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Abstract. Non-road mobile machinery emits a large amount of pollutants, 
which has attracted wide attention. As one of the effective means of air 
pollution control, the application of new energy technology in the field of 
non-road mobile machinery is slightly inadequate. Mine dump trucks play 
an important role in the transportation of open-pit mining areas, but they 
have high power, high level of activity, and difficult to control pollutant 
emissions. In this study, field experiments were carried out in several open 
pit mines in China. By comparing with similar diesel engine powered 
vehicles, the potential of energy consumption and emission reduction was 
evaluated. Research shows that pure electric mine dump truck can 
effectively reduce energy consumption and emissions.  

1 Introduction  
In recent years, China’s air pollution emission control has achieved remarkable results, 

and indicators such as the amount of major pollutant emissions and the number of days 
with good quality have been continuously improved[1]. In order to accelerate the 
improvement of environmental quality and win the battle to defend the blue sky, the State 
Council requires “overall planning, systematic planning, and precise policy 
implementation.” For non-road mobile machinery, it is required to “strengthen the 
prevention and control of pollution from non-road mobile machinery, and promote the use 
of new and clean energy vehicles and ships [2].” 

Non-road mobile machinery is an important part of mobile sources and an important 
source of air pollutants. In 2017, my country had 7.2 million construction machinery, 
combined with non-road mobile machinery such as agricultural machinery, ships, and 
airplanes, and its annual emissions of NOx and PM pollutants are equivalent to motor 
vehicle emissions[3]. Research on the mobile source emission inventory shows that 
pollutants emitted by non-road mobile sources have an adverse effect on air pollution in the 
Pearl River Delta, Beijing-Tianjin-Hebei and surrounding areas, and the Fenwei Plain. [4-6] 
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As one of the main mining methods of mine resources, open-pit mining has been widely 
used in mines all over the world. Due to the resource status and mining technology, China's 
small and medium-sized open-pit mines are numerous and widely distributed. There are 
many types and quantities of equipment using high-power diesel engines as power, high 
energy consumption, and the actual implementation of pollutant emission standards is not 
optimistic. Vehicles are mobile and flexible, and are an important mode of transportation in 
open air operations. The main disadvantages are large fuel consumption and high 
transportation costs [7]. 

With the increasingly stringent emission regulations of non-road mobile machinery, 
new energy technology has also become a key route for non-road mobile machinery and 
equipment to improve environmental friendliness. Based on the actual application of pure 
electric off-road mining dump trucks, this study analyzed the energy consumption and 
application of different mine areas. In addition, this paper estimates the emissions of 
traditional diesel mining vehicles under the same conditions, in order to provide reference 
and reference for the application of new energy technologies in non-road mobile sources. 

2 Equipment and methods 

2.1 Pure electric mining dump truck 

Non-road mining dump trucks (also known as non-road wide-body dump trucks) are special 
transportation equipment developed based on heavy dump trucks in recent years to meet the 
needs of China’s open-pit mine area transportation links. Because its power and reliability 
are better than ordinary road heavy trucks, it is more suitable for non-road harsh working 
conditions, and is widely used in open-pit mines, hydropower projects, cement mines, stone 
mines and other earthwork and loose material transportation scenarios. The power 
transmission system of this kind of products mostly adopts diesel engine matching 
multi-stage reduction mechanism to achieve the purpose of deceleration and torque increase 
and improve power performance. The experimental equipment is the first pure electric 
product of its kind as shown in Figure 1. 
 

 
Fig. 1. Experimental Pure Electric Non-road Mining Dump Truck. 

Some parameters of pure electric mining dump truck are shown in Table 1. 
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Table 1. Some parameters of pure electric off-road mining dump truck. 

Product parameters Parameters to describe 
Model YTK90 
Equipment weight (kg) 30000 
Maximum rated load (kg) 60000 
Total mass of design 90000 
Length*width*height (mm) 9175*3400*3930 
Front and rear track (mm) 2710/2500 
Wheelbase (mm) 3800+1550 

2.2 Open-pit mine area transportation conditions 

Open-pit mine area transportation efficiency and energy consumption are closely related to 
factors such as the geographical environment, mining technology, and operation behavior 
of the mine area. Automobile transportation can be used as a separate transportation method 
in the open-pit mine, or it can be used in conjunction with other transportation methods. 
The high flexibility and maneuverability make the automobile transportation method 
widely used. However, automobile transportation is greatly affected by the climate and 
easily causes air pollution in and around the stope. 

During open-pit mine area operations, the material loading and unloading points are 
often not fixed, and the transportation route will often change. The mine area has a short 
transportation distance, usually no more than 10km one way. The road gradient varies 
greatly, the road surface is complicated, and the average speed is low. For the convenience 
of analysis, the research divides the vehicle transportation operating conditions into uphill 
(heavy or no-load) driving, straight road driving (heavy or no-load), and downhill (heavy or 
no-load) driving conditions as shown in the Figure 2. 

 

 
Figure 2. Open-pit Mine Area Transportation Conditions 

During operation, transport vehicles travel between the loading area and the unloading area, 
and both uphill and downhill conditions under heavy load and no-load conditions will 
appear. 

As far as diesel-powered mining vehicles are concerned, due to the large load capacity, 
the difference between full load and no load has a great influence on fuel consumption. The 
heavy-load climbing stage is the stage where vehicle fuel consumption increases the fastest, 
and the no-load downhill stage is the lowest fuel consumption stage. During the entire 
transportation cycle, the vehicle is braked frequently during the no-load return trip and 
downhill driving conditions, but the vehicle braking energy is not effectively used. In new 
energy road vehicles, braking energy recovery technology has been widely used and has 
achieved very good results. It can be imaged that the braking energy recovery technology 
has great potential for utilization in pure electric mining vehicles, and it is possible to 
reduce the energy consumption of the transportation link while improving the 
transportation capacity. 
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2.3 Energy consumption analysis based on field survey 

In order to evaluate the energy consumption and emissions of pure electric non-road mining 
dump trucks and traditional diesel-powered non-road mining dump trucks, this study 
investigated 10 open-pit mine areas and recorded fuel consumption and electric energy 
under the same working conditions. Part of the information of the field survey is shown in 
Table 2. 

During the test, the selected mine area is distributed in Henan, Inner Mongolia, Xinjiang, 
Tibet, Guangdong, Yunnan, Jiangsu and other places, basically covering the typical 
open-pit mine area and part of the port operation area in the east, south, west, north and 
central China. The mine area is numbered Ai, (i=1-10, representing 10 different mine areas). 
As the slope of the mine area pavement varies greatly, take the average slope value. 

Table 2. Different mine area conditions. 

Test mine area One-way distance 
(m) Average slope (°) Test duration (h) 

A1 550 7 210 
A2 2051 6.2 171 
A3 1460 8 172 
A4 970 6.5 334 
A5 2800 3 229 
A6 7895 5 160 
A7 1000 0 42 
A8 2000 3 379 
A9 1000 7 832 
A10 2900 5 304 

 
During the test of a pure electric vehicle, the vehicle mileage and power consumption 

are recorded through the on-board terminal, and the data recorded on the spot is 
comprehensively compared. Diesel-powered mining trucks are recorded by the on-site staff 
for fueling volume and operating mileage. The results are summarized and compared and 
analyzed. The test time is flexibly arranged according to the on-site situation, and the 
continuous work on the same road section is not less than 160h (A7mine area is a straight 
road, with simple working conditions and short test time). The longest working time 
reaches 830h (A9mine area). The average time of 10 mine area tests is 283h. The 
comparison of power consumption and fuel consumption per kilometer for the same section 
of each mine area is shown in Figure 3. 

 
Fig. 3. Comparison of power consumption and fuel consumption per kilometer on the same road 
conditions in different mine areas. 

It can be seen from table 2 and figure 3 that under the same working conditions, there is 
no obvious correlation between fuel consumption and energy consumption per kilometer, 
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It can be seen from table 2 and figure 3 that under the same working conditions, there is 
no obvious correlation between fuel consumption and energy consumption per kilometer, 

which means that there are many factors that affect vehicle energy consumption and the 
reasons are complicated. 

The mine area road gradient has a great impact on the energy consumption of 
transportation vehicles [8]. Field surveys have calculated the proportions of heavy load 
uphill, heavy load downhill and peaceful road driving in the total operating mileage, as 
shown in Figure 4. Comparing Figure 3 and Figure 4, it can be found that the A8mine area 
is a heavy-duty downhill for the entire journey, and its power consumption per kilometer is 
0, and the corresponding diesel-powered mining vehicle has a lower fuel consumption per 
kilometer. Similarly, A3, A6, A9, A10 mine area has a large proportion of heavy-load 
downhill sections, and the power consumption and fuel consumption per kilometer are 
lower than average, and the proportion of A2 heavy-load downhill conditions is not high. 
However, the proportion of flat road driving conditions is large, and the power 
consumption is also lower than average. 

 
Fig. 4. Distribution of different mine area transportation conditions. 

In order to facilitate the comparison of the energy consumption of the two vehicles, the 
electricity consumption and fuel consumption per kilometer are converted into standard 
coal quality for comparison. The calculation method is: 

The coefficient of conversion of diesel to standard coal (c1) is 1.4571kg of standard 
coal/kg of diesel, and the coefficient of conversion of power consumption to standard coal 
(c2) is 0.123kg of standard coal/kW•h of electricity consumption. Table 3 shows the 
conversion of electricity consumption and fuel consumption per kilometer for different 
mine areas into standard coal. 

Table 3. Comparison of fuel consumption and electricity consumption per kilometer in different mine 
areas converted to standard coal (kg/km).  

mine area 
code Diesel/standard coal Electricity/standard coal Energy saving 

ratio 
A1 3.40  1.16  65.92% 
A2 5.81  0.37  93.56% 
A3 4.85  0.53  89.17% 
A4 7.42  0.98  86.84% 
A5 10.73  0.77  92.85% 
A6 3.42  0.45  86.80% 
A7 2.89  0.74  74.36% 
A8 2.50  0.00  100.00% 
A9 1.57  0.23  85.30% 
A10 6.14  0.31  94.91% 

It can be found from table 3 that the use of pure electric transportation equipment can 
save a lot of energy under the same working conditions, with the lowest energy saving ratio 
of 65.92% (A1) and the highest saving of 100% (A8). In the A8mine area, the whole process 
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of heavy-load downhill, adopts braking energy recovery, and the recovered braking energy 
is not lower than the energy consumed by no-load uphill. Obviously, new energy 
technologies have great potential for energy saving in the open-pit mine area. 

2.4 Estimation of emission reduction ability of new energy technology 

This study estimates the potential of new energy technology applications to reduce 
pollutants emitted by transportation equipment in the open-pit mine area. For the 
convenience of comparison, the electricity consumption and fuel consumption are 
converted into the corresponding standard coal per kilometer, and the saved standard coal 
per kilometer is converted into the diesel consumption per kilometer. Refer to the 
“Technical Guidelines for the Compilation of Emission Inventories of Non-road Mobile 
Sources” [5] applicable to general methods of emission factors greater than 130kW, convert 
the energy consumption difference into diesel, and then estimate the PM, PM2.5, THC, 
NOx, CO emissions. 

After pure electric technology is adopted, compared with diesel engine, under the same 
working condition: 

Diesel fuel saved per kilometer (kg) = fuel consumption per kilometer (kg)-power 
consumption per kilometer (kW•h)* (electricity consumption converted to standard coal 
factor/fuel consumption converted to standard coal factor). Based on this, calculate the 
amount of diesel fuel saved per kilometer for each mine area. Calculated as follows: 

               (1) 

In the formula: △FAi: corresponds to the amount of diesel oil saved per kilometer (kg) 
in the mine area (Ai); 

c1: The coefficient of diesel conversion to standard coal is 1.4571kg standard coal/kg 
diesel; 

c2: The coefficient of power consumption converted into standard coal, 0.123kg 
standard coal/kW•h power consumption; 

EAi: the corresponding mine area (Ai) power consumption per kilometer (kW•h). 

Table 4. Estimation of emission reduction potential of pure electric mining dump truck (g/km). 

mine area 
code PM PM2.5 THC NOx CO 

A1 1.38  1.23  6.15  21.51  23.05  
A2 3.36  2.98  14.92  52.21  55.94  
A3 2.67  2.38  11.89  41.60  44.57  
A4 3.98  3.54  17.70  61.93  66.36  
A5 6.15  5.47  27.34  95.71  102.54  
A6 1.84  1.63  8.16  28.55  30.59  
A7 1.33  1.18  5.90  20.63  22.11  
A8 1.54  1.37  6.86  24.03  25.74  
A9 0.83  0.73  3.67  12.84  13.76  
A10 3.60  3.20  16.00  55.98  59.98  

The diesel-powered transportation vehicles studied and compared are in compliance 
with China’s Phase III standards for emission limits for non-road mobile machinery diesel 
engines. The emission factors for calculation [5] (g/kgFuel) are respectively 0.9 (PM), 0.8 
(PM2.5), 4 (THC), 14 (NOx), 15 (CO), refer to the emission inventory calculation method 
[9,10 ], calculate the emission reduction potential of pure electric mining dump truck 
relative to diesel per kilometer, the calculation formula is as follows: 
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In the formula, Ei,j: corresponds to mine area (i), emissions of category j emissions 
(g/km); 

EFjis the emission factors corresponding to pollutants. 
The calculation results are shown in Table 4. 
It can be seen from Table 4 that after adopting pure electric mining vehicles, the diesel 

consumption per kilometer saved can potentially reduce the emissions of various pollutants. 
The data can provide support for further study of the Open-pit mine area non-road mobile 
machinery emission inventory and evaluation of the impact of new energy technologies on 
emissions. 

3 Conclusion 
1. New energy mining vehicles can adapt to the working environment of the Open-pit 

mine area. Under the same working conditions, the energy consumption converted into 
standard coal is much less than that of diesel-powered vehicles. It can save more than 
65% of energy consumption per kilometer; 

2. The reasons that affect the energy consumption of mining dump trucks are complex, 
but new energy mining vehicles can significantly reduce energy consumption in 
transportation links after using braking energy recovery. When the A8mine area is 
under full-load downhill conditions, the recovered braking energy can meet the 
requirements of no-load climbing; 

3. The energy saved after adopting new energy mining vehicles is converted into diesel, 
and the potential for reducing PM, PM2.5, THC, NOx, CO and other pollutants is 
huge; 

4. The open-pit mine area data provided in this study can provide technical support for 
the technology of non-road mobile machinery emission inventory and the application 
of new energy technologies. 
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