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Abstract:  The article is devoted to the assessment of energy efficiency of dump 

trucks used in open pit mines. Energy efficiency is a critical aspect in the mining 

industry, as it directly affects productivity, operating costs and environmental 

performance. The article presents methods for assessing fuel consumption, analyzing 

operating characteristics and optimizing dump truck routes. It also discusses modern 

technologies that contribute to improving energy efficiency, such as control, 

monitoring and automation systems. The main results of the study include identifying 

factors affecting energy costs and recommendations for improving the operational 

characteristics of dump trucks. The article is intended for mining industry specialists, 

engineers and managers involved in equipment operation. 
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Аннотация: Статья посвящена оценке энергоэффективности самосвалов, 

используемых на открытых карьерах. Энергоэффективность является 

критически важным аспектом в горнодобывающей промышленности, так как 

напрямую влияет на производительность, эксплуатационные расходы и 

экологические показатели. В статье представлены методы оценки расхода 

топлива, анализа эксплуатационных характеристик и оптимизации маршрутов 

самосвалов. Также рассматриваются современные технологии, способствующие 

повышению энергоэффективности, такие как системы управления, мониторинга 

и автоматизации. Основные результаты исследования включают выявление 

факторов, влияющих на энергозатраты, и рекомендации по улучшению 

эксплуатационных характеристик самосвалов. Статья предназначена для 

специалистов горнодобывающей промышленности, инженеров и руководителей, 

занимающихся эксплуатацией оборудования. 

Ключевые слова: энергоэффективность, самосвалы, открытые карьеры, 

горнодобывающая промышленность, расход топлива, оптимизация маршрутов, 
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современные технологии, автоматизация, экологические показатели, 

эксплуатационные характеристики. 

 

Introduction. In the conditions of modern mining production, the efficiency of 

equipment operation becomes one of the key factors determining the competitiveness 

of companies. This is especially relevant for open mines, where the volumes of mineral 

extraction and, accordingly, the use of equipment increase significantly. One of the 

main types of vehicles in such conditions are dump trucks designed to transport rock 

mass from the mining site to the processing or storage point. 

The energy efficiency of dump trucks directly affects the economic performance 

of the company, since high fuel costs can significantly reduce profits. In addition, the 

relevance of this issue is increasing in light of global trends to reduce carbon emissions 

and the transition to more sustainable business practices. In this regard, the assessment 

and optimization of energy consumption, as well as the introduction of modern 

technologies to improve energy efficiency are becoming important tasks. 

In this article, we consider methods for assessing the energy efficiency of dump 

trucks in open mines. We analyze the factors affecting energy costs, and also present 

examples of the successful implementation of innovative solutions. The main objective 

of the study is to identify ways to improve the energy efficiency of dump trucks, which 

could ultimately lead to a significant reduction in operating costs and an increase in the 

overall productivity of the mining enterprise. 

Main part. Energy efficiency of dump trucks in surface mines plays a key role in 

cost management and sustainable development of the mining industry. Due to rising 

energy prices and increasing environmental requirements, companies are looking to 

optimize the operation of their equipment. Energy efficiency assessment includes the 

analysis of fuel consumption, productivity and operational characteristics of machines, 

as well as the introduction of modern technologies that contribute to increased 

efficiency. 

The main methods for assessing the energy efficiency of dump trucks can be 

divided into several categories: 

- Analysis of historical data: Studying fuel consumption data over a certain period 

allows us to identify trends and characteristics of dump truck operation. This includes 

analysis of route data, operating conditions and other factors affecting energy 

consumption. 

- Process modeling: Using mathematical models to predict energy consumption 

in various conditions. Models can take into account various parameters, such as cargo 

weight, type of road surface, slope and other factors. 

http://www.newjournal.org/
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- Benchmarking: Evaluating different dump truck models based on energy 

efficiency criteria, including fuel consumption, productivity and maintenance costs. 

Comparison with similar products on the market helps identify more efficient solutions. 

There are several key factors that influence the energy consumption of dump 

trucks: 

- Truck type: Different models have different characteristics and fuel 

consumption. For example, tracked dump trucks can be more energy efficient on 

difficult routes than wheeled ones. 

- Working conditions: The topography of the terrain, the quality of roads and the 

climate significantly affect the productivity and energy consumption. For example, 

driving on slopes and rough terrain requires a lot of energy. 

- Control methods: The implementation of automation and telematics systems 

allows you to optimize the routes and operating modes of dump trucks, which can 

significantly reduce fuel consumption. 

- Modern technologies play an important role in improving the energy efficiency 

of dump trucks. These include: 

- Control and monitoring systems: The implementation of GPS and telematics 

systems allows you to track the operating parameters of dump trucks in real time, which 

helps optimize routes and operating modes. 

- Hybrid technologies: The use of hybrid engines and alternative energy sources 

(e.g. electric motors) can significantly reduce fuel consumption. 

- Improving Truck Designs: Developing lighter, stronger materials for bodies and 

chassis reduces the weight of the vehicles, which in turn reduces energy costs. 

Some companies operating in open-pit mines have already implemented advanced 

technologies to improve the energy efficiency of their trucks. For example, the use of 

automated traffic control systems in a quarry allowed one of the major mining 

companies to reduce fuel consumption by 15-20%. Other companies have implemented 

operator training programs, which also helped reduce energy costs. 

Evaluating the energy efficiency of trucks in open-pit mines is an important task 

for improving the competitiveness and sustainability of the mining industry. An 

integrated approach that includes data analysis, the use of modern technologies and 

process optimization can significantly reduce operating costs and increase 

productivity. In the future, continued research and the implementation of innovative 

solutions will help to further improve energy efficiency and reduce the impact on the 

environment. 

During the research of the topic, we identified the following problems and 

expressed our scientific proposals to them, which include: 

1. High Fuel Costs 
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Problem: One of the major problems faced by mining companies is high fuel 

costs, which reduces the overall profitability of the business. 

Our solution: To solve this problem, it is necessary to implement systems for 

monitoring and analyzing fuel consumption data. The use of telematics systems will 

allow collecting data on the operation of dump trucks in real time and identifying 

factors affecting consumption efficiency. Based on this data, algorithms can be 

developed to optimize routes and operating modes, which will help reduce fuel 

consumption. 

2. Low productivity of dump trucks 

Problem: Low productivity of dump trucks can be caused by various factors, such 

as incorrect routes, overloading, and improper resource allocation. 

Our solution: Conducting a comprehensive analysis of the routes and operating 

conditions of dump trucks will help identify bottlenecks in the mining process. The use 

of mathematical modeling and simulation methods can help in developing optimized 

routes and work schedules, which will lead to increased productivity. 

3. Environmental Impact 

Problem: Truck operations and fuel costs contribute to increased carbon emissions 

and other negative environmental impacts. 

Our solution: Adopting cleaner technologies and alternative energy sources, such 

as electric or hybrid trucks, can significantly reduce the negative environmental impact. 

In addition, companies can analyze the carbon footprint of their operations and develop 

strategies to reduce it. 

4. Maintenance Issues 

Problem: Frequent breakdowns and unscheduled stops of trucks can significantly 

increase costs and reduce overall productivity. 

Our solution: Implementing predictive maintenance based on equipment 

condition data analysis can help predict and prevent breakdowns. Using IoT 

technologies to monitor equipment condition in real time will allow potential problems 

to be identified and eliminated in a timely manner. 

5. Ineffective Operator Training 

Problem: Operators misusing equipment can lead to increased fuel costs and 

decreased productivity. 

Our solution: Develop training and development programs for dump truck 

operators with an emphasis on energy-efficient operating methods. Using simulators 

to train operators can improve their skills and reduce the risk of errors in operating 

equipment. 

6. Lack of Standardization of Processes 

Problem: Lack of standards in the operation and evaluation of dump trucks can 

lead to uneven productivity and increased costs. 

http://www.newjournal.org/
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Our solution: Develop and implement standardized procedures for evaluating the 

energy efficiency of dump trucks. Creating methodologies for systematically collecting 

and analyzing data will allow mining companies to better manage their fleet of 

equipment and optimize operational processes. 

Successful resolution of these problems requires an integrated approach that 

includes scientific methods, modern technologies, and systematic data analysis. The 

implementation of the proposed solutions can significantly improve the energy 

efficiency of dump trucks in open mines, reduce operating costs and improve the 

environmental performance of the mining industry. 

Conclusions and suggestions. Energy efficiency of dump trucks in open pit 

mines is a critical aspect that directly affects the economic performance of enterprises. 

High fuel and equipment operating costs can significantly reduce the profitability of 

the mining business. 

Conducting a comprehensive analysis of dump truck fuel consumption and 

operating time data allows identifying bottlenecks in the operation process and 

optimizing the operation of equipment. The implementation of telematics systems and 

modern data analysis methods opens up new opportunities to improve efficiency. 

The implementation of modern technologies such as automation, IoT, and the use 

of alternative energy sources helps improve the energy efficiency of dump trucks. This 

also helps reduce the carbon footprint and minimize the negative impact on the 

environment. 

The qualifications of operators play an important role in the energy efficiency of 

dump trucks. Training and upgrading of employees can significantly reduce fuel costs 

and improve productivity. 

The lack of standards in the operation and evaluation of dump trucks leads to 

uneven results. The development and implementation of uniform standards can 

improve fleet management and increase overall operating efficiency. 

Suggestions: 

- It is recommended to implement telematics systems to monitor the operation 

of dump trucks in real time. This will allow for more efficient management of routes 

and operating modes, as well as quick response to emerging problems. 

- Create training and advanced training programs for dump truck operators 

with an emphasis on energy-efficient operating methods. The use of simulators for 

practical training can improve equipment control skills. 

- It is necessary to invest in new technologies, such as electric or hybrid dump 

trucks, to reduce dependencies on traditional energy sources and reduce the carbon 

footprint. 
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- It is recommended to develop and implement standardized methods for 

assessing the energy efficiency of dump trucks, which will create a single database and 

simplify the analysis processes. 

- Establish partnerships with scientific institutions to conduct research and 

development in the field of improving energy efficiency and sustainable development 

of the mining industry. 

- Develop a predictive maintenance system to prevent breakdowns and reduce 

maintenance costs, based on the analysis of equipment condition data. 

The implementation of the proposed measures will significantly improve the 

energy efficiency of dump trucks in open-pit mines, which in turn will lead to a 

reduction in operating costs, an increase in productivity and an improvement in the 

environmental performance of the mining industry. 
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