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Abstract. The relevance of the subject matter is conditioned by the existing difficulties of operating the wastewater
treatment system of large modern cities and the need to make qualitative changes in the structure of their functioning.
The main purpose of the study is to investigate the economic effect of restructuring the municipal wastewater treatment
system in the city of San Francisco in the context of analysing the promising possibilities of applying this experience
in Ukrainian realities. The basis of the methodological approach is a combination of methods of systematic analysis of
the experience gained in San Francisco during the restructuring of the wastewater treatment system, with an analytical
investigation of the factors influencing the assessment of the economic effect of the implementation of this event.
The study revealed the need for comprehensive investment into the restructuring of the wastewater treatment system
existing in a large modern city to obtain a sustainable economic effect from the implementation of such programmes
and improve the quality of water use services provided to residents of modern Ukrainian cities. The results obtained
and the conclusions formulated on their basis are of significant practical importance from the standpoint of prospects
for improving the functioning of wastewater treatment facilities in large modern Ukrainian cities and stabilising the
overall environmental situation in these cities, as well as obtaining a tangible economic effect from the modernisation
of wastewater treatment systems to improve the quality of services provided to city residents
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Economic impact of restructuring the municipal wastewater treatment system...

Introduction

To date, an urgent problem of modern cities is the systemat-
ic improvement of the quality of wastewater treatment with
the complete exclusion of their discharge into the natural
water bodies of the city. In real conditions, with an increase
in the load on urban wastewater treatment plants over time,
the only possible way out of this situation is the modernisa-
tion of wastewater treatment plants and their restructuring,
which significantly improves the quality of functioning and
efficiency of wastewater treatment (Shcherbakova, 2013).

The relevance of the issues of assessing the econom-
ic effect of the restructuring of the wastewater treatment
system in modern Ukrainian cities is largely based on the
problems of operating sewage treatment plants in these cit-
ies. This is conditioned by the obsolescence of the equip-
ment of purification systems, the high degree of contam-
ination of reservoirs, and the lack of investment funds for
the implementation of such projects (Nazyuta et al., 2004).
It is the prospect of reducing operating costs for the main-
tenance of sewage treatment plants, combined with an in-
crease in the degree of purity of natural reservoirs of cities,
that are key factors in assessing the degree of expediency of
such measures. The ecological factor is also a crucial one,
since it is the degree of purity of natural urban reservoirs
that largely determines the features of their further use and
affects the environmental situation and the standard of liv-
ing in cities as a whole.

Ensuring the quality of available water resources de-
pends on monitoring and controlling sources of pollution
and discharges of all possible types. Polluted water bodies
pose a significant danger to human health and the func-
tioning of ecosystems of large modern cities. Uncontrolled
discharges into reservoirs can lead to contamination of
drinking water sources, overload of water bodies with or-
ganic substances (causing eutrophication), and accumula-
tion of heavy metals and other harmful pollutants (Alabas-
ter et al., 2021). The way out of this situation may be the
restructuring of the wastewater treatment system in large
modern cities to achieve the optimal economic effect of its
subsequent use and improve the quality of services provid-
ed to residents of large modern cities.

Wastewater from industrial facilities of a large modern
city contains a large number of various impurities which
have an extremely negative impact on the sanitary condi-
tion of reservoirs located in the city and beyond. In ad-
dition, the organoleptic indicators of the water quality of
these reservoirs are undergoing changes, including possible
toxic effects on people and animals living in the locality.
A significant amount of organic impurities is in the solid
phase of the runoff, and meltwater should be considered
the most saturated in terms of the concentration of mineral
and organic impurities (Shah et al., 2021). For this reason,
a large variety of impurities in wastewater causes the vari-
ability of their composition, which causes significant diffi-
culties in their purification.

Industrial wastewater contains a large variety of com-
pounds, such as hazardous organic pollutants, heavy metals,
salts and nutrients, which makes it difficult to clean them.
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On the other hand, wastewater treatment using existing
technologies is unprofitable due to high energy consump-
tion and contributes to the emission of greenhouse gases.
Thus, the use of conventional methods of water purification
is not sustainable and not always effective. In this sense, the
restructuring of the existing wastewater treatment system
opens up broad prospects for improving the treatment sys-
tem of complex industrial wastewater and their subsequent
sustainable functioning (Shah et al., 2022).

The purpose of the study is to investigate the prospects
for achieving a sustainable economic effect by restructuring
the wastewater treatment system at the municipal level in
the city of San Francisco in the context of the possibility of
applying this experience in Ukrainian realities.

Materials and Methods

The methodology of this study was based on a combina-
tion of system analysis of the experience of San Francisco,
which was obtained during the restructuring of the waste-
water treatment system, with an analytical investigation of
a complex of factors that influenced the assessment of the
resulting economic effect. The research was preceded by
the creation of a qualitative theoretical base designed to
ensure an objective perception of the information provid-
ed, as well as the definition of key concepts of the pres-
entation of theoretical and practical material within the
framework of the stated subject of research. The theoret-
ical basis included the findings of a number of Ukrainian
and, mainly, foreign researchers involved in the moderni-
sation and restructuring of wastewater treatment systems
of large modern cities, and an assessment of the economic
effect that can be achieved as a result of the successful im-
plementation of such measures.

A systematic analysis of the experience of the city of
San Francisco, which was obtained during the restructur-
ing of the wastewater treatment system, allowed assessing
the real state of the city’s wastewater treatment system,
since its establishment in 1952. The use of the principles of
system analysis systematised the sequence of restructuring
the wastewater treatment system of the city of San Francis-
co in the context of the relationship with the possible eco-
nomic effect of the implementation of this set of measures.

The conducted study provided detailed information on
the factors determining the economic effect of the restruc-
turing of the San Francisco municipal wastewater treat-
ment plant, including the availability of real prospects for
the implementation of this experience in Ukraine.

This combination of scientific research methods prede-
termined the existence of its specific stages.

The annual economic effect of the restructuring of the
municipal wastewater treatment system in San Francisco
can be determined using the equation:

EE =(E -E, xC)x100%,

where, E - annual savings, the results that are achieved due
to the restructuring of the wastewater treatment system in
the city of San Francisco; E__ - standard efficiency ratio, the
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final value of which depends on the specific field of activi-
ty (for the restructuring of the city’s wastewater treatment
system, E_=0.85); C - costs of restructuring, including up-
grading the wastewater treatment system and setting up a
pumping and treatment facility.

With regard to the assessment of the annual effect of
the restructuring of the wastewater treatment system in San
Francisco, the calculation of the annual economic effect of
the restructuring of the wastewater treatment system of the
city will have the form:

EE =(945,000,000-1,125,000,000%0.85)x100=22.5%
Results

The San Francisco wastewater treatment system was es-
tablished in 1952. The project of restructuring the sewage
treatment plant system was developed by a consortium
consisting of the largest construction company MHWCon-
structors, specialising in the creation of projects for the re-
construction of water treatment and sanitation systems, and
WebcorBuilder. According to approximate expert estimates,
the total cost of the San Francisco wastewater treatment
plant restructuring project amounted to USD 945 million.
The annual savings from the restructuring of the treatment
plant system have amounted to USD 1,125 million. The sew-
age treatment plant is scheduled to become operational in
the summer of 2025 after the completion of its restructuring
(New treatment facilities will be built in San Francisco, 2018).

To date, San Francisco uses a combined wastewater
treatment system. There are two sewage treatment plants in
the city - 1952 and 1993, which allows for the treatment of
up to 80% of all wastewater in the city (62 million gallons of
water per day) (4., 06/14/2022) The main objectives of the
San Francisco wastewater treatment system restructuring
project include the restoration of four main combined sew-
age discharge (CSD) facilities and the installation of moni-
toring sensors and equipment that prevents backflow. These
measures are aimed at preventing the ingress of salty sea-
water into the combined urban sewage system at high tide,
and optimising the existing wastewater treatment system.

Modernisation of the treatment plant system included
the following mandatory steps:

1. Improvement of deep mechanical cleaning of
clogged water drains, which is carried out in order to elimi-
nate debris, sand and sediment removal. During the works,
up to 10 tonnes of the above-mentioned contaminants were
removed, preventing the normal operation of the wastewa-
ter treatment facilities.

2. Improving the quality of biological wastewater treat-
ment with separation of activated sludge and subsequent
clarification of treated wastewater. In particular, the pH
level increased from 4.5 to 7.1, while the hardness index
decreased from 8.6 to 6.4.

3. Conducting laboratory studies aimed at determin-
ing the level of compliance with the maximum permissi-
ble concentrations of pollutants in treated wastewater. In
particular, the concentration of iron was noted at the level
of 0.2-0.25 mg/1, nickel - at the level of 0.02-0.03 mg/1, cop-
per — at the level of 0.001 mg/1. All indicators correspond to
the minimum permissible limits.

4. Improvement of the process of channelling treat-
ed wastewater into the natural reservoirs of the city, in
particular, into the San Francisco Bay, as well as Merced
and Stow lakes.

With regard to the San Francisco sewage treatment
plant system, it should be noted that the combined sew-
age discharge system of this city allows collecting and
treating wastewater along with storm water directly in
one sewage system.

The potential economic effect of the restructuring of
the municipal wastewater treatment system in San Francis-
co is conditioned by the following factors:

1. Reduction of harmful emissions into natural res-
ervoirs and the absence of the need for their subsequent
cleaning. In particular, there was a significant decrease in
emissions of iron, nickel, and copper, the content of which
after all the measures corresponds to the maximum per-
missible regulatory values.

2. Reducing the cost of cleaning the sewage system up
to 20% of the previous volume by preventing salt seawater
from entering it.

3. Improving the quality of wastewater treatment by
restructuring the treatment system.

When assessing the expected economic effect, 22.5%
of the savings spent annually on the repair of sewage treat-
ment plants, it is worth considering the improvement of
the water quality of natural reservoirs of the city due to the
reduction of harmful discharges and a decrease in the of
disease among residents due to the overall improvement of
the environmental situation.

Figure 1 shows a flowchart of the relationship of factors
determining the overall economic effect of the restructur-
ing of the municipal wastewater treatment system in San
Francisco. Implementation of the measures is planned for
the period 2018-2022.

Renovation of the

Restructuring of the City's sewage system
San Francisco wastewater —
treatment system ~ Modernisation of

treatment plants

Reduction of the volume of Reduction of operating
harmful emissions into the )| costs of the wastewater

city reservoirs treatment complex

Figure 1. Factors determining the overall economic effect of the restructuring
of the municipal wastewater treatment system in the city of San Francisco
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The reduction of costs for the operation of the San Fran-
cisco sewage treatment system in the amount of up to 20%
after their technical modernisation and restructuring of the
entiresystemasawholeisconditionedbythefollowingfactors:

1. There is no need to carry out planned and unsched-
uled repairs of worn-out equipment of treatment facilities
after its modernisation.

2. Improvement of the quality of wastewater treatment
in general.

3. A significant reduction in the volume of emissions
of pollutants into the natural reservoirs of the city, which
subsequently eliminates the need for cleaning of reservoirs.

Figure 2 shows the scheme of the wastewater collection
system in San Francisco.

Wastewater collection system

Catchment basins‘ ‘ Storm drains ‘ ‘ Storage tanks

Figure 2. Wastewater collection system in the city of San Francisco

Qualitative restructuring of the wastewater treatment
system involves the modernisation and increase of the total
number of catchment basins in order to increase the vol-
ume of wastewater received. To date, there are over 25,000
such reservoirs in San Francisco, an increase in their num-
ber will significantly simplify the flow of storm water.

Storm drains provide redirection of water flows into
sewer pipes that direct water into the bay without cleaning
it. Modernisation of treatment facilities provides for redi-
rection of water flows to them, in order to carry out clean-
ing before discharge into natural reservoirs.

Storage tanks are designed to collect wastewater for the
purpose of their subsequent transportation to treatment
facilities. Wastewater treatment is carried out in the tanks,
which includes the deposition and separation of floating
materials. The total capacity of the storage tanks located
around the perimeter of the city today is over 200 million
gallons. Currently, 95% of all discharges in San Francisco
are storm water (Wastewater Collection System., 2018).

The process of restructuring San Francisco's municipal
sewage treatment plants includes the following key aspects:

1. Reorientation of the city’s wastewater collection sys-
tem to drain water masses into the units of treatment plants.

2. Strengthening control over the functioning of the
combined sewage system in order to prevent the ingress of
salty seawater.

3. Launch of a Sewer System Improvement Programme
(SSIP),whichinvolvesthecreationofaseismicallysafeandro-
bustsystem for monitoringthe condition of the sewer system.

4. Commissioning of treatment plants that have passed
the stage of modernisation in the process of restructuring
the city’s treatment facilities system.

The possibility of practical application in Ukrainian
realities of the experience of assessing the economic effect
of restructuring the wastewater treatment system of large
modern cities is determined by the following factors:

« current state of the wastewater treatment system;

« actual level of pollution of urban reservoirs;

«volume of investment funds required for the qualitative
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implementation of the programme of the wastewater treat-
ment system restructuring;

» prospects for improving the complex of hydraulic
treatment facilities in the future.

In this context, the organisation of surface runoft from
the territories of cities and industrial enterprises is essential.

Surface runoff from the territory of cities and indus-
trial enterprises should be considered as an intensive fac-
tor of anthropogenic load on natural water bodies. For this
reason, the key purpose of sewage treatment plants for in-
dustrial wastewater at various industrial enterprises is to
prepare and clean wastewater for reuse or to ensure their
discharge into sewer networks. Sewage treatment reduces
the content of petroleum products, fats, oils, insoluble salts
and suspended solids to a minimum. A specific option for
wastewater treatment in industrial enterprises should be
chosen based on the available types of wastewater and the
requirements that the resulting water must meet (Yamaliev
& Barieva, 2014).

To date, the possibilities of applying programmes for
restructuring wastewater treatment systems in Ukrainian
cities are significantly limited due to the lack of funds in
the city budget. In many Ukrainian large cities and small
settlements, hydraulic treatment facilities are in a dilapi-
dated state, which is conditioned by the lack of funds for
scheduled and unscheduled repairs. The ecological situa-
tion in the regions also leaves much to be desired, due to
the impossibility of performing a quality wastewater treat-
ment and its large-scale pollution by industrial wastes and
the daily life of the inhabitants of modern Ukrainian cities.

Discussion

O. Gorb et al. (2022) considered a number of problem-
atic aspects of wastewater treatment methods, using the
example of the Dikanevskiy wastewater treatment plant
(Kharkiv). The researcher notes that the restructuring of the
Dikanevskiy wastewater treatment plant provided compre-
hensive sewage treatment, with significant improvements
in complete biological and chemical treatment. Wastewater
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coming from industrial and municipal enterprises, as well
as from the population, is being treated. The throughput
capacity of the city’s treatment facilities is 450 m® per day.
Mechanical water purification involves the flow of waste-
water into the screen chamber, where the first stage of the
process takes place. Screen and rake installations purify
water from large waste. Sand and other solid waste in the
wastewater is deposited in a special channel. Then the water
enters the primary settling tank, which is a reservoir with a
volume of 50 thousand cubic metres, where it remains for
7-8 hours. The remaining solid waste is deposited here and
the light waste floats up. At the next stage, biological waste-
water treatment is carried out in 7 tanks with a volume of
25,000 m? each. Special beneficial bacteria are used for this.
In general, the author’s conclusions completely coincide
with the results obtained in the course of this study.

E. Margolina investigated the problematic aspects of
the construction of economic mechanisms to stimulate the
reduction of discharges of polluted wastewater. According
to the researcher, there are currently no well-established
mechanisms to stimulate industrial enterprises to limit the
volume of wastewater discharges into natural urban res-
ervoirs, which complicates the work of urban wastewater
treatment plants. The researcher came to the conclusion
that economic methods in most cases do not work, because
often the financial condition of enterprises is very complex
and the ecological problem of the city is of little importance
to their managers (Margolina, 2016). To date, payments for
discharges of pollutants are calculated based on information
contained in approved reporting forms, which are filled out
by the balance sheet method by the payer enterprises them-
selves, based on information about the volume of output,
the volume of raw materials used, data on standards for
emissions of pollutants. At the same time, the exact volumes
of discharges can only be determined at large enterprises
that have their own chemical laboratories. This significant-
ly complicates the possibilities of calculating payments for
discharges of pollutants by modern industrial enterprises.

M. Sillanpaa addressed the issues of improving wa-
ter purification systems, while considering a number of
problematic aspects of restructuring the treatment plant
system in the city of Boston. The researcher came to the
conclusion that the qualitative restructuring of the city’s
sewage treatment plant system allows improving its water
supply and enhancing the quality of water in urban reser-
voirs. The researcher notes that during the restructuring
of the treatment plant system of Boston in 1948-1949, it
was possible to reduce the volume of harmful impuri-
ties in the water several times, while the cost of operat-
ing treatment facilities in the city decreased by 30-35%.
This saved the city budget by directing them to the imple-
mentation of a number of public and social programmes
(Sillanpaa., 2020). The author’s conclusions regarding the
reduction of costs for the maintenance of treatment fa-
cilities through their modernisation completely coincide
with the results obtained during the implementation of
this study, which confirms the existence of economic
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prospects for the modernisation and restructuring of the
treatment facilities system.

S. Ameta and R. Ameta, in a joint scientific study,
considered a number of problematic aspects of improving
oxidation processes during the restructuring of the waste-
water treatment system. It was revealed that the use of new,
environmentally friendly chemical technologies in waste-
water treatment systems of large modern cities ensures the
achievement of high results in the search for an environ-
mentally friendly method of wastewater treatment. As an
example, during the restructuring of the wastewater treat-
ment system in the city of Plovdiv (Bulgaria), results were
obtained indicating a significant improvement in the state
of wastewater with the introduction of technology based
on the use of a series of settling tanks and filters in which
water suspensions of varying severity settle. The technol-
ogy is completely environmentally friendly and does not
require additional use of chemically active substances. In
addition, the economic effect of using such technology,
according to the presented calculated data, is up to 15%,
which is expressed in a reduction in the cost of operat-
ing treatment facilities (Ameta & Ameta, 2018). Thus, the
experience of restructuring the sewage treatment plant
system in Bulgaria clearly shows that the use of innova-
tive solutions during the restructuring of the wastewater
treatment system of a modern city can reduce the cost of
operating wastewater treatment facilities and improve the
quality of wastewater in a modern city.

The team of authors represented by A.N. Khan,
M. Naushad and A.H. Hamidi, conducted a joint study of a
number of problematic aspects of improving the function-
ing of the wastewater treatment system of a large modern
city. The researchers found that during the restructuring
of the wastewater treatment system of Patna (India), as a
result of mistakes made during the work, a significant re-
lease of harmful substances into the waters of the Ganges
River was produced, which caused large-scale pollution
and significantly worsened the environmental situation in
the region. It was possible to rectify the situation through
the introduction of a set of measures for biological waste-
water treatment, which stabilised the environmental situa-
tion and led to its gradual levelling. In turn, this helped to
reduce the costs of developing new measures to improve
the quality of wastewater treatment, and also reduced the
operating costs of maintaining treatment facilities that have
undergone restructuring (Khan et al, 2022). In general, the
conclusions of the researchers correspond to the results ob-
tained in the course of this study, complementing them in
the context of assessing the role of biological methods of
wastewater treatment in the overall complex of work on the
restructuring of treatment facilities in a large modern city.

A. Stefanakis and I. Nikolaou conducted a joint study
of a set of measures to organise a circular economy and as-
sess its sustainability in the realities of the modern market
system. In the course of the study, the researchers evaluated
the effectiveness of the restructuring of the treatment plant
system of the city of Lodz (Poland) and the impact of this
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process on the allocation of city budget funds. Researchers
have come to the conclusion that a uniform reduction in
wastewater treatment costs, due to the modernisation and
restructuring of the city’s sewage treatment plant system, is
completely realistic considering the prospects for obtain-
ing a significant economic effect (Stefanakis & Nikolaou,
2021). According to the authors, the restructuring of the
city’s sewage treatment plant system improves the quality
of wastewater treatment and reduces the cost of its mainte-
nance up to 25% of the funds allocated from the city budget.
In general, the conclusions completely coincide with the re-
sults obtained in this study in the context of assessing the
economic efficiency of restructuring the treatment facilities
system of a large modern city.

The high contamination of natural reservoirs in large
modern cities creates great problems for the operation of
sewage treatment plants. The issues of urban water resourc-
es management are directly related to the problems of re-
structuring existing wastewater treatment facilities in cities.
In particular, various aspects of the recycling and reuse of
wastewater from modern cities are of particular relevance
(Srivastas et al., 2022). A qualitative solution to such issues
will contribute to a more rational use of urban wastewater
treatment facilities and the improvement of methods for
cleaning natural urban reservoirs. One of the most optimal
solutions to this problem is the gradual reorientation of the
wastewater discharge of urban enterprises from natural res-
ervoirsinto the system of urban wastewater treatment plants.

In the conditions of large modern cities, the optimal
solution to the problem of wastewater treatment can be the
modernisation of treatment facilities, in parallel with the
introduction of modern complexes of biological treatment
methods. One of these is floating biological reactors. They
contain strains of microorganisms capable of processing
water pollution, which ensures the high quality of natural
water purification in urban reservoirs (Bhattacharyaj et al.,
2017). The subsequent release of biologically treated water
into the city’s wastewater treatment plant system, with its
passage through the filtration system, leads to a significant
improvement in the quality of municipal wastewater treat-
ment and the environmental situation in the city.

Reconstruction and restructuring of treatment facilities
do notallow the use of standard solutions. Therefore, the key
principles of the reconstruction of urban treatment facilities
should be the maximum reduction of material investments
in capital construction, with the achievement of the max-
imum possible economic effect from the commissioning
of treatment facilities that have undergone modernisation
(Shah, Rodriguez-Couto & Biswas, 2021). The economic ef-
fect of the restructuring of the wastewater treatment system
in this context should be decisive, since it is its achievement
that makes it expedient to modernise the treatment system.

Microbial wastewater treatment focuses on the use of
microorganisms as decontamination agents for the treat-
ment of contaminated wastewater, which is a worldwide
problem. Microbial-based processes are seen as promis-
ing technologies for solving the ever-growing problem of
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polluted wastewater and natural reservoirs in modern cit-
ies. In this context, the developed technological processes
are of fundamental importance to address the five main
trends in wastewater treatment, including nutrient removal
and recovery, trace amounts of organic compounds, energy
conservation and production, sustainability and commu-
nity participation (Shah, Rodriguez-Couto, 2019). Micro-
bial wastewater treatment technologies are of fundamental
importance from the standpoint of developing modern
methods of restructuring the wastewater treatment system
of modern large cities, and also have significant prospects
from the standpoint of the practical application of the latest
technologies to address issues of improving the environ-
mental situation in a large modern city.

Reconstruction of the sewage treatment plant system,
as a rule, involves equipping them with new, more modern
equipment, which in the future can ensure the achievement
of higher wastewater treatment rates (Ranade & Bhandari,
2014). High-quality and uninterrupted operation of this
equipment for a considerable period of time guarantees a
sustainable economic effect in the long term. This is condi-
tioned by the fact that in this case, the volume of harmful
emissions into natural urban reservoirs is significantly re-
duced, which causes the absence of the need for their regu-
lar cleaning. In addition, for a certain period of time, there
will be no need to incur costs for carrying out planned re-
pairs of treatment facilities after their modernisation.

Improvement of the functioning of sewage treatment
plants can be achieved by introducing a large volume of
algae and microorganisms into the purification system for
water purification in natural urban reservoirs (Bandh &
Malla, 2022). In combination with improving the operation
of urban drains, this measure can become very effective.

Biological treatment facilities are now beginning to be
actively used in cities. Their appearance is caused by the
fact that very often operating sewage treatment plants are
not able to fully meet the needs of the city in the quality
of wastewater treatment and environmental safety of nat-
ural urban reservoirs. At the same time, the introduction
of biological wastewater treatment methods into urban
wastewater treatment systems often justifies itself purely
from an economic standpoint (Mohammad & Ang, 2021).
In particular, the modernisation of urban sewers today may
include the installation of additional biological treatment
units, disinfection and elimination of sediment. These are
significant additions to the mechanical cleaning units,
which are usually installed in the system of urban sewage
treatment plants. Biological purification units perform the
function of extracting organic elements from water, as well
as phosphoric and nitrogenous compounds. The choice
of an effective combination of water purification meth-
ods during the modernisation of urban sewage treatment
plants largely determines the overall efficiency of the urban
wastewater treatment plant system.

The restructuring of the wastewater treatment process of
alarge modern city should affect all its stages, from mechan-
ical treatment to disinfection of wastewater. In this context,
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it is mandatory to improve the hydraulic structures included
in the wastewater treatment system, and to replace outdat-
ed equipment with new, more advanced ones if such a need
arises. In this case, it is possible to achieve a gradual reduc-
tion in the costs of implementing the wastewater treatment
process and increase the economic efficiency of the entire
treatment system as a whole. The final quality of wastewa-
ter treatment is of fundamental importance from the stand-
point of ensuring a high level of environmental safety for the
residents of a large modern city and maintaining the proper
level of environmental protection for the overall population.

Conclusions

The restructuring of the wastewater treatment system of a
modern large city, which was considered on the example
of San Francisco, necessarily includes the modernisation of
functioning wastewater treatment facilities to improve the
overall quality of wastewater treatment and, as a result, im-
prove the overall quality of water supply and water use ser-
vices provided to residents of a large city. At the same time,
the expected economic effect of the restructuring of the San
Francisco wastewater treatment plant system includes the
difference between the results of the system’s activities before
and after the restructuring process, and the costs incurred to
obtain similar results for changes in the operating conditions

The application of the experience of the city of San
Francisco in Ukrainian realities implies careful control
of the funds allocated for the work. At the same time, it
is advisable to adopt the experience of successive mod-
ernisation of the city’s sewage treatment plants in paral-
lel with the modernisation of the wastewater collection
system. Also particularly effective in this context will be
the improvement of the sewage systems of Ukrainian cit-
ies, which would allow reorienting the city’s wastewater
collection systems to drain water masses into the units of
treatment facilities. This will contribute to enhancing the
overall efficiency of treatment facilities and improving the
overall environmental situation in Ukrainian cities. In ad-
dition, the consistent modernisation of urban wastewater
treatment plants with the reconstruction of urban sewers
will lead to a reduction in the cost of maintenance of waste-
water treatment plants, due to the reduction of harmful
emissions into urban reservoirs. In general, there are real
opportunities to apply the experience of San Francisco in
the realities of modern Ukrainian cities. This opens up ad-
ditional opportunities to improve the quality of treating
of natural reservoirs in Ukrainian cities and will also al-
low saving the funds of the city budget allocated for their
cleaning in the long term.

of the entire system. In the modern conditions of the city of Acknowledgements
San Francisco, this means that in order to calculate the men- ~ None.
tioned economic effect, it is necessary to account for the costs ]
of creating a complex for pumping and treating wastewater Conflict of Interest
and upgrading the city’s sewage treatment plant system. None.
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EkOHOMiYHMI1 epeKT pecTpyKTypu3aLii CUCTEMM OUYMLLLEHHAI CTOKOBUX BOJ,
Ha MyHiLuunanbHoMy piBHi B MicTi CaH-®paHLUuUCKo:
MOXUIMBOCTI B YKpaiHCbKUX peanisix 3aCToCyBaHHSA
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AHOTaLifl. AKTYyaJIbHICTb TeMaTMKMU eKCIUTyaTallii CcTaTTi OOyMOBIIIOETbCA HAasABHICTIO CKJIAJHMX CUCTEM OYMIIEHHA
CTOKOBMX BOJ BEIMKUX CyYaCHUX MICT i HEOOXiIHICTI0O BHECEHHA SAKICHMX 3MiH y CTPYKTYpY iX (pyHKI[iOHYBaHHA.
OCHOBHOIO MeTOI0 POOOTH € JOCIIPKEHHA IIOCUICHOTO epeKTy pecTPyKTypU3allii CcTeMy OYMIeHHA CTOKOBUX BOJ Ha
MyHinunanpbHoMYy piBHI B MicTi CaH-QpaHINCKO, B KOHTEKCTi BUBYEHHS IEePCIIEeKTUBHIX MOXX/IMBOCTEN 3aCTOCYBaHHA
OTPMMAaHOTO JJOCBily B YKpaiHCbKMX peanisfix. OCHOBY METOMIONIOTiYHOTO MiXOAy B LIbOMY HayKOBOMY HOCIi>Ke€HHi
CTAaHOBUTD IOENHAHHA METOJIB CHCTEMHOTO aHaji3y HOcCBimy, oTpumaHoro B CaH-PpaHINCKO B XOfAi IpOBefeHHA
PecTpyKTypU3allii CYCTeMV OYNIIeHHA CTOKOBMX BOJ, 3 aHAJIITMYHUM JJOCII/PKeHHAM (paKTOpiB, 110 BIVIMBAIOTh Ha OLIIHKY
edeKkTy Bifj BUKOHAaHH: LIbOIO 3aXOAy. Y XOfi IPOBeleHHs HAyKOBOTO NOCTIKEHHS OYIM OTPMMaHi pe3ylIbTaTy, L0
CBiZYaTh IIPO HEOOXiTHICTD 3i/ICHEHHA KOMIUIEKCHIUX iHBECTUILINIHIX BIMBaHb Y PeCTPYKTYPU3ALiI0 CUCTEeMU OYUILeHH A
CTOKOBUX BOJI, ICHYIOUMX Y BETMKOMY CYJaCHOMY MiCTi, 3 METOIO OTPMMaHHA CTilIKoro eeKTy Bifj peanisanii Takoro pogy
Iporpam i MigBUIEHHA AKOCTI IIOCIYT BOJOKOPUCTYBAHHSA, 10 HAJJAIOTbCA CYyYaCHUM JXKUTEIAM. YKPAMHCKUX TOPOJIOB.
PesynbraTty, oTpyMaHi B HAYKOBO-IOCIiIHIN poOOTi, a TaKo>X chOpMy/IbOBaHi Ha X MiZCTaBi BUCHOBKY, MAIOTh CYyTTEBE
IIpaKTUYHe 3HAYeHH: 3 TOUKM 30y IepCIEeKTUBY MOJMIIeHHA QYHKIIIOHYBaHHA CUCTEMI OYMIIeHHS BeIMKIX CY4acHNUX
YKpaIHChKVX MicT i cTabinizanii saraqbHol eKoIOriyHOI cuTyalii B IMX MiCTaX, a TAKOXX OTPUMAaHHA JOC/IIPKYBaHOTO
edeKTy MOCUIEHHA. BiJi IpoBefieHHA pobiT 110 MOofiepHi3alii c1CTeMM OYUIEHHS CTOKOBMX BOJ 3 METOI0 IifIBUIEHHA
AKOCTI IIOC/IYT, 0 HAZAKTHCA XKUTEAM MICT

KntoyoBi cnoBa: MofepHi3alis crcTeMy CTOYHOI BOAM; OUMIIIeHHA CTOKOBOI BOJV; eKOHOMIYHMI ePeKT; peCTPyKTypu3salisa
CUCTEMM OYMCTKM; MYHIIUIIa/IbHII PiBEHb; €KOJIOTiYHa CUTYyalLis
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