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Yiiksak giiclii Giinas Elektrik Stansiyalarinda (GES) istismar rejimlorinin
enerji somaraliliyind tasiri

Xiilasa

Miiasir enerji sistemlorindo yiiksok giiclii Giinas Elektrik Stansiyalar1 (GES) barpa olunan enerji
monboalori arasinda miithiim yer tutur. Giinos enerjisi ekoloji cohatdon tomiz vo tiikkonmoyon enerji
monbayi olmaqgla yanasi, enerji tohliikesizliyinin tomin olunmasina vo karbon emissiyalarinin
azaldilmasina da miihiim tohfo verir. Son illords texnologiyanin inkisafi vo giinos panellorinin
somaraliliyinin artmasi naticosinda iri gliclii Glinos Elektrik Stansiyalarimin tikintisi vo istismari genis
yayilmigdir.

GES-lorin istehsal etdiyi elektrik enerjisinin hacmi yalniz qurasdirilmis giicdon asili deyil. Enerji
istehsalina istismar rejimlori, idaroetmo strategiyalari, meteoroloji sorait, giinas radiasiyasinin
intensivliyi vo avadanliglarin texniki voziyyati do ciddi tesir gosterir. Xiisusilo bdyiik glica malik
stansiyalarda optimal is rejiminin sec¢ilmasi enerji istehsalinin artirilmasina vo sistemin timumi
somaraliliyinin yiiksaldilmasina imkan verir.

Glinos Elektrik Stansiyalarinda miixtalif istismar rejimlori totbiq olunur. Bunlara maksimal giic
noqtasinin izlonmasi (MPPT) rejimi, sabit giic rejimi vo enerji saxlama sistemlori ilo inteqrasiya
olunmus hibrid rejimlor daxildir. Bu rejimlorin diizgiin totbiqi giinas panellorindon maksimum enerji
olds etmoyas vo enerji itkilorini minimuma endirmayo imkan verir.

Bu moqalads yiiksok giiclii GES-lorde miixtolif istismar rejimlorinin enerji somaraliliyina tosiri
tohlil edilir, onlarin {stiinliikklori miiqayiso olunur vo daha optimal istismar yanagmalari
miioyyonlogdirilir.
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Impact of Operating Modes on Energy Efficiency in High-Power
Solar Power Plants

Abstract

In modern energy systems, high-power Solar Power Plants (SPPs) occupy an important place
among renewable energy sources. Solar energy is an environmentally friendly and inexhaustible
energy source that significantly contributes to ensuring energy security and reducing carbon
emissions. In recent years, due to technological advancements and the increasing efficiency of
photovoltaic panels, the construction and operation of large-scale Solar Power Plants have become
widespread.

The amount of electrical energy generated by SPPs does not depend solely on the installed
capacity. Energy production is also strongly influenced by operating modes, control strategies,
meteorological conditions, solar radiation intensity, and the technical condition of equipment.
Especially in large-capacity power plants, selecting an optimal operating mode makes it possible to
increase energy generation and improve the overall efficiency of the system.

Various operating modes are applied in Solar Power Plants. These include Maximum Power Point
Tracking (MPPT) mode, constant power mode, and hybrid modes integrated with energy storage
systems. Proper implementation of these modes allows the system to obtain maximum energy from
solar panels while minimizing energy losses.

This article analyzes the impact of different operating modes on the energy efficiency of high-
power Solar Power Plants, compares their advantages, and identifies the most optimal operational
approaches.

Keywords: Solar power plant, energy efficiency, operating mode, inverter, MPPT, losses

Giris

Son illords gqlobal enerji siyasatinds karbon emissiyalarinin azaldilmasi vo enerji tohliikasizliyinin
artirtlmas1 mogsadils iri giliclii GES-lorin qurulmast genis viisat almisdir. Lakin istismar tocriibasi
gostarir ki, yiiksok giicliit GES-lardas real enerji istehsali nozari hesablamalardan ohomiyyatli doracada
forqlona bilor. Bu forqin osas sabablorindon biri istismar rejimlorinin diizgiin se¢ilmomasi vo idars
olunmamasidir. Buna gora do istismar rejimlorinin enerji somoraliliying tasirinin dyronilmasi aktual
elmi-praktik masolodir (Atesin, 2019).

Miiasir dovrda enerji tolobatinin siiratlo artmasi vo anonavi enerji monbalorinin mohdudlugu barpa
olunan enerji manbalorinin inkisafini zoruri etmigdir. Bu monbaolor arasinda giinos enerjisi xiisusilo
boyltik potensiala malik olmaqla enerji sistemlorinin dayaniqli inkisafinda miihiim rol oynayir. Glinas
Elektrik Stansiyalar1 (GES) ekoloji cohatdon tomiz enerji istehsal etmoklo yanasi, atmosfera zarorli
qaz emissiyalarini azaltmaga vo enerji tohliikasizliyinin tomin olunmasina mithiim téhfs verir. Son
illordo fotovoltaik texnologiyalarin inkisafi, giinos panellorinin somoraliliyinin artmasi vo istehsal
xorclorinin azalmasi naticasindo yliksok giiclii Giinos Elektrik Stansiyalarinin qurulmasi vo istismari
genis yayllmigdir (Bagher, 2015).

Yiiksok giiclii GES-lorin effektiv foaliyysti yalniz qurasdirilmis giicdon vo istifads olunan
avadanliqlarin texniki gostoricilorindon asili deyil. Elektrik enerjisinin istehsal hacmi vao sistemin
imumi samaraliliyi bir ¢ox amillarin, o climloden istismar rejimlorinin, idarsetma strategiyalarinin,
glinos radiasiyasinin intensivliyinin, temperatur soraitinin vo digor meteoroloji faktorlarin tosiri
altinda formalagir. Xiisusilo iri glico malik giinos elektrik stansiyalarinda diizgiin se¢ilmis istismar
rejimi enerji istehsalinin optimallagdirilmasina, enerji itkilorinin azaldilmasina vo avadanliqlarin daha
etibarli islomasing sorait yaradir (Bajenescu, 2015).

Gilinos Elektrik Stansiyalarinda totbiq olunan miixtalif istismar rejimlori enerji istehsalinin
maksimum saviyyads tomin olunmasina yonalmisdir. Bu rejimlor arasinda maksimal giic ndqtasinin
izlonmasi (MPPT) rejimi, sabit giic rejimi va enerji saxlama sistemlari ilo inteqrasiya olunmus hibrid
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rejimlor xiisusi ohomiyyat dasiyir. Hor bir rejim enerji sisteminin xiisusiyyatlorina vo mévcud istismar
soraitino uygun olaraq secilir vo totbiq olunur (Compaan, 2001).

Bu baximdan, yiiksok giicli Giinos Elektrik Stansiyalarinda istismar rejimlorinin enerji
somaraliliyina tosirinin dyronilmasi miihiim elmi vo praktiki shomiyyat kasb edir. Moagalodo miixtalif
istismar rejimlori tohlil olunur, onlarin enerji istehsalina tosiri miiqayise edilir vo Giinos Elektrik
Stansiyalarinin daha somarali istismarini tomin edon optimal yanagmalar miioyyonlosdirilir.

Tadgiqat

Yiiksok giiclii GES-lords istismar rejimlori asagidaki asas qruplara boliiniir (Di Vece, 2019):

1. Nominal giic rejimi. Bu rejimdo GES maksimal giinos radiasiyasi soraitindo, layiho
parametrlorino uygun olaraq isloyir. Bu zaman panellor, invertorlar vo transformatorlar optimal
yiiklonma vaziyyatindos olur va enerji ¢evrilma somaraliliyi maksimum saviyyays yaxinlasir.

2. Qismon yiiklonmao rejimi. Buludluluq, sohor vo axsam saatlari, movsiimi doyisikliklor zamani
GES qismon yiiklonmo rejimindo isloyir. Bu rejimdo invertorlarin faydali is omsali azalir, daxili
elektrik itkilori isa nisbaton artir.

3. Pik ytiklonma vo mohdudlasdirma (curtailment) rejimi. Elektrik sobakasinin 6tlirma qabiliyyati
mohdud olduqgda va ya sistem balanst pozuldugda GES-larin giicii siini sokildo mohdudlagdirilir. Bu
rejim enerji itkising va iqtisadi somarsliliyin azalmasina sabab olur.

4. Texniki xidmat va ehtiyat rejimi. Planli texniki xidmaot vo ya qoza hallariin garsisinin alinmasi
mogsadilo GES-in miioyyan hissalori istismardan ¢ixarilir. Bu iso imumi enerji istehsalinin azalmasi
ilo noticolonir. Istismar rejimlorinin enerji somoraliliyino tosiri bir ne¢o osas mexanizm vasitosilo
formalasir (Gay, 2018; Owano, 2015):

Elektrik itkilori - qisman yiiklonma zamani invertor va kabellords nisbi itkilor artir.

Temperatur tosiri - yiliksok temperaturda panellorin ¢ixis gorginliyi azalir, bu ise imumi faydali
giicii agag salir.

MPPT idareetmosinin effektivliyi - maksimum giic ndqtesinin izlonmaesi alqoritmlarinin
keyfiyyoti doyiskon is rejimlorindo xiisusi oshomiyyat kosb edir.

Saboko ilo uygunlagsma - reaktiv giiciin idars olunmasi vo gorginlik stabilliyi diizgiin tomin
edilmadikds enerji itkisi yaranir.

Yiiksok giicli GES-lords enerji somoraliliyinin artirllmas1  {iclin  asagidaki todbirlor
mogsadauygundur (Omer, 2009; Green, 2014; Nshimiyimana, 2018; Ptaczek-Popko, 2017):

> yiiksok somorali invertorlarin v transformatorlarin totbiqi;
iki oxlu vo ya bir oxlu izlomas sistemlorinin istifadosi;
real vaxt rejimindo monitoring vo SCADA sistemlorinin tatbiqj,
optimallagdirilmis texniki xidmat grafiklorinin hazirlanmasi;
enerji yigma sistemlori vasitosilo pik yliklonmo mohdudiyyatlorinin azaldilmasi.

Giindolik enerji istehsali va itkilor balans1 (100 MWp GES) {i¢iin verilonlor (Gu, 2012):
Quragdirilmis DC giic: P DC =100 MWp

Giinas resursu (POA iizro “peak sun hours”): PSH = 5.2 saat/giin

Ideal (itkisiz) DC enerji:

YV V V VY

EDc,ideaFPDCXPSHZ 100x5.2=520 MWh/gﬁn

Itki paylar1 (niimunovi): tozlanma, uygunsuzluq, kabellor, temperatur, olcatanliq, invertor,
AC+transformator, soboko mohdudiyyati (curtailment).
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Cadval 1.
Itki strukturu vo qaliq omsal
Itki monboyi Pay, % Qaliq omsal (1—itki)
Tozlanma (soiling) 2.0 0.980
String mismatch 1.5 0.985
DC kabel itkilori 1.5 0.985
Temperatur itkisi 7.0 0.930
Olcatanliq (availability) 1.0 0.990
Invertor ¢evrilma itkisi 2.5 0.975
AC kabel + transformator 1.5 0.985
Curtailment (goboko mohdud.) 3.0 0.970

Umumi qaliq amsal:

K=[](1-itki)=~0.8155

Demali, real AC enerji:

EAC=EDC, idealxK=520x0.8155~424.1 MWh/giin

Cadval 2.
Enerji balansi (giindalik)
Gostarici Doyor
Ideal enerji (itkisiz) 520.0 MWh/giin
Umumi itkilorden sonra real enerji 424.1 MWh/giin
Umumi nisbi itki 18.45%
Performans nisboti (PR < E_AC/E ideal) 0.8155

[stismar rejimi “curtailment”in enerji somoaraliliyino tosiri iigiin verilonlor (Julajaturasirarath,
2012):

GES potensial olaraq giinorta saatlarinda 95 MW orta giic vera bilar.

Soboko limitino gora ¢ixis 80 MW ilo mohdudlasdirilir.

Mbohdudiyyot miiddati: 2 saat/giin

Curtailment enerji itkisi:

Beur=(95-80)x2=30 MWh/giin

Ogor homin giin real istehsal (curtailment daxil) mosalon 424 MWh/giin idiso, curtailment
olmasaydi (Kim, 2003; Rizwan et al., 2021; Rodriguez et al., 2021):

Cadval 3.
Curtailment tosiri
Gostarici Dayor
Soboka limiti 80 MW
Potensial orta giic 95 MW
Mbohdudiyyot miiddati 2 saat/gilin
Curtailment itkisi 30 MWh/giin
Istehsal (curtailment ilo) 424 MWh/giin
Istehsal (curtailmentsiz) 454 MWh/giin
Curtailmentin istehsala tosiri 30/454 = 6.61%
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Yiiksok giiclii GES-lordo istismar rejimi kimi “curtailment” bozon biitlin texniki itkilor qodor
kritik ola bilir.

Invertorun gismon yiiklonmo rejimi (part-load) — illik enerji tosirinin noticosi asagidaki kimidir.
Yiiksok giiclii GES-lordo invertorlar giiniin boyiik hissesindo nominaldan asagi yiiklonma ils igloyir.
Invertor somoraliliyi (1) yiiklonmaden asilidir (Li, 2019).

Enerji paylanmasi:

10% enerji — 10% yiikdo

20% enerji — 20% yiikdo

40% enerji — 50% yiikdo

30% enerji — 100% yiikdo

Somoraliliklor:

1n(10%)=96.0%

N(20%)=97.5%

N(50%)=98.5%

n(100%)=98.0%

Cokili orta somaralilik:

navg=0.10-0.96+0.20-0.975+0.40-0.985+0.30-0.98=0.979
Nave=97.9%

Ogor invertora daxil olan illik DC enerji E DC,in = 180 GWh/il olsa:
EAC=EDC,inxnavg=180x0.979=176.22 GWh/il

Cadval 4.
Part-load somaraliliyi (¢okili)
Yiik soviyyosi Enerji pay1 n Payxn
10% 0.10 0.960 0.0960
20% 0.20 0.975 0.1950
50% 0.40 0.985 0.3940
100% 0.30 0.980 0.2940
Com 1.00 0.9790

Invertor secimi vo istismar strategiyasi (mos. MPPT kanallarmin bélgiisii, string dizayn1) qismoen
yliklonmada illik GWh soviyyasinds forq yarada bilar.

Aparilan tohlil gostarir ki, istismar rejimlori yliksok giicliit GES-lorin enerji somaraliliyina birbasa
va dolay1 tosir gdstorir. Xiisusilo qismon yiiklonmo vo mohdudlasdirma rejimlori iimumi faydali enerji
istehsalinin azalmasina sobob olur. Buna baxmayaraq, diizgiin idaroetmo strategiyalar1 vo miiasir
texnologiyalarin totbiqi ilo bu tosirlorin minimuma endirilmosi miimkiindiir (Lin, 2012).

Natica

Notico olaraq geyd etmok olar ki, yliksok giiclit GES-lords enerji somaraliliyinin tomin edilmasi
yalniz avadanliqlarin texniki gostoricilorindon deyil, hom do istismar rejimlorinin diizgiin
sec¢ilmasindan va idars olunmasindan asilidir. Optimal istismar rejimlorinin totbiqi GES-lorin ham
enerji, hom do iqtisadi effektivliyini ohomiyyatli doracods artirir vo barpa olunan enerji sistemlorinin
dayaniql inkisafina tohfo verir.
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