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Abstract

This article explores the issues of increasing energy efficiency and minimizing
losses in microgrids based on photovoltaic systems within the infrastructure of
Chirchik State Pedagogical University. The research aims to evaluate the
economic and environmental efficiency of modernizing an educational
institution's energy system using Smart Grid technologies. Modeling results
conducted in the HOMER Pro software environment demonstrate that the
implementation of intelligent management systems reduces energy losses by 20-
22% and increases cost-efficiency by 35%. The conclusions presented in this
article serve as a practical foundation for designing "green" energy systems in
higher education institutions of Uzbekistan.
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Annotatsiya:

Ushbu magola Chirchiq davlat pedagogika universiteti infratuzilmasida fotoelektr
tizimlariga asoslangan mikro elektr tarmoqlarining energiya samaradorligini
oshirish va yo‘qotishlarni minimallashtirish masalalarini tadqiq etadi.
Tadqgiqotning maqsadi an’anaviy ta’lim muassasasi energetika tizimini aqlli
boshqaruv (Smart Grid) texnologiyalari yordamida modernizatsiya qilishning
iqtisodiy va ekologik samaradorligini baholashdan iborat. HOMER Pro dasturiy
muhitida o‘tkazilgan modellashtirish natijalari shuni ko‘rsatdiki, intellektual
boshqaruv tizimlarini joriy etish energiya yo‘qotishlarini 20-22% ga kamaytirib,
xarajatlar samaradorligini 35% ga oshiradi. Maqgolada keltirilgan xulosalar
O‘zbekiston oliy ta’lim muassasalarida "yashil" energiya tizimlarini loyihalash
uchun amaliy asos bo‘lib xizmat qiladi.

Kalit so‘zlar: mikro elektr tarmog‘i, Smart Grid, fotoelektr tizimlari, energiya
samaradorligi, Chirchiq davlat pedagogika universiteti, optimallashtirish.

AHHOTALMSA:

B nanHoli cTaThe UCCIEny0TCS BOMPOCHI OBBIIEHUS YHEPTOd(DPEKTUBHOCTH U
MUHUMM3AIUNA TIOTEPh B MHKPOIJIEKTPOIHEPTETHUECKUX CETSIX Ha OCHOBE
(OTORIEKTPUIECKUX CUCTEM B uH(ppacTpykType UupunkcKoro
rOCyJapCTBEHHOTO TIE€Jaroruyeckoro yHuBepcuteTa. llenmblo umcciemoBaHus
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ABJIIETCS  OLICHKA DSKOHOMHYECKOW U  HKOJIOTMYECKOM 3P PEeKTUBHOCTH
MOJIEPHM3AIMN HHEPreTUUECKON CUCTEMBI 00pPa30BaTEIbHOIO YUPEKACHUS C
UCIIOJIb30BAaHUEM TEXHOJIOTUH HMHTEIUIEKTyaJIbHOTO ympasieHus (Smart Grid).
Pe3ynpraTtel MogenupoBaHus, NpoBeleHHbIE B mporpammHoil cpene HOMER
Pro, nokasasu, 4To BHEIPEHUE NHTEJUIEKTYAJIbHBIX CUCTEM YITPaBICHUS CHUKAET
notepu 3Heprun Ha 20-22% 1 NOBBIIIAET S3KOHOMHYECKYIO 3((HEKTUBHOCTH Ha
35%. BrIBOABL, NPEICTABIEHHBIE B CTAThE, CIIYKAT MPAKTUUYECKON OCHOBOW IS
IPOEKTUPOBAHUS CHUCTEM «3€JIEHOW» HHEPreTMKH B BBICIIMX Y4YEOHBIX
3aBe/IeHUAX Y30€KHUCTaHa.

KuroueBbie ciaoBa: mukpocerb, Smart Grid, (OTO3IEKTpUUECKUE CHUCTEMBI,
3HEProd(PHEKTUBHOCTh, UMPUMKCKHI TOCYIapCTBEHHBI MeAaroru4yeckuit
YHUBEPCUTET, ONITUMU3ALHS.

Introduction

The demand for electric energy within the infrastructure of Chirchiq State
Pedagogical University is steadily increasing. Losses in conventional power
networks and fluctuations in energy prices necessitate a transition to renewable
energy sources.

The aim of this article is to design a solar-panel-based microgrid for the university
campus and optimize it using Smart Grid technologies. Today, the growing global
demand for energy resources and the negative environmental impact of
conventional energy sources are accelerating the transition to green energy. In the
Republic of Uzbekistan, the rapid introduction of renewable energy sources into
economic sectors and social infrastructure facilities has been defined as one of the
priority directions of state policy. In particular, higher education institutions are
not only centers of learning, but also major infrastructural facilities with high
energy consumption. In the case of modern campuses such as Chirchiq State
Pedagogical University, the use of photovoltaic systems is of strategic importance
for significantly reducing electricity costs, increasing the university’s energy
independence, and ensuring environmental sustainability through the reduction of
carbon dioxide ($CO_28$) emissions.
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Analysis of technical problems:

However, the simple integration of photovoltaic systems into the existing grid
does not always provide the expected high efficiency. The main reasons for this
are the dependence of solar power generation on natural phenomena, particularly
the instability of insolation, the mismatch between generation and daily
consumption schedules, and technical losses caused by voltage fluctuations in
microgrids. These problems reduce the overall efficiency of the system and
extend its payback period.

Smart Grid technologies make it possible to monitor energy generation and
consumption in real time, perform intelligent load balancing, and efficiently
manage energy storage systems. The application of intelligent algorithms in
microelectric networks to mathematically model energy losses and minimize
them is not only a technical achievement, but also the foundation for transforming
university infrastructure into a Smart Campus model. In the modernization of
university infrastructure, the use of photovoltaic systems is not only an
environmentally friendly solution, but also an economically viable strategy. At
present, the rooftops of university buildings and structures, as well as vacant land
areas, have significant potential for solar energy generation.

However, merely connecting photovoltaic systems to the existing power
supply system is not sufficient. The variability of solar radiation over time and
across seasons, as well as the uneven distribution of loads within an educational
institution, negatively affects system stability. The imbalance between electricity
generation and consumption leads to increased energy losses and inefficient
operation of inverter devices.

The most effective way to address these problems is to integrate microelectric
networks (Microgrids) with intelligent control systems (Smart Grid). Smart Grid
technologies ensure system reliability by monitoring energy flows in real time,
optimizing loads, and storing surplus energy in energy storage systems (ESS).
The objective of this research is to analyze the energy efficiency of photovoltaic-
based microgrids using the example of Chirchiq State Pedagogical University, to
develop intelligent control algorithms for minimizing technical losses in the
system, and to assess the economic and environmental efficiency of this system.
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To achieve this objective, the following tasks were identified:

To achieve this objective, the following tasks were identified: to assess the
university’s annual and seasonal electricity demand as well as the available solar
radiation resources; to develop a mathematical model of a photovoltaic microgrid
in the HOMER Pro software environment; to analyze methods for optimizing
energy flow and reducing losses through the implementation of Smart Grid
elements.

Methods
The following methods were used in the research.
Data collection: the solar exposure hours on the rooftops and across the campus
area of Chirchiq State Pedagogical University, as well as the electricity
consumption loads, were analyzed.
Modeling: a photovoltaic microgrid model for the university was developed using
HOMER Pro software.
Intelligent control (Smart Grid): algorithms for optimizing energy flow, including
the energy storage system (ESS) and load management, were incorporated.
Economic analysis: calculations were carried out based on the indicators of Net
Present Cost (NPC) and Levelized Cost of Energy (LCOE).
Principles of mathematical calculations and modeling:
To determine the efficiency of the photovoltaic system, the following
mathematical relationship was used to calculate the power generated by the solar
panels:
Ppy = Ypy - fpv - (\fraCGTGT,STC) : [1 + ap - (Tc - Tc,STC)]

Where:

Ypy is the nominal power of the photovoltaic panel (kW);

fpv is the derating factor;

$Gr4is the actual solar radiation incident on the panel surface;

$apgis the power temperature coef ficient;

$T 4is the operating temperature of the solar cell.
Intelligent control algorithm of the system:
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Within the Smart Grid control concept, the “Cycle Charging” (CC) and “Load
Following” (LF) strategies were compared. The intelligent system was configured
to automatically perform the following functions:
Peak shaving: using the energy storage system (ESS) during hours of high
consumption, for example, when academic activities at the university are at their
peak.
Dynamic load management: maintaining system stability by temporarily
disconnecting non-critical consumers from the network when the power supply is
insufficient.
Inverter efficiency: maintaining the inverter efficiency at the maximum level of
96-98% by monitoring energy flow in real time.
Methodology of economic and environmental assessment:
To determine the economic efficiency of the project, the NPC (Net Present Cost)
indicator was used to express the present value of all costs and revenues over the
entire service life of the system. The LCOE (Levelized Cost of Energy) was used
to determine the unit cost of each kWh of generated energy:

LCOE :\fraccann,totEprim,AC + Eprim,DC
In addition, within the framework of the environmental analysis, the volume of
harmful emissions released into the atmosphere from the use of conventional
energy sources ($C0,,S0,, NO,s)was compared with the situation after the
implementation of the Smart Grid system.
Software and database:
For system simulation, the average annual solar radiation indicators for the city
of Chirchiq obtained from the NASA Surface Meteorology and Solar Energy
database were taken as the basis, amounting on average to 5.2-5.5 kWh/m?*/day.
A methodology for identifying and optimizing energy losses in microgrids was
developed and experimentally validated.
During the research process, the possibilities of operating microgrids using diesel
fuel and UPS (Uninterruptible Power Supply) systems were analyzed, and
practical recommendations for improving energy efficiency were developed.
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CHIRCHIQ DAVLAT
PEDAGOGIKA UNIVERSITETI

CHIRCHIQ DAVLAT PEDAGOGIKA UNIVERSITETIDA
QUYOSH PANELLARINI O'RNATISH YUIZASIDAN
AMALGA OSHIRILGAN ISHLAR

et ﬂ i
1-Fig CHDPU

BOW YKyB 6MHo  11-ABrycTaa
200 ra‘coar PORZANAHALTE TONLIADRNTEH
1.5UHO 4-Monaa
50 s/coar PORZANAHALTE TONLIADINTEH
2.EMHO 26-Manpax
60 xa/coat DOARBNAMALTD TONUSMPAITES
n 3-BMHO 31 manaax
150 wa/coat CORIANAIHAUTE TONLLIADIIN B4
8.5MHO 4-Asrycraa
50 sa'coar PORRANAHALTE TONULMDANTE
n &/1.5MHO 4-AsrycTaa
50 xa'coat DOATANMLITE TONLMDIITBH
1-COMMM TTK 2022-mn 7-ceHTAGp Ba
BO'S0 KB/COAT 2023-4mn 19-monaa
DOARANAHALLI TONLSDWIT BH
n 2.COMMA TTX S-Amrycraa
100 xa/coar DOAZANAHALIE TONUMDWINEH
3 COHNM TTK 7-Asrycraa
100 xa/coar DOARANAHMILINS TOMUMDWITaH
4 COHNK TTK 2024-amn 21-Wonaa
130 xa‘coar DOADANIALNE TONMDIIT BN
4.EMHO 2024-amn 16-Monna
115 xa'coar POARANAHALIE TONUMDWNIEH
55MHO 2025-@mn 20-Asrycraana A
130 wa/coar CORZANBHALTE TONLMADINT S |
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BUP KYHINMUK SHEPIUA YPTAYA BUP KYHINUK KYBBAT: 3 901 kBT
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COATNAP KECUMWOA
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3-Fig CHDPU

HYUPHUK OABJIIAT NEOATOMrMKA YHUBEPCUTETU BUHOCU BA TAJIABAJIAP
TYPAP XKXOUU BUHOJNTAPUOA KYELW NAHEJUIAPUHU YPHATULL KOSBACUOAH
AMAJITA OWNPUITTAH BA PEXXATTALLUTUPWITTAH ULWIAP

COJIMLUTUPMACMH
PEXA: AMATOA:
¥amu Tanab sTMnaguraH anekTp Yamu onuHaguraH anexkTp
1 342 IHeprusacH 1 424 3Hepruacu
(murz kBm) (2024 #mn daxr) (murz kBm) (1 #un yuyw nporwos)
1 25 5 Bacryp 6fAuya JpHaTtunagurax 1 255 ¥amu YpHaTtuaran Kyéw
(xBm/coam) KYELW naHennapm Kyssarm (kBm/coam) naHennapu Kyssamm
TYNUK UKTUCOQ KMNNHALOUMAH VILUNAB YUMKAPUITAOMIAH
HKAMU MABNAF HAMMU IMEKTP HEPIUACU KUAMATU

APy > <A >

4-Fig-CHDPU
At the initial stage of the research, the energy consumption of the Chirchiq State
Pedagogical University building (electrical loads) and the solar radiation
indicators of the area were analyzed.
Meteorological data: the number of sunny hours in the Chirchiq area and the

intensity of solar radiation (average kWh/m?/day) were obtained from the
NASA database.
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Load analysis: daily and seasonal load profiles of the university’s lighting
systems, laboratory equipment, and air-conditioning systems were developed.

2. System modeling (HOMER Pro):

HOMER Pro software was used to design the photovoltaic (PV) microgrid. The
model took into account the following parameters:

the type and installation angle of PV panels;

the capacity of the energy storage system (batteries);

the efficiency of the inverters.

3. Intelligent control (Smart Grid) algorithms:

To ensure system stability, intelligent energy flow management algorithms (Smart
Grid) were developed:

Peak Shaving: during periods of high electricity demand, energy stored in the
batteries is supplied to the grid.

Load Following: the imbalance between energy generation and consumption is
balanced in real time.

2 g
ARy o
., é,,gwm m%:“”w

o ‘ SMART
NNNNNNNNN WER PLANT GRID

Fig 5. Economic and environmental assessment:

To evaluate the financial and environmental efficiency of the system, the
following indicators were calculated:
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NPC (Net Present Cost): the total present value of the project, representing the
sum of all costs.

LCOE (Levelized Cost of Energy): the unit cost of 1 kWh of generated electricity.
$CO 2§ reduction: the decrease in harmful atmospheric emissions resulting from
reduced reliance on conventional energy sources.

Results

Analytical graph of technical efficiency:

The data obtained during the simulation showed that the integration of the Smart
Grid system stabilized the performance ratio of the solar panels by an average of
12—-15%.

Load distribution and ESS (Energy Storage System) operation:

Peak-hour load: during the period from 10:00 to 15:00, when the educational
process at the university is most intensive, the Smart Grid system reduced the load
on the central grid by 42%, covering the main share of consumption through the
photovoltaic system and batteries.

Energy independence: during the summer months, when the intensity of solar
radiation is high, the system was found to be capable of supplying up to 85% of
its own electricity demand.

Economic stability:

The analysis of the LCOE (Levelized Cost of Energy) indicator shows that, under
conditions of rising conventional grid electricity tariffs, the implementation of
this system guarantees long-term financial security for the university budget. The
project’s Net Present Value (NPV) demonstrates positive dynamics over a 10-year
period.

Positive environmental impact:

A reduction of 45 tons of carbon dioxide $CO_2$ emissions represents an
environmental benefit equivalent to planting approximately 2,000-2,500 trees.
This fully corresponds to the university’s sustainable development goals (SDG 7
and SDG 13).
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Discussion

The obtained results confirm that intelligent control systems (Smart Grid) extend
the service life of microgrids and reduce operational costs. The experiment
conducted on the example of Chirchiq State Pedagogical University may also
serve as a model for other universities in Uzbekistan. The research results show
that, unlike conventional photovoltaic systems, solutions based on Smart Grid
control significantly increase system flexibility. The analysis of the existing
energy consumption patterns within the infrastructure of Chirchiq State
Pedagogical University confirmed that the dynamic redistribution of loads,
depending on variations in the teaching process and the operating mode of
laboratory equipment, reduces peak loads on the grid by an average of up to 40%.

Main analytical conclusions:

Integration issues: the study revealed that inverter efficiency depends not only on
solar radiation intensity, but also on the speed of data exchange within the Smart
Grid control system. This creates the need for wider implementation of intelligent
sensors and [oT (Internet of Things) technologies in educational institutions.
Economic stability: the achieved 35% cost savings create an important reserve for
the university budget under conditions of rising energy market tariffs. Delivering
energy through the Smart Grid system only when needed and in the required
volume makes it possible to extend the service life of batteries (deep cycle life)
by approximately 15-20%.

Expansion opportunities: the ChDPU experience demonstrates that a university
campus can also serve as a green energy laboratory. This creates a new platform
for students and doctoral researchers to conduct practical studies on renewable
energy sources.

However, the full implementation of the system still requires solutions to
technical and legal issues such as integration with state power networks (grid-tied
systems) and the development of security protocols (cybersecurity). This study
confirms that investment in intelligent control systems is not merely an
infrastructure upgrade, but the most effective way to ensure future energy
security.
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Conclusion

In conclusion, integrating photovoltaic systems with Smart Grid technologies at
Chirchiq State Pedagogical University is the most effective way to ensure energy
security. In the future, it is planned to investigate system control based on artificial
intelligence (AI). This study scientifically substantiated the high efficiency of
modernizing photovoltaic-based microgrids through intelligent control (Smart
Grid) technologies using the example of Chirchiq State Pedagogical University.
The obtained results make it possible to formulate the following conclusions:
Technical and economic advantage: the implementation of the Smart Grid control
system reduced energy losses by more than 20% and decreased annual electricity
costs by 35%. This ensures that the project will fully pay back within 5.5 years.
Stability and reliability: the real-time distribution of energy flows through
intelligent algorithms increased the energy independence of the university
infrastructure and helped smooth peak loads in the network.

Environmental contribution: the annual reduction of 45 tons of §CO_2$ emissions
is a key factor in the university’s transition toward the status of a “Green
Educational Institution” and an important step in ensuring environmental
sustainability.

Al integration: for further improvement of the system, it is recommended to
introduce artificial intelligence (Al) models capable of forecasting solar radiation.
Inter-university network: it is advisable to implement the ChDPU experience in
other higher educational institutions of the republic in order to create a network
of “Green Campuses.”

Regulatory framework: for the expansion of such projects, it is necessary to
develop clear regulatory and technical documents for the design of green energy
systems in educational institutions.

This study serves as a scientific and practical foundation for the digital and green
transformation of the higher education system of Uzbekistan.
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