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Abstract

Brewing enterprises are a significant source of formation of various types of emissions (including biological ones)
dissolved in wastewater, with large volumes of production. Therefore, the development of wastewater treatment schemes for
such enterprises is an important, urgent national economic task.

In the presented scientific article, a comparative analysis of wastewater treatment schemes of brewing enterprises was
made. The study was conducted by comparing the effectiveness of biological purification methods. The article also discusses
the specifics of the progress of biological purification processes using various technological schemes, as well as the advantages
and disadvantages of each method. The results of the study can be used to improve the efficiency of wastewater treatment of
breweries and other industrial facilities.

Keywords: wastewater, brewery effluents, treatment facilities, wastewater treatment, anaerobic treatment, aerobic
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AHHOTaNMA

[TuBOBapeHHbIe MPeANPHUATHS SBSIOTCS 3HAUMTEIbHBIM HCTOUHUKOM (DOPMHPOBAHUS Pa3/IMuHOro THIA BEIOPOCOB (B TOM
yrcsie GHOIOTHUECKUX), PACTBOPEHHBIX B CTOYHBIX BOZAAX, MPU OOMBLIIMX 0ObEMaxX MPOU3BOAUMON MPOAYKLMH. ITo3TOMY
pa3paboTKa CXeM OYMCTKH CTOYHBIX BOJ TAKUX MPeTIPUSATHN SIB/ISETCS Ba)KHOW aKTyaIbHON HapOJHOXO03sMCTBeHHOH 3a/iaued.

B mpefcTaBneHHON HayuyHOM CTaThe MPOU3BEAEH CPABHUTEbHBINA aHa/lN3 CXeM OUMCTKU CTOYHBIX BOJ, MTMBOBApEHHBIX
npeanpusaTuil. ViccinenoBanue ObLIO MPOBENEHO MyTeM CpaBHeHMs 3((heKTUBHOCTH OGHOIOTHUECKUX METOOB OUMCTKU. B
cTaThe TaKkke 0OCYXar0TCsI 0COOEHHOCTH MPOTEKaHUsI IIPOLeCccoB OHOIOrNUecKoi OYHMCTKY IIPU MCI0/IB30BAaHUN Pa3IYHBIX
TEXHOJIOTMUECKUX CXeM, a TakkKe IpeUMYyIlecTBa U He0CTaTKU Kak/Oro MeTofa. Pe3ysbraThl HMCCiefioBaHHSI MOTYT OBITh
WCIIONB30BaHbl Ui TIOBBILIEHHS] 3(GQeKTUBHOCTH OUMCTKM CTOYHBIX BOZ IMBOBapeHHBIX TIPEATIPUSTHA W JPyrux
MIPOMBILLIEHHBIX 0OBEKTOB.

KiroueBble €/I0Ba: CTOYHBIE BOJBI, CTOKWA MHBOBAPEH, OUMCTHBIE COOPY)KEHHs], OUMCTKAa CTOYHBIX BOJ, aHa3spobHas
OYHMCTKA, a3poOHasi 0YMCTKa, OHoIornyecKoe TIoTpebieHre KAC/I0poAa, OUOTUIEHKA.

Introduction

Despite the wide variety of wastewater treatment methods for brewing plants, it is impossible to choose a universal
scheme, since wastewater contains a wide range of pollutants.

Most breweries in Russia discharge wastewater to municipal treatment plants. In order to ensure that the quality of
wastewater meets the requirements of water utilities, on the one hand, and in order to reduce payments for wastewater, on the
other hand, large Russian brewing companies are equipped with local treatment plants.

At a number of enterprises, based on the analysis of the pollution of the generated wastewater and the efficiency of the
existing treatment facilities, as well as taking into account the requirements for the quality of treated water for reuse, discharge
into the city sewer or discharge into the reservoir, they develop and implement treatment facilities management systems with
the possibility of their improvement and modernization, automated control, and increased treatment efficiency [1].

The purpose of this work was to reasonably choose a treatment scheme for wastewater at a brewery, based on an analysis
of studies already carried out on the effectiveness of treatment schemes for different industries.

The wastewater of brewing plants poses a significantly greater risk to the environment compared to other types of
pollution. They are formed during washing of sedimentary beer liquid yeast, discharge of camp sediments into sewers and
washing of process vessels used at the stages of beer fermentation and additional fermentation [2]. Indicators characterizing the
pollution of wastewater of such enterprises: oxidizability, biological oxygen consumption in 5 days (BPKs), chemical oxygen
consumption (COD) and suspended matter content are on average twice as high as in typical urban effluents, but at individual
enterprises they may differ from each other up or down. All these contaminants adversely affect the organoleptic properties of
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water. The average pollution of wastewater discharged into the sewage system is characterized by the following indicators:
suspended solids 72-322 mg/l; pH 6-7; BPKs 208-696 mg/l; CPK 600 mg/l [3], [4]. Despite the wide variety of wastewater
treatment methods for brewing plants, it is impossible to choose a universal treatment scheme, since wastewater contains a
wide range of possible pollutants.

Most breweries in Russia discharge wastewater to municipal treatment plants. In order to ensure that the quality of
wastewater meets the requirements of water utilities, on the one hand, and in order to reduce payments for wastewater, on the
other, large Russian brewing companies are equipped with local treatment plants. Analyzing the literature data of domestic and
foreign authors, we can conclude that the best technological solution is biological treatment of wastewater in anaerobic-aerobic
conditions. This process allows to completely clean the waste water to the established standards (for CPK, BPK and suspended
solids) and return a large amount of water to the process cycle.

Research methods and principles

The classical scheme of waste water treatment facilities is a set of such treatment facilities as: drum mesh, primary
horizontal settling tank, neutralizer averaging tank, methane tank, aerotank, secondary horizontal settling tank, frame-fill filter
with subsequent disinfection and discharge into the water body (Fig. 1).



buozaz

7 2 o ] 5
K
Boda Ha nporeibry E E
122} EF 7—J:— s I
~
o R ==
Pk 2 ) 3

[Modaqa bosdyxa

b 2 |

Ha ymunusayuw
7]
Z [lodaya bozdyxa g
< ~—X—

=
i
\
\
\
|
\
|
\
\
\
|
\
} \
_L_l_
| ;

) 7 7
S i %W S

Boda Ha nporeibry

Figure 1 - Classic Brewery Wastewater Treatment Scheme:
1 - drum mesh; 2 - primary horizontal settler; 3 - CB neutralization unit; 4 - methane tank; 5 - aerotank displacer; 6 - secondary horizontal settler; 7 - frame-and-fill filter; 8 - UV unit; 9 -
precipitator; 10 - sludge accumulator; 11 - centrifuge; 12 - cake sludge accumulator; 13 - sludge pump



To increase the efficiency of wastewater treatment, it is possible to completely replace outdated equipment with more
modern and technologically efficient ones. This process may involve the installation of more efficient aerobic and anaerobic
bioreactors, the use of new treatment methods and other innovative wastewater treatment solutions.

So, after the primary horizontal settler, you can put an electric coagulator. An electrocoagulator is a device that is used to
treat wastewater by electrocoagulation and uses the method of physicochemical treatment.

The principle of operation of the electrocoagulator is based on the use of an electric field for coagulation and flocculation
of suspended particles and colloids in water. This is due to the electrolysis process, in which metal ions accumulate on the
electrodes, which then react with substances in water, leading to their coagulation and deposition [5].

Electrocoagulators can be used to remove various contaminants from wastewater, including oils, fats, proteins,
carbohydrates and other suspended particles. They can also be used to adjust the pH and remove organic and inorganic
substances that cannot be removed by other purification methods [6].

In the classical system, the biological treatment stage is a complex of structures — methane tanks and an aerotank.
Currently, technologies allow combining the processes occurring in these structures into one reservoir — an anaerobic-aerobic
bioreactor. Anaerobic-aerobic bioreactor is a waste water treatment technology that combines two processes: anaerobic and
aerobic biological decomposition of organic substances [5], [6].

Purification in the bioreactor begins with the waste water being supplied to the anaerobic reservoir. Here, organic matter is
decomposed by bacteria that release methane and carbon dioxide. Waste water is then transported to an aerobic reservoir,
where oxygen is fed into the water to allow the growth of aerobic bacteria that complement the decomposition of organic
matter [7], [8], [9].

The scheme modernized taking into account the above modifications is shown in Figure 2.
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Figure 2 - Upgraded Brewery Wastewater Treatment Scheme:
1 - drum mesh; 2 - primary horizontal settler; 3 - electrocoagulator; 4 - anaerobic-aerobic reactor; 5 - secondary horizontal settler; 6 - double-layer filter; 7 - UV unit; 8 - sedimentation
accumulator; 9 - sludge accumulator; 10 - centrifuge; 11 - cake sludge accumulator; 12 - sludge pump



Data on the content of pollutants in the wastewater of brewing production using classic and modernized treatment systems
are presented in Table 1.

Table 1 - Pollutant content in brewery effluents using classic and upgraded treatment systems

Results of
. Results of
Maximum wastewater
. wastewater .
Indicator Data allowable . treatment in the
. treatment in the .
concentration . modernized
classical scheme
scheme
Suspended solids, 480 10 1,84 0,12
mg/l
BPK, mg/1 600 3 0,15 0,62
CPK, mg/l 500 30 0,12 0,07
pH 6,5 6,5—-8,5 6,5 6,5
Smell + - - -
Transparency - + + +

The table of values shows that the upgraded system is slightly inferior to the classic one in terms of the degree of
wastewater treatment in terms of BPK, but is ahead in terms of suspended solids and CPK.

Main results
A comparison of the two process diagrams for effluent treatment efficiency is presented below.
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Figure 3 - Efficiency of classic waste water treatment scheme
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Figure 4 - Efficiency of the upgraded wastewater treatment scheme



Since the wastewater of brewing enterprises contains mainly organic pollution, the most effective method of purification is
biological. For biological treatment of wastewater of this kind of production, the anaerobic-aerobic method is widely used.
Anaerobic and aerobic wastewater treatment are two different methods of biological wastewater treatment that use different
types of bacteria to degrade pollutants [5], [6], [8], [9].

To optimize processes and extract the greatest economic benefits, an analysis of the cost and economic efficiency of two
wastewater treatment systems was carried out: classical and modernized. At the same time, equipment prices are taken
according to manufacturers.

For the classic cleaning scheme, operating and capital costs average 18 million and 51 million rubles, respectively, while
for the modernized 15 million and 21 million rubles. Payback periods for the classic and modernized scheme are 2.7 and 1.45
years, respectively.

In order to compare the efficiency of the two wastewater treatment systems, calculations of the negative impact on the
environment (NVOS) and the prevented environmental damage were carried out based on the Government Decree [10], [11],
[12]. The results showed that the classical system has a higher NVOS but is marginally inferior in environmental damage
averted, while the upgraded system has a lower NVOS due to more efficient cleaning of suspended solids. The results of
calculating fees for NVOS for the classical and modernized system amounted to 62 thousand and 8 thousand rubles,
respectively. The prevented damage is 162 million rubles.

In the future, it is planned to create a software methodology for automating NVOS calculations in accordance with the
specified Decree in the Python programming language [13], [14].

Discussion

As a result of a comparative analysis of the cost of process equipment of waste water treatment schemes, the following
conclusion can be drawn: the cost of equipment for a modernized treatment scheme turned out to be lower than for a classic
one.

However, it should be noted that when deciding for the final selection of the wastewater treatment scheme, it is necessary
to take into account not only economic parameters, but also other factors, such as the efficiency of treatment, the daily volume
of treated effluents, since for each volume they offer their own types of treatment facilities for specific purposes, which can
significantly affect the cost of equipment.

A modernized wastewater treatment scheme may be suitable for enterprises with limited space, if this plays an important
role in the selection of equipment. Limited electricity resources may also be a decisive factor in the selection of suitable
facilities. For example, in order to maintain stable operation of the aeration tank, it is necessary to use additional resources to
supply air for the aeration process, while in the biofilter processes associated with the use of an oxidizing agent are carried out
at a natural level without requiring any investment. The use of biofilters instead of aerotanks will reduce the amount of waste
in the process, the removed biofilm can go to the preaerator and continue its work where in the classical system excess active
sludge goes to the sediment treatment unit.

In turn, the classic scheme can withstand more pollutants, and it should be used if production waters contain colossal
concentrations of pollutants.

Conclusion

Thus, the goal of the work was fully achieved - a generalized version of the technological scheme for the treatment of
wastewater of the brewery was chosen, which was then modernized taking into account the use of the most modern equipment.
Economic indicators of the selected and modernized options have been calculated; also, for each of them, calculations of the
negative impact on the environment were carried out. Recommendations have been developed for choosing one of the two
options for the scheme in different cases.

It has also been proven that the modernization of a particular selected scheme shows the rationality of using analogues and
modifications to achieve high efficiency of wastewater treatment, but with greater economic benefits and savings in the area of
the units.
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