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Summary. The paper focuses on the treatment efficiency and reliability of small-scale wastewater 
treatment plants, studies the feasibility of the application of contemporary aeration systems, considers 
the implementation of continuous wastewater preaeration for the throughput increase of small-scale 
WWTPs, as well as the application of solar photoelectric transducers for the reliable power supply at 
small-scale WWTPs. 
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INTRODUCTION 
 

Ever increasing living standards of the contemporary society result in the 
substantial adverse effects on the environment and water bodies. The discharge of the 
untreated or undertreated wastewater into surface waters is one of the most dangerous long-
term anthropogenic activities. Upon the pollution of natural waters, wastewater constituents 
cause qualitative changes, usually observed as the changes of the physical properties of 
water, emerging of odors. The pollution also results in the changes of the chemical water 
composition, caused by the introduction of harmful substances in the dissolved form, as 
floating aggregates or settlable solids, accumulated in sediments, and can further lead to the 
decrease of the dissolved oxygen concentration. The discharge of the undertreated 
wastewater also causes infectious diseases, epidemiological issues and the degradation of 
water ecosystems. Therefore nowadays the wastewater treatment has significant 
environmental and social implications. Thus the intensification of the wastewater treatment 
from small settlements is of primary importance in Ukraine, Russia and worldwide. The 
elimination of the untreated wastewater discharge in the Black Sea and Azov Sea basin 
even from the smallest communities and enterprises along with the innovative zero-
emission technologies and economically feasible WWTPs is the key principle of the 
environmental strategy. 

 
LITERATURE REVIEW 

 
Autonomous Republic of Crimea (AR Crimea) is one of the main Ukrainian resort 

areas. During the holiday season the vast majority of towns and settlements are busy 
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accepting holidaymakers.  Therefore the maximum anthropogenic load is observed in the 
coastal regions. 

At present the wastewater in Autonomous Republic of Crimea originates from the 
enterprises of various forms of property ownership. State and municipal enterprises, 
republic-scale enterprises and associations, private enterprises and entrepreneurs are 
characterized by the highly heterogeneous structure of financial, material and human 
resources. Legal entities vary by the list and coverage of services; territory, where these 
services are rendered to customers; legal relations with the local government agencies; 
taxation system etc. 

In AR Crimea widely used modular plants KU-50, 200, 400 for the domestic 
wastewater treatment were constructed and put into service in the 60th-70th of the last 
century. The major part of these modular plants was treating the wastewater from coastal 
settlements serving the nearby hotels and resorts. With time all the coastal settlements were 
connected to these decentralized sewer systems for the improvement of the sanitary and 
epidemiologic situation in the region. When the Soviet Union split apart, many of these 
modular WWTPs changed the form of the property ownership and some of them became 
subordinated to the settlements, while others belonged to the hotels and resorts, and the rest 
were in private ownership. 

For the last year sewer systems and WWTPs have become physically and 
technologically worn.  For the last decades the wastewater flow to the existing treatment 
facilities increased several times. In the majority of cases the owners of WWTPs cannot 
afford the retrofit and even the major repairs of their sewer systems and treatment facilities 
but are still unwilling to pass the property rights of their WWTPs to villages and towns. 
Virtually none of the settlement investment programs allocate money for the retrofit of 
existing and building of new wastewater treatment plants and sewer networks [1,2]. In 
practice, the existing WWTPs cannot be operated anymore without substantial investments 
into their retrofit.   

Despite the negative factors in the operation of WWTPs, strict requirements of the 
local environmental agencies in AR Crimea and substantial affords aimed at the 
improvement of technological schemes and the equipment result in the gradual 
improvement of the operation of sewer systems and WWTPs in Alushta region.  

Nevertheless the operation of the WWTP in Kanaka settlement in 2008 holiday 
season was unsatisfactory. The concentration of total solids in the effluent of Kanaka resort 
WWTP was 3.8 times higher and that of BOD5 was 3.9 times higher than the permissible 
concentrations. The effluent of the WWTP was stored in the accumulation tank rather than 
discharged into the sea. The WWTP did not have the dedicated effluent discharge limits 
therefore its operation was governed by the Resolution #465 of the Cabinet of Ministers of 
Ukraine “On the approval of rules for the protection of surface waters from wastewater 
pollution”, which defines the maximum permissible effluent concentration for the three 
parameters: total suspended solids – below 15 mg/l, BOD5 – below 15 mg/l, COD – below 
80 mg/l. 

The local environmental agency had temporarily stopped the operation of Kanaka 
resort until it restored the reliable operation of the WWTP. 

The results of the inspection of modular WWTPs KU-400 [3,4], comprising the 
Kanaka WWTP, revealed that  the operation of the diffused aeration system with medium-
sized bubbles was unsatisfactory. The absence of the mechanical pretreatment leads to the 
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deteriorated conditions of the organics oxidation by the activated sludge, results in the 
higher air flow and fouling of aerators during the unaerated periods. 

Modular WWTPs KU-50, 200, 400 are equipped with the medium-bubble 
pneumatic aeration system. The airflow in medium-bubble aeration systems is 1.5-2 times 
higher than that in fine-pore systems and is practically equal to the air flow, required for the 
suspension of activated sludge. Taking into account the lower headloss across the medium-
bubble aeration systems, the economic effect of the application of medium-bubble aeration 
systems is practically equal to that of fine-pore aerators. The advantages of medium-bubble 
aeration systems are lower fouling rates, easier installation and maintenance. 

The proposed technological scheme eliminated the above mentioned operational 
issues and assumed the installation of RMBS-100 brush screens for the mechanical 
pretreatment, medium-bubble aeration system APKV-120, manufactured by Manufacturing 
and Engineering Company “Eko-Invest” (NPF “Eko-Invest”), Kharkov. To eliminate the 
fouling of aeration elements the air piping Ø150 was equipped with the check valves by 
HAWLE, Austria. Air was fed from two new air blowers with noise protection type 
22VFM50, manufactured by META Ltd, Melitopol. The efficient aerobic sludge 
stabilization was achieved by the application of middle-bubble aeration systems by NPF 
“Eko-Invest”. The retrofit works had been finished by June 2009. 

The water level in aeration tanks was 2.75 m and the aeration intensity of 4.5-6 
m3/(m2⋅hr) was more than enough for the efficient oxidation of organic compounds. After 
the retrofit works the effluent quality of Kanaka WWTP meets the discharge requirements 
[5,6]. 

In order to solve the acute environmental, epidemiological and social issues, which 
arose after the operational problems at Jubileinyi WWTP (KU-400) of the settlement of 
Malorechenskoje, the local authorities initiated the retrofit of the physically and 
technologically worn equipment. In order to implement the extended aeration process, 
equalization basins were equipped with the medium-bubble aeration system APKV-120, 
manufactured by NPF “Eko-Invest”, and were continuously operated as preaerators. The 
old aeration system was disassembled. These measures increased the efficiency of the 
biological wastewater treatment at Jubileinyi WWTP. Air for the aeration system was fed 
from the blowers by Meta Ltd. (Melitopol). With the average flow of  600 m3/day, the 
retrofitted Jubileinyi WWTP was put back into operation in May 2010. 

The effluent quality of Jubileinyi WWTP at the design flow of  600 m3/day met 
the discharge limits and permissible concentrations. 

Nevertheless during the holiday season the inflow to Jubileinyi WWTP was much 
higher than 600 m3/day. As a result the effluent quality could not meet the discharge 
criteria anymore and created prerequisites for the deterioration of the epidemiological 
situation in the region. 

 
RESULTS 

 
A new project for the throughput increase of Jubileinyi WWTP up to 1500 m3/day 

is based on the qualitative and quantitative dynamic analysis of the influent wastewater. 
The project “Retrofit of the WWTP and sewer system in the settlement of Malorechenskoje 
(AR Crimea)” considers two variants. 
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The first variant is based on the non-biological technologies and requires 
expensive chemicals, complicated equipment and the all-day-round presence of the 
operator. The second variant maximizes the benefits of natural biological methods of 
wastewater treatment. The first variant solves the problem with the effluent quality, but 
results in the formation of chemical sludge, which is difficult to dispose. The second variant 
does not have these problems. So the feasibility studies on the project “Retrofit of the 
WWTP and sewer system in the settlement of Malorechenskoje (AR Crimea)” ended up 
with the second variant. 

The retrofit of Jubileinyi WWTP is planned within the boundaries of the existing 
site. In order to increase the efficiency of the whole water transportation and treatment 
system, the pumping station is equipped with the rake screens RKE. The WWTP is 
equipped with the fine screens RMBS-100. Equilization basins, operated as preaerators, are 
equipped with the system of even distribution and feed of the wastewater to aeration tanks. 
The volume of reservoirs, allocated for the biological wastewater treatment, is increased by 
20% which allows for further intensification of the activated sludge biological treatment. 
The project uses ultraviolet lamps for the disinfection. 

One of the main operational issues of Jubileinyi WWTP is the efficient and 
reliable power supply.  The absence of power for more than 2 hours leads to activated 
sludge bulking and the overall reduction of the treatment efficiency. 

Taking into account the country-wide trends towards green and energy-saving 
technologies the proposed technological scheme of wastewater treatment in the settlement 
of Malorechenskoje uses solar-based systems for the reliable and continuous power supply.  

Among other alternative sources of energy the solar energy is the most perspective 
in terms of environmental safety, scalability and the application experience.  

The most promising territories for the construction of solar power stations are the 
coastal regions of the Azov Sea and Black Sea. 

The solar energy is transformed into the direct current by means of solar batteries 
– the devices, composed of thin films, made of silicon or other semiconductors. The 
photoelectric transducers (PT) have numerous advantages such as the absence of moving 
parts, high reliability and long lifetime. PTs are lightweight, easy to maintain and can use 
both direct and diffused solar radiation. 

Being modular, solar power stations are scalable and expandable. 
The disadvantages of PTs are high capital costs and low efficiency (currently 10-

12%). 
With the power output of 1000 kW and more, solar modules are the principal 

components in photoelectric schemes (PS). PSs can have different configurations, which 
make maximum use of the relief. PSs can be divided into 2 types: autonomous (local) and 
those, connected to the mains. The Type 2 solar stations supply the excess of energy to the 
mains, which, in case of inner energy deficit, serve as the back-up power supply. 

The retrofit project of Jubileinyi WWTP uses photoelectric cells by Kvazar factory 
(Zaporozhje). The efficiency of these photoelectric cells is 17% and the efficiency of the 
module itself is 15%, which allows for more energy production per 1 square meter. The 
battery consists of ten modules and provides 240V DC output. The system is connected to 
the mains, which ensures reliable operation and continuous power supply. 

The second power supply source, which is in parallel with the high-performance 
power supply network, consists of the direct current motor; alternator or asynchronous 
alternating current motor in generator mode with TP 04/10kW. The system is connected to 
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the power supply network through a high-speed vacuum switch. The applied scheme allows 
for the damping of the high-rate alternating load, compensation of the reactive power, 
generation of the active power with the increase of the supply voltage and guarantees the 
proper power quality. 

Even with the lack of solar energy in the winter period (December - January), 
operation reversibility of these electric devices allows for the battery charging during the 
reduced-price night-time period. 

The overall power of PS for Jubileinyi WWTP constitutes 428.4 kW. The number 
of modules is 3400 pcs., the total effective area is 2720 m2. The pay-back period is 10-12 
years. The warranty period is 30 years. 

 
CONCLUSIONS 

 
In order to guarantee the ecological safety of the coastal regions of the Black Sea 

in AR Crimea it is necessary to undertake the retrofit of the existing WWPs with the 
increase of the throughput and treatment efficiency. The reliable and trouble-free power 
supply of WWTPs is achieved by the application of solar power stations. 
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ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ И УСТОЙЧИВОСТИ РАБОТЫ МАЛЫХ 
КАНАЛИЗАЦИОННЫХ ОЧИСТНЫХ СОРУЖЕНИЙ ПРИ ИСПОЛЬЗОВАНИИ 
СОЛНЕЧНОЙ ЭНЕРГИ 

Степан Эпоян, Ирина Штонда, Юрий Штонда, 

Алексей Зубко, Юрий Звягинцев. 

Аннотация. Приведены данные по повышению эффективности и устойчивости 
работы малых канализационных очистных сооружений в АР Крым. рассмотрена 
целесообразность использования новых систем аэрации, применения постоянной 
преаэрации сточных вод для увеличения производительности малых 
канализационных очистных сооружений, а также использования фотоэлектрических 
преобразователей солнечной энергии для устойчивого обеспечения энергоснабжения 
малых КОС. 

Ключевые слова: интенсификация, канализационные очистные сооружения, сточные 
воды, аэрация, аэрационные системы, аэраторы АПКВ-120, солнечная энергия. 


