energy consumption of China’s electrolytic aluminium
industry (CEAI) in 2011 accounted for 0.91% of China’s total energy consumption and 22.7% of the total
energy consumption of the non-ferrous metal industry. In consideration of the bulk of energy used in the
smelting process in the non-ferrous metal industry, CEAI assumes the corresponding obligation of
energy conservation and emissions reduction. Using the co-integration method, the long-term
equilibrium relationship among the energy consumption of CEAI, output, electricity price and average
enterprise scale is obtained. Thereafter the Monte-Carlo simulation is used to forecast energy
consumption and energy conservation potential of CEAI under different energy conservation scenarios,
and conduct risk analysis. The research shows that increase in the price of electricity and enterprise scale
is helpful to reducing the total energy consumption of CEAI. The future energy conservation potential of
CEAI is large. According to the result of the analysis the energy conservation potential of CEAI in 2020
will reach 30.51 Mtce under the moderate energy conservation scenario and 49.93 Mtce under the
advanced energy conservation scenario. Some corresponding policy suggestions are recommended in
this paper.

& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

1.1. China’s electrolytic aluminium industry

The Energy Development Twelfth Five-Year Plan of China [25]
was released in 2013. It proposes that the main goal of energy
development is to control both the intensity and the amount of
energy consumption by 2015. It specifies explicit goals and targets
for energy-intensive industries, including the electrolytic alumi-
nium industry.

The electrolytic aluminium industry is a typical energy-
intensive industry, and one of the six largest energy-consuming
industries in China. China is currently the world’s largest producer
of electrolytic aluminum and the largest consumer of alumina.
In 2011, the output of China’s electrolytic aluminium industry
(CEAI) accounted for about 40% of world’s total output. The rapid
development of the economy facilitated a huge demand for
electrolytic aluminum in China and enhanced its capacity.
In recent years, the production of electrolytic aluminum far
exceeded market demand, leading to excess capacity. Since 2003,
the capacity utilization of CEAI has hovered between 70% and 80%.
In 2012, the production capacity of CEAI is 27.65 million tons while
the capacity utilization is only 73%.

The cost of producing one ton of aluminum is 15,000 CNY,
while the market price is about 14,500 CNY. This coupled with the
problem of excess capacity worsen the situation of CEAI. CEAI was
in fact not subsidized nationwide by the central government’s
grants. However, because of the local GDP, employment, taxes and
other benefits, local governments supported the massive expan-
sion of CEAI by introducing preferential electricity tariff and other
local favorable policies. As a result, the capacity of CEAI is still
expanding rapidly. Despite of this, 93% of enterprises were running
in the red at the end of 2013, and the average profits margin was
only between 1000 CNY/t to 1500 CNY/t. This situation cannot be
sustained and the capacity control by the central government has
been tightening recently. In 2011, the foreign dependence of
China’s aluminium resources reached 47%. Issues such as excess
capacity, higher costs, dependence on imported raw materials and
protection of domestic aluminum resources require CEAI to
strengthen energy conservation and emissions reduction, elimi-
nate backward production capacity and improve energy efficiency.
By 2015, China aims to complete more than 15 million tons
technical transformation in the electrolytic aluminium industry,
which will make direct current power (DC power) consumption of
electrolytic aluminium to drop below 12,500 kW h/t.

After the black metal industry and the chemical industry, the
nonferrous metal industry is the third largest electricity consumer
in China. The electricity consumption of the nonferrous metal
industry accounts for 6% to 7% of total electricity consumption in
China, out of which the electrolytic aluminium industry accounts
for more than 60%. The output of CEAI in 2006 accounted for less
than 1% of China’s GDP, but its electricity consumption accounted
for 4.9% of total electricity consumption. In 2011, energy consump-
tion of CEAI accounted for 0.91% of total energy consumption and
22.7% of the total energy consumption of the nonferrous metal
industry. The annual energy consumption of CEAI and its share in

China’s total energy consumption are shown in Fig. 1 and Fig. 2,
respectively. Both show upward trends.

The electrolytic aluminium industry is an energy-intensive
industry and scientific evaluation of its energy conservation and
emissions reduction potential could provide some references for
optimizing the industry’s structure and developing its energy
conservation policies. The exploration of the constraints on the
energy consumption of CEAI, a power-intensive industry, is con-
ducive for the adjustment of the industry’s structure, sustainable
development and transition to a low-carbon economy.

1.2. Researches on energy consumption and China’s electrolytic
aluminium industry

Econometric and scenario analysis methods are commonly
used to forecast energy demand. For example, Lin [18] studied
the relationship among changes in electricity demand and GDP,

Fig. 1. The energy consumption of China’s electrolytic aluminium industry (Mtce).
Source: CEIC, China Energy Statistical Yearbook, Yearbook of nonferrous metal
industry of China.

Fig. 2. The share of energy consumption of CEAI in China’s total energy consumption.
Source: CEIC, China Energy Statistical Yearbook, Yearbook of nonferrous metal industry
of China.
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