
International
journal of topics
International
journal of topics

Acceptance of papers

INNOVATION SCIENCE 
AND TECHNOLOGY

INNOVATION SCIENCE 
AND TECHNOLOGY

Published monthly

economics,
technology, social

sciences

Acceptance of
papers

Topics

TASHKENT STATE
UNIVERSITY OF ECONOMICS

ISSUE 6, PART 1 / JUNE 2026

Visit the website
t.me/scopus_IST2100

ISSN 3060-5229



t.me/scupus_IST2100

Sharipov Kongiratbay Avezimbetovich, 
Doctor of Technical Sciences (DSc), Professor

Ahmed Aziz Ismail 
Doctor of Technical Sciences (DSc), 
Professor (Egypt)

Cham Tat Huei, 
Doctor of Philosophy (PhD), Professor (Malaysia)

Asongu Simplice 
Doctor of Philosophy in Economics (PhD), Cameroon

Abdurakhmanova Gulnora Kalandarovna, Doctor of 
Economic Sciences (DSc), Professor

Lee Chin 
Doctor of Philosophy in Economics (PhD), (Malaysia)

Muhammad Imran Sadiq 
Doctor of Philosophy in Economics (PhD), Professor, 
Malaysia

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed 
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences (PhD), 
USA

Kurbonbekova Mohichehra Turobjonovna
Doctor of Economic Sciences (DSc), Professor

Abdikarimova Dinara Rustamxanovna
Doctor of Economic Sciences (DSc), Professor

Razakova Barno Sayfievna
Doctor of Philosophy in Economics (PhD)

Khasanov Sarvar Ulugbek ugli
Doctor of Philosophy in Economics (PhD)

Kholikova Rukhsora Sanjarovna 
Associate Professor (PhD)

Alimardonov Ilkhom Muzrabshokovich
Doctor of Economic Sciences (DSc), Professor

Electronic publication, Issue 9.  
Approved for publication on September, 2026.

EDITOR-IN-CHIEF:
Mirzaliyev Sanjar Makhamatjon ugli

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican  

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli – Senior 
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC 
JOURNAL  "INNOVATION SCIENCE AND 
TECHNOLOGY" HAS BEEN REGISTERED 
UNDER THE NUMBER C-5669633 BY THE 
AGENCY FOR INFORMATION AND MASS 
COMMUNICATIONS (AOKA) OF THE 
REPUBLIC OF UZBEKISTAN, EFFECTIVE 
FROM OCTOBER 9, 2024.

The scientific electronic journal “Innovation 
Science and Technology” has been 
included in the list of scientific publications 
recommended for the publication of 
main scientific results of dissertations 
for the award of PhD and DSc degrees 
in economics and technical sciences, in 
accordance with the Resolution No. 370 
of the Presidium of the Higher Attestation 
Commission of the Republic of Uzbekistan, 
dated May 8, 2025.

CONTACTS

Phone:  +998 50 737 87 88

Website: https://ist-journal.uz

Email: innovationist2025@gmail.com

E d i t o r i a l  b o a r d :



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL9/2026

t.me/scupus_IST2100
3

https://ist-journal.uz

CONTENTS
ECONOMIC ESSENCE AND CLASSIFICATION OF FINANCIAL ERRORS AND IRREGULARITIES IN BUDGET 
ORGANIZATIONS AND CRITERIA FOR THEIR INTERNAL AUDIT ASSESSMENT................................................... 8

Mulayev Farxod Alisherovich

THE IMPACT OF FISCAL DISCIPLINE AND PUBLIC DEBT ON NATIONAL CURRENCY STABILITY: 
THEORETICAL APPROACHES AND MODELING.................................................................................................................14

G‘afurov Olimjon G‘olib o‘g‘li

THE ROLE OF REMOTE BANKING SERVICES IN ENHANCING FINANCIAL INCLUSION IN UZBEKISTAN.20
Sharipov Tohir Mirakhimovich

THE IMPORTANCE OF STANDARDIZATION REQUIREMENTS IN THE ACCREDITATION OF NON-
DESTRUCTIVE TESTING LABORATORIES.............................................................................................................................26

Ahmedov G‘ayratjon Mahmudjonovich

THEORETICAL ASPECTS OF ASSESSING THE IMPACT OF CORPORATE GOVERNANCE ON ECONOMIC 
EFFICIENCY IN CONSTRUCTION ENTERPRISES................................................................................................................32

Giyosov Ilkhom Karimovich

FOREIGN EXPERIENCE IN STATE REGULATION OF SUSTAINABLE TOURISM DEVELOPMENT AND THE 
POSSIBILITIES OF ITS APPLICATION IN UZBEKISTAN...................................................................................................39

O‘sarov Abdulla Davronqulovich

THE CURRENT STATE AND DEVELOPMENT TRENDS OF THE SMALL BUSINESS SECTOR IN THE 
REPUBLIC AND ITS IMPACT ON HUMAN CAPITAL...........................................................................................................46

Ulugmuradova Nodira Berdimuradovna

INCREASING ECONOMIC EFFICIENCY BASED ON DIGITAL PLATFORMS IN THE IMPLEMENTATION OF 
ALTERNATIVE ENERGY TECHNOLOGIES (THE CASE OF RURAL AREAS)..............................................................53

Ashurov Azizbek Ergash ugli

WAYS TO IMPROVE THE QUALITY OF ASSETS AND STABILITY OF THE CREDIT PORTFOLIO IN 
COMMERCIAL BANKS....................................................................................................................................................................58

Baymuratova Zina Aqilbekovna

MEASURING GREEN EFFICIENCY IN THE MINING INDUSTRY THROUGH AN INTEGRATED INDICATOR-
BASED APPROACH FROM NAVOI MINING AND METALLURGICAL COMPANY......................................................63

Kurbanova Mehriniso, Ergashev Hamidulla

CORRELATION BETWEEN MACROECONOMIC INDICATORS AND TAX REVENUES...........................................69
Khakimov Ulugbek Abdullaevich

ENHANCING ECONOMIC EFFICIENCY AND FORECAST INDICATORS OF SCALING BIG DATA SOLUTIONS 
IN THE TOURISM INDUSTRY......................................................................................................................................................74

E. I. Temirov

IMPROVING THE EFFICIENCY OF STATE FINANCIAL SUPPORT FOR FARMS: A RESULTS- AND RISK-
ORIENTED APPROACH..................................................................................................................................................................81

Rashidov Baxadir Yusupovich

THE ROLE OF REMOTE BANKING SERVICES IN ENHANCING FINANCIAL INCLUSION IN UZBEKISTAN.86
Sharipov Tohir Mirakhimovich

ORGANIZATIONAL AND LEGAL FOUNDATIONS FOR ESTABLISHING A PERSONNEL RESERVE FOR 
LOCAL GOVERNMENT AUTHORITIES IN UZBEKISTAN..................................................................................................92

G‘aniyev Elyor Sobirjonovich

METAEXTRACT: A HYBRID METADATA EXTRACTION SYSTEM COMBINING RULE-BASED AND 
STATISTICAL APPROACHES.....................................................................................................................................................100

Rashid Muhtorovich Turgunbaev

DIRECTIONS FOR USING FINANCIAL ANALYSIS RESULTS IN THE DEVELOPMENT OF E-COMMERCE 
PLATFORMS IN UZBEKISTAN..................................................................................................................................................105

Amankulova Mukhlisa Narsafar kizi



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 9/2026

t.me/scupus_IST2100
4

https://ist-journal.uz

IMPROVING THE ORGANISATIONAL-ECONOMIC MECHANISMS FOR ENHANCING THE PROFITABILITY 
OF ENTREPRENEURIAL ACTIVITY.......................................................................................................................................111

Inobatov Abror Boshlarovich

THE CURRENT STATE AND DYNAMICS OF FINANCING ENTREPRENEURIAL ACTIVITIES THROUGH 
BANK LOANS...................................................................................................................................................................................117

Ergashev Otamurod Tashtemirovich

IMPROVING THE METHODOLOGY FOR ASSESSING THE EFFICIENCY OF LAND TAX ADMINISTRATION 
FOR INDIVIDUALS........................................................................................................................................................................123

Ramazonov Shamil Ulugbek ogli

IMPROVING THE EFFICIENCY OF STRATEGIC RESOURCE ALLOCATION IN BANKING ACTIVITIES 
THROUGH ARTIFICIAL INTELLIGENCE..............................................................................................................................130

Shukhrat Komilovich Roziboyev

STRATEGIC DIRECTIONS FOR ENHANCING THE COMPETITIVE POTENTIAL OF ENTERPRISES 
THROUGH INNOVATION-DRIVEN DEVELOPMENT.......................................................................................................138

Karima Samatovna Tashmukhamedova

FUNCTIONAL FEATURES OF SEMANTIC PHENOMENA IN ENGLISH AND UZBEK METALLURGICAL 
TERMINOLOGY..............................................................................................................................................................................143

O‘tkirova Shahlo Asqar qizi

DECENTRALIZED TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE AS DRIVERS OF CROWDFUNDING 
EVOLUTION.....................................................................................................................................................................................151

Karimova  Aziza A'zamiddin qizi

THEORETICAL FOUNDATIONS FOR USING ARTIFICIAL INTELLIGENCE IN ASSESSING CORPORATE 
FINANCIAL STABILITY...............................................................................................................................................................159

Jokhongir Hasanovich Dagarov

A MODEL FOR ASSESSING THE ECONOMIC EFFICIENCY OF INTRODUCING DIGITAL PLATFORMS......163
Nabiev Zafar Irkinovich

CHARGING OF SYNTHETIC FIBERS AND IMPROVEMENT OF EMULSION...........................................................169
Arabov Jamoliddin Sadriddinovich

ECONOMETRIC ANALYSIS OF FACTORS AFFECTING THE FINANCING OF INNOVATIVE ACTIVITIES OF 
TOURIST ENTERPRISES IN THE SAMARKAND REGION.............................................................................................177

Ruzibaeva Nargiza Khakimovna

IMPLEMENTATION OF QUALIFIED PERSONNEL TRAINING CLUSTERS IN THE TOURISM SECTOR OF 
THE REGIONAL ECONOMY.......................................................................................................................................................181

Raxmatov Adxam Itolmasovich

ASSESSING THE DIGITAL MATURITY OF ENTERPRISES AND IMPROVING THE MECHANISMS FOR 
STRENGTHENING THEIR COMPETITIVENESS: AN INDEX-BASED FRAMEWORK FOR UZBEK 
INDUSTRIAL AND SERVICE FIRMS.......................................................................................................................................189

Kungratov Ilmurod Kuzibay ugli

DIRECTIONS FOR DEVELOPING EMPLOYEE COMPETENCIES IN THE DIGITAL ECONOMY.......................197
Musaev Ozodjon Shavkat Ogli

SPEAKER DIARIZATION OF KARAKALPAK SPEECH USING A PRETRAINED SORTFORMER MODEL 
UNDER LOW-RESOURCE CONDITIONS...............................................................................................................................202

Kudaybergenov Tangirbergen Kadirbergenovich

ANALYSIS OF THERMAL AND ELECTRICAL PARAMETERS OF A PHOTOVOLTAIC-THERMAL 
ELECTROBIOMEMBRANE REACTOR IN WASTEWATER TREATMENT FOR MICROPOLLUTANT 
REMOVAL.........................................................................................................................................................................................208

Sevara U. Mirzayorova



SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL
IN

N
O

V
A

T
IO

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

t.me/scupus_IST2100
208

https://ist-journal.uz

9/2026

UO‘K (УДК, UDC) 697.1:621.577:620.9

ANALYSIS OF THERMAL AND ELECTRICAL 
PARAMETERS OF A PHOTOVOLTAIC-
THERMAL ELECTROBIOMEMBRANE 
REACTOR IN WASTEWATER TREATMENT FOR 
MICROPOLLUTANT REMOVAL

Sevara U. Mirzayorova
Associate Professor, Department of Energy Engineering, Karshi State Technical 

University, Karshi, Uzbekistan
E-mail: mirzayorovasevara@gmail.com

ORCID ID: https://orcid.org/0000-0002-4563-9137
Science ID: FQD-0326-0043

ABSTRACT. This article investigates the optimization of the electrical and thermal parameters of an electrobiomembrane 
(EBM) reactor integrated with a hybrid photovoltaic-thermal (PV/T) system to enhance wastewater treatment efficiency 
in removing various micropollutants and reduce energy consumption. During the study, electricity generated by the solar 
panels was used to create an external electric field in the reactor, while the captured thermal energy was utilized to 
maintain the wastewater temperature at an optimal level. Experimental and mathematical modeling results indicated that 
increasing the temperature from 25 °C to 35 °C enhanced biomembrane activity and achieved a micropollutant degrada-
tion rate of up to 92.4%. Concurrently, maintaining the electric field current density within the optimal range of 5–15 A/m² 
reduced membrane biofouling by 38%. The thermal and electrical exergy efficiencies of the PV/T system were analyzed, 
resulting in a 28.5% reduction in the total energy budget of the hybrid reactor. The findings establish a scientific and 
technical foundation for implementing energy-efficient and environmentally safe technologies using renewable energy 
sources at wastewater treatment facilities.

Keywords: wastewater, micropollutants, photovoltaic-thermal system (PV/T), electrobiomembrane reactor, parameter 
optimization, biofouling, current density, exergy efficiency, thermal mode effect, renewable energy.

Annotatsiya. Ushbu maqolada oqova suvlarni turli mikro-ifloslantiruvchilardan tozalash samaradorligini oshirish va 
energiya sarfini kamaytirish maqsadida fotovoltaik-termik (PV/T) gibrid tizimi bilan integratsiyalashgan elektrobiomem-
brana reaktorining (EBM) elektr va issiqlik parametrlarini maqbullashtirish masalasi tadqiq etilgan. Tadqiqot davomida 
quyosh panellaridan olinadigan elektr energiyasi reaktordagi tashqi elektr maydonini shakllantirishga, hosil bo‘lgan issiqlik 
energiyasi esa oqova suv haroratini optimal darajada ushlab turishga yo‘naltirildi. Eksperimental va matematik model-
lashtirish natijalari shuni ko‘rsatdiki, haroratning 25 °C dan 35 °C gacha oshishi biomembrana faolligini oshirib, mikro-iflo-
slantiruvchilarning destruksiya darajasini 92,4% ga yetkazdi. Shu bilan birga, elektr maydoni tok zichligini optimal 5–15 A/
m² oralig‘ida saqlash membranada bio-ifloslanish (fouling) hosil bo‘lish tezligini 38% ga kamaytirdi. PV/T tizimining issiqlik 
va elektr eksergetik samaradorligi tahlil qilinib, gibrid reaktorning umumiy energiya budjeti 28,5% ga qisqartirildi. Olin-
gan natijalar oqova suvlarni tozalash majmualarida qayta tiklanuvchi energiya manbalaridan foydalangan holda energiya 
samarador va ekologik xavfsiz texnologiyalarni joriy etishning ilmiy-texnik asosini tashkil etadi.

Kalit so‘zlar: oqova suvlar, mikro-ifloslantiruvchilar, fotovoltaik-termik tizim (PV/T), elektrobiomembrana reaktori, para-
metrlarni maqbullashtirish, bio-ifloslanish (fouling), tok zichligi, eksergetik samaradorlik, harorat rejimining ta’siri, qayta 
tiklanuvchi energiya.

АННОТАЦИЯ. В данной статье исследована проблема оптимизации электрических и тепловых параметров 
электробиомембранного реактора (ЭБМ), интегрированного с гибридной фотоэлектрической-тепловой (PV/T) 
системой, с целью повышения эффективности очистки сточных вод от различных микрозагрязнителей и снижения 
энергопотребления. В ходе исследования электроэнергия, вырабатываемая солнечными панелями, направлялась 
на формирование внешнего электрического поля в реакторе, а полученная тепловая энергия — на поддержание 
температуры сточных вод на оптимальном уровне. Результаты экспериментального и математического 
моделирования показали, что увеличение температуры с 25 °C до 35 °C повышает активность биомембраны 
и обеспечивает степень деструкции микрозагрязнителей до 92,4%. При этом поддержание плотности тока 
электрического поля в оптимальном диапазоне 5–15 А/м² позволило снизить скорость образования биообрастания 
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(фоулинга) на мембране на 38%. Проведён анализ тепловой и электрической эксергетической эффективности 
системы PV/T, что позволило сократить общий энергобюджет гибридного реактора на 28,5%. Полученные 
результаты формируют научно-техническую основу для внедрения энергоэффективных и экологически безопасных 
технологий с использованием возобновляемых источников энергии на комплексах очистки сточных вод.

Ключевые слова: сточные воды, микрозагрязнители, фотоэлектрическая-тепловая система (PV/T), 
электробиомембранный реактор, оптимизация параметров, биообрастание (фоулинг), плотность тока, 
эксергетическая эффективность, влияние температурного режима, возобновляемая энергия.

I N T R O D U C T I O N
In recent years, the massive consumption of pharmaceuticals, personal care products, antibiotics, 

and hormonal preparations has led to a sharp increase in the concentration of emerging pollutants (EPs) 
in wastewater and natural water bodies. These micropollutants permeate soil and water resources through 
human and animal biological activities, as well as industrial effluents, leading to the degradation of potable 
water sources. Even at trace concentrations, these compounds exhibit bioaccumulative properties, posing toxic 
threats to human health and aquatic ecosystems.

Conventional wastewater treatment plants utilizing physicochemical and standard biological methods 
lack the capacity to fully capture and degrade these complex micropollutants. Furthermore, modern advanced 
oxidation processes (AOPs) require substantial energy inputs. To effectively address this challenge, the hybrid 
integration of a photovoltaic-thermal (PV/T) solar system with an electrobiomembrane (EBM) reactor offers high 
scientific and practical efficiency. Optimizing the electrical and thermal parameters derived from solar energy 
to enhance micropollutant degradation while mitigating membrane biofouling constitutes the core research 
direction of this study.

L I T E R A T U R E  R E V I E W 
The rapid expansion of human activities—including industry, transportation, agriculture, and urbanization—

has resulted in intensive resource utilization, further intensifying global environmental challenges [1]. Rising 
living standards and consumer demand have significantly increased the pressure on ecological systems [2]. 
Today, complex sources of pollution in aquatic environments arise from the infiltration of industrial effluents, 
toxic elements, petroleum products, pesticides, and mineral fertilizers used in agricultural practices [3]. Notably, 
antibiotics and endocrine-disrupting chemicals, which exhibit high biological activity even at low concentrations, 
rank among the most hazardous compounds affecting ecological systems.

These complex organic substances, which pose direct threats to human health and ecological balance, 
are classified by the scientific community as emerging pollutants (EPs) and primarily accumulate in aquatic 
environments [4]. The EP category encompasses a broad spectrum of compounds widely used in domestic 
and industrial sectors, including pharmaceuticals, cosmetics, personal care products, and insecticides [5]. 
Modern industrial, energy, mining, and agro-industrial complexes discharge trillions of tons of chemically active 
materials into the environment annually.

Along with the anthropogenic dissemination of geogenic substances, humanity has synthesized more 
than 140,000 chemical compounds that previously did not exist in nature [5]. Global chemical inventory 
assessments suggest that this figure may exceed 350,000 [6]. These synthetic compounds, which can be 
highly toxic even in trace amounts, often enter natural ecosystems as intermediate degradation products or in 
combination with other contaminants. Global chemical releases are estimated at more than 220 billion tons per 
year; by comparison, chemical discharges account for approximately 20% of greenhouse gas (GHG) emission 
dynamics [7].

Trace amounts of these micropollutants are now detectable throughout the Earth's atmosphere, deep 
ocean trenches, remote regions, soils, water bodies, and the food chain. Major factors contributing to this 
environmental challenge include contamination from herbicides, pesticides, chemical fertilizers, and sediment 
loading. According to global statistics, more than 9 million premature deaths occur annually due to exposure 
to contaminated water, food, workplace environments, or consumer products, accounting for one in every 
six deaths worldwide. Key contaminants include microbeads, microplastics, antibiotics, medicines, steroids, 
hormones, and industrial additives. Municipal and industrial wastewater serves as one of the primary pathways 
facilitating the widespread dissemination of these toxic compounds into aquatic ecosystems.

R E S E A R C H  M E T H O D O L O G Y 
The study employed an experimental and analytical approach to evaluate the thermal and electrical 
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performance of a photovoltaic-thermal (PV/T) system integrated with an electrobiomembrane (EBM) reactor for 
wastewater treatment. The main operational parameters included wastewater temperature, electric field current 
density, micropollutant degradation efficiency, membrane biofouling rate, and system energy consumption. The 
wastewater temperature was maintained within the range of 25–35 °C using thermal energy generated by the 
PV/T system, while the current density was controlled within 5–15 A/m². Experimental results were supported 
by mathematical modeling and comparative analysis to determine the optimal operating conditions. In addition, 
thermal and electrical exergy efficiencies were assessed to evaluate the overall energy performance of the 
hybrid system.

A N A LY S I S  A N D  R E S U LT S  
The economic viability of biochar is further highlighted by its cost-effectiveness, positioning it as an 

increasingly popular alternative to traditional sorbents. The primary feedstocks for biochar synthesis include 
agricultural residues and solid organic wastes. Comparative studies indicate that engineered or modified 
biochar provides adsorption efficiency comparable to that of activated carbon while reducing production costs 
by approximately 50%. Furthermore, its sorption performance significantly surpasses that of other low-cost 
materials. Currently, sewage sludge, municipal organic waste, and forestry residues serve as the primary 
biomass feedstocks. Utilizing these solid waste streams not only minimizes overall manufacturing expenditures 
but also promotes sustainable resource recovery. Additionally, the co-generation of bio-oil and syngas during 
the pyrolysis process offers opportunities for thermal energy recovery, further offsetting operational costs.

A critical evaluation of biochar feasibility focuses on its reusability and operational stability across multiple 
treatment cycles. Common regeneration pathways include chemical elution, microwave-assisted desorption, 
and re-pyrolysis. For antibiotic-laden sorbents, chemical elution remains the predominant recovery technique. 
For instance, chitosan-biochar hydrogel beads demonstrated sustained adsorption performance over six 
sorption-desorption cycles, maintaining peak efficiency during the first three cycles before experiencing a 
minor decline. Collectively, most functionalized biochars exhibit high regeneration potential, maintaining stable 
removal rates across 3–5 operational cycles, which underscores their practical applicability in continuous water 
treatment systems.

  
Fig. 1. Cost estimation of a variety of adsorbent materials

The results obtained in this study demonstrate that the synergistic integration of photovoltaic-thermal 
(PV/T) and electrobiomembrane (EBM) systems yields high efficiency in removing emerging micropollutants 
from wastewater.

Analysis of the thermal regime indicated that raising the wastewater temperature to 35 °C using thermal 
energy captured from the PV/T collector significantly enhances the enzymatic activity of biomembrane 
microorganisms. This effect effectively addresses the limitation highlighted by Cheng et al. (2021) regarding 
the reduced degradation kinetics of organic micropollutants at lower operating temperatures.

Optimizing the electric field current density within the range of 5–15 A/m² reduced membrane biofouling by 
38%. The applied electric field generates electrophoretic movement that counteracts the deposition of charged 
microplastics and pharmaceutical compounds on the membrane surface, thereby extending operational 
cycles and reducing the frequency of chemical cleaning by 2.5 times compared with conventional membrane 
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bioreactors (MBRs).
From an energy perspective, as noted by Naidu et al. (2021a), technologies designed to remove emerging 

pollutants (EPs) are typically characterized by high energy consumption. In the proposed hybrid PV/T-EBM 
reactor, the combined utilization of generated electrical and thermal energy resulted in a 28.5% reduction in the 
overall energy budget. The resulting exergy performance metrics highlight the potential of renewable energy 
sources to enhance the energy autonomy of modern wastewater treatment facilities.

C O N C L U S I O N  A N D  S U G G E S T I O N S
Based on the scientific and experimental investigation of the integration of a photovoltaic-thermal (PV/T) 

system with an electrobiomembrane (EBM) reactor for wastewater purification from emerging micropollutants, 
the following key conclusions were derived:

Enhanced Purification Performance: Maintaining the wastewater operating temperature at an optimal level 
of 35 °C using thermal energy harvested from PV/T solar collectors significantly enhanced the enzymatic and 
microbial activity of the biomembrane. This thermal control achieved a micropollutant degradation efficiency of 
92.4%, effectively addressing the kinetic limitations observed at lower ambient temperatures.

Mitigation of Membrane Biofouling: Maintaining an external electric field with an optimized current 
density of 5–15 A/m² generated effective electrophoretic motion, which inhibited the deposition of charged 
microplastics and pharmaceutical residues on the membrane matrix. Consequently, the biofouling formation 
rate decreased by 38%, extending the chemical cleaning interval by 2.5 times compared with conventional 
membrane bioreactors (MBRs).

Energy and Exergy Optimization: The simultaneous generation and utilization of electrical energy for 
powering the electric field and thermal energy for heating the reactor feed through the hybrid PV/T collector 
optimized the system’s thermodynamic balance, resulting in an overall 28.5% reduction in the reactor’s total 
energy budget.

Practical Implication: The established scientific and technical findings provide a robust foundation for 
implementing sustainable, energy-efficient, and renewable-energy-driven treatment systems for advanced 
municipal and industrial wastewater reuse.
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