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Abstract. Zero-waste technologies are technically and technologically based mainly on environmental protection systems (EPS). Such systems help to
arrange waste recycling into the technosphere rather than polluting the environment. The article gives a brief review of the methods and technologies
of ferrous metallurgy waste recycling. Simple patterns in which the interrelations between devices for environmental protection against solid, liquid
and gaseous wastes are not arranged, cannot provide the necessary level of zero-waste production. Only integrated multistage, multilevel systems of
raw materials processing and waste recycling, including devices and technologies for processing of waste flows in various phase states, can create a
high degree of zero-waste production. The design of such systems startswith the description of outgoing substances and energy flows from process
plants, the formation of structural variants, operating principles (technologies) and equipment (devices) of system components. It is from these that
the optimal variant will be chosen. The purpose of optimizing a protection system is to minimize the mass of waste sent into the environment. This
provides for environmental and industrial safety, and takes into account the technical and economic constraints on the possibility of implementing
the selected EPS structure. The study proposes a procedure for forming the structure of the system, including production, environmental protection
devices, and the natural environment. Interrelations between the system components are represented by energy flows and masses of substances. The
study also proposes an example of arranging the system structure including interrelated subsystems for processing (treatment, decontamination, etc.)
of gases, wastewater and solid waste. EPS devices in general can form outgoing flows of substances, which, depending on their properties (hazard,
usefulness and phase state), can be directed to the environment, to the next level (stage) protection devices, as well as to production for replacing raw
materials or obtaining products. An example of organizing the structure of an integrated multistage and multilevel system of environmental protection
against emissions, including subsystems for treating secondary waste in gaseous, liquid and solid states, is considered. The proposed procedure for
forming the environmental protection system structures can be applied to other industries.
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OpuzutasHas cmames BE3OTXOA4HbIE TEXHONIOTUM:
®OPMWUPOBAHUE MHOTOYPOBHEBDbIX CTPYKTYP
CUCTEM 3ALLUTDI OKPV)KAIOLI.I,Eﬁ CPEADbI

A. K. CokoJ/10B

HBaHoBCKHMii rocyiapcTBeHHbIIT YHepreTuyeckuii yaupepcuter umenu B.U. Jlenuna (Poccus, 153003, MBanoBo, yi1. Pabdakosc-
Kad, 34)

AHHomayus. TeXHUYECKYI0 M TEXHOJIOTHYECKyI0 0a3y Oe30TXOIHBIX TEXHOJIOTHil B OCHOBHOM IIPEACTABIISIOT CHCTEMBI 3alUTHI OKpYKaroumei
cpenst (C30C), koTOpBIE MO3BOJISIIOT OPraHU30BaTh PELMKIIMHI OTXO/IOB B TeXHOC(heEpy, a He 3arpsi3HATh UIMHU OKPY’Kalollylo cpeny. B crarbe nan
KpaTkuii 0030p padoT, NOCBAIIEHHBIX METOAAM M TEXHOJIOTUSM YTWIIM3alMU OTXOJ0B YepHOI Merayutypruu. [loka3zaHo, 4To MpocThle CXEMbl, B
KOTOPBIX HE OPraHM30BaHbI B3aMMOCBS3U MEX/y YCTPOHCTBAMH 3alMTHI OKPYXKAIOIIEH CPe/ibl OT TBEPJIbIX, KUAKUX U Ia3000pa3HbIX OTXOIOB,
HE MOTYT 00eCIeunTh HEOOXOAUMYIO CTENeHb 0E30TXOMHOCTH POU3BOCTBA. BBICOKYIO CTEMeHb O€30TXOMHOCTH B O0IIEM CITydae MOTYT CO3/IaTh
TOJIbKO KOMIUICKCHBIE MHOTOCTA/IMIHbIC, MHOTOYPOBHEBbIE CUCTEMBI NEPePadOTKU ChIPbsSI U yTHIM3AIMH OTXOJ0B, BKIIIOYAIOIINE YCTPOUCTBA U
TEXHOJOTHH 00pabOTKH MOTOKOB OTXOJIOB B Pa3IMYHBIX (DA30BBIX COCTOSHUSX. [I[pOCKTHPOBAHKE TAKUX CHCTEM JIOJDKHO HAUYMHATBHCS CO CTAIUU
OIUCAHUS BBIXOIHBIX IIOTOKOB BELIECTB M YHEPIHHU U3 TEXHOIOTHYSCKHUX YCTAaHOBOK M (JOPMUPOBAHHSI BADHAHTOB CTPYKTYP, IIPUHIIUIIOB JCHCTBHS
(TexHosoruii) u 00opyaoBaHus (YCTPOWCTB) 3JIEMEHTOB CHCTEMBI, U3 KOTOPBIX Oy/leT BbIOMpaThCsi ONTHMANbHBIN BapuaHT. Llens onTumusannu
CHCTEMBI 3aLIUThl — MUHUMHU3ALHUS MAaCcChl OTXOI0B, HAIPABIIIEMBIX B OKPY’KAIOILYIO Cpely, oOecreunBast SKOJIOrHUYECKYI0 U IPOU3BOCTBEHHYIO
0€30MacHOCTh C YYETOM TEXHHKO-3KOHOMHUYECKHX OTPaHHUYCHUN Ha BO3MOXKHOCThH peanm3anuu BbiOpanHOW cTpykTyphl C30C. Ilpemmoxena
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nporenypa (HOpPMHUPOBAHUS CTPYKTYPbl CHCTEMbI, BKJIIOUAIOIICH HPOU3BOIACTBO, YCTPOMCTBA 3alMUTBI OKPYXKAIOIIEH Cpelbl, MPUPOIHYIO
(oxpyxaroltyio) cpeny. BzanmMocBsa3u Mexay dJeMEHTaMH CHCTEMBI MPEACTABICHBI MOTOKAMM SHEPrMU M Macc BemiecTB. IIpuBeneH mpumep
OPraHu3alHU CTPYKTYPbI CHCTEMBI, BKIIIOYAIOIIEH B3aNMOCBSI3aHHbBIE TIOJICUCTEMbI 00pabOTKH (OUMCTKH, 00€3BPEXKUBAHMS U JIP.) TA30B, CTOYHBIX
BOJ M TBEPIbIX 0TX010B. OTMeUeHO, 4To Ha Bbixoze ycrpoiictB C30C B obmieM ciryyae MOTyT chOpMHUPOBATHCS BBIXOAHBIC MOTOKU BEILECTB,
KOTOpBIC B 3aBHUCHMOCTH OT HX CBOMCTB (OIIACHOCTH, IOJIE3HOCTH U (ha30BOTO COCTOSIHHSI) MOTYT OBITh HAIPaBICHBI B OKPY)KAIOIIYIO CPELy, B
YCTPOHCTBA 3aIUTHI CIEAYIOIEro YPOBHs (CTYNEHH), a TAKXKe B IIPOU3BOJICTBO JUIS 3aMEILECHHs ChIPbsI WM MOTyYeHHs POIyKIMu. PaccMorpen
HpUMep OPraHU3aLUK CTPYKTYpPbl KOMIUIEKCHOH MHOTOCTYNEHYaTOH W MHOTOYPOBHEBOM CHCTEMbI 3aIUUThI OKPYXKAIOLIEH Cpelbl OT BHIOPOCOB,
BKJIIOYAIOLICH MOACUCTEMBbI OTPA0OTKM BTOPUYHBIX OTXOAOB B ra3000pa3sHOM, JKMAKOM M TBEPAOM COCTOsHHMAX. [IpemnoxkeHHas npouenypa
(OpMHPOBaHHUS CTPYKTYP CHCTEM 3aIIUTHI OKPYKAIOIIEH CPebl MOXKET NPUMEHSATHCS ISl APYTHX OTpacieil NPOU3BO/ICTBRA.

Katouesble c108a: 6e30TXOMHOCTH TIPOU3BOMICTBA, YKOIOTHICCKAsT OE30MaCHOCTh, KOMIUIEKCHBIC CHCTEMBI 3aIliThl OKPY)KAFOIICH CPEIBI, CHCTEMHBIH
aHam3, GOPMHUPOBAHUE CTPYKTYPBI, B3AUMOCBS3H, 00paboTKa IOTOKA BEIIECTB

/st yumupoeanus: Coxonos A.K. be3orxoaHbie TexHOJIOTHI: (HOPMUPOBAHHE MHOTOYPOBHEBBIX CTPYKTYP CUCTEM 3allUThl OKPYKAIOIIEH cpeibl //
HWs3Bectus By3oB. Uepnas meramuryprust. 2022. T. 65. Ne 5. C. 366-373. https://doi.org/10.17073/0368-0797-2022-5-365-373

[ INTRODUCTION

Ensuring the environmental safety of Russia and the
entire world community is one of the most important
tasks of our times. Improving the level of environmen-
tal protection will delay the onset of inevitable ecologi-
cal catastrophe. One of the main focus areas in reducing
environmental impact is the design, formation and use of
zero-waste (green) technologies. Such technologies allow
part of waste to be returned to the sphere of production or
consumption, thus reducing environmental pollution and
the extraction of natural resources. Environmental pro-
tection systems (EPS) serve as a technical base of zero-
waste, energyand resource saving technologies.

[ ANALYSIS OF WASTE PROCESSING TECHNOLOGIES
IN FERROUS METALLURGY

The metallurgical industry is one of the largest con-
sumers of resources and generators of waste polluting
the environment. Therefore, activities aimed at improv-
ing the environmental friendliness of metallurgical tech-
nologies are especially relevant.

Studies [1 — 5] show the general characteristics of
the adverse impacts of metallurgical enterprises and the
analysis of environmental problems caused by the im-
pacts on the natural environment and people. Research
and recommendations on solving the environmental
problems have been conducted in several areas.

Due to the diverse nature of waste from ferrous
metallurgy and other industries, a complete analysis of
methods of deep waste recycling to ensure zero-waste
production cannot be carried out within the framework
of a single scientific work or article. Therefore, a large
number of known scientific works consider individual
cases of using technologies for processing, neutraliza-
tion of solid waste, gas and wastewater treatment, as well
as measures for resources and energy saving.

All ferrous metallurgy waste is divided into three groups
according to its phase state: solid, liquid and gaseous.
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The methods and technologies of solid waste (mainly
slag) recycling are suggested in works [1, 5, 6 — 15].

Works [6, 11, 15] provide reviews of publications on
the assessment of environmental problems and waste
recycling methods. The technologies of using steel-
making slag for the production of mortar are described
in [7, 12, 13]. The use of ferrous metallurgy slag for
the reclamation of industrial waste dumps is considered
in [8, 9]. Article [10] presents the results of research on
the development of a cyclic technology for recycling of
solid waste from blast furnace, converter and open-hearth
furnace production with zinc recovery and regeneration.

Article [14] presents the possibility of integrating
mining and metal-processing wastes into a single whole.
Measures to solve environmental problems caused by
stationary and fugitive emissions are developed and de-
scribed in works [16 — 21]. Recycling technologies and
wastewater treatment processes in the metallurgical in-
dustry are consideredin publications [22 — 24].

Simple patterns in which the interrelations between
devices for environmental protection against solid, li-
quid and gaseous wastes are not arranged, cannot pro-
vide the necessary level of zero-waste production. For
example, “wet” purification of emissions from dust ge-
nerates slime, requiring the disposal of water and sludge.
In order to comply with the principle of zero-waste pro-
duction, and the first stages of low-waste production, in-
tegrated waste recycling systems need to be developed.

The urgency of integrated recycling of wastes and
man-made formations is highlighted in [1]. Article [25]
indicates the need to observe the system principles of
arranging the modern production. Naturally, the system
solution of environmental problems requires the deve-
lopment and use of multiple technologies [1].

The integrated approach principleis used to assess the
environmental aspects of a series of impacts of metal-
lurgical enterprises [22], integrated prevention and con-
trol [24] of environmental pollution, as well as to recycle
solid waste of ferrous metallurgy enterprises [6, 7, 10].
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Generally, integrated zero-waste systems of raw ma-
terials processing and waste recycling aim to divide the
flows of substances not only in terms of composition,
properties, fractions and phase state of components, but
also perform their subsequent processing. The devices
for flows division use physicochemical, thermal, me-
chanical, chemical, biochemical and other methods and
technologies. A description is provided in the European
Union reference document [24] on the best available tech-
nologies for processing wastes with different physico-
chemical properties (solid and pasty, liquid and gas). An
overview of some technologies and their application in
ferrous metallurgy is presented in [2, 22, 26 — 28].

The optimal design of environmental protection sys-
tems with selection of the best technologies can be rea-
sonably performed with the help of software tools. Ar-
ticle [28] substantiates the need to build an information
support system for the application of the most efficient
technologies. It also proposes the structure of the unified
information and analytical system UIAS with the “Atlas
of the Best Environmental Technologies”.

Thus, the zero-waste principle in general can be imp-
lemented only in integrated multilevel raw materials pro-
cessing and waste recycling systems, including devices
and technologies of various purposes.

According to GOST R 57702 — 2017 [29] the prin-
ciples of systematicity and integrity need to be imple-
mented, while “the ultimate goal should be to optimize
production simultaneously in terms of energy, economic
and environmental parameters”.

- METHODOLOGY OF FORMATION OF MULTILEVEL
STRUCTURES FOR ENVIRONMENTAL PROTECTION SYSTEMS

We shall limit ourselves to considering the systems of
production wastes recycling, usually referred to environ-
mental protection systems.

The design of such systems should begin with the de-
scription of the outgoing flows of substances and ener-
gies from technological and thermal power plants.

Depending on the properties of flows, which can have
an inadmissible impact on the environment, structural
variants and principles of action (technologies), equip-
ment (devices) of system components should be de-
signed, from which the best option will be selected. An
example of solving such a problem is the algorithm for
five-level optimization of structures, principles of opera-
tion, design values and standard parameters for the op-
timal design of the heating furnace compartment [30].

The system approach to the design of waste processing
technologies will allow for waste hazard reduction prob-
lems to be resolved more effectively and for secondary
energy (SER) and material (SMR) resources to be used

more widely. Integrated, multilevel and deeper process-
ing of substance flows, taking into account changes in
their phase state in environmental protection systems, will
increase the degree of zero-waste production. By setting
a broad optimal design problem, greater effect can be ob-
tained in the implementation of the purpose. On the other
hand, the greatest damage to nature and society is caused
by system errors preconditioned by the absence of aholis-
tic analysis of system relations of production — environ-
mental protection systems — and the environment.

System representation is important for a general un-
derstanding of the structures and functional purpose of
environmental protection system components. It also
serves to identify the opportunities for more comprehen-
sive waste recycling.

The article proposes a procedure for forming the sys-
tem structure, including: production, environmental pro-
tection devices, and the natural environment.

It is advisable that an integrated structure of such
a system be designed based on the principle “top to bot-
tom” or “general to specific”, representing the interrela-
tion between the system components by substances and
energy flows.

The following terms will be used for the convenience
of describing the integrated structure of the environmen-
tal protection system: “processing”, “stage” and “level”

of processing.

Processing will be understood as any process opera-
tion [24]: purification, roasting, deposition of substan-
ces, etc.

Processing stages are commonly referred to as func-
tions of devices through which the flow of substances,
without a change in the phase state, passes sequentially.
For example, a mixer, an aerotank and a settling tank,
which carry out processing stages for wastewater.

A processing level can be considered as a function of
the device into which the flow enters in a different phase
state of the substance to the main flow processed in the
previous device. For example, slime processing after the
aerosol “wet” purification device is the next level of flow
processing.

Let us consider the purpose of the main material and
energy flows which connect the environmental protec-
tion subsystems with production and the natural environ-
ment (Figure 1). Each protection subsystem can include
elements that perform stages or levels of flow process-
ing. Atmosphere, hydrosphere and lithosphere protection
subsystems process flows of gases, liquids and solid sub-
stances accordingly.

Production and consumption (part of the techno-
sphere) uses natural resources (solid lines) from the at-
mosphere, lithosphere and hydrosphere and returns flows
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Figure 1. Structure and interrelations in the production — environmental protection devices — natural environment system:
E — emissions; WW — wastewater, SW — solid waste;
— — ——secondary waste; —--— — primary nonhazardous waste; — — resources; —-— — secondary material
and energy resources; <= — EPS treated and neutralized flows; <=1 — harmful and hazardous substances waste flows

Puc. 1. CtpykTypa 1 B3aMOCBSI3M B CUCTEME IPOU3BOJCTBO — YCTPONCTBA 3aIUThI OKPY’KAFOLIEH Cpe/ibl — IPUPOJIHAs cpefia:
B — BeiOpocer; CB — crounsie Bomsr; TO — TBep/ibie OTXOIBI;
— — — — BTOPHYHBIC OTXOJIbI; —+-— — IEPBUYHBIC OE30IACHBIE OTXO/bI; —— — PECYPChI; —-— — BTOPUYHbIC MaTepUalibHbIC
¥ SHEPTeTHYeCKHe PeCypesl; <1 — ouHIIeHHbIe 1 00e3BpexenHbie motoku C30C; <=3 — nOTOKN OTXOI0B BPEHBIX U ONACHBIX BELECTB

of primary “safe” waste (dashed line with two dots)
which do not require special treatment for the natural
environment. Such waste is dispersed in the atmospheric
air, discharged into water reservoirs, and disposed of, for
example, in dumps.

Flows of primary production wastes (emissions,
wastewater, solid wastes) which require special treat-
ment are directed to the corresponding atmosphere,
lithosphere and hydrosphere protection subsystems (in-
coming flows of the EPS, dark arrows). In addition to
primary wastes, secondary wastes (second level or stage
of protection) allocated by other types of protection sub-
systems (dashed lines) can enter protection subsystems.
For example, the atmospheric protection subsystem can
receive gases from lithosphere and hydrosphere protec-
tion subsystems, which can be formed during thermal
treatment of liquid and solid wastes.

Outgoing flows of protection subsystems (see Fi-
gure 1, light arrows) include flows of purified or treated
waste sent to the atmosphere, lithosphere, and hydro-
sphere, respectively (main flows of treated waste). They
also include flows of secondarywaste sent to production
in the form of secondary energy and material resources
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(SER and SMR, dashed lines) and/or to the next level of
waste treatment (dashed lines).

Figure 2 shows in more details the incoming and
outgoing flows of environmental protection subsystems
and gives a description of their functional purpose. The
flow into the environment, which can bypass the EPS, is
not shown conventionally. This flow may include useful
and/or non-hazardous substances the treatment of which
is not feasible. The diagram shows that the structure
of the EPS outgoing flows is formed in relation to the
amount and properties of substances included in the pri-
mary waste (the EPS — 7 incoming flow). Incoming flows
of protection subsystems (primary wastes in the form of
gases, liquids, solids of metallurgical enterprises or other
technospherefacilities) may include (see Figure 2):

— hazardous and harmful substances;
— useful substances;
— non-hazardous substances.

In environmental protection subsystems division of
substances shall occur in relation to their properties: the
degree of danger, quantity and phase state. After the pri-
mary waste flow division, in general, four outgoing flows
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of substances from the first-level or stage protection sub-
systems (EPS — /) may form.

I — the first (main) flow, which has passed purifica-
tion or treatment and has not changed the phase state, is
sent into the environment. This flow may include envi-
ronmentally non-hazardous substances:

—hazardous and harmful substances, but in safe quan-
tities (e.g., emissions not exceeding the maximum per-
missible values;

— useful substances;

— non-hazardous substances which, for technical or
economic reasons, cannot feasibly be separated from the
flow into the environment.

Substances in this flow, depending on the phase state,
are dispersed into the atmospheric air (gases), diluted
with water of water bodies (discharges), sent to dumps,
landfills, storage facilities and other facilities for solid
waste storage.

11 — the second flow, which includes environmentally
non-hazardous substances captured by the first-level pro-
tection subsystems (EPS — /), can also be sent to the en-
vironment. Unlike the first flow, this flow has a different
phase state. For example, solid particles from devices for
gas cleaning from dust, or from biochemical wastewater
treatment devices, etc.

111 — the third flow consists of hazardous and noxious
substances captured by the first-level protection sub-
systems (EPS — 7). This flow or flows shall be sent to

I
— hazardous and harmful
substances in safe quantities;
— useful and/or non-

the second-level or second-stage protection subsystems
(EPS - ID).

1V — the fourth flow is formed by hazardous, harm-
ful and useful substances captured by EPS — I. They can
be used to obtain products in the production, where the
primary waste was formed (for example, metal or cement
dust), or other production (for example, sediment from
wastewater treatment from organics, red mud — waste
from non-ferrous metallurgy, which is used as raw mate-
rial in ferrous metallurgy).

The EPS secondary wastes in general can have a dif-
ferent phase state when compared to primary wastes.
Thus, subsystems for environment protection against
gaseous, liquid and solid wastes in the general case
should be interconnected, i.e. they represent a uniform
system including several levels of protection. An examp-
le of the structure of such an integrated protection sub-
system is shown in Figure 3. This demonstrates a pattern
of arranging multistage and multilevel protection of the
environment from emissions (primary waste) only.

Polluted emissions are sent into the atmospheric air
protection subsystem, where the gas flow from process
plants (sintering machines, oxygen converters, etc.) is
purified using energy, chemical reagents, water or other
resources (EPS incoming flows). At the outlet of the at-
mospheric protection subsystem in general four more
flows (secondary waste and secondary material and ener-
gy resources) can be formed. They are briefly described
above (see Figure 2).

1
Non-hazardous substances
captured by EPS —/

hazardous substances
in quantities, capturing

= (111
EPS -/

EPS-1I }

of which is not economically
feasible

—hazardous and harmful
substances;

Hazardous and harmful
substances captured
by EPS -/

’ ”UI

— useful substances;
—non-hazardous
substances

Ferrous metallurgy w
or other production
of products, energy

Captured hazardous,
harmful and useful
substances that

can be used to obtain
useful products

Figure 2. Incoming and outgoing flows of environmental protection subsystems and their properties determining their scope of application

Puc. 2. BxogHble 1 BBIXOTHBIE TIOTOKH ITOICUCTEM 3aIIUTHI OKPYIKAIOIIEH Cpebl U MX CBOMCTBA, ONPEACIISIONIIE HAPaBIEHNE UX NCTIOTb30BAHM
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Atmosphere protection subsystem |_______
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-
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energy
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(for dispersion)

F——— SER and SMR

Atmosphere protection
subsystem (level (stage) /1,
EPS-II-A)

| Solids
|/

Slimes, solutions

Hydrosphere protection
subsystem (EPS-//-H)

Discharge
(treated)

/

AN
Hydrosphere

/

N

4—7——

Lithosphere protection
subsystem (solid waste processing)

EPS-/I-L

N

Lithosphere

N

Figure 3. Structure and interrelations in multistage and multilevel environmental protection subsystems (primary waste — emissions)

Puc. 3. CrpykTypa 1 B3aUMOCBSI3H B MHOTOCTYIICHYATBIX M MHOT'OYPOBHEBBIX MOICHCTEMAaX 3aLIUThI OKPYKAIOIEH CPeibl
(TepBUYHBIN OTXOJ] — BEIOPOCHI)

Substances removed from the mixture of gases can
be gaseous (products of thermal processing (after-burn-
ing)), solid (dust), or liquid (solutions) or in the form of
slime (concentrated suspended solids in liquid).

Gaseous secondary wastes which do not meet safety re-
quirements are transferred to stage II of the subsystem of
atmospheric protection from hazardous gases (EPS — I/A).

Captured solid and liquid wastes, if they meet en-
vironmental safety requirements and do not relate to
SMR and SER, are sent (dashed line) directly into the
hydrosphere or lithosphere. Otherwise, they are direct-
ed to devices for processing (purification, recycling) of
solid and liquid wastes, i.e. to second-level lithosphere
and hydrosphere protection subsystems (EPS — /7L and
EPS — IIH).

In general, the atmosphere, lithosphere and hydro-
sphere protection subsystems shown in Figure 3 can
form wastewhich requires the appropriate protection
subsystems of the third, fourth and more levels. Four
kinds of flows can leave these subsystems (see Figure 2).
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Note that different variants of technologies described,
for example, in [24] shall be considered as implement-
ing the means of protection. The variety of protection
system variants thus formed will improve the efficiency
of optimal design.

The volume (mass) of waste transferred to the next
processing level or stage is usually reduced. At the same
time, the subsequent purification stages may in some
cases require more sophisticated devices. For example,
large particles in aerosols are well captured by simple
purification devices, while in order to catch fine particles
in EPS — /I (the second stage) more sophisticated de-
vices with higher gas velocities and water spraying (for
example, high-speed gas washers with Venturi tubes)
will be required.

In general, an atmospheric protection subsystem (see
Figure 1) can be used as the next level of purification of
gases coming from hydrosphere and lithosphere protec-
tion subsystems, in which gas formation as secondary
waste is possible.
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Wastewater treatment processes can be accompanied
not only by the formation of treated discharges, but also
the formation of secondary solid wastes and gases (e.g.,
during thermal decontamination).

The recycling and disposal of solid waste in litho-
sphere protection subsystems (see Figure 1) can also
generate secondary waste in the form of gases (combus-
tion or decomposition products) or wastewater. Thus, the
emission purification subsystem can receive gas flows
from discharge and solid waste processing subsystems
(they are not shown in Figure 3). Note that the hydro-
sphere and lithosphere protection subsystems shown
in Figure 1 can have essentially similar multilevel and
multistage structures shown in Figure 3 foremissions.

Integrated EPS can include several industries. For
example, ferrous metallurgy slag is used for the produc-
tion of construction materials and even crystal products.
Consumers of waste can be searched for by means of
information subsystems, comparing information about
production and consumption wastes with data about the
properties of raw materials and materials of resource
consumers.

Protection systems should ideally minimize the mass
of waste sent to the environment, thus ensuring ecologi-
cal and industrial safety. Naturally, when choosing the
variants of EPS structures, the following limitations
should be taken into account:

— technical ability to implement the selected structure
of the environmental protection system (availability of
technologies and waste processing devices in the market);

— technical and economic feasibility of the adopted
environmental protection system.
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