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d from 2012 to 2021 in Russia the volume of annually generated waste
times (Table 1), the indicator of waste generation per unit of GDP is
21, 90.5 million tonnes of waste were generated per one million roubles of
rding to the data presented in the report "On the state and protection of the
environment of the Russian Federation in 2021" [2] (Table 1), about 52% of waste generated
the country is directed for utilisation. This is 2 times lower than in European countries.
e highest utilisation of waste is noted in the wood processing industry (88%) and in ferrous
metallurgy (82%).

It should be noted that states with a high level of waste utilisation receive not only savings
in primary natural resources, but also savings in the energy used for their processing. For
example, "the production of paper from waste paper requires 70% less energy than its
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production from primary raw materials; ... the production of metal from scrap metal requires
75% less energy than the production of metal from iron ore; the production of aluminium
from aluminium scrap saves 95% of energy [3]. Thus, the return of waste into production,

the use of waste recycling technologies is very important for Russia.
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increasing.

Table 1 shows that the share of waste transferred for recycling has slightly decreased over
last five years, while the volume of specific waste generation per unit of GDP has been
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2 Reasons for increased waste formation

Waste is generated at all stages of the product life cycle, from design to disposal of the
finished product (Figure 2). There are a number of reasons leading to the generation of large
amounts of waste:

- high percentage of wear and tear of production equipment;

- insufficiently developed technological processes;

- non-compliance with the requirements of technological regulations;
- low quality and incomplete utilisation of raw materials;

- errors in the design of production equipment and products;

- ignoring the principles of eco-design in the development of new prg
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2 Ways to reduce waste generation

One of the activities of enterprises is the organisation of an effective production waste
management system. In 2017, Russia developed the state standard GOST R 56828.22-2017
[5], which establishes the preferential methods of waste management, according to which it
is recommended that enterprises first of all strive to prevent their formation, treatment for
reuse, use as secondary raw materials. If it is impossible to realise these methods of waste
processing, resort to waste disposal (burial, incineration) (Figure 3). Undoubtedly, the
prevention of waste generation and its reuse are the most preferable. Enterprises should
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follow the recommendations of GOST R 56828.22-2017 in the process of organising the
waste management system.
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tion of measures to reduce waste generation is a prerequisite for effective
the waste management system, only an integrated approach to solving this
problem will reduce waste generation and improve the environmental situation.

Methods of processing waste metal chips from machining
industries of machine-building enterprises

The production structure of machine-building enterprises includes preparation, processing
and assembly shops. Processing shops include foundry shops, mechanical processing shops,
forge and press shops, welding shops, paint shops, thermal and galvanic processing shops.
The composition of generated waste is determined by the types of technological processes
carried out at the enterprise. A large amount of waste is generated during the production
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process. Solid wastes of machine-building enterprises have a limited nomenclature and are
rather constant in composition, mainly they are ferrous and non-ferrous metal wastes (about
260 kg per tonne of processed metal, in the technological process of stamping - up to 600 kg
per tonne), slags, scale, ash, burnt moulding earth, sludge, fluxes, wood (sawdust, cuttings,
chips), plastics, welding electrode burns, paint waste, rags contaminated with petroleum
products, oil waste, etc., etc.

During machining of parts on metal-cutting machines large volumes of metal chig

treatment of the swarf to remove oil products.
Different methods are used for chip cleaning.
1) Drying in drum furnaces with subsequent briquetting allow;

low coolant content (5-8%). The disadvantages of the metho

of briquettes, lack of coolant utilisation, high emissions in

[6].

as well as in the previous case, are low mechanical
coolant (8-10%) and lack of its utilisation [6].

3) Method of thermal-vibration cleaning of ch
the lack of coolant utilisation and high atmosph
efficiency of this method largely depend .
with a washing chamber allows to bring #he 3 chips to 2-3%, but at the same
etres of solution per 1 cubic metre of

tage of this method is also
should be noted that the

at DC arc furnaces. The disadvantage of the
c generated by the thermal effect on the coolant

torresurs”, which includes three stages of processing:

process of chip processing. As positive features it is necessary to note high
d brlquette which allows to reduce ch1p carbon monox1de and to

comparison with other methods) [6].

e comparison of metal chips processing methods shows that the method proposed
by JSC "GAZvtorresurs" allows to achieve the required quality of smelted metal, utilise
oolant contained in chips, significantly reduce atmospheric pollution.

5 Conclusions

The economic development of society is accompanied by a significant increase in the
negative impact on the environment. One of the serious problems is the formation of large
volumes of industrial waste, it is the cause of loss of useful components contained in waste,
pollution of the environment, negative impact on public health and ecosystems [9]. In order
to reduce waste generation, enterprises need to apply the principles of resource conservation
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at production facilities, select the most optimal methods of waste processing, organise
separate waste collection, return waste to production, and search for enterprises to process
those types of waste that cannot be used at the enterprise. Application of such an approach
will contribute to the transition to a cyclic economy, reducing the negative impact on the
environment, preserving public health. Application of the method of chip processing
recommended in the article will allow to reduce the consumption of primary raw materials,
reduce emissions into the atmosphere, reduce payments for environmental pollution,

will favourably affect the economic performance of the enterprise.
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