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4 M) Mavzuning dolzarbligi B

Hozirgi davrda rivojlangan mamlakatlarda gayta tiklanadigan energiya texnologiyalari
jadal ravishda rivojlanib kelmogda. Butun dunyoda qayta tiklanadigan energiyaning
rivojlanishi notekis tagsimlangan. Qayta tiklanadigan energiyaning eng tez rivojlanishi
energiya importiga garam bo‘lgan va energiya tariflari yuqori bo‘lgan mamlakatlarda sodir
bo‘lmoqda.

Shu bilan birga, gayta tiklanadigan energetika yaqin kelajakda barcha mamlakatlarning,
shu jumladan gazib olinadigan yoqilg‘i zahiralariga hali ham boy bo‘lgan mamlakatlarning
energetika sohasida muhim o‘rin egallashi hagigatdir.

O‘zbekiston quyosh energiyasidan foydalanish uchun iglimiy jihatdan qulay bo‘lgan
mintagada joylashgan. Shuning uchun u milliy elektr energiya balansida gayta tiklanadigan
energiya manbalaridan foydalanish darajasini belgilovchi asosiy omil hisoblanadi.

O‘zbekiston Respublikasi Prezidentining 2022-yil 28-yanvardagi PF-60-son “2022-2026-
yillarga mo‘ljallangan “Yangi O°‘zbekistonning taraqqiyot strategiyasi to‘g‘risida”gi,
«lgtisodiyotni elektr energiyasi bilan uzluksiz ta’minlash hamda «Yashil iqtisodiyot»
texnologiyalarini barcha sohalarga faol joriy etish, igtisodiyotning energiya samaradorligini
20 foizga oshirish...» bo‘yicha vazifalari belgilangan hamda mazkur faoliyatga tegishli
boshga me’yoriy-huqugily hujjatlarda belgilangan vazifalarni amalga oshirishda ushbu
dissertatsiya tadgigoti muayyan darajada xizmat giladi.
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b T Tadgigotning magsad va vazifalari:

Tadgigotning maqgsadi:

Yirik fotoelektr stansiyalarni O‘zbekiston energetika tizimiga ulanish
Imkoniyatini baholash, elektr energetika tizimi rejimlarini tadgiq etish va
uning elektr energetika tizimi samaradorligiga ta’sirini texnik-igtisodiy
asoslash.

Tadqgiqotning vazifalari:

— O‘zbekistonda fotoeelektr stansiya (FES) lar rivojlanish istigbollari va
Imkoniyatlarini tahlil gilish;

— Yirik FES larning energetika tizimiga integratsiyalash asoslari bo‘yicha
ma’lumotlarni to‘plash;

— Markaziy EUT integratsiyalashgan yirik FES ni POWER FACTORY

hamda PVsyst dasturida ish rejimlarini tahlil gilish.
E—
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4 o Adabiyotlar tahlili B

Matchanov Nuraddin Azadovichning “Fotoenergetik tizimlar va ularning elektr
tarmog’iga integratsiyasini kompleks tadqiqg gilish” dissertatsiya ishida elektr
tarmog‘iga integratsiyalangan fotoenergetik tizimlarni tashqi iqlimiy omillar hamda
O‘zbekiston energiya tizimining xususiyatlarini inobatga olgan holda kompleks tadqiq
etish atroflicha o’rganilgan.

To‘rayev Akramjon Ikromjonovichning "Qishloqg elektr ta’minoti tizimi tagsimlash
tarmogqlariga quyosh fotoelektrik stansiyasi ulanishini asoslash" texnika fanlari
bo‘yicha falsafa doktori (PhD) ilmiy darajasini olish uchun yozilgan dissertatsiya
qishlog elektr ta’minoti tizimi tagsimlash tarmoglariga ulangan quyosh fotoelektrik
stansiyalarida quvvat nazoratini va maksimal quvvat olish nuqgtasi algoritmini qo‘llash
hamda tagsimlash, elektr tarmoq parametrlari asosida ulash orqgali samaradorlikka
erishish va uning energetik samaradorligiga ta’sirini texnik-igtisodiy asoslash to‘liq
bayon etilgan.

Nematov Shuxrat Nasrillo o‘g‘lining “Mugqobil energiya manbalaridan foydalanib
Kichik quvvatli iste’molchilarning elektr ta’minoti ishonchliligini oshirish nomli
tadgigiot ishida mugobil energiya manbalaridan foydalanib kichik quvvatli

iste’molchilarni elektr ta’minoti ishonchliligini oshirish o‘rganilgan.
-
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4 £ TIQXMMI - -
g moxpg Karmana FES ning xususiyatlari

. O z_beklsto_n Respubllkgﬂ Vazirlar mghka_masml_ng 2019- Yorqti)nlqttjyoirqui havoda | 1100 | 1200 | 13:00 |  14:00
yil 22-iyuldagi Ne610-sonli “Elektr energiyasi, shu jumladan, Hiitqatlamiyorq
energiyaning gayta tiklanadigan manbalaridan elektr energiya ;igggggg g‘g gé ?g gg
ishlab  chigaradigan tadbirkorlik  subyektlarini  yagona 01.10.2021y. 72 79 79 71
energetika tizimiga ulash reglamentini tasdiglash to‘g‘risida”gi 11.10.2021y. 74 /8 7 69
. i 20 000 kVt q . 01.11.2021y. 61 60 60 57
garoriga asosan, QTEM quyvatl J0 | _va undan yugoril 11112021y, 65 62 63 63
bo‘lganda 220 kVIi kuchlanishga ulanishi lozim. 21.11.2021y. 64 61 61 65
. . 01.12.2021y. 63 58 57 61
Karmana  FES ham. Navoly IES va Quyimazar 11122021y, 20 0 34 3
podstansiyalarni bog‘lovchi, 220 kV kuchlanishli L-17-km-1 21.12.2021y. 60 22 48 16
SN - 11.01.2022y. 75 66 60 64
ImlyaSIQa q0 Shllgan' 01.02.2022y. 78 74 71 74
11.02.2022y. 27 44 37 84

120 21.02.2022y. 92 89 86 87

Bulutlilik (60-90%) 51
100 21.10.2021it. 1 32 37 (v.9)

Bulutlilik (60-90%) 8 13
80 01.01.2022i. 18 12

Bulutlilik (100 %) 72 " 10 6
60 - 21.01.2022i1. (é.x)

Bulutlilik (100%) 34 o5 24 16

40 % <> g ¢ ™~ — % 17.11.2021%.

/ / / ﬁ\\ \.\\ Quyosh panellari to‘g‘ridan-to‘g‘ri quyosh nuri bo‘lmagan
20 - Y tagdirda ham, xatto bulutli ob-havo sharoitida ham elektr
. gf_ﬂ \&ﬁ energiyasini ishlab chigaradi. Birog, elektr energiyasini ishlab

chigarish uchun eng yaxshi sharoitlar yorgin quyoshda va quyosh
69@ S %90“ I MG AR AR SR R TR IR 2 nuriga perependikulyar yo‘naltirilgan panellar bilan bo‘ladi.

-~
6




O‘zbekiston elektroenergetika tizimi

Power Factory DigSILENT dasturida elektr energetika tizimilarining holatini modellashtirish

uchun quyidagi sxemani olamiz.

O‘zbekiston energetika tizimining quvvat ogimi tagsimotining hagiqiy rejimi (17.06.2020 12:00)
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Karmana FES ni mart oyidagi
o‘rtacha quvvat bo‘yicha Power
Factory DigSELIENT
programmasidagi keltirilgan
diagrammasi

Karmana FES da ishlab chigarilayotgan o‘rtacha aktiv quvvat
tahlili
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100 MW li FES ni O‘zbekiston elektr energetika tizimidagi liniyalar
yuklanishiga ta’siri
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Mavjud FESda ishlab chigarilayotgan aktiv quvvat
o‘zgarishi (15 dag, MW/h).

“O‘zbekiston milliy elektr tarmoglari’” AJ dan 2022 yil 1-
quvvati 100 MW li FES da ishlab chigarilayotgan aktiv
bo‘yicha olingan ma’lumotlar tahlili

120,00

20,00

0,00

30,00

0,00
08:20 08:20 12:30 15:30 18:2

06:00 | 06:15| 06:30 | 06:45 | 07:00 | 07:15| 07:30 | 07:45
0 0 0 4 11 23 35 53
08:00 | 08:15| 08:30 | 08:45 | 09:00 | 09:15 | 09:30 | 09:45
83 93 99 104 | 104 | 114 | 114 | 114
10:00| 10:15 | 10:30 | 10:45 | 11:00 | 11:15 | 12:30 | 12:45
39 70 63 113 | 109 | 107 | 107 | 109
13:00| 13:15| 13:30 | 13:45 | 14:00 | 14:15 | 14:30 | 14:45
106 | 116 | 114 | 109 | 109 63 83 104
15:00 | 15:15| 15:30 | 15:45 | 16:00 | 16:15 | 16:30 | 16:45
114 99 44 113 | 106 69 51 114
16:00 | 16:15 | 16:30 | 16:45 | 17:00 | 17:15| 17:30 | 17:45
107 | 102 40 28 62 40 16 51
18:00 | 18:15 | 18:30 | 18:45 | 19:00
40 11 4 0 0

Karmana FES ni aktiv quvvat bo‘yicha Power
Factory DigSILENT dasturida olingan
diagrammasi.
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S ni PVsyst dasturida mo

Sub-array (7] List of subarrays (7]
Sub-array name and Orientation Pre-sizing Help # B B v A &
Name PV Array O No sizing Enter planned power @ -
Tit 30° =Mod #String
et Foced Tited Plone ke 300 .. or avatabie area(modues) O Name i jscura
Select the PV eina s
[Avalable New <] [AIPVmodues ] Approx, nesded modules 270000 [ 24 Solar - JAM72D20 445 » 1500
= ' " Huawei Technologies - SUNZ0D... 525 9243
[34 Solar ] [#35We 35V Simono JAM72D20445 Since 2020 ~]

[0 Use optimizer

Sizing voltages : Vmpp (50°C)  36.6 V
Voc (-10°T)  54.4V

[Select the

Output valtage 415 ¥ Tri S0Hz

[V E
50 Hz

[Huawei Technologies | [100 kw200 - 1000 v

50/50Hz _SUN2000-100KTL-INMO-415Vac

)

Since 2019

Nb of MPPT inputs
Use multi-MPPT feature

Operating voltage:  200-1000 V Inverter power used
Tnput maximum voltage:

1100V  inverter with 10 MPPT

92430 Kiac

[ Design the array

of modules and strings——————————

[2 ] @betweensand 20 [~

between 10385 and
16653

omran - a0 Esonsas @
Show sizi
Pnom ratio 130 ]

Nb. modules

Mod. in series

Nb. strings

270000  Area 599892 m:

Isc (STC)

Isc (at STC) 154710 A

Operating conditions

Global system summary

154710 A

(at 1000 W/m? and 50°C)

Array nom. Power (STC) 120150 kiip

vmpp (60°0) 732V Nb. of modules 270000
s Module area 599892 m*
o 1026) Nb. of nverters 924.3
Plane radisnce 1000 W/m2 OMax.indsts  @SsTC Nominal PY Power 120150 ke
Impp (STC) 148020 A e e e 112568 kw Maximum PV Fower 119835 KWDC

Nominal AC Power 52430 kWAC
Prom ratio 1.300

ystem overview

Main results

System Production

Froduced Energy

192.0 GWhiyear

Normalized productions (per installed kKWp)

Lu: Cobecton Loss (Fy-amay losses)
Ls: Syssem Loss Ginearter, )
W, Priscucet usakd snasgy (rvarier sulput) & 38 BWRAWRSay

Specific production
Performance Ratio PR

1598 KWhkWipiyear
8538 %

Performance Ratio PR

T T T T T T 1z
067 KRNy 11
0.08 ROy

T T
- PR Parfasance Rato (v70Fr) 0654

K Careat | [ o

[ . Simplified sketch | I

PVsyst 7.21. dasturida FES modellashtirish

PV module
Manufacturer
Model
{Custom parameters definition)
Unit Mom. Power
Number of P modules
Mominal (STC)
Modules
At operating cond. (S0°C)
Pmpp
U mpp
1 mpp

Total PV power
Mominal (STC)
Total

Module area

A Solar
JAMT2-D20-445

445 Wp
270000 units
1202 MWp

13500 Strings x 20 In series

112.6 MWwip
760 W
148020 A

120150 KWp
270000 modules
500892 m*

PV Array Characteristics

Invertar
Manufacturer Huawei Techmologies
Model SUN2000- 100K TL-INMO-415Vac

{Original PWsyst database)
Unit Mom. Power 100 kWac
Nurmber of imverters 9243 * MPPT 10% 924.3 units
Total power 82430 kWac
Dperating woltage 200-1000 VW
Max. power (=>35°C) 110 kWac
Pnom ratio (DCAC) 1.30
Total inverter power
Total power 82430 kWac
MNb. of inverters 825 units

0.7 unused

Prom ratio 1.30

FES ning asosiy parametrlari

3 =
#
dan Fes Mar Apr May Jun Jul Aug Sap Ot New Des
Balances and main resuits

GlobHor DiffHor T_Amb Globinc GlobEff EArray E_Grid PR

KWhim? KWhim® T Whim® KWhim? Gih Gwh ratio
January B1.7 30.03 188 8.0 06.7 11.36 11.15 0.948
February 601 40.81 310 M7 60.2 10.54 10.35 0.939
March 1175 B3.68 10,15 1415 1392 15.44 15.15 0891
April 1452 7423 15.83 1570 153.8 16.51 1620 0.859
May 185.1 0204 2202 184.1 1802 18.87 18.52 0.837
June 0.2 B5.96 27.30 2021 1978 20.06 189,68 0.811
July 2234 B8 2944 T 33 .23 20.80 0. 799
August 197.5 7386 27.36 2102 206.3 2069 2031 0.804
September 161.0 A4B.5T 201 1853 1821 10.41 19,04 [iR-30]
October 11d.4 AT.80 13.74 1568 1545 16.78 16.46 0.874
Movember T6.8 nmn T.00 1229 113 13.80 13.54 0|7
December 55.0 24.21 253 841 829 10.87 10,66 0.943
Year 1616.7 691 54 1823 18715 18385 19561 101 98 0.854
Legends
GlobHor  Global horizoental iradiation EArray Effective energy at the output of the amay
DiffHor Horizontal diffuse iradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature FR Parformance Ratio
Globlnc Global incident in coll. plane
GlobEff Effective Global, corr. for 1AM and shadings

Tizimning asosiy parametrlari bo‘yicha
ma’lumotlar
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47w FESlarda ishlab chigarilayotgan quvvatlar

PVsyst dan olingan natijalar bilan FES dagi haqgiqiy
guvvat solishtirilgan.

= AV S — k=) >
5% g’g g’“ Efa %E”u? S Z’,gg_ 'g"g;
g8 >S s | S |SRE| B $SE £33

o< = S o & “53 i)

> O LL
18:00 185 26 11 5 0,75 16,12 16
17:00 325 27 9 7 4,68 46,06 44
16:00 461 27 10 6 3,02 67,99 66
15:00 559 26 10 8 0,45 88,04 84
14:00 645 26 10 8 2,6 94,39 92
13:00 682 25 11 8 2,18 95,86 98
12:00 682 24 13 8 0,78 96,24 97
11:00 645 22 15 8 3,9 66,48 64
10:00 559 21 16 8 3,56 46,29 48
9:00 461 19 18 6 3,59 44,35 46
8:00 325 18 19 7 0,52 20,89 21
7:00 185 17 22 5 1,9 11,21 11
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X Igtisodiy gism

Sarmoya va ishlab chigarilgan energiya narxi

orasidagi bog'liglik Sarmoya va ishlab chigarilgan energiya narxi

orasidagi bog'liglik

1800000

1800000
1600000
1600000

1400000 /

1200000
1200000

1000000
1000000

800000
800000
600000 £00000
400000 400000
200000 I 200000
o | 0

1 2 3 4 5 6 7 8 9 10

B Ishlab chigarilgan energiya narxi M Kiritilgan sarmoya e |shlab chigarilgan energiya narxi e Kiritilgan sarmoya

1400000

o

1 2 3 4 5 6 7 8 9 10

Yugoridagi diagramma va grafikdan kelib chiggan holda, Navoiy viloyati Karmana tumanida joylashgan quvvati 100
MW li Karmana FES o’ziga kiritilgan investitsiyani 9 yilda to’liq qoplaydi. Panellar sifatli bo’lganligi, xizmat muddati
kamida 25 yil ekanligini inobatga olgan holda, fotoelektr stansiyamiz yana kamida 16 yil mamlakatimizga beminnat

xizmat qiladi.
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AT FES larni tizimga ulash bo‘yicha tavsiyalar

An’anaviy ravishda FES integratsiyasining to‘rt bosgichini va ular bilan bog‘liq
asosly masalalarni ajratib ko‘rsatish mumkin:
— yillik ishlab chigarishdagi FES ulushi 3% dan oshmasa, uni integratsiya qilish
bo‘yicha maxsus choralar odatda talab gilinmaydi;
— FES ulushi 3-15% bo‘lganda energiya tizimini boshgarish uchun mavjud
me’yoriy resurslar, texnologiyalar va usullarni moslashtirish kerak;
— FES ulushi yillik ishlab chigarishning 15 foizidan oshganda, energiya tizimini
gayta qurish va energiya tizimining ishlashini ta’minlash uchun yangi vositalarni
joriy etish talab gilinadi;
— FES ning katta miqdori bo‘lgan energiya tizimlarining ishonchli ishlashi uchun,
FES ishlab chigarishni prognozlash tizimlarini ishlab chigish kerak, chunki ularning
Ishlashi uchun ishonchli va anig prognozlar mavjud emas.

Energiya tizimida doimiy ravishda FES miqgdorida to‘liq zaxirani saglab turish
kerak, bu aslida issiglik ishlab chigarishni gqo‘shimcha Kiritish va uning igtisodiy
bo‘lmagan rejimlarda ishlashi zarurligini anglatadi.




PR UMUMIY XULOSALAR B

1. FES larda ishlab chigarilayotgan aktiv quvvatga, turli xil yorug‘lik
sharoitlarining ta’sirini Karmana tumanidagi 100 MVtli FES misolida ko‘rdik.
FESIlarda ishlab chigarilayotgan aktiv quvvat ob-havo sharoitiga ya’ni ob-
havoning bulutlilik darajasiga bog‘lig ekan. Yorqin quyosh kunida samaradorlik
yugorli, gisman bulutli va bulutli kunlarda samaradorlik pastroq bo‘ladi.

2. Power Factory DIgQSELIENT programmasida 2020-yil 17-iyun 12:00
holati uchun O‘zbekiston elektr energetika tizimining sxemasi yig‘ildi. Sxemaga
quvvati 100 MVtli Karmana FESsini O‘zbekiston elektr energetika tizimiga
Kiruvchi  PS_Quyimazar va TES Navoly orasida joylashgan L-17-KM-1
liniyasiga ulandi. Bu stansiya va podstansiya shinalaridagi kuchlanishni mos
ravishda AUPS Q-M=0,6 kV va AUTES N=0,2 kV dan ortmaganligi, FES
ulangan L-17-KM-1_a va L-17-KM-1 liniyalar tok bo‘yicha yuklanishi 25% dan
kamligi aniglandi.




PR UMUMIY XULOSALAR B

3. Karmana FES ulushi O°‘zbekiston elektr energetika
tizimining 3-15% oralig‘ida bo‘lganligi sababli, O‘zbekiston
elektr energetika tizimini boshgarish uchun mavjud me’yoriy
resurslar, texnologiyalar va usullarni moslashtirishning o°zi
yetarlidir. O‘zbekiston elektr energetika tizimiga quvvati 100 MW
li FES ni integrallashtirish mumkin.

4. Karmana FES ga kiritilgan investitsiya 9 yil ichida o‘zini
to‘liq qoplaydi va panellarning ishlash vaqti 25 yil bo‘lganligi
sababli kamida 16 yil sezilarsiz degradatsiya bilan O‘zbekiston
uchun katta foydaga ishlaydi.
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