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a b s t r a c t

Transportation accounts for 80% of open-cut coal mine carbon emissions. With regard to the energy con-
sumption and carbon emissions of transportation within an open-cut mine, this paper systematically
compared the work and energy consumption of a truck and belt conveyor on a theoretical basis, and con-
structed a model to calculate the energy consumption of open-cut mine transportation. Life cycle carbon
emission factors and power consumption calculation model were established through a Process Analysis–
Life Cycle Analysis (PA–LCA). The following results were obtained: (1) the energy consumption of truck
transportation was four to twelve times higher than that of the belt conveyor; (2) the CO2 emissions from
truck transportation were three to ten times higher than those of the belt conveyor; (3) with the increase
in the slope angle for transportation, the ratio of truck to belt conveyor for both energy consumption and
carbon emissions gradually decreased; (4) based on 2013 prices in China, the energy cost of transporta-
tion using a belt conveyor in open-cut coal mines could save 0.6–2.4 Yuan/(t km) compared to truck
transportation.

� 2015 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

Climate change is an issue that has received worldwide atten-
tion, and establishing an effective response to climate change is a
challenge at all levels of government planning in China [1]. Accord-
ing to the Fourth Assessment Report of the Intergovernmental
Panel on Climate Change, the key contributor to climate change
is the increase in carbon emissions from energy consumption [2].
Coal, is an important raw material and source of energy in China,
and has a significant strategic position in the national economy.
In 2011, China became the biggest primary energy consumer in
the world, with 70% of the energy consumed being generated from
coal [3]. Therefore, coal production and consumption are the main
sources of greenhouse gas emissions in China. The Life-Cycle
Assessment (LCA) method is a versatile technique for assessing
the environmental impacts associated with all stages of a product’s
life from-cradle-to-grave, including carbon emissions. It has been
broadly applied in many studies, including as a carbon emission
accounting method at the regional level [4,5], in highly energy-
consuming industries such as metallurgy and the cement industry
[6–9], in power production and associated transportation [10–13],

and in basic energy production chains [14–16]. Since 2003, China’s
surface coal mining industry has undergone rapid development.
The total annual output of coal from open-cut mines in 2012 was
450 million t, which accounted for approximately 12.3% of the total
national coal production. As the total quantity of coal excavated
through surface mining is over three billion t, and the average
haulage distance within a surface coal mine is about 2.5–4 km,
the annual transportation volume of China’s open-cut mine indus-
try is 7.5–12 billion t km [17,18]. Therefore, improving the trans-
portation efficiency, and reducing the carbon emissions
associated with surface coal mines is critical to the development
of a low carbon surface mining industry. Existing domestic and
international studies of the carbon emissions during transportation
at open-cut coal mines have mainly focused on how to reduce the
haulage distance by improving the management of truck trans-
portation, thus achieving emission reductions [19–23]. However,
there have been no fundamental changes in the mode of trans-
portation used, and the effects of emission reductions achieved
so far have not been significant. In this study, by analyzing the
principles of truck and belt conveyor operation, a model was estab-
lished to determine the energy efficiency and carbon emissions of
the two modes of transportation through the application of LCA.
The energy consumption and volume of carbon emissions of the
two modes of transportation in an open-cut coal mine were then
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compared via the proposed model. A flowchart to show the
research procedure adopted is shown in Fig. 1. This study provides
a sound scientific basis for the selection of low carbon mining tech-
nology, and a theoretical method for calculating carbon emissions
from surface mines.

2. Methods and data

2.1. Carbon emission calculation model

The Process Analysis–Life Cycle Analysis (PA–LCA) is the most
commonly used technique for estimating a carbon footprint. The
Process Analysis (PA) method, when applied to a traditional LCA,
is a bottom-up approach that describes the impact of a product
on the environment during the whole process from production to
disposal [24]. The PA–LCA uses the PA as the basic starting point.
In this stage, a life cycle list is compiled by listing of all of the com-
ponents of the life cycle, and then input and output data are
obtained to calculate the life cycle carbon emissions (i.e., the car-
bon footprint) of the object under assessment. The determination
of a carbon footprint enables carbon emissions to be investigated
from the perspective of a life cycle analysis, thereby allowing a sci-
entific and rational carbon reduction plan to be developed.

CE ¼
Ce

gi
EFi ð1Þ

EFi ¼
X

EFij ð2Þ

where CE is the volume of carbon emissions, kg/kW h; Ce is the ener-
gy efficiency of transportation kW h/(t km); i refers to different
types of energy (here it is diesel fuel and electric energy); j refers

to the energy production chain; gi is the energy exchange efficiency;
and EF is an emission factor.

2.2. Energy efficiency calculation model

Surface mining is accomplished by undertaking work to extract
materials, and using dedicated equipment to transport the extract-
ed materials. In each stage of the mining operation energy is con-
sumed, with haulage accounting for most energy consumption. The
modes of transportation typically used in open-cut mines are
mainly truck transportation, belt conveyor transportation, and a
combination of the two modes. With regard to the differences
between mines, a unified energy efficiency model was established
to calculate the energy efficiency of different modes of transporta-
tion in open-cut mines. This can be used to assess the differences in
energy demand between the different modes of transportation,
and the carbon emissions associated with each level of energy
activity. The calculation used in the model is as follows:

Ce ¼
Xn

i¼1

Mi � Ai � f Ai � f MAi � qAi þ Hi � f MHi � qHið Þ ð3Þ

where Ce is the transportation energy efficiency in an open-cut
mine, J; Mi is the material volume, t; Ai is the horizontal length of
the material transportation path in an open-cut mine, m; fMAi is
the effective load factor for horizontal transportation; fAi is the
delivery distance factor; Hi is the average hoisting height of materi-
als, m; qAi is the energy needed for horizontal transportation, J, con-
sidering the resistance cR,i and 95% of drive mechanical energy
efficiency; fMHi is the effective enhancement load factor; and qHi is
the energy needed in elevation transportation, J.

Fig. 1. A flowchart to show the procedure followed in the research.
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