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Introduction and problem substantiation

Technological processes of steel making and conse-

quent steel processing are accompanied by forming of 

large amount of wastes containing different chemical 

components and other emissions being atmosphere pol-

lutants. Ferrous metals production is classified as the first 

category of environmental hazard according to the RF 

legislation as an object having essential negative effect on 

the environment and is assigned to the arras of application 

of the best available technologies (BAT) [1–5]. 

More than 50 companies in Russia are the produc-

ers of steel pipes, hollow shapes and fittings. Based 

on 2019 data, these companies produced 2.3 mln. t of 

wastes, or appr. 40,000 t of wastes for a company. It is 

known that not more than 27% of wastes is directed for 

reuse in self production and less than 1% of wastes is 

transferred to the third companies for recycling. At the 

same time substantial accumulated amount of wastes 

both inside these enterprises and in the storage areas 

for worked materials is observed [6]. According to the 

data of Rosprirodnadzor (Federal Supervisory Natural 

Resources Management Service), the total amount of 

wastes collected by the manufacturers of steel pipes, 

hollow shapes and fittings made about 50 mln. t in the 

beginning of 2020. It is twenty times more than can be 

produced at the enterprises during a year. This statistics 

of wastes processing displays that resource intensity of 

production facilities achieves 0.9 rubles of raw materials 

for a product unit [7, 8].

The above-mentioned arguments testify about actual-

ity of the wastes management problem in the field of pipe 

metallurgy. It is quite necessary to investigate the current 

situation with use of wastes, to reveal local regularities in 

creation of a “route” for wastes, to determine the problem 

areas in operation of ecological services.

Research methods

As the main research methods for examination of eco-

logical problems connected with steel pipes manufacture 

and rational recycling of wastes, the IDEF0 modeling 

methodology was used to visualize the waste management 

system and to structurize the model for the production of 

welded pipes taking into account emissions of pollutants 

and cleaning methods. 

The Data Mining technology in the form of a clas-

sification and regression tree (CART) was used as well 

for getting knowledge in wastes management. It allows 

to study statistical relationship between dependent vari-

able and several independent predictors and to classify 

the examined objects.

Discussion of results

Production resource intensity in the Russian iron 

and Steel industry at present time is higher than in the 

economically developed countries. E.g. the metal utili-

zation factor at the Russian metal processing enterprises 

makes in average 73%, while in the USA in achieves 87% 
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[9, 10]. Thereby, essential metal part in Russia is trans-

formed in chips. Resource intensity at Almetyevsk tube 

plant (a member of United metallurgical company — 

OMK) increases by 2.1% during recent two years and 

made 0.97 rubles of material resources per product unit. 

It means that manufacture of products with 1 ruble cost 

will require 0.97 rubles of material resources, including 

0.92 rubles of raw materials and 0.02 rubles of fuel and 

power resources [11, 12].

High level of resource consumption does not provide 

financial stability and resources for development of pro-

duction system at an enterprise. It is shown that the loss 

of the tube plant increased during last two years, while the 

part of added value in 2019 production volume is close to 

the zero mark (0.12%). Significant amounts of residual 

stocks and unfinished products tale place at the enter-

prise.

The system of wastes processing at the works for man-

ufacture of steel pipes, hollow shapes and fittings includes 

the following functional blocks (Fig. 1).

As a result of operation of wastes management system, 

balance carried forward (Y) is forming; it reaches 95 mln. 

t at Russian pipe plants.

Accumulation of production wastes (balance carried 

forward) Y can be presented as a mathematical 

expression having receipt and expense sections:

Y = Σ(X1, X2, X3) – Σ(X4, X5, X6, X7). (1)

When Y = 0, the balance equation for the 

wastes processing system will looks like:

Σ(X1, X2, X3) – Σ(X4, X5, X6, X7). (2)

One tube plant was characterized in aver-

age by Σ(X1, X2, X3) = 1.66 mln t of wastes in 

the beginning of 2019 with expense section 

Σ(X4, X5, X6, X7) = 0.043 mln. t. Thereby the 

amount of the expense section was less than the 

receipt section by 38 times, while the residue 

Y in the end of the year makes 1.62 mln. t of 

wastes. Decrease of the amount of production wastes at 

the works constitutes only 40,000 t. Such situation testifies 

about necessity of re-engineering of the wastes processing 

system which is not sufficiently rational at present time.

Let us consider the kinds of wastes in production of 

spiral welded pipes that are forming in the main tech-

nological processes such as welding, heat treatment and 

cleaning. The model of this technological process con-

taining five principal modules (A1-A5) was structurized 

by the authors (Fig. 2).

The pollutants from A1, A2 and A4 modules present 

emission of welding aerosol including solid and gaseous 

toxic substances containing different metals and their 

compounds, as well as emission of inorganic dust with 

silicon dioxide content up to 70%. A3 module provides 

emission of inorganic dust in the atmosphere and A5 

module – residues of flux and scale.

The best available technology for cleaning of emis-

sions of pollutants during pipe welding (A1), regeneration 

of welding flux (A3) and plasma pipe cutting (A4) is wet 

dust collection of dust and gas emissions [13]. Parameters 

of air cleaning from its dust component can reach 80-

90% in the modern wet dust collectors. Possibility of using 

such collectors as heat exchangers and absorbers, pro-

viding probably to save resources and equipment capital 

intensity to a certain extent, can be considered as their 

advantage. There is no doubt that wet dust collector is the 

optimal one in the field of physical and chemical clean-

ing technology. However, efficiency of such collectors de-

pends essentially on its construction, on the form of con-

tact between solid and liquid technological phases and on 

parameters of collecting particles [14, 15]. Information 

and technical directory on BAT (ITR 27-2017) does not 

describe completely the features of the existing collec-

tors in relation of production technologies and dimension 

ranges of pipe products, what makes it difficult to organ-

ize environmental friendly technologies.

Local extract ventilation is used in Russian metallurgy 

for blowing of pipes in the atmosphere (A2); it prevents 

distribution of harmful substances along a production 

site. Exhausters are usually used for this purpose; they 

Table 1. The level of resource intensity of welded steel pipe 

production based on the example of “Almetyevsk tube plant” 

JSC

 
2018 2019

Growth rate 
2019/2018, %

Parameters of production resource intensity 
(resources per product unit, rubles)

Resources for manufacture 
and realization of products 1.04 1.08 103.3

Material resources 0.95 0.97 102.1

Raw materials 0.90 0.92 101.6

Fuel, power, water 0.01 0.02 114.3

Parameters of production efficiency (%)

Part of intermediate consumption in 
production volume 97.50 99.88 102.4

Part of added value in production 
volume 2.50 0.12 4.7

Fig. 1. Visualization of the wasted processing system in production 
of steel pipes, hollow shapes and fittings
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are integrated in welding equipment or in turning-lifting 

and mobile air collectors with different construction [16]. 

Efficiency of ventilation system depends mainly on cor-

respondence between ventilator capacity, its construction 

and welding type. 

According to the 2020 Federal classification cata-

logue of wastes (FCCW-2020), the wastes of production 

of steel tubes, hollow sections and fittings correspond to 

3 52 group of wastes, including 16 sorts of wastes relat-

ed to different technological stages of production [17]. 

Additionally, the list of wastes includes also scarp and 

wastes of ferrous metals in the form of products and 

pieces (4 60 group of wastes). Based on the data of 

Rosprirodnadzor, there were 9 kinds of wastes at Russian 

steel pipe works in 2018; they were presented by products, 

pieces and wastes of the technological process (table 2). 

Those include three kinds of wastes (metal, dewatered 

residue of neutralization of hydrochloric acid water and 

dust from a gas cleaning unit during pipe sputtering) that 

have a balance carried forward. Other substances are used 

or transferred to the third companies.

Use of Data Mining tech-

nologies in the area of organizing 

solutions aimed on strengthen-

ing of ecological features of pro-

duction process allows to create 

expert-diagnostic systems for 

quality control management of 

finished products and evalua-

tion of production effect on the 

environmental system. Let us use 

the method of “Decision Tree” 

for getting the new knowledge, 

revealing the hidden regulari-

ties and relationships in wastes 

management for steel pipe pro-

duction.

To examine the “route” 

of wastes and features of their 

usage, let us accept the level of 

wastes utilization in the company (Dw) as the independ-

ent variable Vdep. Thereby the following variables will be 

considered as independent predictors:

Pred1 – part of wastes recycling (Rw);

Pred2 – part of wastes, located at the self disposal sites 

(Pw);

Pred3 – part of wastes, transferred to other companies 

(Tw). 

To realize the method of Decision Trees, let us use 

Statistica software complex. The relationship between 

the dependent variable and independent predictors can 

be presented as a tree-shape structure obtained with help 

of hierarchic data segmentation (Fig. 3).

The Decision Tree has 3 non-terminal and 4 terminal 

knots (non terminal knots have subsidiary ones). Each new 

branch of the tree has ID knot identifier, N knot size, Mu 

average value and Var knot dispersion. Each iteration level 

in the knot of decision taking is supplied by conditions of 

forming of a new tree branch relating to the variable value 

that is most informative. After third iteration on the tree 

diagram 4 knots (ID = 3, 5, 6, 7) are formed; based on 

Fig. 2. The model of technological process for welded pipes, taking into account 
emissions of pollutants in the atmosphere and cleaning methods

Table 2. Kinds of wastes and features of their circulation at steel  pipes works (t)

Kind of wastes in steel pipes production
Presence of wastes 

in the beginning 
of the year

Circulation of wastes
Residue of wastes 

in the end of the yearReceipt section Expense section

Steel scrap and wastes in pipe production 905708.8 71180404.9 71342077.6 744036.1

Flux wastes in welding of steel pipes 0.0 878.6 878.6 0.0

Wastes of wet gas cleaning unit in steel pipe production 0.0 116.5 116.5 0.0

Dust of gas cleaning unit in steel pipe production 19.2 150.2 112.9 56.5

Dust of gas cleaning unit in scarfing of pipe ends 0.0 191.9 191.9 0.0

Dust of gas cleaning unit in galvanizing of steel pipes 0.0 15.5 15.5 0.0

Dewatered residue of neutralization of hydrochloric acid water 51736.3 24266.4 24174.9 51827.8

Solution of calcium chloride in neutralization of hydrochloric 
acid water

0.0 133.0 133.0 0.0

Wastes of pipe cleaning and cleaning of technological 
equipment 

0.0 234.8 234.8 0.0
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the authors’ opinion, they can be accepted as 

classes or groups of examined wastes meaning 

the features of their processing (table 3).

The first group (ID = 3) includes two kinds 

of wastes with high specific weight of return 

of resources in production cycle for their sec-

ondary processing (steel scrap and wastes in 

pipe production, calcium chloride solution 

in neutralization of hydrochloric acid water). 

Recycling of steel scrap and wastes in pipe pro-

duction (Rw) makes 54%. The second group 

(ID = 5) is formed for the part of wastes that 

were located at the self disposal sites for their 

storage and burial. The value Pw vv> 100% 

testifies about purchasing the resources and 

their storage at the self site (dust from a gas 

cleaning unit during pipe sputtering). The 

third group (ID = 6) is the most numerous; it 

is characterized by the part of wastes located 

at the self disposal sites (Pw < 71,6%) and 

includes five kinds of wastes (residue of neu-

tralization of hydrochloric acid water, flux wastes in pipe 

welding, pipe cleaning wastes, dust from a gas cleaning 

unit in pipe galvanizing). This group also includes wastes 

that are not located at the self site of the works, but they 

are transferred to other companies for storage or utili-

zation. The fourth group (ID = 7) has intermediate val-

ues of the part of wastes located at the self storage sites:

125,7% > Pw K4 > 71,6% (wastes of wet gas cleaning).

Scrap and wastes containing non-contaminated fer-

rous metals as products and pieces are accumulated at 

the works in substantial amounts. This kind of wastes 

is classified as the 5th class of hazard and is practically 

harmless^ the level of danger for the environment is close 

to zero. However, large amount of residues of processed 

steel testifies about the problems in resources manage-

ment. It seems that high volume of scrap forming in steel 

pipe production can be considered as presence of up to 

10% of rejects. Part of rejects id inevitable — it is pre-

sented by products manufactured with violation of preset 

parameters owing to variations in the equipment fitting. 

The other part is described as violation of technological 

parameters and product quality due to the human factor. 

Consequently, efficient organization and management on 

production lines and quality control of finished products 

allow to minimize the part of rejected products and, re-

spectively, to decrease the amount of scrap forming.

It is expedient to use in this direction information 

MES systems (Manufacturing Execution Systems), tak-

ing into account special features of technological busi-

ness processes in metallurgy. The MES system available 

in Russia is “Galaktika AMM” software, where AMM 

means Advanced Manufacturing Management. This in-

formation system has wide functionality in management 

of equipment and technological processes, what allows 

to provide automation of control functions for product 

quality in the principal pints of production technological 

cycle. Timely determination of products that don’t meet 

the requirements makes it possible to realize the adjusting 

measures and to decrease thereby the level of rejection 

and forming of metal wastes.

Approximate cost of the software with accompanying 

of all works makes 1.55 mln. rubles. Operation of the MES 

system is possible on the mobile platform 1C: Enterprise 

8.3. The expected economical effect after use of the soft-

ware complex in management of technological processes 

in general and in the field of product quality control in 

particular is presented in the Table 4.

Through metal barcoding, accounting of wastes and 

losses at the enterprise allow to decrease material expenses 

by 8.8% and production expenses in general – by 12.3%. 

Automation of the technical control system, collection of 

analyses and quality control services provides lowering of 

Fig. 3. Decision Tree for determination of tendencies and local 
regularities of wastes processing at steel tube works

Table 3. Parameters of wastes classification meaning the features of their processing and based on Classification and Regression Tree

Parameters of Decision Tree
Classification of enterprises

Group 1 (K1) Group 2 (K2) Group 3 (K3) Group 4 (K4)

Condition of an enterprise classifying to a group Rw K1 > 34.7% Pw K2 > 125.7% Pw K3 < 71.6% 125.7% > Pw K4 > 71.6%

Knot size N 2 1 5 1

Average knot value Mu 314.6 303.1 92.9 0.0

Knot dispersion Var 95.6 0.0 202.4 0.0
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rejection level down to 4.8%. Respectively, possibility of 

the amount of steel scrap and wastes formed during a year 

in pipe production makes more than 30%.

Suggestion for putting MES systems into practice 

was supported by the Ministry of Economics of Tatarstan 

Republic within the framework of Tatarstan technologi-

cal initiative “Strategy 2030” and corresponds with OMK 

ideology in the area of creation of digital production [18]. 

Conclusions

Examination of the environmental problems of steel 

pipes production and rational usage of the wastes allowed 

to obtain the following scientific and practical results.

1. Resource intensity of steel pipes production on the 

example of Almetyevsk tube plant reaches 0.97 rubles of 

material resources on product unit with negative financial 

result and the part 0.12% of the added value in production 

volume. Residues of finished and unfinished products are 

presented at the enterprise.

2. Visualization of the wastes processing system in 

production of steel pipes, hollow shapes and fittings al-

lows to extract the main functional blocks of receipt and 

expense sections of wastes balance. It is determined on the 

example of the tube making enterprises that the value of 

expense section is larger than the value of receipt section 

by 38 times, while residue of wastes in the end of the year 

reaches 1.6 mln. t.

3. The technological model of welded pipe produc-

tion is structurized taking into account emissions of 

pollutants in the atmosphere and cleaning methods. 

Necessity of optimization of the reference book on the 

best available technologies ITR 27-2017 is substanti-

ated; it does not allow the users to receive completely 

information about variety and features of cleaning meth-

ods in relation to the methods of pipe production and 

kinds of pipe products. 

4. Emission of pollutants and wasted of ferrous met-

als manufacture in production of steel pipes, hollow 

shapes and fittings is analyzed. Based on the Decision 

Tree, the knowledge on the tendencies of wastes process-

ing in steel pipe production is received. The results allow 

to make conclusion about different approach to wastes 

management, i.e. in digital form. Economical efficiency 

from re-engineering of the wastes management system in 

steel pipes production can be received as a result of in-

crease of the part of wastes returned to the technological 

cycle up to 70–90% depending on the kind of resource. 

Use of outsourcing technologies for wastes, i.e. com-

plete (100%) or partial (50–80%) transfer of resource 

to other specialized companies, can provide economical 

efficiency in the form of reduction of self wastes disposal 

sites and their service. Calculation of the value of eco-

nomical efficiency will be possible during development 

of concrete project on optimization of wastes manage-

ment and resource saving. 

5. In order to decrease the level of rejects in steel pipe 

production and minimization of scrap forming, the proj-

ect on automation of technical quality control and putting 

the MES system into practice is suggested. The economi-

cal efficiency of the software product use in management 

of production processes at Almetyevsk tube plant can 

reach 12% of saving expenses on products and decrease 

of production losses by 8%. At the same time lowering 

of the level of product rejects by 2.7% allows to decrease 

scrap forming at the enterprise by up to 30%.

The research was carried out within the framework of 
the grant of the President of the Russian Federation for 
state support of leading scientific schools of the Russian 
Federation, project number NSh-2600.2020.6.
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