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Abstract 
 
This paper describes the main features of Life Cycle Assessment method to solve the resource problem. 
Also it is shown the relationship of life cycle assessment and logistics methodology. It is shown, with 
the example of mining waste, that the application of the life cycle assessment methodology allows to 
identify reserves for the possibility of waste management and the extension of the life cycle of raw 
materials, and, consequently, to improve the overall efficiency of mining. 
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1. Introduction 

 
The importance of the problem of environmental protection and possible impacts 

related with manufactured and consumed products increases interest in the development of 
methods aimed at reducing these impacts. One of the methods developed for this purpose is 
life cycle assessment (LCA) (ISO, 2006a, b).  

Waste has always accompanied the mining and processing industry. However, almost 
until the middle of the 20th century mining waste was not considered as a special problem. 
With the growth of mining, the amount of waste began to grow rapidly, and much faster than 
the output of products. Since, simultaneously with the decrease in the content of useful 
components in the ores, the ash content of coal increased, the conditions for the development 
of deposits complicated and, accordingly, the yield of dump and overburden rocks increased. 
The total amount of mineral resources produced in the world is estimated at about 100 billion 
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tons per year and is growing with a period of doubling of every 10-12 years. Of this amount, 
no more than 30-40% (including building materials and combustible minerals) are used 
(Kondratyev, 2019). 

 
2. Context of the study 

 
Almost all analysts and practitioners point out the importance of taking into account 

the environmental factor in the transition to sustainable development. However, the 
insufficient of theoretical and practical study of this issue and, as a consequence, the 
insufficient of validity of management decisions in the extraction of raw materials make 
relevant the theme of this research, its goals and objectives (Trubetskoy and Krasavin, 2015). 
Assessment of the impact of mining and processing on the environment applying the life 
cycle assessment method. These studies carried out a comprehensive environmental 
assessment of the life cycle of waste in the extraction and processing of ores. 

The life cycle is a sequence of interrelated components of the production system, 
from the process of extraction of raw materials or reproduction of natural resources to the 
final stage – waste disposal. During the assessment procedure of the full life cycle, including 
"Raw materials-Products-Waste", in accordance with the goal and scope defined at the first 
stage of the assessment, an inventory analysis of input and output flows is carried out for 
each single process and for production system as a whole (Guinée, 2002). 

 
3. Results and discussion 

 
We considered the elements of the production system of mining in open pit mining. 

The development of open-pit mineral deposits includes the following stages: 
1. The preparatory stage during which the surface of the open pit is cleared, i.e. to cut 

down forests, to drain swamps and lakes, to divert rivers, to carry roads and communications; 
to pre-drainage of mineral deposits; to protect the open pit from surface water runoffs; to 
remove and store the fertile soil layer, etc. At this stage, a significant amount of waste is 
generated, which can be used at subsequent stages, for example during remediation. 

2. The construction stage, which consists in the implementation of a complex of 
mining works that create the initial front of overburden and mining operations and making it 
possibility to carry out of operational work. At this stage, the construction of buildings and 
structures of the surface complex, enterprises, mine working and transport communication 
take place. At this stage, there is mainly consumption of natural raw materials. 

3. The operational stage, during which produce the overburden work, i.e. winning, 
moving and storage in overburden dumps as well as quarrying, including winning, moving 
and storage of mineral resource. As a result of the overburden works, the waste rocks are 
systematically removed to create access to the mineral, therefore, according to their purpose, 
they belong to the preparatory works. Mining operations, as a result of which mineral 
resources are extracted from the rock massif, are referred to clearing operations. In this case, 
the overburden ("empty") rock is removed. The result is a huge amount of waste, called 
"overburden" and usually stored in the dumps of "empty" rocks. 

4. The recovery stage. It is the remediation of land destroyed by the mining. 
Each stage is accompanied by the consumption of natural resources and leads to 

environmental pollution. Each stage of mining can be considered as a separate single process 
of the production system, accompanied by its own consequence for the environment. 

If we consider iron ore, then from 100% of the ore we get only 22% of iron, the 
remaining 88% will go to the tails, which need to extend their life cycle. If we consider gold, 
the average ratio will be no more than 1 and 99 %. The applying of the life cycle assessment 
method will make it possible to develop a waste management system that will not only 
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reduce the amount of resources consumed and the negative impact on the environment, but 
will also allow to find new reserves for further useful use, extend the "life" of mining waste. 
For example, use the dumps as building materials for their maintenance. 

Thus, each stage of mining can be considered as a whole production system or as a 
single system processes separately. In this case, the investigated production system is divided 
into several single processes. A single process is the smallest part of a production system 
used as independent functional unit in an assessment process. Single processes are 
connected: with each other due to elementary flows of intermediate products and (or) wastes; 
with other production systems through flows of production; with the environment via 
elementary streams of raw materials, energy, emissions, waste (Wenzel et al., 1997). 

To carry out the inventory, a model of the production system is created, which clearly 
describes the interrelation between individual processes as well as between the production 
system and the environment. The life cycle assessment considers all stages of natural 
resource extraction, manufacture, transportation, operation and utilization. The method is 
based on the assessment of input and output material flows of single processes, as well as 
possible environmental impacts throughout the product life cycle (Starostina and Ulanova, 
2013). 

Mining and processing of ore deposits has a negative impact on all components of the 
biosphere, which can lead to irreversible consequences in geogenic cycles. Large amounts of 
waste from the enrichment of raw materials are formed, the storage of which requires 
significant areas, leads to a change in terrain, a violation of engineering-geological, 
hydrogeological and ecological-geological conditions of the waste storage area. All this 
suggests that the search for alternative solutions for the use of these wastes should become a 
priority task for mining enterprises. 

 
3.1. Interpretation of life cycle  

 
There is a problem of waste processing from concentrating enterprises. Currently, it is 

very often that only one valuable component is extracted from complex ores, the rest go with 
the waste rock into the dumps and tailings. This situation is usually due to the fact that 
enterprises use out-dated enrichment technologies, which make it impossible to produce 
complex enrichment of many ores and complete extraction of valuable components from 
them. Despite the importance of solving environmental problems, tailing dumps should be 
primarily cost-effective in today's market. This is possible only with the use of waste-free 
technology of their enrichment with a high degree of extraction of valuable products and the 
use of waste rock for the production of marketable products. 

The main idea of the waste recycling strategy should be 100% utilization of 
overburden and tailings, which brings profit. Its implementation today is feasible, including 
dry enrichment technology on the equipment manufactured by Russian enterprises. From the 
point of view of economic efficiency, dry enrichment of tailings has the following 
advantages (Vaisberg et al., 2013): 

- reducing (by 50% and more) the cost of waste processing by eliminating the use of 
water and flotation agents; obtaining all separation products in dry form (products and 
secondary tails), which have a higher commercial value than wet ones. For example, gold 
concentrates on one side and dry classified tailings in the form of sand of various size and 
dust fraction for ceramic production on the other; 

- separation of waste into classes, the components of which (minerals) differ in size, 
magnetic and electrical properties, which makes it possible to use dry magnetic and electrical 
separation to obtain gold-containing concentrate. 
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Analysis of granulometric, mineral and chemical composition of the tailings offers 

their comprehensive processing in order to obtain: concentrate; construction sand; ceramic 
bricks; silicon gravel and cast stone tiles. 

The technological scheme of mass preparation for the production of these products 
consists of 3 stages. The purpose of the first stage is to reduce the humidity and averaging of 
the waste, which can be carried out both in the process of their formation and directly in the 
organization of the store using the loading and unloading complexes. At the second stage, the 
partial separation of the heavy part is carried out by magnetic separation. The third stage is 
the drying and separation of tails into classes in order to obtain sand and raw materials for 
brick production. The use of the third stage of electric separation will additionally extract 
magnetite and pyrite from thin classes of tails. The obtained industrial products and dry 
mineral mixtures of different size classes are ready for industrial use in order to obtain 
marketable products. The obtained industrial products and dry mineral mixtures of different 
size classes are ready for industrial use in order to manufacture marketable products. 

Thus, the tailings of the concentrating factory, which are currently an environmental 
disaster for enterprises, can become a valuable deposit of man-made raw materials. The most 
significant solution would be the complete utilization of the tailings, which would have a 
huge economic effect by eliminating the operating costs for the tailing dump. 

In that way, the development of a dry enrichment scheme will solve the issues of 
complex processing of enrichment wastes and use them as construction materials and as 
others. 

 
4. Conclusions 
 

Mining production is a significant source of disruption and pollution of all elements 
of the biosphere. During the extraction and processing of minerals, large amounts of 
enrichment wastes are generated, the storage of which requires significant areas for their 
placement, which in turn leads to a change in in terrain, a violation of engineering-geological, 
hydrogeological and ecological-geological conditions of the waste storage area. 

In this regard, the assessment and forecast of the extent of their impact on the 
environment is very relevant and necessary task, since it allows developing of effective 
environmental protection measures in order to prevent environmental damage. 

One of the most effective methods for assessing the impact of forecasting on the 
environment is life cycle assessment, since this method allows us to consider not only the 
stages of production of products, but also the stages of natural resources extraction, 
manufacture, transportation, operation and disposal, i.e. "from cradle to grave". In the field 
of waste management, applying of LCA methodology plays an increasingly important role in 
choosing the most successful waste management solutions. In the case of LCA, the waste 
management system is a taken as the basis for comparing the environmental performance of 
different waste management options and for strategic decision-making. 

The assessment is carried out in order to obtain a comprehensive analysis of the 
environmental impact, which provides more reliable information for making economic, 
technical and social decisions. It should be emphasized that LCA itself does not solve 
environmental problems, but rather provides the necessary information to solve them. 

Thus, the LCA method is increasingly being applied in various industries. In addition 
to direct application for product life cycle assessment, LCA is also used in a wider context 
for developing complex business strategies and public policies relating to different aspects of 
society. 
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