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processing technogenic formations1

1

The article considers the possibility of using 
production induced resources as raw materials for 
production of metals. Theoretical approaches to the 
concept of damage from environmental pollution 
due to industrial activity are investigated. The eco-
nomic and environmental justification of the feasi-
bility of using technologies for processing of metal-
lurgical raw materials is given.

Mining and smelting complex is one of the first 
sectors of Russian industry, which started radical 
modernization on its own, long before it was an-
nounced to be the main priority of Russian eco-
nomic development. This industrial sector began 
to remove inefficient production by implementing 
programs dedicated to enhancing resource base, in-
creasing technological capacity and improving pro-
ductivity. Nowadays Russian metallurgical industry 
is developing by consolidation of mineral assets 
within the holding companies and by establishing of 
production facilities to manufacture products with 
high added value, such as galvanized and color bars, 
steel with polymer coating, plate and special types 
of large diameter pipes, etc. Nevertheless, the iden-
tification of promising directions for development 
and the role of metallurgy in the process of renova-
tion of the entire economic system are of interest, 
because modernization is not just a technological 
innovation, but rather a change in the overall devel-
opment concept.

Mining and metallurgical industry is a core 
sector of material production. At the same time it 
is a massive source of environmental pollution. 
Environmental damage from the activities of min-
ing companies is made up of emissions of harmful 
substances, wastewater discharge, damaging natural 
ecosystems due to development of mineral depos-
its, as well as the placement of production induced 
waste. Environmental measures applied nowadays 
(the neutralization of sewage, installation of gas 
treatment, solid waste storage) do not radically 
solve the problem. A significant portion of emis-

1 The paper was prepared within the Programme of the Russian 
Academy of Sciences № 24 «Scientific foundations of innovative 
energy-resource-saving environmentally-friendly technologies 
for assessment and development of natural and production 
induced resources».

sions still falls into the environment and polluting 
effects of industrial waste landfills extend in a ra-
dius of dozens of kilometers from the place of stor-
age. Therefore, there is a need to assess the environ-
mental damage caused by mining and metallurgical 
enterprises and to develop technologies to reduce it.

However, it should be noted that the term «dam-
age» in economic science has still not received a 
clear definition. In this case, the whole set of meth-
ods developed to assess damage caused to the en-
vironment by anthropogenic influence, does not 
have sufficient theoretical justification, since the 
generally accepted approach to treatment of dam-
age as a fundamental category is missing. In various 
sources, damage is defined as a synonym to harm, 
a kind of loss, the totality of the adverse effects of 
any impacts, the evaluation of injuries incurred, etc. 
Comprehensive Dictionary of Economics [1] gives 
the following definition of damage: «1) losses, un-
foreseen costs, loss of property and money, benefit 
shortfalls; 2) the harm caused by the activities of 
one economic entity to other entities or nature, en-
vironment, people». Much of the normative docu-
ments regulating the so-called environmental law 
in Russia, the concept of harm and damage to the 
environment are used as identical (for example, in 
the Federal Law «On Environmental Protection», in 
Forest, Land and Water Code). This also confirms 
the lack of clear universally accepted concept of 
damage.

Some authors [8], [9] tend to develop a general 
theoretical approach to the definition of damage and 
give a methodical support for its reasonable eco-
nomic evaluation. Thus, in [8] damage is defined 
as «the cumulative effect of the negative impact to 
the economy, expressed in value». This statement is 
especially noteworthy because it highlights the eco-
nomic dimension of the problems of damage assess-
ment. Many authors [4], [5], [6], [7], [8], [9] empha-
size the importance of economic evaluation of dam-
age caused to the environment, and damage caused 
by environmental violations is generally defined as 
«interest on ecological debt» [9]. Economic damage 
from environmental pollution is defined in some 
studies [6] as the monetary evaluation of natural 
aggregate damage: for material objects, health and 
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living standards, for industries and natural resource 
system. It is noted that some part of damage can-
not be directly expressed in monetary form, as em-
bodied in what is called a loss of aesthetic qualities, 
reduced quality of life and the deterioration of the 
environment for future generations. The category of 
economic loss from environmental violations, dis-
cussed in [9], reflects the impact of changes in the 
environment only on economic processes. There is 
also noted that the economic impact from environ-
mental violations is manifested in two forms: re-
duced revenue (from the use of natural goods) and 
forced consumption (costs for compensation of the 
damage). The need to protect the environment from 
adverse effects and the need to redress the damage 
is recognized by modern society. However, the im-
plementation mechanisms of the relevant measures 
are still far from being perfect. Therefore, it is the 
economic science that has to develop economic 
tools to address environmental problems.

Despite the lack of theoretical foundation, due to 
its practical significance, the damage from environ-
mental pollution is a well methodologically studied 
area. At present the database analysis of techniques 
used to assess the environment damage amounts to 
hundreds of sources. The analysis of these methods 
allowed revealing the following deficiencies:

1)	 Lack in methodological literature of well-
defined interpretation of the term damage and of the 
object that is subject to damage.

2)	 Discrepancy between the assessment meth-
ods and spread of damage in dynamics, lack of pe-
riod for calculating of damages.

3)	 Lack of comprehensive study which should 
take into consideration damage caused by the inter-
action of different kinds of objects of natural and 
anthropogenic environment.

Without diminishing the importance of existing 
methods to assess damage to the environment, we 
shall note that the main purpose of their creation is 
to calculate the amount of money that will be recov-
ered from the economic entity that has committed 
environmental violations, in favor of the govern-
ment structures.

As a generalization, it should be noted that the 
natural environment is undergoing certain objective 
changes, i.e. changes that don’t depend on the sub-
ject of study and can be recorded according to some 
parameters. When changing of these parameters is 
characterized by people as negative, we can speak 
about harm caused to the environment. Damage, 
in its turn, occurs as an estimate of indirect effect 

of changes in the environment on socio-economic 
processes. In other words, the damage to the envi-
ronment is measured by environmental indicators; 
damage to the economy is measured by economic 
indicators. It should be emphasized that the damage 
cannot be regarded as a purely economic category, 
due to the fact that it characterizes the interaction of 
anthropogenic and natural environment.

Due to the complexity and uniqueness of the 
interaction of natural and production induced en-
vironment, the overall damage is a category that 
includes not only direct quantitative estimates, but 
also a variety of systemic effects. Accordingly, the 
total damage from one or another form of human 
impact should be considered as a synergistic set of 
economic and environmental damage:

Dtotal = Decon + Decol,

Decon — economic damage, defined as the as-
sessment of harm inflicted for socio-economic sys-
tem; Decol — ecological damage, defined as the as-
sessment of harm inflicted for nature; Dtotal — total 
damage.

In this case, the main criterion for the economic 
damage will be the cost of resources needed to com-
pensate for the damage, and for the environmental 
damage the main criterion is the time needed for 
self-healing system. We shall also emphasize that 
consideration of these components of the total dam-
age from human impacts is possible only in their 
systemic relationship.

Thus, in this article, special attention is paid to 
new technologies in mining and metallurgical pro-
duction aiming to reduce the damage caused by 
anthropogenic impacts, and to increase economic 
and environmental efficiency. Lately, due to the 
growing shortage of ores and concentrates in the 
mining and metals sector, interest in technologies 
for the processing of production induced raw ma-
terials has arisen. Stockpiles of industrial waste 
are a valuable source of extraction of some com-
ponents, while they are a source of environmental 
pollution. Therefore, the recycling of production 
induced structures, in addition to expanding the re-
source base, may be one of the ways to solve en-
vironmental problems. The value of metallurgical 
waste is already recognized by many metallurgical 
enterprises that by now involve the most promis-
ing raw materials into manufacture. For example, 
steel factories are using technology for processing 
mill scale and blast-furnace slag. Slag smelting fur-
naces are used for re-extraction of copper, zinc, gold 
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and silver in the factories of nonferrous metallurgy. 
Technology for processing zinc cakes is used in zinc 
factories. Institute of Metallurgy (Russian Academy 
of Sciences) together with Chelyabinsk Zinc Plant 
has developed a technology that allows the use of 
electric furnace dust, which is a waste product of 
steel, containing 25% zinc, to produce zinc metal. 
In accordance with the information of Chelyabinsk 
Zinc Plant (hereinafter — CZP), the proportion of 
zinc oxide in total recycling is at the level of 3.8% 
(4 190 t.). To date, the total need of the plant in the 
secondary raw materials is 13 500 tons and it will 
grow in the future. According to the projection of 
CZP to 2020, it will be 20 000 tons per year. This 
need can be fully satisfied with the processing of 
zinc-containing dusts in obtaining zinc oxide.

The author of the study carried out calculations 
on aggregated assessment of the economic effi-
ciency of processing zinc-containing metallurgical 
raw materials in CZP. The following conditions 
were taken for calculations:

1)	 annual processing volume of dust — 4 000 
tons (at the level of current needs in such kind of 
raw material);

2)	 zinc-containing dusts with the content of 
15% Zn are processed in welz-furnace CZP to give 
zinc oxide containing 50% Zn;

3)	 the resulting zinc oxide is sent in leach de-
partment CZP and further on the existing technol-
ogy is brought to the metal;

4)	 through extraction of zinc from dust to zinc 
metal — 87,4%;

5)	 commodity products is zinc metal in amount 
of 524,4 tons / year;

6)	 rated lifetime of the project  — 5 years.
Evaluating the effectiveness conducted in ac-

cordance with «Guidelines for the evaluation of 
investment projects» [7]. For purposes of this cal-
culation, the price of zinc metal accepted is 2 250 
USD / t. (67 500 rub. / t.), the price of electric fur-
nace dust — 2 900 rub. / t. (price accepted at the rate 
of purchases at Cherepovets Metallurgical Plant, 
including railway transportation in gondola cars to 
CZP). Technical and economic indicators of electric 
furnace steelmaking dust recycling in order to ob-
tain zinc are listed in Table 1. 

Since the purpose of this study is to estimate only 
the economic efficiency of processing of metallur-
gical dusts for zinc, we have assumed in this calcu-
lation, that the production of zinc metal is equal to 
the volume of sales. Taking into consideration that 
the recycling of dust will be produced on existing 

equipment of the plant, the investment costs consist 
of R&D costs in amount of 2,050 mil. rub. and cur-
rent capital formation at a rate of 1,194 mil. rub. 
For the calculation it is assumed that the period of 
the research on implementation of technologies for 
processing electrosmelting-furnaces dust planned 
sales volume will be at the level of 75%. After suc-
cessful completion of the development work, pro-
duction and sales volume will be 100%. Own means 
are the financing source. Consumption of auxiliary 
materials and energy is set on the basis of specific 
indicators of the cost of zinc CZP, adjusted for the 
volume of processing 4 000 tons of dust per year. 
The cost structure of the metallurgical processing of 
dust in obtaining metallic zinc is presented in Table 
2. The largest share in the structure represents the 
cost of raw materials (44%), energy and fuel (18%) 
and shop expenses.

Key performance indicators of implementa-
tion of technologies for processing of metallurgi-
cal dusts for the extraction of zinc are presented in 
Table 3. According to our calculations, the total cost 
of processing dusts will be 26,187 mil. rub. per year, 
revenues from sales of marketable products in year 
of reaching full capacity will be 35,397 mil. rub. per 
year, net profit from processing 4 000 t. dust reaches 
5,654 mil. rub. per year. Investment costs are re-
couped in the first year of processing technology. 
Discounted cash flow over 5 years of the project will 
amount to 15,112 mil. rub. Budget effectiveness of 
the project is designed based on the amount of tax 
payments. Annual payments to the federal budget 
will amount to 0,778 mil. rub./year, in the regional 
budget 1,530 mil. rub./year. Thus, the above data 
suggest that economic efficiency and financial vi-
ability of the proposed technology is proved.

Table 1
Basic technical and economic indicators of technologies  

for processing steel dust for zinc

Name of indicator units of measure value
The volume of processing steel 
dust t/year 4 000

Zinc content of processed dust % 15
t/year 600

Trans-extraction of zinc from 
the dust to metal % 87,4

The price of zinc accepted for 
the calculations USD/t 2 250

rub./t 67 500
Output of commodities
zinc metal t/year 524,4

mil. rub./year 35,397
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associated with their placement, as well as harm the 
environment, causing its contamination. Processing 
of metallurgical waste, obviously, should lead to 
reduction in harmful effects so any assessment of 
the effect of prevention of damage is of consider-
able interest from an environmental point of view. 
In the study of economic efficiency of processing of 
production induced structures, the prevented dam-
age shall be regarded as an indicator of the effec-
tiveness of the considered technologies. Thus, the 
total damages associated with the processing of 
zinc-containing metallurgical waste, which can be 
prevented will consist of:

1)	 prevented damage from the placement of in-
dustrial waste;

2)	 saving the cost for waste disposal, which is 
an estimate of the damage caused by land contami-
nation by chemicals.

In this case, due to the lack of methodological 
tools for assessing all systemic effects, the calcu-
lation will be limited to the valuation of damage. 
Table 4 gives the indicators of economic damage 
that would be prevented when implementing the 
proposed technology. Thus, indicators of damage 
prevented were calculated on the basis of the valua-
tion variables to prevent damage from soil and land 
degradation, and land pollution by chemicals, in 
accordance with the «Temporary method for deter-
mining prevented environmental damage» [3].

Thus, prevented damage from soil degrada-
tion will be 71,240 mil. rub., the savings pay for 
waste disposal will be 0,800 mil. rub., the total 
amount prevented damage will reach 72,040 rubles. 
Without going into detail on methods of calculation 
the indicators of prevented damage in the present 
study, as they are described in detail in «Temporary 
method...», we shall particularly note the follow-
ing. Though the calculated economic assessment of 
prevented damage from processing of production 
induced structures is based on a number of assump-
tions and is incomplete, it is comparable and even 
at times exceeds the net income derived from the 
introduction of technology. Therefore, the estab-
lishment of viable technologies that will effectively 
recycle the accumulated technological fields is an 
essential factor to address environmental problems 
of mining and smelting complex. 

In terms of real economic production of material 
goods is almost always associated with damage to 
the environment. For example, mining and metal-
lurgical industry, being a major supplier of construc-
tion materials for the sphere of social production, is 

Table 2
Total production cost of zinc from metallurgical dusts CZP

Name of indicator Total production 
cost, mil. rub.

Per unit 
costs, rub./t

Raw (dust) 11,600 22 121
Auxiliary materials 1,790 3 414
Energy and fuel 4,813 9 179
Wages of the main 
production personnel 0,547 1 044

Allocations to non-
budgetary funds 0,146 278

Shop costs 4,501 8 584
Actual manufacturing cost 23,398 44 620
Commercial expenses 822 1 568
General running costs 1 966 3 749
Total production cost 26 187 49 937

Table 3
Key performance indicators of recycling zinc-containing 

metallurgical dusts

Name of indicator Unit of measure Value
Rated lifetime of the project  years 5
Output of commodities (zinc 
metal) t / year 524,4

The need for investment mil.rub 3, 244
The discount rate % 15
Full cost mil. rub./year 26, 187
Unit cost of processing dust rub./ t 49, 9
Proceeds from the sale of mil. rub./ year 35, 397
Profit before tax mil. rub. / year 7, 155
Net profit mil. rub./year 5, 724
Payback period years 0,5
Net Present Value mil. rub. 15, 112
Fiscal efficiency
to the federal budget mil. rub./year 0,778
To the regional budget mil. rub./year 1, 530

Table 4
The calculated values prevented damage

Name of indicator Value, mil.rub.
Prevented damage from soil and land 
degradation, caused by waste disposal 71,240

Savings fee for waste disposal (reduction 
damage from chemical pollution) 0,800

Economic assessment of damage prevented 72,040

In addition to solving the problems of diversi-
fication of raw materials, improvement of the effi-
ciency and complexity of the use of raw materials, 
processing of production induced structures raises a 
number of issues relating to negative environmental 
impacts. Thus, plants producing metallurgical waste 
(in our case, dust, enriched with zinc), bear the costs 
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also a massive source of pollution. Environmental 
degradation in areas located the largest companies 
of the industry suggests that the emphasis in the 
development of mining and metallurgical complex 
should be placed on an adequate assessment and re-
duction of damage. Inflection point in the direction 
of maximizing profits at the expense of the envi-
ronment, leads to deterioration of the effectiveness 
of the entire socio-economic system. Therefore, a 
fundamental condition for effective development is 
to achieve an optimal balance between the achieved 
wealth and the injury suffered.
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